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BRITISH
ASSOCIATION OF GAS MANAGERS.

REPORT OF PROCEEDINGS,
&e. de.

The Seventh Annual General Meeting of this Association was held at the
Rooms of the Society of Arts, John Street, Adelphi, London. MaaNus OHREN,
Esg., A.I.C.E,, Vice-President, occupied the chair.

TuErspay, JUNE 7, 1870.

'll‘hekﬂm sitting was held this morning, when the chair was taken at eleven
o’clock.

The HoNORARY SECRETARY (Mr. W. H. Bennett) read the minutes of the
sixth annual meeting, held last year at Liverpool, which were approved.

The annual financial statement of the association having been previously
printed and circulated among the members, was taken as read, and was re-
ceived and adopted.

The HONORARY SECRETARY read the following list of applications for mem-
bership which had been submitted to the committee.

Barrett, W. . . . Accrington.

Beale, F. . . . . . Hackney.

Blanchett, E.R. . . . Caloutta.

Bower,F.. . . . . Low Moor, Bradford.

Child, F. . . . . . Sheffield.

Clark, H. . . . . Imperial Gas Company, Shoreditch.
Clark,J. . . . . . Imperial Gas Company, St. Pancras.
Clift,J.E. . . . . Redditch.

Cornish, J. H. . . . Bridgwater.

Cross,S. . . . . . Abergavenny.

Dougbty, ¥. . . . . Margate.

Drew, T.A. . . . Crewe.

Daff, W, . . . . Morecambe.

Eldridge, H. O. Richmond.

Evauns, E.. .

X Peterborough.
Evans,F.J. . .

Chartered Gas Company, Westminster.

Farrand, C. . . .+ GCroydon.
Fish,R. . . . . . Hornsey.
Foulis, W. . . . . Glasgow.
GilL,R., . . . . . Bridgnorth,
Goodwin,J. . . . . Rotherham.
Harris,R.. . . . . Great Central Gas Company, Bow.
Hastings, P. W. . . . Pinner.
Helps,G. . . . . . Bath.
Humphreys, W.C. . . New Barnet.
Hunt, Charles . . . Nioe Elms,
Jones, H. M. L. . . . Westminster.
Jowett,J. . . . . Leeds.
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Kitto, C.\ W, . . . Tunbridge.
Kitty/A. DL OUNCL Chartered Gas Company, Curtain Road.
Lawson, J. W. . South Shields.

Littlehales, Thomas. . Wormwood Scrubbs.

.

Pontifex, S. . New Barnet.

Methven, John . Gravesend.
Middleton, J. . Wandsworth.
Moir, John . . Shotley Bridge.
Murray,J. . . Scotswood.
Niven,R.J. . . Kettering.
North, W. . . Stourbridge.
Osborn, J.H. . Bromley.
Padfield, W. A, . High Wycombe.
Paterson, R. 0. . Cheltenham.

e e e 8 o 6 s 6 s g % 8 o v 0

e o % o o s s % o e o e 6 , 0 0 4 o s 0

Pritchard, W. St. Helen’s.

Rowan,J.. . Colchester,

Scott, G . . Tunbridge Wells.

Severs, — , ., Birstall.

Smith, H. W.. . Seaham Harbour.

Smith, T.. . . Wigan,

Studholm, S. . . Whitehaven.

Trewby, éo. . . Chartered Gas Company, Westminster.
Vanheson, G. B. . . Rochester.

Wilson, W. P. . . Strand.

Wright,C. . . . . Saffron Walden.

It was unanimously resolved that the gentlemen whose names had just been
read be elected ordinary members of the association.

The HoNORARY SECRETARY read the names of several gentlemen who had
expressed a desire to become extraordinary members of the association, under
the provisions of rule 4,

The PRESIDENT said the committee were quite of opinion that the listlof
extraordinary members was being somewhat unduly increased, and that it was
a 3uestion which the association would do well to consider. The rule 4 pro-
vided that extraordinary membersshould consist of gentlemen taking an interest
in matters connected with gas manufacture, who should only be admitted on
being elected by a majority of two-thirds of the members present at an annual
meeting, and they were required to pay an admission fee of £5 in addition to
the ordinary subscription. With reference to the gentlemen whose names had
been read by the secretary, it was perhaps rather too late to raise the question
on the present occasion, but it was important that the association should act
with caution in the future.

Mr. G. Livesey said he hardly liked to raise the question at that time
whether it was advisable to continue to admit extraordinary members accord-
ing to rule 4, under which * gentlemen taking an interest in matters connected
with gas-works” were eligible, and in the remarks he should cffer on the sub-
ject he should speak as an individual member, and not at all as representin,
the committee. Nearly every member of the committee, including himself, h:
either proposed or seconded one or more of the gentlemen whose names had
been read, as, under the rules, they were bound to do. From conversation he
had had with several of the members, he thought it was desirable that an op-
portunity should now be given for the expression of opinion on the subject, now
that the question of electing extraordinary members was before the meeting, so
that the committee might know how to act,and what recommendations to
make for future guidance, The rule of the association was a very vague one.
Under it they began by electinf manufacturers, now they were coming to
manufactarers agents, and it would require great prudence on their part, or they
would drift into that which would damage the association.

The HoNORARY SECRETARY, in reply to an inquiry as to the proportion of
extraordinary members to ordinary members, said the number of extraordi-
MH members was 9, and of ordinary members 250.

r. WARNER (South Shields) said as he was the first to raise an objection
to the admission of extraordinary members, he felt bound now to say that, in
his opinion, having created that class of membership, they ought to continue
it. There were many manufacturers who took as deep an interest in the pro-
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88 of \gas lighting as any gasmanager could do, and had a far greater personal
g:emt g'the subject than some of them had. As the members of the associa-
tion had the matter always in their own hands, and could reject by their votes
any candidate whose fellowship they might not desire, no harm counld come by
retaining the present rule.

Mr. BROADREAD (Great Grimlb{zrs:id he objected at the second meeting to
the creation of extraordinary members, as he was apprehensive the association
would be made use of for trade purposes. In those early days, however, there
:vero reasons for the course then adopted, but now the association could afford

o give it up.

r. A, \ﬁn.um thought the prejudice to extraordinar{ members arose
from the name. It was singular that those who might fairly be supposed to
know least about the subjects discussed at these meetings should be called
“ extraordinary,” and those who were the most thoroughly and practically ac-
quainted with them should be merely “ ordinary.” He was in favour of con-
tinuing the existing rule.

Mr. G. ANDERsoN could see no difficulty in connexion with the subject. The
rule provided that gentlemen interested in gas matters were eligible as extra-
ordinary members. This did not mean “interested” in & pecuniary sense, but
interested intellectually, and likely, by the part they would take in the discus-
sions of the association, to instruct and interest the other members. It was
clearly unadvisable to allow persons who had a mere money interest in these
matters to join the association, otherwise there would be the danger of it be-
oominia canvassing society for trade purposes, and the liberty of gas managers
would become fettered thereby. To give the committes the opportunity of recon-
sidering the question, he would move that the election of extraordinary mem-
bers be postponed until the following day. .

Mr, D. CLARK seconded the motion.

Mr. BArTHOLOMEW (Glasgow) pointed out what he feared would be a hard-
ship in some cases. He, for one, and Mr. Sharp, of Sonthampton, were not now
connected with the manufacture of gas, and if the rule which admitted to ex-
traordinary membership were expunged thev would be cut off from connexion
with the association.

The PresmENT said that Mr. Bartholomew, having already become a
member, would continue so as long as he pleased. He did not seeany objection
to the postponement of the qunestion, that the committes might take it again
into consideration.

The motion was put and carried.

The PRESIDENT then delivered the following
INAUGURAL ADDRESS,

Gentlemen,—You are aware that our friend Mr. Esson was at our last
meeting elected president of this association, and Mr. George Anderson and
mysell vice-presidents. You have been informed of the severe illpess which
has deprived you this day of the services of a gentleman whom you did the
horour to elect to a Sosition that, had he been present, would have justified the
high opinion you had of him. I am sure that you feel with me deep regret at
the canse of his absence, and that, although absent, our sympathies are with
him and his family, and our earnest wish is that he may be soon restored to
health, When our secretary heard that Mr. Esson’s medical advisers had pro-
hibited him from taking any part in the proceedings at this meeting, a special
committee was convened to take the subject into consideration, as it became
necessary that one of the vice-presidents should at once be elected to carry
out the imgortant duties of president, that the association should not suffer by
the loss of your president’s services, to this office I was proposed by my
brother vice-president, Mr. George Anderson, and as the committee were
unanimous in their anroval of that proposition, and as the vice-presidents
were elected to perform that very office, should occasion require it,
1 felt bound to accept the trust and carry out the duties to the best of my
ability. It is under these circumstances that I preside over you this sessiop,
and it is therefore my province to deliver an address to the members of -this
association upon gas matters in general, but particularly to draw attention to
any new subject which may have an interest to gas managers, or conduce to
the interests of the companies with which we all are connected.

I make the attempt with great pleasure, but, at the sam; time, with great

B
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difidence, snrrounded as I am by so many members of the gas fnter:.i:{, whose
attainments'and general knowledge 'of gas engineering far better q them
for the duties which it has fallen to my lot to perform; yet, however uun-
worthily those duties may be discharged, when compared with those of the
gentlemen eminent in their profession who have addressed you before—I mean
the past presidents of this association—let me assure you that any failure
on my part will not be from want of perseverance or attention to the duties I
have undertaken. .

I think the first thing I should direct your attention to is, the stability
and prosperity of this association, for I conceive that if I can present to you a
prgodperon- state of affairs it will relieve your minds of all doubt as to the
solid foundation on which the association stands, and on that point, I may
congratulate you, we are working with good will and harmony, not only in
committee, but amongst the members generally, and the number of members
is, oonloquenf}y, [ ;{ increasing.

Before our June meeting of last year, we had on our books 214 members of
all classes ghonom'y, extraordinary, and ordinary members); at that meeting
we added 52 members to our number, making it 266, and you have just elected
52 new members, bringing our number up to 818. There are, I know, many
members who are most anxious on this subject—the financial position and pros-
mtg of the association—their great desire being to create a gas managers

efit-fand. Well, the committee go with them in that very laudable desire,
but with all their desire to establish such a fund, they consider that the time
has not ‘gum arrived; nevertheless, there is & notice of motion on the subject
by Mr. Warner, and all [ can say is, that if the members think that the present
strength of the association will warrant the starting of such a fund, ever;
}nomd a of the committee will exert himself to establish it on the best possible
oundation,

The subscriptions for 1867 amounted to £140, and left a balance in the hands
of the treasurer of £6 odd; last year the subscriptions amounted to £210, with
& balance in hand of £63; and this year, to the 80th of April, we have a balance
in hand, after meeting our liabilities, of £135; so that we have now in this asso-
ociation the germ of prosperity.

Now how has this prosperity been arrived at, and how is it to be maintained?
Why, by the amount of benefit members receive and impart by the interchange
of opinions and ideas, and by the large amount of useful information to be
gleaned at our meetings. Such being the case, you will be pleased to learn that
we have no fewer than twelve papers promised for this session for reading and
discussion on lmmrunt subjects. The first paper on my list is on the * Setting
and Working of Retorts,” by Mr. Cathels, and whatever light may be thrown on
this subject, to my mind, the “setting and workieg of retorts” is one of the

eatest importance, and I make no doubt much good will result from Mr.

athels’s paper, and the discussion which such an important subject is sure to
elicit; for, remember, low-;:riood gas, dividends, and last, thongh not least, fees
sndbosall:;len, are produced from the retort, a residual proénct 80 to speak of good
carbonizing.

. The next thing of importance, after making the gas in good productive guan-
tity, is guahty. s can be made practically free from impurities, and it is but
right that the consuming public should have pure gas to burn, eagecially now
that chemical science has shown us the way to free our gas from those impuri-
ties which 80 years ago we supplied with the gas, because we had not then the
knowledge required to grapple with those difficulties. About that time, with

s at 10s. per 1000 cubic feet, I remember perfectly well, when testing the gas

or sulphuretted hydrogen by means of acetate of lead—the only test for sul-
phur known to gas engineers of that day—I often found the test of a shade
which, if found in the gas of the present day, would make Dr. Letheby’s hair
stand on end with horror at the amount of impurity. Mind, I am giv-
ing you my experience of 30 years ago, when I was & pupil of the
engineer of one of the London gas companies, Chemical science has,
however, made vast strides since then, and the case is very different in
the present day. Gas can now be, and should be, sent out to the public free
from visible sulpburetted hydrogen and ammonia; and, further, no well-regu-
lated gas establishment should now send out gas of a less illuminating power
than 12 standard sperm candles, burning 120 grains, when compared with 5 feet
of gas burnt through the Letheby London burner,nor less than 13} candles
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burnt through the gas referees’ or Sugg’s new “ London ” burner, and I believe
the consumers have no cause tojcomplain that this is not done. Gas managers
are constantly trying new inventions to improve the purity and illuminating
power of gas, and when thoroughly proved the members are always willing
to impart the knowledge so gleaned, and there is scarcely a meeting of this asso-
ciation but we have a paper on purification in some of its branches, showing the
proper importance that members attach to this subject. On the prusent occa-
sion we have two such papers, one by Mr. Upward, of the Chartered Gas Com-
pany, on purification; and one by Mr. George Livesey, of the South Metro-
politan Gas'Company, on scrubbers. I trust we shall also be favoured by some
remarks from Mr. F. C. Hills, of Deptford; Mr. J, B. Paddon, of Hove; and
Mr. J. W, Pollard, of Mincing Lane (one of our new members), embracing
their views on the subject of which those papers treat. I must, however, par-
ticularly draw your attention toscrubbers. Of all apgnratus in general use upon
a gas factory, probably no portion is so uncertain and unsatisfactory in itsopera-
tion as the ordinary coke scrubber, Care is taken, in designing this purifier,to
provide scrubbing surface of proper proportion to the gas made, but the main-
tenance of this proportion is a question of time, and often of very little
time. Under very favourable conditions, as regards the kind of coal used and
the condensing apparatus through which the gas has previously passed, the
scrubber may perform the duty for which it was intended; but almost always
when a scrubber is opened it is found that there is just sufficient room in the
centre to pass the volume of gas for the time being, all other openings being
filled with deposit. Some admirable arrangements for distributing liquor are in
use, but no mode of distribution of water or liquor that I know of can prevent
or dislodge this deposit. Steam has been successfully used to prolong the life
of the material, and save the cost of changing it; but any force the water may
goueu is exhausted by the upper strata of scrubbing material, and it sim&ly
nds its way to the central apertures through which the gas ascends. My
brother, Mr. John Ohren, the engineer-in-chief of the Rio de Janeiro Gas Com-
Rany, substituted plates of iron for trays of coke, and with good effect; and
. George Livesey will explain in his paper an admirable arrangement by
means of thin boards placed edgeways tier above tier, which he has unsed
at his works, and which, he says, is very effective, never gets out of order,
and never wants changing. Well, so far, we seem to be arriving at a point
of perfection in scrabbers; but then we find we have arrived at the same timeata
knowledge that the scrubber is, after all, not the friend to gas managers it was
supposed to be. We know that scrubbing is very effective in taking ont the
ammonia from the gas, and it having been found necessary to reduce the amount,
of sulphur eompound’l contained in the gas, to comply with the conditions
required by the Metropolis Gas Act of 1860, that gas should not contain more
than 20 grains of sulphur in every 100 cubic feet, the ingenuity of gas managers
and gas chemists became taxed to devise means to this end. Amongst other
experiments, the washing of the in the scrubbers, more particularly with
ammoniacal liquor, was found to be beneficial in removing sulphur, and it was
supposed that the greater the scrubbing surface the greater the amount of
sulphur removed; but to the present timd we have no reliable data to go npon.
From careful testings of the gas for sulphur compounds, before and after
entering the scrubber, to ascertain the full effect of the working of that part of
the purifying apparatus, we find that the amount of sulphur in the gas varies
from dngo:: day in & remarkable manner, and from causes not get ascertained.
The d of gas referees have to determine a maximum for the sulphur
comgounds, and therefore their proceedings are of extreme importance to the
London companies. Averages are of little use here, for the London Gas
Acts of 1868-9 require that the maximum shall, under heavy penalties, be
observed for each single day. The referees have not yet issued any public report
on the subject, but I learn that experiments on a manufacturing scale—the
only ones reliable—have been made, and are still in progress, under the instruc-
tions of the referees, which unquestionably will throw much light on this
difficult point. Among others, a systematic series of experiments is being made
to ascertain the efficiency of each separate part of the various purifying pro-
cesses employed in gas-works. My successor in office will be in a position to
comment upon these experiments at the next annual meeting of the society.
For myself, judging from the information given to me by the engineers cor-
ducting those experiments, I must say that the idea entertained in many
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quarters of trusting to increased scrubbing power as a means of lessening the
amount'of 'sulphur'in'the ﬁ“ isLwholly contradicted by the result of those
experiments, so far as they have gone. I may add, that if the referees properly
and wisely discharge tke important duties devolving from time to time upon
them, the result cannot fail to be of much use to the science of gas manufacture;
for they have, what none of us have had before, the means of instituting care-
ful experiments, upon a uniform plan, in each of the large gas-works under
their supervision, and thereby combining and bringing to a focus the know-
ledge of the able engineers of the several companies, and sifting out the truth
in a practical and reliable manner.

I cannot quit this subject without calling your attention to a new apparatus
which the gas referees have devised for the testing of gas for sulphur compounds
other than sulphuretted hydrogen. I have obtained from Mr. Sugg a specimen
of this apparatus. The main difference between it and the Letheby apparatus
is twofold—firstly, instead of a large empty cylinder, the referees use a small u)
:E%ht cylinder filled with glass balls, a sort of scrubber, in fact; secondly, a careful

ustment has been made in order to ensure a gpod draught. The bottom of
the Letheby apparatus is left open, and also the area of the lower end of the
¢ trampst-tube ” is considerably larger than that of the upper end; accordingly
the instrument, besides requiring to be carefully guarded against side draughts,
is liable to this drawback, that the external air, althongh drawn up by the
heat to the height of the burner, cannot all pass upwards through the narrow
orifice above, and consequently is liable to regurgitate and escape again at the
lower end; in the referees instrument this is prevented by covering the lower
end of the trumpet-tube, and narrowing the admission of air in such a way as
to improve the draught, which at the same time protects the lower end of the
instrument from the action of external currents. From experiments made with
the two instruments, I find that the amount of sulphur obtained by the
roferees test is as 30 grains sﬁainst 24 grains obtained by the Letheby ap-
paratus. I need hardly say that the adoption of this more efficient test for the
sulphur compounds must, in justice to the gas companies, be properly taken
into account by the referees before they fix the maximum of sulphur to be
allowed in the gas of the companies placed under their supervision by the recent
Acts of Parliament. .

The next paper sent to the committee is by Mr. Somerville, of Dublin, who
will give his additional experience of the working of Best and Holden’s iron
stoker. I have seen the one at Dublin at work, and I would draw the atten-
tion of gas managers to the subject, more especially managers of foreign works.
In places where labour is scarce, and consequently expensive, and particularly
in hot climates, an iron stoker, simple in its working arrangements and man-
ﬁement, would be of great advantage. From what I have seen of Best and

olden’s iron stoker, I have no doubt that it is very costly,and a large number
of retorts must be worked to make it remunerative to the company, and then,
bear in mind, the retorts are built to suit it, and not it to suit the retorts, so
that it would not do for general usc; but let the iron stoker be found to be
useful and remunerative, and it will be constructed to suit beds of retorts as at
present built. We have only to direct the attention of engineers to the want of
a machine, and if it is at all likely to pay them for their trouble and expense
in designing and perfecting it, they will never tire until that want is supplied.
Of this fact we have evidence in the iron stoker produced by Messrs. Dunbar
and Nicholson for drawing and charging single retorts. The want was felt, and
toa %reat extent has been supplied, and I make no doubt that that firm, as well
as others, are now at work on plans all tending to that end—the production of
& machine perfeot in its working adapted to suit all sorts of setting.

Another example of a want being supplied is shown by the Broduction of the
“jron lamplighter.” 1t was found that an “iron lamplighter” was wanted, as
well as an “iron stoker,” and the result has been the production of some in-
geniously contrived apparatus, of various sorts, to effect the object reguired.’

Mr. Price, whose apparatus was described at the last annua}® meeting,
deserves credit for his step, which is in the right direction, His regulator (the
controlling ap;;"aratus) is an ingenious adaptation of the ¢ Cathels distriot
main governor,” and it appears to auswer equally well on a small scale as on
hlgo istrict mains.

‘Since our last meeting we have two additional “iron lamplighters”—the
hydraulic lamplighter and the pneumatic lamplighter, the first designed by
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Mr. Hunter, an engineer, but not connected with gas.works. He has produced
an apparatus to be worked by -hydraulic power. The peculiar feature is that
by one operation the tap is opened, & match struck,and the gas lighted. A
aervioe—inpe is to be laid throughout™the district to be lighted, with branches
to each lamp. - The pipes are charged with water, and the pressure required is
given and maintaimed from a tank placed at the required elevation. Inside
each lamp-post is to be placed a small oylinder, to the piston of which is
attached a rod, A. The top of this rod is serrated, and gears into a toothed wheel,
B, attached to the plug of the lamp-tap, C, which isturned round and opened as
the rod rises. A small fusee, D, drops fromareservoir, E,andis carried by a swivel-
plate, F, to a piece of roughened spring, G,on which it is rubbed and ignited. It is
then carried round past the burner, the gas is lighted, and the fusee drops to
the bottom of the lantern. In the morning, when the gas is to be extinguished,
the pressure of water is taken off the cylinders and an escape-tap opened, the
pistons drop with the weight of the rod, and the taps are turned off. It is pro-
posed that, as the lamps are cleaned weekly, the lamp-cleaner shall supply the
reservoir with a week’s supply of matches.

Now, up to this point all is satisfactory. I have tried the model apparatus
repeatedly, and found it to work well, the only exception to the general plan,
as worked by the model, being the ignition of the matches, as they occasionally
fail; but this is a difficulty of little moment, as good matches can easily be
procured. My great objection was, that in a hilly district the pressure of
water could not be taken off the oylinders; therefore the Pistons in the lamps
on the side of a hill would be kept up by the pressure from the top of the
hill, and as it would be out of the question to take the water out of the pipes
every morning, and rechaﬁge them before night for relighting, the lamps
would eontinue burning. r. Hunter, when I discussed the matter with him,
thought to get over this difficulty by weighting the rods, and varying the size
of the cylinder; but he took my advice not to commence in a hilly distriot, and
he is prosecuting his operations at Southport. Another greater dilﬁcnfty I
foresee is the freezing of the water in the pipes in winter, which, 1 fear, will
curtail his richly deserved reward for his beautiful invention. One hint I may
throw out for his consideration—the use of sea water. It is not only at the
sea-side that this can be got, but, as a company is forming to supply sea water
in London at a cheap rate, the London gas companies can be supplied with sea
water for their iron lamplighters, unless it be superseded by the pneumatic
lamplighter, the second invention mentioned, the patentees of which, Messrs.
Stephenson, Bartholomew, and King, have no doubt foreseen the difficulties I
have spoken of, Their “iron lamplighter” is worked with air instead of water,
and from all I at present see will prove & success. Thero is a model working
apparatus on the table, and members will not only have a chance of seeing the
working of it, but have an explanation, if time will permit.

Since writing the foregoing, I have heard from Mr. Hunter. He says: “Iam
happy to say the apparatus works well. All through the last winter it has
been entirely uneffected in its working by frost; the lamps light in rapid suc-
cession, so that the oylinders are not all required to be filled at the same mo-
ment, consequently a small wnter-pi?e will answer the purpose.”

We speak of “iron stokers” and “iron lamglighteru’ that may serve us by-
and-by, but in the meantime let us all remember that the stoker of the present
day is flesh and blood—oneof ourselves; let us not forget that while we enjoy
the blessing of rest from our labours on the seventh day, the stoker of the
period must be at his post on that as well as on other days. It gives me great

leasure to find that the subject has been taken up by Mr. Morton, of the

ondon Gas Company, and that he will read a paper on Sunday labour. This
subject was introduced, I believe, by Mr. Livesey, of the South Metropolitan Gas
Company. He commenced by giving his men a Sunday holiday once a month.
It was also introduced at my company's works some years ago, and has been con-
tinued ever since; in fact, we have lately given the men one Sunday out of every
three instead of every four, to carry out the desire of the directors of my com-

any to reduce Sunday labour as much as possible. I do not know how Mr.
iivesey progresses with the Sunday question, but I trust we shall have his own
views thereon during the discussion on the subject. I think that directors of
companies will only want it made clear to them by their managers, that the men
can be to a great extent dispensed with on that day, to restrict Sunday labour
to its lowest possible limit, The men work hard,and it is a duty of humanity, even
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if we take no higher ground, for persevering in carrying out this most desirable
object. It is yvery possible that Mr. Morton will speak of the labour of the
stoker. ' There can-be-no doubt'about the work being hard, and in the summer
time very oppressive, I onoe made an experiment to ascertain what amount of
heat the men were exposed to. The thermometer at my office stood at 65° at
seven o'clock in the evening, in the month of September, when the men com-
menced taking off the retort-lids.

At 7.12 the thermometer rose to 30:

0
"7 . 88°,
» 7.35 » » 90°,
» 740 » ” 99°,
7.60 » » 105°,

» O
And this was the highest point.
At 7.55 it fell to 99°.
n 8 ” 97°,
» 86 4 90°,
The men had then finished their draw, and left the retort-house; at 8.15 the
thermometer fell to 70°, and I left. The retort-house is large and well venti-
lated. The men were in fine healthy condition, and some of them had been a
long time in the employ of the company, and none of them had suffered illness
from heat; nor do I remember regular stokers being incapacitated from exces-
sive heat, except in a fow cases of men green from the country on their first
employment, more especially in hot weather. Circumstances, of course, alter
cases; my remarks applg to the Crystal Palace District Gas-Works. After
Mr. Morton’s paper is read we may get the experience of others. But I think
it will be readily admitted that the stokers, as a body, are hard-working men.

The next paper is by Mr. T, H. Methven, of Bury St. Edmunds, on “ Tar
Pavements.” We all lon% for the luxury of tar pavements alonf our country
roads, and I make no doubt the system would be largely adopted if the material
counld be made hard and durable, so as to save us, in summer weather, from
sticking to the pavement, like flies in treacle. I hope that Mr. Methven's
s{uem is satisfactory on this point; for myself, I consider it necessary to boil
the tar, to drive off the light oils and water, otherwise the material will not set
firmly, or at least until the sun has done the work that should have been done
previously. If, then, it becomes necessary to remove the lifgglet oils, 1 consider
they should be removed by distillation and utilized, instead of being boiled off in
the open #ir, to the great nuisanca of the neighbourhood where the operation is
performed; for remember, in those ofls, which would be lost in open air boiling
we have benzole, &c., from which aniline is made—the base of those beautl_fnf
colours, mufenta and mauve—so fully r:gorted upon at the last annual meeting
by the president for that session, Mr. Goddard.

Mr. W, T. Fewtrell gives us a paper connected with tar—on “ Artificial
Alizarine” or, chemically speaking, on alizarine artificially produced from a
base obtained from coal tar oils, called antbracene; this is, however, not made
from the light oils before alluded to, but is obtained from the last of the keavy
oils, commol:)v called creosote, which comes over just previous to the tar
becoming kard pitch.

While on the subject of tar, I may state that another important use that tar
is likely to be put to is in the manufacture of gas. Astar contains alarge quan-
tity of rich hydrocarbons, it has engaged a large share of the attention of gas
managers, who for many years have, by various means, endeavoured to convert
the valuable fluids which it contains into permanent gases. Their attempts,
however, have not been attended with anything like success—principally be-
cause it was found that solid deposits and naphthaline caused obstructions in
the mains and pipes, and carbon on the retorts, without the antioipated in-
creased qnantity of gas. An improvement has, however, been introduced at
Cork, by Messrs, Still and Lane, and although the new process has been in ope-
ration there over & year, no deposits have been observed in either the manu-
facturing or distributing apparatus.

The essential difference in their process, which, by-the-by, they have
patented, consists in the thorough amalgamation, by suitable machinery, of the
tar with a portion of the coal which is to be carbonized. From 80 to 40 gallons
of tar are mixed and ground up with three-quarters of a ton of coa] and & quar-
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ter of a ton of breeze; the proportion to be used is 25 per cent. of the total
quantity\of'coal to/be.carbonized.

The advantages claimed for the process are a large yield of gas, increased
illuminating power, and reconversion of breeze into coke, its particles bein
cemented together by the pitch of the tar. Itis said that inferior Welsh coa
treated under this patent can be made to yield 15-candle gas, tested by the old
London burner. The theory of the process appears to be this—that while in
former experiments the tar was merely distilled, in this process it is in a great
measure decomposed, and the poorer gases coming from the coal while in their
nascent state combine with the rich hydrocarbons of the tar, which are
thus converted into permanent gases, instead of condensing and forming ob-
structions in the apparatus. The patentees have given a long trial to the pro-
cess before endeavouring to get it adopted by other companies. Some trials
bave been made in Dublin, extending over several weeks, which have re-
sulted, it is reported, in considerable economy of manufacture. If farther
experience oonfirms these results, gas companies—partioularly where the iron
stoker is in nse—will no doubt adopt the process, and as a consequence, tar will
rise in price,as a great quantity will be withdrawn from sale. Gas managers
will do well to bear this in mind in making their contracts for the sale of tar.

We have next a paper by Mr. D. Clarke, of the gas-works at Brymbo, on
“ Stoppage in Ascension-Pipes "—a capital subject to ventilate—and your atten-
tion should be closely given to this paper, and the views arising therefrom freely
discussed. It is useless to bave good retorts and good settings, if the gas does not
pass freely from the retort when gencrated; the loss tHat occurs in many places
while the so-called  jumping ” process is being performed is most distressing to
witness.

I hope Mr. Clarke will throw new light upon this subject. If he advocates
lario ascension-pipes and capacious hydraulic main, not too close in contact
with the retort-beds, he will be in the right track; but I will not anticipate his
views, I desire only to give a direction to the discussion on the subject after
the paper is read.

And the subject analoﬁms to this,  The Scurfing of Retorts,” is, I believe, to
be brought forward by Mr. Cockey, who has an apparatus for scurfing retorts.
Like the stoppage in ascension-pipes, the deposit of carbon on the retort results
from pressure, or the want of relieving the retort from the gas as generated, and
the aim of gas managers should be, not to devise apparatus to remove carbon,
but to prevent the formation of it. It is a known fact that although a gas-ex-
hauster, working at level gauge,draws off a considerable portion of the gas pro-
duced in a retort, still a pressure is maintained in the retort equal to the seal of
the dip-pipe, and that, if that pressure is not removed, & large portion of gas is
destroyed in the retort; this is particularly the case where through-retorts are
used, if the dip, and consequently the pressure, on one side is greater than on
the other. About ten years ago I had experience of this fact. The sinking
on one side of some through-retorts caused an increase in the seal of the dip-
pipes on that side, consequently the whole of the gas generated passed off at
the other side, the pressure there being lightest. To remedy this defect, [
invented an apparatus, which I called a * moveable disc,” by which the liquorin
the hydraulic main could be regulated, and the pressure equalized, allowing
the gas to pass off at each end; when this was done the oarbon ceased to acou-
mulate on the retorts, and the makeof gasand illaminating power were increased.
If any gas manager finds himself in the same difficulty that I did, and would
like to try the effect of the apparatus, I refer him to Mr. Sugg, of Westminster,
who made the apparatus for me, and has, no doubt, the patterns by him.

We have & paper by Mr. Goddard, of Ipswich, on the ¢ Application of Gas to
the Generation of Steam.” Any application of gas to the uses of man must
be a benefit to the gas grodncer as well as to the gas consumer, and therefore the
application of gas to the generation of steam, whether for machine power or
for cooking, if effective, must cause an increase in the sale of gas. That gas
can be used for cooking with advantage is a fact known to many of us.
Mr. Somerville, of Dublin, introduced cooking-stoves at Maidstone, and so
satisfied were the consumers with the use of his stoves, that they were taken
faster than he could make them, and his summer consumption of gas was
largely increased thereby. I believe he has also introduced them at Dublin,
and I have no donbt with good results. Hitherto the great drawback to cook-
ing-stoves has been the smell, but by using stoves made with glazed tiles and
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stmospheric burners, there is no smell, and they can be fixed in any part of the
house, \as\they tequiré) no_chimney. The benefit to be derived from the use of
these stoves in small houses during the summer months is self-evident. From
experiments made by myself, I have found that the cost of gas for cooking a joint
is very much less than coal, if the fire has to be made for that purpose only.
These stoves have just been introduced to our consumers; they cost the com-
pany £5 5s. each, and we let them out at a rental of 2s. 6d. per quarter. I
recommend gas managers to consider this subject, with a view to increase
their summer consumption.

GAS COOKING-STOVE EXPERIMENTS.

Gas,
' Cost
Date. Joint. Weight.| Time. | WBeE 1;;;{1;: Loss. |(Gas jof Gas
4s. 5d.
1b. oz, | h . | 1b. 0oz. | 1b, oz. | 1b. 0z. | ft. d.
Sept. 32 |Legofmutton....| 8 14 |3° 20| 75 | .8 LT 4L |20
v 35 [Ribof beef .. 1014 |3 87) 9107 (.. 54|..14 | 46 | 343
» 80 [Legofmutton....| 9 7 |3 80| 8 6 |.. 74|.. o4 | 42 |3-23
. Oct. 6 |Ribofbeef.......|11.. |3 45| 918 | .. 43 |.. 14} | 48 |954
|39 ey |.. ..l9%5 23| 1 63| 2133|177 |03

Coar.
Date. When |Dri Total
Degs, | Joint. | Weight. Time.|heh | DEP") Logs. | (o8] (4% 228 wood) Tole!

on.

1b. oz. | h.m. | 1b, oz. [lb. oz.[lb. 0z.| 1bs. d d.
Sept.22|Leg of mutton| 8 13| 250 | 7 3. 8 .. 73 284|336 | 0°50 | 3'86
v 35|Ribofbeef...| 1014 |245| 9103 |.. 5(.. 14]| 29" | 3-42 | 050 | 3-05
n 3Log of motion| 913 1230 | 8 .7\l 10 )i 2| 38 | 830|080 | 380
Oct. 6|Ribofbeef,,.|18 2 | 250 (1118 |.. 6. 15| 80 |858|050 | 403
41154 |.. .. |36 83 [113|8 7| 115 1561 | 2-00 [15°61

The tollowinf‘ experiment was made by the maker of these stoves, and verified by
subsequent trials :—
Aleg of mutton . , ., 831bs. Threetarts ., . . . 2}lbs.
Gooseberryple . . . 8 lbs. Potatoes . . ., . , 8 lbs.
Baked rice pudding, . 441bs. -

The rice, being baked unboiled, took longer to cook than the other things; the pota-
toes were cooked over one of the top burners, and the gas consumed for the whole was
only 584 feet, costing about 3d.

e:io;n are three top burners, so that soup and fish could have been cooked at the
same time.

Mr. W, J. Warner, of Soath Shields, will give us a paper on “ Gas-Meters.”
My own opinion respecting meters is, that in the “Sanders and Donovan’s”
patent wet meter, as now manufactured by the Gas-Meter Company, we have
a perfect wet meter, and I look for ix:frovemenu in the dry meter. The best
description of dry meter I have used is that commonly called *Croll and
Glover’s meter,” but there are still improvements to be made in it to ensure
accuracy of registration after having been at work for three or four years, and
although those in error bear only a small per centage to the meters made, w&®
look for improvements to reduce even that small per centage of error, which is
veg-ly annoying to the company and the consumer when it does occur,

he measure of the illuminating Jpower of the follows next. Mr. Hartley
will read a paper on “ Photometry.” Mr.Warner's is an important subject, the
measurement of gas fairly and justly between the oompan! and the consumer,
and of almost equal importance is the measurement or determination of its
quality, for unless the system in either case be of such a nature as to ensure
acouracy of result, the relations between the seller and the buyer of can
never stand on a satisfactory footing; hence any new system by which our
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measures may be improved; or-any modification of the present system which
appears to be an improvement or is put forward as such, claims the attention of
£a8 managers.

Among the novelties of photometry is the apparatus designed by Mr. F. W.
Hartley, of Westminster. The apparatus consists of three photometers con-
verging to a common centre, which is occupied by one candle, so that three
operators may determine the illuminating power of any one of three gases com-
pared with one and the same candle. Fortunately the days are passing away
when two or more gas companies were allowed to supply gas in the same street,
generally resulting in & waste of the shareholders money, and a loss to the con-
sumer, otherwise this photometer would have been useful to try one company’s
gas against another, but now I do not see the object to be obtained. Ican
understand three operators testing the gas at one time, and then comparing
their results. I believe they would be nearer the truth than three separate
testings by a single burner; not that I put much faith in the report of difference
in human vision, I believe the difference to be in the candle, not in the
vision; and I am led to infer, if this be so, that Mr, Haruers instrument would
be more glgrfect if his gas were in the centre, and the candles placed at the three
points. The difficulty that I have experienced most in photometry is the vari-
ation in the amount of light given by different sperm candles, and even different
parts of the same candle, and under different temperatures; and Iconceive that
the more we multiply the candles the nearer we arrive at a correct average
Supposing, then, we have three pairs of candles, two at each point, by this
means any variation in one pair of candles will be checked by the other two
pairs; for, althongh not impossible, yet I think it hardly likely that all the
candles would err exactly in the same way; at any rate a certain number of
experiments must necessarily end in & more perfect result than at present ob-
tained with the single apparatus, and this fact I believe was maintained by
Mr. Kirkham in a paper read by him at the Institution of Civil Engineers last

ear., A lecture is to be delivered by him and Mr. Wm. Sugg this evening, on
¢ Photometry as Applied to the Estimation of the Value of Coal Gases,” and as
a matter of course the “cross photometer” will be exhibited and explained; so
that, with Mr. Hartley’s paper and Messrs. Kirkham and Sugg's lectures, mem-
bers will have a history of photometry to the present day, and will be able to
judge the merits of each apparatus. .

I find, connected with this subject, that we are to have a paper by Mr. Charles
Heisch, the fas examiner to the Corporation of London, “On the Method of
Testing the [lluminating Power of Gas, with special reference to Burners.”

I take this opportunity to direct your attention to a report made to the Board
of Trade by the referees appointed under the City of London Gas Act, 1868,
One of the questions addressed to the referees was to determine the burner to be
employed in testing the for illuminating power. As appears from the
report, the referees carefully examined the various kinds of burners in use, and
also some new ones, and the result of their inquiries was the adoption of a
burner submitted to them by Mr. Wm. Sugg, now known as “Sugg’s New
!‘ondondBurner"—in all respects a beautiful instrument, superior to any hitherto
invented.

In the referees report, the burners in use by the consumer are commented
upon. How often has this subject been commented upon, and the unfortunate
consumer, after trying burner after burner, drags on his life in a state of semi-
darkness? He has gone past complaining, and has a belief that the fault is in
the gas, not the burners, and that he is being victimized by the gas company.

1t is therefore a matter of rejoicing to gas managers that the gas referces
have probed this sore point—with a desire to heal it. Their inquiries revealed
in an extraordinary manner the badness of the burners in common use; their
investlgﬂtions, a8 detailed in their report, show that some of the burners give
barely 20 per cent. of the real illuminating power, and on inspecting various large
establishments, the burners in use gave only 55 per cent. of the illuminating
Eower obtainable from the gas. These facts prove in a remarkable manner

ow groundless has been the bitter outcry on the part of the public against gas
companies. They show that the fault has really lain with the consumers them«
selves, who have been in the habit of wasting the gas supplied to them, and
throwing away very large sums annually, by the use of shamefully bad
burners. This is a point of great importance to the public, and it is to be hoped
that one result of the publicity given to this report by the Board of Trade will
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be,to lead conspmers toadopt better burners, a change which will be greatly
in their own interest, and which ought certainly to lead to a oessation, or, if
that be hopeless, at least to a diminution of the outery against the gas compa-
nies. At the same time let me point out to gas managers that it is their duty
to assist consumers to a selection of burners. For years past I have done this,
and we recommend Sugﬁ’s steatite burner and the slit fishtail as far preferable
to the 2 hole fishtail. In a paper read by Mr. Sugg at our last weeting, on
burners, the Bronner burner was mentioned as giving an illuminating power of
12 oandies, with a consumption of 5 feet per hour. I have made some ex-
gerimenta with this burner, and am pleased with the results. These

urners are all split or bat’s-wing burners, and glasses are made to suit
that description of burner. They are made of various sizes, from 1 to 8 feet.
Mr. Greene, of King William Street, London Bridge, is the London agent for these
burners, and they have given great satisfaction in places where they have been
fixed. Mr. Sugg has also a new burner which contains in the socket a
regulator, by this means you can with four sizes effect the same object as the
Bronner burner with eight or nine sizes. A sample of both burners will be
before you for inspection.

The last paper on nﬁy list is by Mr. Davis, introduced by Mr. E. White, of
Birmingham, “On a New Form of Gas-Exhauster.” The subject of
exhausters was discussed in committee, and it was thought that a practical
trial of the working of the various known exhausters should be made, and that
members should have oocular demonstration of the working. I think this wasa
step in the right direction. I am sorry the committee had not time to carry it
out, but it may be borne in mind.

I believe I have now exhausted my stock of papers if I have not your patience
and I shall but just glance at two or three new introductions in the shape of
valves. Who is there so fortunate as not to have been plagued with leaky
valves, and what mischief have they not caused? I hope next session we
shall have a paper on valves, and I would draw attention to Messrs, C.
and W. Walker's new patent for improvements in centre-valves, * Cathels
and Terrace’s” patent four-way disc gas-valves, Mr. George Livesey's water-
valve, Thorneloe and Co.'s patent flexible valves, and C. and W. Walker’s
slide-valves for large sizes. Messrs, Walker are manufacturing the centre-
valves for the-Beckton works. They state that centre-valves hitherto made
were liable to leak from settlements of naphthaline and dirt upon their
surface facings. Some of these deposits were of a slippery nature, so that
the valves in torning slid over them, instead of throwing them off, and
became leaky. Messrs. Walker's improvement overcomes this difficulty by
means of casting surfaced bars, or covering facings, in the valve, which do not
interfere with the passage of the gas, but always cover the surfaced facings of
the partitions of the body, thus protecting that part from injury of every kind,
and rendering the valve perfectly tight. A gentleman will be in attendance
wth a model and drawings for the inspection of members; he will also exhibit
a drawing of the new wedge.valve. The valve itself js no longer a diso plate
with & spring behind, but a rigid solid wedge of cast iron, havin¥ two perfectly
surfaced facings fitting the facings inside the body casting; it is worked by &

werful screw, aud is said to be perfectly gae-tight. Messrs. Cathels and Ter-
race’s are improvements on their well-known four-way gas-valves, and consist of
a simplified arrangement of the gas-ways through the valve, reducing it in size
and weight, the ports being now all on one level, the disc being actuated by one
movement, instead of two, as formerly; and last, though not least, by the im-
possibility by this arrangement of accidentally shutting back the gas, because
the closing of one gas-way simultaneously opens another. The principle will be
easily understood by an inspection of a model of the valve on thetable. Mr. Live-
sey's water-valve differs entirely from the old water-valve. It is very anle, but
no doubt very effective. It bas no facing, springs, or wedges to get out of order,
and is easily worked. I hope Mr. Livesey will have a drawing of it with him to
explain it. I look upon it as & valuable invention. Messrs. Thorneloe’s valve
appears to be an adaptation of the principle of Morton’s retort-lid, and will, no
doubt, do very well for small mains.

A few words in conclusion. I make no apology for the length of my address,
feeling, as I do, that 1 have only touched upon those points which seemed to
demand your attention and my recognition; and bowever dry to our visitors
some of the subjects may be, they are all of importance to gas managers,
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whose duty and intérest it is to perfect themselves in every department, to
keep alive to all new inventions or improvements, so as to secure any benefits
which may arise therefrom to their respective companies. If I have failed to
condense the matter I have laid before you, that I grant is a fault, although,
perhaps, & fault more honoured in the breach than the observance; for I
would much rather repeat myself than fail to convey to you my full meaning;
bat, under any circumstances, I cannot but express to you my thanks for the
kind attention you have bestowed on my remarks, It leads me to hope that
they have not been destitute of merit, and if so, I trust some little good may
result from them.

GAS MANAGERS BENEVOLENT FUND.

Mr.WARNER moved the following resolation, of which he had given notice:—
 That a gas managers benefit-fund be formed for the relief of deserving mem-
bers who mai‘bo incapacitated by old age or sickness from discharging their
duties; and that a sub-committee, consisting of the president, ex-president, and
president for the coming year, be appointed to consider the best means of giving
effect thereto, and to report to the next annual meeting upon the formation of
such a fund.” In doing so he said that while he deeply regretted the painful
circumstances under which the association was deprived of the services of Mr,
Esson on this occasion, he felt %ratiﬁed in having to submit his motion to a
meeting presided over by a gentleman whose name appeared as one of the con-
tributors to the benevolent fund of the Institute of Civil Engineers. He trusted
that he should be able to show, in the few remarks he was about to offer, that
it was a matter of great importance such a fund should be established in con-
nexion with this association. The subject had frequently been brought under
the attention of gas managers, not only at the annual meetings of the members
of the association, but in the pages of the JOURNAL oF GAS LIGHTING. As a
body they were behind their subordinates in the creation of & benefit-tund, and
he might mention that some time back, being desirous to establish such a pro-
vision for the sick and infirm among his own workmen, he found that nearly
all of them were members of some society baving that object in view. Among
Erofeuional men, too, the necessity of a benevolent arrangement, such as he

oped the gas managers would feel it their duty to undertake, was extensively
recognized, and amongst solicitors and civil engineers two such organizations
had for some years been sucoessfully in operation.

Mr. GoDDARD s8aid the subject brought under the attention of the meeting
by Mr. Warner was a very important one, and fully deserved the consideration
of the association. But, looking at the short time available for discussion at
these annual assemblies, it was scarcely possible to go fully into it. He thought
the better course would be to refer the question to & committee to go into the
details, and bring up a report to the next meeting.

Mr. G. Livesey seconded this proposition, and

Mr. WARNER assenting, it was resolved—* That a committee, consisting of
Messrs, G. Livesey, Morton, Brothers, Malam, Wood (Bury), and Wood (Hast-
ings), be appointed to consider the subject, and report thereon to the next
annual general meeting.”

Mr. CATHELS read the following paper:—
ON SETTING AND WORKING RETORTS.

““On the proper node of setting the retorts the prosperity of a gaslight esta-
blishment mainly degends.” Thus wrote Mr. Peckstone, in his treatise on the
manufacture of gas, 30 years ago, and even now, after the additional experience
of all that time, Mr. Peckstoue’s penetrative assertion is as applicable as ever;
for in the somewhat multifarious duties of & gas manager.there are certainly
nonemore important than the setting andworkingof the retorts, When itis borne
in mind that the exp direotly ted with this part of the process of
manufacture—viz., coals, and labour carbonizing themn, fuel, and retorts, absorb
on an average from €0 to 76 per cent.of the whole cost of manufacture and
distribution, and that the amount of each of these items depends to & consider-
able extent on the attention given to and the degree of skill exercised in the
retort-house arrangements, the necessity for a manager being thoroughly effi-
cient in this essential part of his duties is sufficiently obvious. Indeed, I think
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it may be/ accepted) as"dn axiom, that (other things being equal) as are the
retort-house qualifications of the manager, so will be the success of the concern
with which he is connected. But whether this be agreed with or not, the ques-
tion is, at any rate, of sufficient importance to profitably engage the attention
of this association.

1 shall not presume to occupy the time of the meeting by attempting to enu-
merate the difficulties experienced with the retorts in the early days of gas
lighting, owing to the inconvenient modes at first practised of setting them,
before the method was ultimately adopted of xlaoing them horizontally in
arches or ovens, or of the various fantastic and more or less impracticable
schemes that have since those days from time to time been proposed, or tried
and abandoned; because the inﬂeenuity displayed in this direction—sometimes
with valuable results, but far oftener otherwise—is pretty familiar to all of us,
and is, at any rate, beside the purpose of the few observations here offered, which
are to briefly bring the subject before the meeting, with the object chiefly of
eliciting the views of such of the members as may favour the meeting with
their experiences, 8o that instruction and benefit may result from the discus-
sion thus provoked.

Cast iron was at first the only material available for retorts, but their rapid
destruction, from being exposed unprotected to the direct action of the fire,
must have been such a costly matter, that the necessity of protecting them in
some way seems soon to have forced itself on those engaged in struggling to
overcome the difficulties incidental to this entirely new branch of industry.

Fire-clay tiles were then introduced with great advantage as guards for the
retorts, and the number of retorts in a setting or bed was gradually increased
to five, which seems to have been generally regarded as the most advantageous.
From fire-clay bricks and lumps being used in setting the retorts, the next
thing that was likely to snggest itself was the building the retort itself of these
materials. And this decided step in advance was taken by Mr. Grafton in the
construction of his fire-clay oven, patented just half a century ago. But the
substitution of fire-clay for iron retorts was but a slow and gradual process.
Nor is this to be. wondered at when it is considered tbat iron retorts,
although a costly item, through their requiring to be frequently renewed, had
the immense advantages over those of fire-clay, of being absolutely gas-tight,
which the latter in their then comparatively imperfect state of manufacture
were far from being, And the irons had the further advantage of not filling up
with carbon to anything like the same extent as the clays, consequent on their
porosity, roughness of finish, and the head of water against which they had to
work for want of an exhausting apparatus. Put now, when the pressure is
removed by exhaustion, and when the manufacture of clay retorts bas attained
to such a superior state of finish, the advantages are, I think, wholly and
indisputably on their side. As regards first cost, a properly constructed clay
setting is Iess than half that of an iron one of retorts of equal size, The
durability of a clay retort is—or ought to be—never less than at least twice
that of an iron one; while the fuel account for equal productions of gas is quite
as favourable with clay as with iron settings. The life of iron retorts, when
worked at & proper temperature, may be taken at about ten to twelve months,
By working with low heats they might be made to last a few months longer, but
the additional longevity obtained would be at the expense of their usefulness.
They would make no more gas—and I will venture to say no better gas—in the
longer than in the shorter time with better heats and heavier charges. I have
been favoured with the results of iron settings in a well-managed works—the
manager being a member of this association—where iron retorts were used
until within the last few years, The settings were five D retorts 20 inches
wide by 12} inches high, and 8 feet long in a bed. They were eet on as good a

rinciple, I think, as could have been adopted, and were altogether a ve

?avoumble specimen of iron settings. The total average production of eac

retort was a little under a million and a half cubic feet, but if we take the pro-
duction in round numbers at that quantity, we shall have, I believe, iron settings
working under the most favourable conditions, and with the best results;
because less than two-thirds of that qmantity has been gerrerally found to be the
extent of their productive power. In addition to the rapid perishability of iron
retorts at temperatures that do not injuriously affect clay ones, there used to
be the further disadvanta.ge—esiecia‘lly in the case of the width of the retort
being larger in proportion to its height—of the crown “ dropping in;” but this
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evil has bedn obvluud§ I'understand, by the strengthening ribs introduced a

few years 'ﬁo by Mr. , of Colchester, and iron retorts so improved have
sincd their introduction been, I am informed, used to a considerable extent
both at home and abroad.

But althongh thealmost universal ex?orienee of the gas world has emphatically
pronounced against iron retorts as set in the usual way by themselves &;xcept in
some few special cases, such as very small works, where the retorts cannot be
charged regularly, or kept at a uniform heat, and where, therefore, iron ones
are perhaps more suitable than those of clay), they have for many years been
used in combination with clays; sometimes in the same arch or oven with the
clays, and in other instances set by themselves in a separate arch, but always
arranged for the clays to receive the first of the heat. In this application the
iron retorts are not usually protected by any covering, and if the principle be
not carried too far—that is, if the number of iron retorts be not out of propot-
tion to the clays—they may be entirely heated, or at any rate materially
assisted, by the waste or partly spent heat, after leaving the clays, and before
passing to the main flue. In these settinga the irons require to be so arranged
that their outside surfaces can be cleaned with facility, and this I found, from
seven to eight yeats expérience of the smem requires to be done about once a
week. This combination seems to have been first adopted by the late Mr. George
Lowe, who, according to the drawing in *“Clegg,” had the two bottom retorts of
iron in a bed of five, the other three being of clay. The retorts were so set
that the irons could be renewed without disturbing the clays. Messrs,
Robinson, of Leicester, appear to have worked & somewhat similar system for
many years, their arrangement being & bed of six D retorts, the two top ones
only being clay, and the other four iron, the sides of the irons next the fur-
naces being protected in the usual way of ordinary iron settings. There
appears from the drawing (also given in the last edition of “Clegg”) to be the
same facility for renewing the irons without interfering with the clays, as in
Mr. Lowe's arrangement. But in this case the number of iron retorts are so
disproportionate to the clay ones, that the spent heat of what would be suf-
ficient for the latter alone can bave but an inappreciable effect in heating
them. They otherwise, too, 80 closely resemble an ordinary setting of iron retorts
as to be fairly regardable as such, rather than a combination of iron with clay
retorts, as usually understood, for the purpose of utilizing the waste heat from
the clays. Mr. Croll also, as is well known, worked a combination of clay and
iron retorts, which he patented so far back as 1844. He had three different
arrangements to suit works of different sizes. The arrangement for the smallest
sized class of works for which the combination was suitable consisted of four or
fiveretorts setina 6 feet widearch, The furnace was placed at oneside, over which
there were two clay retorts, through which the heat first played, and was then
drawn down through two or three iron ones, and passed to the main flue by a flue
under the bottom retort. To suit the next larger class of works tliere were nine
retorts—viz., four clays and five irons, set in an arch abont 11 feet high, the
clays being all above the irons, and worked from one floor level (in which the
furnace was set), while the irons were worked from a lower floor at the back
of the arch, the mouthpieces of the clays being at the front, and of the irons at
the back of the arch. The heat, after leaving the clagt, passed down through
the irons to the main flue, under the floor of the arch. The system again for
the largest class of works, as is well known from the publicity g?ven to it at the
time of the establishment of the Great Central Gas-Works, and the extensive
application of it both there and at the Surrey Consumers Gas-Works, during the

me of Mr.Croll’s connexion with both concerns, was the double arch with stage
systém, except that the lower arch was set with iron retorts instead of being
empty, and merely carrying the arch and retorts above, as in the ordinary ap-
plication of the stage principle. The furnace was on the stage line in the usual
way, and like the modifications already described, the gases generated in the
farnaoce, after playing through six or seven clay retorts, descended through
nostrils in the crown of the lower arch, and then through seven or eight iron
retorts, finally passing under two or more of the bottom retorts to the main
flue, placed in this, as in the other cases, under the bench. In each case the
clay retorts were circular in section, and 15 inches in diameter, and the iron
ones were of the D shape, 12} inches by 12} inches, and set without any pro-
tecting tiles, to enable them to get the full beneflt of the partly spent heat.
These settings were, in my opinion, open to the same objection as those of
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Mesars: Bobinson+<yiz , that thera)were too many iron retorts in dpmgoruon to
the clays to secure the economy sought, and being through or double-length
retorts, there was not sufficient room for an ascension-pipe at both ends of each
retort, involving the serious objection of causiug the gas generated near the end,
without the exit-pipe, to pass along the whole length of the retort before es-
oaping. There was also the further objection of not being able to separate the
ohg’ rom the iron bed, so that the letting down of the irons required the clays
to be let down too. .

Mr, George Anderson’s :Bpliontiom of the combined principle have certainly
been the most successful, the reason chiefly being, in my opinion, that he sub-
ordinates the iron retorts to the clay ones,” The number of irons are but half
those of clay, instead of being an equal or even greater number, asin Mr, Croll’s
system. There is also in each of his modifications the power of shutting off the
iron retorts when rqu‘ired with facility, by merely altering the dampers of the
iron and clay beds. For the smallestsized works, three retorts are set over each
other in a narrow arch, so arranged that only two or all the three can be worked
as required, For I works the arrangement conasists of setting nine retorts
in an arch from 7 feet 6 inches to 8 feet 6 inches wide, according to the
size of the retorts. The six retorts that surro und the furnace are of clay, the
remaining three, glmd at one side of the arch: being of iron. The heat from
the furnace acts first on the clays and then on the irons, in the usnal way of
such combination. For the largest sized works, again, the retorts are set in
three separate but adjoining ovens, the two outside ones being set with clay
retorts, and having a furnace each (one of which is usually, though not neces-
sarily, a tar fire), and the middle one with irons without a farnace. Each bed
is provided with a separate flue, which enables the bed of irons to be heated or
not as desired.

I, also, for some years worked an arrangement whereby the waste heat of
each bed of seven clay retorts passed through, among, and effectually heated
the retorts in an adjoiningroven without a furnace, containing three retorts
placed over each other. This oven was 80 inches wide, and was at first set
with three iron retorts of the D shape, 15 by 13 inches, with rounded corners,
the bottom one being set on a close floor of fire-tiles, and each of the upper
two simply carried by four 12-inch wide tiles, placed at equal distances apart,
and supported by corbels springing from the side walls of the oven. But it was
found the bottom retort burned out before the other two, notwithstanding its
being protected by the fire-tiles. A clay retort was, tflerefore, set in the
bottom instead, the upm two ouly being of iron. As there was a direot com-
munication from each of clays with the main flue, in addition to that with
the bed of irons, it was only necessary to shut the damper of the iron, and
open that of the clay setting, in order to shut the bed of irons off. The
arrangement worked very satisfactorily, but the gentleman who has now
charge of the works in which I had these double settings erected, has considered
it better to dispense altogether with the iron retorts,and to substitute clay
ones, still heating them from the adjoining bed. He informs me that he has
no difficalty with them.

The important question of utilizing the waste heat from clay retorts by
means of blank iron settings is one that I am not prepared to argue very
strongly one way or the other. There are so many things to be taken into
consideration, that what might be the proper course to adopt in one place, and
under one set of circumstances, might be injudicious if carried out in another

lace, and under totally different conditions, The question resolves itself
nto whether the value of the fuel saved outweighs the loss of the somewhat
diminished production of gas in the iron retorts, and the cost of their more
frequent renewal. But in estimating the relative costs, the greater durability
of iron retorts in this arrangement than when set over a fire, owing to the

-absence of cutting dranghts, must not be lost sight of. My opinion is that where
the demand for coke is good, and the price per ton obtainable averages, say,
not less than three-fourths the cost per ton of coal carbonized, iron retorts may
be used advantageously, combined with those of clay, as set in the ordinary
and often imperfect way. This advantage would hold good to a greater
degree, I think, when the retorts happen to be built of bricks, and more 8o
still where brick ovens are used. Wherever this combination is adopted there
is an entire absence of flame from the chimney-top, which is too frequently to
be seen on a winter night from gas-works chimneys, often resembling more a
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smelting-furnace than what a retort-house chimney should be, and represent-
ing.done is afraid to say what-value offuel utterly and literally thrown to the
winds.

But when the retort-house arrangements are efficiently conducted, thereis, [
think, but little need for anp&)lementary iron retorts. If theart of retort setting
and working be properly understood, and carried into effect, not only will the
spent furnace gases that pass to the chimney be but of inappreciable value, so
far as further retort heating is concerned, but the retorts, by obtaining the
maximam effect of the heat generated in the best possible way, will produce a
great deal more gas during the time they are in action than is usually obtained,
with a very important saving over the average fuel accounts.

But whether the spent heat from good clay settings be sufficient or not for
heating iron retorts, it is at any rate amply sufficient for generating steam,
where there are, say, four or five beds in action. Utilizing it thus is no new
idea, but I am not aware that the ::lpplioation has ever been so entirely success-
ful as Mr, Upward, of the Chartered Gas Company, has made it. That gentle-
man has employed the system in several places very successfully. The arrange-
ment is perfectly simgle and manageable, and could be advantageously adopted
even in small works, because the want of sufficient heat during the summer
months would be no inconvenience, steam not being then required; but in the
winter time when it is needed the greater number of retorts in action would
supply the required heat.

f the three kinds of fire-clay vessels used in %as-works—-viz., brick ovens,
brick retorts, and ordinary retorts in whole lengths, or in convenient lengths
for jointing together—their efficiency, I think, may be taken in the inverse order
here given. Brick ovens, if justifiable at all, can only be 8o, it seems to me,
where coals are very cheap, and coke valueless. They are beyond all doubt the
most inefficient appliances for gas-making, and although highly creditable to
the inventor, as being a great advance on the processes then in use by intro-
ducing ﬁre-c’lay r a substitute for iron, are surely inexcusable now. Every-
thing is against their use except dumbiiity, which might have been some plea
in their favour when retorts cost from 10s, to 12s. per foot run, but now when they
can be obtained, in a greatly improved condition to what they were in those
days, at less than half these prices, it seems to me that this, their only recom-
mendation, is obtained at a ruinous price. They do not make so much gas per
ton of coal carbonized as retorts do; they do not produce the same quantity of
gas in the same retort-house floor area that good settings do; they are waste-
ful in drawing and charging; and the fael required to get at all a satisfactory
production of gas from the coals is enormous. I do not think there will be any
exaggeration in saying that the oven system requires at least 25 per cent. more
coke for fuel than suffices for retorts in fairly average settings, to produce an
equal quantity of gas, and I have heard of cases where considerably more even
than that was used. But taking the extra coke required for an oven over a
bed of retorts at but 20 per cent. by measure, and assuming that such a setting
of retorts requires a chaldron of coke per 12 hours, equal to 24 sacks—say
25 cwt. per 24 hours—and reckoning the selling price of coke at but 10s. per
ton, there is a loss in money value of 17s. 6d. per week, sufficient to renew &
bed of seven retorts at £6 per retort every eleven months; so that apart from
the other serious evils of the oven system, this economy of duration theory
utterly breaks down. In this comparison I have taken fair average settings,
and, 1 believe, put everything favourable for the ovens. If the comparison
be made with settings that make more gas per retort, and with a considerably
greater economy of fuel than here given, the case is, of course,
still worse for the ovens. Nobody who wants to generate steam
quickly would now think of applying heat merely to the outside of a
boiler of large diameter. To attain that object flues are made through the
boiler, so that the mass of water to be acted on is broken up and brought
into more direct contact with the heat applied, and one would think that a little
reflection would show that the eame principle should be applied to the vessels
used for the generation of gas. The oven is the boiler without flues; a bed of
retorts is the boiler having a number of flues. In the oune case the flues heat
in the surrounding medium, in the other they are heated by the surrounding
medium; and it seems to me that using ovens for distilling coal is only less
absurd in degree than would be the employment of an old-fashioned waggon

boiler for generating steam quickly
]
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Next in, order; and in-my opinion oceupying an intermediate place in utility
between the antiquated ‘brick oven and the modern clay retort, comes the
brick-built retort. The advocates of these retorts, like those of the ovens,
fairly claim for thema greater durability than the ordinary retort; but when
this has been conceded, it seems to me that nothing more can be said of their
superiority, while in some points they are certainly inferior to the ordinary
retorts. The question is not merely whether a setting of brick retorts lasts
longer than a setting of the ordinary o::ly ones, but which of them, all things
considered, are on the whole the more advantageous. The first cost of a set-
ting of these brick retorts, and the annual cost of repairs, are as nearly as
possible the same as for the setting of ordin: retorts of the same number and
capacity, but their duration (with the renewal of the retort over the fire in a
bed of seven) extends, I am informed, to four years, or a little over, contrasting
favourably in this respeat with ordinary clay retorts. The pro«inoﬁon of &
D-shaped retort, 15 by 13 inches, and 9 feet 9 inches long, or 19 feet 6 inches
from mouth to mouth of a through retort, is 5000 cubioc feet per mouthpiece
per 24 hours from Newcastle coals with the usnal admixture of cannel, These
particulars have been given to me for this paper by a member of this asso-
ciation, who is the engineer of very large works where these retorts are used;
and you may take it that his resuits are the most favourable possible with this
class of retorts, because the establishment with which he is connected is one
of the best managed and most successful in the kingdom. The objectionable
thing about these settinge—viz., the fuel they re%nire—outweig s, in my
opinion, the advantage of their greater durability. They require 28 to 30 per
cent. of fuel, as usually reckoned, or, in other words, every 100 tons of coal
carbonized requires the consumption of 28 to 80 chaldrons of coke. But this
is about 8 to 10 per cent. more than is in some works found necessary for
similar settings of ordinary retorts, and at least twice what suffices for settin
of seven oval retorts arranged as shown on the drawings exhibited, and whic
in the ordinary every-day way of working produce from 10 to 1§ per cent. more
gas than the brick retorts do. Now, assuming the extra fuel required over set-
tings of ordinary retorts to be but three sacks of coke for each fire per 12
hours = six sacks per 24 hours, there is thus for each through bed an extra
consumption of a chaldron per 24 hours. This, at say 7s. 6d. per chaldron,
amounts to £2 12s. 6d. per week—sufficient to renew the retorts every eitght
months. Or, taking the life of ordinary retorts at two years, the saving in fuel
alone in that time would not only pay for the renewal of the entire setting, but
would leave a surplus in addition of £189, belng mnearly £100 per annum
per through bed of retorts. In this estimate 1 believe the isadvantage in this
respect of the brick retort system to be rather understated than otherwise, but
if only half the above amount be taken as correct, there would, over and abovere-
newing the retorts, be still a loss for fuel alone over ordinary oia.y retorts of about
£50 per through bed per annum. It is true that in many places the fuel for
ordinary settings is as heavy, and in some instances even heavier, than that
here %llven for brick retorts, but that only denotes want of time, or attention,
or skill on the part of those having the management of the carbonizing. In
these cases the evil can be cared, if the proper means be adopted; but with set~
tings of brick retorts I do not think any appreciable improvement can be made
on the above results. .

The degree of success in carbonizing with clay retorts depends on several
conditions, but chiefly on the following—viz., on the quality of the retorts, on
their form, on the degree of skill exercised in setting them, and on the way in
which they are worked and used. That “ the best is the cheapest” is a maxim
upeciall{ aiplicable to a retort, and it is hardly necesuu'g to say that its worth
depends both on the ?ualityof the clay of which it is made and on the mode of
manaufacture. I prefer a well-burnt retort, even although it may detract a
little from its finished appearance. Retort manufacturers are often sadly
pushed for time in the execution of the orders sent to them, and it is hardly,
therefore, to be wondered at if retorts are sometimes delivered in but a semi-
baked condition, requiring the companies that use them to do work that
should be done before being delivered, thus giving the makers additional kiln
room, and lessening their fuel and labour accounts. The form of the retort is
a material element as regards both its durability and the facility of working it.
The nearer the circular, the greater the strength; the less unequal is the ex-
pansion and contraction; the less injuriously is the retort by the
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furnsce flame; and thogreater ease is there in drawing the charge. Next to
the square or oblong section, the'D shape—for which there seems to be an un-
accountable preference, especially in country gas-works—is the very worst,
The unequal contraction and ex ion, owing to the corners of the retort, is
alone sufficient to condemn it. Buteven that is unimportant compared with the
rapid destruction of retorts of this form owing to the corners getting burnt away.
This evil effect is s0 obvious that it hardly ren}uirel meationing, and I hope this
meeting will be favoured with some more satisfactory reason for continning their
use than has hitherto besn advanced. The naturalresult of the use of this kind
of retort is seen in the recently published “Gas Manager's Handbook,” by
Mr. Newbigging, where the duration of an ordinary D clay retort is given as
equal to the production of about a million and a cabic feet of gas. Now,
if this statement is anything like reliable, and I see no reason to doubt its ac-
ouracy, I have no hesitation in saying that such working is simply playing a$
gu-making. Reu;ecting the facility of drawing and charging, any stoker who
as worked round or oval and D retorts will tell you that he would as soon
draw three of the former as two of the latter. In the round or oval shapes the
coke slides into the centre of the retort and to the drawing-rake, whereas with
retorts of the D shape a portion falls away into the corners, requiring the more
uent insertion of the rake, and consequently additional time and labour. In
ition to the form of the retorts and the arrangement of theic setting, & good
deal depends, both as regards the economy of fuel and the duration of the re-
torts, on the way they are worked and managed. The minimum draught requisite
to keep them sufficiently hot must be mtﬁnwwly onnf or
closing the damper until the proper draught be asce , and this should not
afterwards be exceeded. Again, a good deal depends on the skill in re g the
retorts. I haveseen retorts condemned as worn out that might have been easily
repaired by a little contriving, such as the ehifting, or adding, of an arehed ring
or two to form a backing against the bad places, that could have been done ata
trifling cost, and would have made the retorts equal to another season’s work.

In the arrangements for working the retorts it used to be customary to draw
and charge a whole bed at once. I do not know whether this is still done any-
where; if so it would be found advantageous to abandon the practice. The
result s the lowering of the temperature of the retorts to a greater degree than
when only a part of the setting s charged, and this, too, at the time it is most
required to be kept up. A convenient way is to reciprocally charge half the
number of retorts in bed when the charge in the others is half off. There
not being then such a rapid absorption of the heat bwe retorts containing the
half-spent charge, the fresh charged ones get the benefit, and thus & kind of
self-acting adaptation of the heat to the condition of the charge is effected, and
better results, both as to quantity and quality of the gas, uced. It is true
that the injurious effect ng & whole bed at once does not hold good to
the same extent with clay as with iron retorts. Still it is an evil, and is just
one of those apparently unimportant details, the dne attention to or neglect of
which go far towards accounting for the greater or less success of any indus-
trial pursuit. There is the less reason, too, for this custom, because its aban~
donment entails no additional labour or inconvenience, but is, on the contrary,
eapoci.l.llg where the scoop is msed, a matter of convenience and comfort. 1
have understood that Mr. Kirkham, when engineer-in-chief to the Gas
Oe%g:r;:my, was the first to abandon the old and defective system of working
r 8.

There are three conditions in retort-setting essensial for their successful
working—viz: First, to so arrange the course of the furnace gases that heat
will be imparted, not only to all the retorts in the bed, but also to the whole
length of each ratort as nearly as possible alike; second, that the brickwork be so
oontrived as to give the required support to the retorts at the number
of points, with as little actual covering of the retorts as ible, and without
interfering with the free play of furnace flame; and, thitx that retorts be
set sufficiently close together. When these conditions are thoro:ftbly under-
stood, Newcastle gas coal may be carbonized without any difficulty, with an
expenditure of coke for fuel not exoeeding from 10 to 15 ceat. in the usual
way of computing such acoount, and with the nroduot on of from 88,000 to
40,000 cubic feet of gas per 24 hours on a retort-house floor of 81 feet super.,
including division walls between the ovens in which the retorts are set; or, in
other words, in an sroh 7 tm6inohuwidob19&otlon¢,withl&hcgdamfon,
[+]
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or party, wall. | Round and-oval retorts need not, and ought not, to exceed
8 inches in thickness; and T may here parenthetically observe that this is one
of the advan of having retorts of these forms. When the strength or re-
sisting power of the retorts is diminished by their having angles, it is usually
found necessary to have them made 4 inches or even 44 inches thick. The retorts
I prefer are 8 inches thick, with an additional inch at the swell or flange at the
mouth, for the mouthgim bolts, and they are set with the flanges touching all
round, which leaves 2-inch flue epaces between them. By this means the
farnace gases are, 80 to speak, squeezed into a thin sheet, and are thus elongated
in the lengthway of the retorts, and, spreading over and rubbing against the
retorts, are readily deprived of their caloric. It is often considered one of &
gas manager's chief difficulties to keep his retorts hot, and not without reason
a8 retorts are sometimes set. They do not get a chance of heating with an
ordinary consumption of fuel. In cricket parlance, the stumps are set so wide
apart that there is no getting the bails off, and unnecessarily large balls have
to be resorted to in consequence. As one having paid some considerable degree
of attention to this question of retort-setting, I would respectfully counsel
“wide-stumped” gentlemen, should there be an{‘ Ereunt, just to make one
trial of moving their “stumps’’ a little closer. e products of the furnace,
like those of the retorts, will pass where there is least resistance, and the great
bulk will find their way to the chimney unused if the retorts are too far apart,
80 that one of two things must happen—either the retorts are not properly
heated, or an excessive volumne of furnace gases must be passed through the
bea to effect that end, requiring, of course, an unnecessary consumption of fuel.
As to the way in which these products pass through the bed, it will be found
that making them pass alternately up and down is more effectual than what is
called a “running heat,” that is, playing longitudinally, Where there is a retort
?]aced over the furnace, as in some of the drawings exhibited, it is sometimes
ound difficalt to prevent the protecting arch from dropping. This is a diffi-
culty that need never occur if bricks be used that will stand the heat. The
reason is simply bad workmanship—too thick joints and the bricks not pro-
perly rubbed together. This, at any rate, ought to be sn unknown difficulty
where the red Ewell bricks are used, becanse, being as friable as a household
bath brick, they can be easily rubbed surface to surface, and the arch built
without the emplog'ment of any cement at all, if preferred, and being composed
largely of silica, they are infusible by the greatest furnace heat.
1t is considered a matter of great importance with some gentlemen that all
the coals delivered into the retort-house be wheeled over a weighing-machine
and weighed; and I have heard it referred to with evident self-satisfaction, as
being the proper thing to do—as being, in fact, a cleverly devised kind of tell-
tale for keeping the stokers up to their work. Thereisa Eiven weight to go
into each retort per 24 hours, and therefore the coals weighed into the house
must be equal to such given weight per retort, multiplied by the number of
retorts in action, multipled by the number of charges. Now,I am sorry to
have to say anything disrespectful about such a (generally) harmless hobby as
this; but truth compels me to observe that I think its utility is on a par with
the other innocent amusement of peeping into the bed through cast-iron boxes
with moveable lids built in the front wall for that purpose, the ostentible
object, I presume, being to enable the manager to ascertain if the heats of the
retorts are satisfactory. This perennial peeping observance is discharged by
some of its devotees with a scrupulousness worthy of a better cause, and highly
suggestive of fire-worshipping, or, at any rate, of conviction that it is essential
for the proper and conscientious performances of one’s duties. Well, I cannot
n{nl am sceptical as to this doctrine, because I have no doubts on the matter.
I know (and I have already endeavoured to explain why) that wherever there
is room between the retorts for indulging in these playthings, there is unques-
tionably something radically wrong with the construction of the setting; and
I have almost invariably found that their concomitant is the presence of rich
hydrocarbon vapours in the neighbourhood of the tar well. But it is an ill
wind that blows nobody good. These same sight-boxes are worth, I was going
to say, their weight in gold to the fortunate tar distiller. 1have a strong con-
viction that all this coal-weighing and sight-seeing is, to say the least of it,
supererogant. A manager can always satisfy himself, by a glance at the pro-
duction per retort in the carbonizing book every morning, whether things are
goiog on satisfactorlly in the retort-house; and this part of his duties, at any
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rate, ought not to be.omitted, If there has been a proper make per mouthpiece
for the preceding' 24 ‘hours-he may 'rest quite satisfied; if otherwise, loo) nﬁ
through a sight-hole, at any rate, will not mend matters. The public, we al
know, have a settled conviction that the meter goes round by itself, apart from
an¥ consideration of the motive power of the gas—that it is,in fact, a disagree-
able kind of solution of the pelg)etnal motion problem; but gas managers,
being more enlightened, ought to have faith in the fact that the retorts will not
make the desired quantity of gas,unless there be sufficient coals put therein,
and the heat be equal to its distillation.

It is scarcely necessary to discuss the question of stage versus ground-floor
for working the retorts from, because the st.a%e system is almost exclusivel
confined to London and its neighbourhood. The advauntages claimed for this
system are, as far as I understand, that the barrowmen do not require to
out of the high temperature of the retort-house, in cold or wet weather, in
wheeling out the coke, that the coke drops down out of the stoker’s way in
drawing, and that extra storeage for it is obtained. Bat, if I may have the
temerity to say 80, these advantages are so dearly bought, and are so equally
balanced by disadvantages, that it seems to me that the system is only justi-
fiable where sufficient yard room is not procurable. The question of the bar-
rowmen’s comfort could easily be met, if desired, by covering in the coke-
ground with an open shed. As to the additional st.oreaie room obtained, it
would, even if the whole space could be filled up to the stoking-floor, be but a
mere bagatelle in cubic capacity. But that cannot be done, or anything like
it. Indeed, the whole of the floor cannot even be covered with coke, and on no
part of it oan there be such a depth as to sensibly affect the yard storeage.
And to obtain these nominal advantages the retort-house walls and chimney,
or chimneys, have to be carried the additional height of the stoking from the
ground floor, with more expensive foundations. There is the extra cost of the
stage or stoking-floor, while the number and consequent cost of the arches or
ovens is just doubled—that is to say, for each effective arch set with retorts
there is another one of equal size built for the express purpose of supportin,
the former, and which is otherwise almost useless. Nor is this serious an
otherwise avoidable first outlay the only disadvantage. The coke is unneces-
sarily smashed in falling so far, and, after all, it has to be handled quite as
mach, if not more than if it were drawn out of the retort into a barrow, and
wheeled on to the coke heap in the yard at once. Men have to be kept below
to quench and remove it out of the way of the next ¢! ; after that they fill
it into sacks, and in some places actually carry it outside to the vans, And
over and above all this, practical men, like those [ have the honour of address-
ing, will readily understand that with a space of more or less width between
the front of the stage and the retort-bench, and with the furnace-bars usually
below the stage level, there cannot be the same facility in working as on the
ground floor. Again, the proportion of the coke required for fuel must either
be (rrevented from falling on to the floor below in drawing, or it must be car-
ried back again. So that, all things considered, I for one fail to see any appre-
ciable advantage in the stage system.

As to the question of furnace combustion, which plays such an important
rnrt in gas-making, I have left myself but little time to speak. Moreover, it

s & question of sufficient importance for a separate paper, and one that I hope
some member of this association will take up and treat at next year’s meeting.
Where coke i used as retort fuel, there is comparative immunity from
trouble with this question, but it is otherwise where coal or tar is used for that
purpose. In the former case complete combustion is easily ensured, because
not only is there but one element to be dealt with, but from the coke being in
larg:dp eces the fire-bars can be set wide enough apart to give ample area for
the admission of air, while the portion of the coke next the furnace-bars, by
its open porous natare, acts as an admirable filter or sieve, breaking up the air
into finely divided threads, and so bringing each atom of carbon into immediate
contact with its equivalent of oxygen. But where coal is used, especially small
coal or slack, requiring the furnace-bars to be kept very close, perfect com-
bustion becomes a much more difficult matter, because the elements into which
the coal is resolved require each its own equivalent of air. To quote an
extract from Wye lelin.ms! “ Each pound of good coal will give out 5 cubic
feet of gas, and require for its special use 50 to 60 cubic feet of air, according
to the quality of the gas; while the remaining coke, being about 50 to 60 per



26

cent. of gross welght of the coal, will require about 100 to 120 cubic feet.
'}‘ollllo products. from(each (hundrédweight, then, in round numbers, will be as
OWS ;=

Hydrogem . . . . . . . . . . . 8lbs
Carbon in combination with the hydrogen, and

forming gas e e e s e e e e . 2,
Carbon remainingascoke. . . . . . . 60 ,
Nitrogen, sulphur, oxygen, and ashes . . 15 ,,°

Total . . . . . . . . 100
We here distinguish the three bodies into which the coal is resolved,
and each requiring its own special equivalent of air—viz., the ooke, the
b , and the carbon of the gas. Now, the whole question of perfect or
imperfect combustion—the utilization of all the elements of the coal, and
ol bi:a their relative and entire calorific effect will be determined exclusiy:
and abaolutely by the facilities afforded these three bodies in obtaining their
ve contact and quotas of the air supplied. It will not be enough, there-
fore, for engineers to look to the naked fact that each pound of coal will require
150 oubio feet of air, and to expect that all the contingencies of combustion will
be satisfled if they provide that quantity. So far from that being the case, it
isexclustvely on the special application of these 150 cubic feet to these three sepa-
rate Porﬁons of each pound of coal as above deseribed that success will depend.
For if the air be taken up by the incandescent coke (and to which it first finds
acoess) more rapidly, or in greater quantities, than the gaseous matter oan simul-
taneously be supplied with its own due quantity, the entire operation in the fur-
nace will be deranged. In a word, the gas should have its own equivalent of
air, and enter into combustion as rapidly as it is generated, and in due relation
to the combustion of the ooke in equal times.” It will be thus seen that it is
absolutely necessary to provide means for an adequate supply of air, in addition
to what is drawn through between the furnace-bars, to obtain the full calorifio
effect of the fuel, and that the finer the supplementary supply of air is divided
and oomminfletf with the gaseous products of the the more perfect will be
the combustion. And this is as indispensable for the proper combustion of tar
as it is for coal. An efficient and convenient mode of burning tar is re
sented in the drawing of the six-retort setting exhibited. It is a copy of Mr.
Aunderson’s tar fire, with the addition of a furnace below the sloping table, on
which the stream of tar falls for the purpose of keeping it hot, so that the tar
may be volatilized directly it comes in contact with it, Mr. Auderson effects
this by means of the combustion in a chamber below of the resultant fine breeze
from the tar itself. But I have found that the addition of the furnace savesa
good deal of trouble in attending to the fire at the cost of bat an insignificant
consumption of breeze. It will be observed that finely perforated plates with
sliding doors are built into the front wall for the purpose of regulating the ad-
mission of air. Tar cannot be burnt withoat destroying the retort placed over
the fire before the others are worn out as they are usually set, but when
arranged as in the setting of six eirculars illustrating the tar fire, and also
shown in one of the settings of seven ovals, this dificulty is entirely obviated,
and tar can be burat without undue destruction to the retorts, and without the
mduotion of smoke. I have burnt tar produced from both Newoastle and in-
d coals off and on for & good number of years, aud the result of my experi-
ence is that, when consumed under proper conditions, it does the work of just
abont twice its weight of coke, or,in other words, five gallons of tar are equalin
heating properties to a sack of coke. Bnt whether ooal or tar be used as fuel,
there is no difficulty in ascertaining whether thxom doing their work pro-
y. The condition of the retorts will speedily show that, and there is in ad-
tion the tell-tale of the chimney-top. If there be an absence of smoke by
day and flame by night, it may be taken for gmtod that the furnace combus-
tion is satisfactory. 1In the larger gas-works in Sootland, the residue of the tar
after distillation is used in a liquid state as retort fuel, sometimes in addition to
ookekmd sometimes by itself. I have seen it so used wr{"eﬁclontly both at
Perth and Dandee. Mr. Whimster, of the Perth Gas-Wor s for many years
burnt tar very successfully without any special farnace. It is merely ruan in
over an ordinary coke fire by means of a small iron trough, in the old-fashioned
‘way, the regulation of the air admitted by finely perforated iron plates above
the ace frame effecting complete combustion. .
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Mr. Siemens’s regenerative gas-furnaces, which have been found to be fo
efficient, and  economical in fuel in some branches of manufacture where great
heat is required, have- been-tried -for heatinﬁrgas-retorts, but I am not aware
how far the application has been successful. Mr. White has tried it, I believe, to
a limited extent, at the Windsor Street station of the Birmingham Gas Com-

ny, and I understand it is in operation on a rather extensive scale at the

aris Gas-Works, Like steam stoking, the process, I apprehend, is only ap-
plicable in large works. The apparatus is rather costly, re#uires a good deal
of room, and is somewhat complicated. The late Professor Faraday, in his last
g:ublio lecture at the Royal Institution, described these furnaces in the follow-
terms :—

% The gaseous fuel is obtained by the mutual action of coal, air, and water, at
a moderate red heat. A brick chamber, perhaps, 6 feet by 12 feet, and about
10 feet high, has one of its end walls converted into a fire-grate—i.e., about haif-
way down it is a solid plate, and for the rest of the distance consists of stro
horizontal plate bars where air enters, the whole being at an inclination suc
as that which the side of a heap of coals would naturally take. Coals are

ured, through openings above, upon this combination of wall and grate, and

ing fired at the under surface they burn at the place where the air enters;
but as the layer of coal is from 2 feet to 3 feet thick, various operations go on
in those parts of the fuel which cannot burn for want of air. Thus the up,
and cooler part of the coal produces a large body of hydrocarbons; the cinders
or coke which are not volatilized approach, in descending, towards the 5::00;
that part which is nearest the grate burns with the entering air into carbonic
acid, and the heat evolved ignites the mass above it; the carbonic acid, passi
slowly through the ignited carbon, becomes converted into carbonic oxide,
mingles in the upper part of the chamber (or gas producer) with the hydro-
carbons, The water, which is purposely introduced at the bottom of the arrange-
ment, is first vaporized by the heat, and then decomposed by the ignited fuel,
and rearranged as hydrogen and carbonic oxide; and only the ashes of the coal
are removed as solid matter from the chamber at the bottom of the fire-bars.

“ These mixed gases form the gaseous fuel. The nitrogen, which entered
with the air at the grate, is mingled with them, constituting about a third of
the whole volume. The gas rises up a large vertical tube, for 12 or 15 feet,
after which it proceeds horizontally for any required distance, and them
descends to the heat regenerator, through which it passes before it enters the
furnaces. A reFenentor is a chamber packed with fire-bricks, separated so as
to allow of the free passage of air or gas hetween them. There are four placed
under a furnace. The gas ascends through one of these chambers, whﬂu air
ascends through the neighbouring chamber, and both are conducted through
ports at the end of the furnace, where mingling, they burn, producing the heat
due to their chemical action. Passing onwards to the other end of the fur:
they (4. e., the combined gases) find precisely similar outlets down which they
Eas-; and, traversing the two remaining regenerators from above downward

eat them intensely, especially the nﬁper part, and so travel on in their cool
state to the shaft or chimney. Now the passages between the four regenerators
and the gas and air are supplied with valves and deflecting plates, which are
like four-way cocks in their action; so that, by the use of a lever, these rege-
nerators and air-ways, which were carrying off the expended fuel, can ina
moment be used for conducting air and gas into the furnace, and those which
just before had served to carry air and gas into the farnace, now take the
urnt fael away to the stack. It is to be observed that the intensely heated
flame which leaves the furnace for the stack always proceeds downwards
through the regenerators, so that the upper part of them is most intensely
i teﬁ, keeping back, as it does, the intense heat; and so effectual are they in
action, that the gases which enter the stack to be cast into the air are not
usually above 300° Fabr. of heat. On the other hand, the entering gas and air
always pass upwards through the regenerators, so that they attain a tempera-
ture equal to a white heat before they meet in the furnace, and there add to
the earried heat that is due to their mutual chemical action. .

“Thus the regenerators are alternately heated and cooled by the outgoing
and entering gas and air, and the time for alteration is from half an hour to an
hour, as observation may indicate. The motive power on the gas is of two
kinds: a slight excess of pressure within is kept up from the gas producer at
the bottom of the regenerator, to prevent air entering and mingling with the
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fuel before it is burnt; but from the farnace downward through the nerator
the advance of the hiedted (inedinm/is governed mainly by the draught in the
stack or chimney.”

After describing the convenience and advantage of the process to various
manufactures—such as glass-works, &c.—Professor Faraday concludes his
lecture with the followin% figures: —

“¢ Carbon burnt perfectly into carbonic acid in a gas producer would evolve
about 4000° of heat, but if burnt into carbonic oxide it would only evolve 1200°.
The carbonic oxide, in this fuel form, carries on with it the 2800° in chemical
force, which evolves, when burning in the real furnace, with a sufficient surply
of air. The remaining 1200° are employed in the gas producers in distilling
hydrocarbons, deoompoaing water, &c. The whole mixed gaseous fuel can
evolve about 4000° in the furnace, to which the regenerator can return about
8000° more.”

The difference between heating retorts by this and the ordinary mode
appears to be that by this plan a mass of coal is distilled or carbonized in a
separate brick-built pit, the resultant smoke being consumed as fuel, any
excess of air beyond what is required for their distillation being excluded; that
the gases evolved are conveyed to the retort-oven (which in this application of
the inveution is the so-called furnace) by one passage or flue; that the proper
proportion of air simultaneously enters by another flue, and that they there
commingle and burn, instead of the requisite ?uantity of air for efficient com-
bustion entering the ordinary furnace at once in the usual wag.

Bat, in addition to this, a second part of the process, as has been already
described, consists in the gases from the producer and the entering air being
made to pass upwards to the furnace through the regenerators or chambers
filled with chequered walls of fire-brick, which alternately take up the surplus
heat from the used or departing, and give it up again to the entering gases
or_air.

Now I will not rpresume to offer an opinion as to the advantage or otherwise
of the first part of the process—viz., the separate distillation of the coal and
subsequent mixing of the gas therefrom with air, when applied to g:s-works
where, from special reasons, it is found to be more advantageous to burn coal
than coke as retort fuel; but I think when the cost of the additional apparatus
and having to purchase coal for the purpose are taken into consideration, it
will not be thought an improvement where eoke is used instead of coal. And
as respects the second or reienerativo part, looking at it theoretically, it does
not appear to be worth all the extra cost or trouble in any gas-works. In ap-
plications where intense heat is required, and which do not materially lower its
temperature, this mode of arresting the surplus and using it over again is, of
course, of the highest importance. Bnt the application to gas-retorts is very
different; there heat of only a certain temperature is desirable or proper, and
its enormous ahsorption br the retorts in converting their contents from the
solid to the gaseous form, if properly utilized, reluces the temperature to about
the same as it leaves the regenerators.

1 have to apologize for having occupied so much of your time. If I have
gone too much into detail in some of the matters touched on, my excuse must
be my sincere conviction that no more important subjects than these same
questions of setting, working, and heating retorts could engage our attention.

As respects the working of the retorts, I am glad that the remarks here
offered are going to be supplemented by a paper on such an interesting ques-
tion as the result of the application of steam machinery for that purpose, and
that we are also to be favoured by another paper bearing closely on the sub-
Jject in hand—viz., on the prevention of stoppages in the retort exit-pipes.

Of the drawing exhibited, containing thfrteen different settings of retorts,
from one to nine in a bed, suitable for all sized gas-works, I hope it will not be
considered egotistical when I say that thay are not mere fancy plans that have
never been tested, but are the selected settings of years of close observation
and experiments, all of which have, therefore, been successfully proved.
Although they are differently arranged to suit different sized works, it will be
observed that oyzlgeneral principle pervades the whole, Part of this principle
—viz., the particular mode in which the heat acts on the bottom retorts—I
deem it proper to acknowledge to be similar to, and:copied from, Mr. George
Anderson’s settin

In oconolusion, f:my Just farther add that I am now working settings of
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seven 21 by 15 inch ovals, 19-feet long, set in a 7-feet 6-inch wide oven as per
the drawings, and that they have produced, ever since they have been at work,
an average of 11,400 cubic feet per 24 hours, with six-hour charges, equal to
5700 per mouthpieoe, in the ordinary way of working, with an expenditure of
fuel under 15 per cent. by measure as usually reckoned. These settings will
produce during the life of the retorts an average of 5500 oubic feet per mouth-
piece of 24 hours, and a total production per monthg‘i’eco of 4} millions, with
an expediture of fael not exceeding the per centage above named.

Mr. GoDpDARD said he had been very much interested in the xirper just read,
which he thought reflected great credit on the writer, who had gone very
carefully into the question, and shown a number of instances in which the use of
clay retorts could be advantageously adopted. The plan which he (Mr. God-
dard) had followed at his own works was to have settings of seven retorts, partly
oval and partly circular, set upon the principle recommended by Mr. Cathels.
‘With regard to the plan of heating by Siemems’s process, he believed it had been
tried in various gas-works, but the amount of attention required in altering the
current of air from one chamber to another, rendered it highly objectionable
for general use,

r. G. LivesEY said it was known to many of the members that at his works
South Metropolitan) brick retorts were used exclusively. He was bound to say
t the writer of the paper had given tho meeting very fairly and honestly a
statement of all that had been done with respect to different methods of
working, and when he brought forward the charge that brick retorts ran away
with the fuel, it was difficult to contradict him. In fact, the 28 per cent. was a
figure given by himself, but he did not think this was wholly due to this kind of
retort, and he hoped in the settings he was now introducing to be able to reduce
that amount of fuel down to 22 per cent. One point with respect to brick
retorts Mr. Cathels did not mention, and that was not so much the tﬂ:eaﬁon of
their greater durability as to the time they lasted, but their non-liability to
crack and become leaky. This was the principal reason why at the South-Metro-
politan works they were exclusively used. It was found that they stood more
rough usage in the matter of letting down and missing than other retorts. He
was aware that during the last ten years, since they had discontinued the use of
clay retorts, great improvements had been made both in the setting and working.
Ten years ago they would only last eighteen months; now they might be made
to last two years and a half of actual working time. At his works he had taken
out eight brick retorts this year ; the shortest duration of any of them was 47
months, and the longest 55 months, and these retorts had produced on an
average 5000 feet of gas per mouthpiece. The heats were rather great, as they
had been getting 10,000 feet per ton. To do that there must be an expenditure
somewhere, and he found it better to have an excess of fuel than to lose 200 or
800 feet per ton in gas,

Mr. DuNNING said he was glad to hear Mr. Livesey's remarks, as he had not
been aware that any London company were using brick retorts exclusively. At
Middlesborough brick retorts had been used almost exclusively for the last .
fifteen years—there had been only one setting of fire-clay—and he could bear
out all that Mr. Livesey had said.” He believed that if gas managers would turn
their attention more to brick retorts thun they had done they would find ﬁll'ent
advantage from it. There were retorts of that class now at work in Middles-
borough which had been in use for ten years, and were still turning out more
than 65000 feet per mouthpiece, and doing their work well. They were re-
paired year by year at a comparatively trifling cost. The total make last year
was 85 million feet, and the cost for repairs, taking into account the fire-clay
and labour employed, was not more than £240.

Mr. G. ANDERSON said that, taken as a whole, he approved of the paper, but
there were just two or three points in which he could not agree with the writer.
He was an advocate for the use of clay retorts, brick retorts, or_iron retorts,
according to the circumstances in which they were employed. For a number
of years he had used a setting which was almost identical with that shown in
Mr. Cathels’s drawings. When Mr. Cathels was manager for him at Dover he
worked a setting of that kind, and that setting had been continued until a year
or two ago. There were two large oval retorts on the level with the furnace,
four circulars over, and three circulars on the top. The two circular retorts
immediately over the furnace it was found very difficult to keep in position,
because the fire shrank the brickwork, and sometimes melted it, and the retorts
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came down.  He therefore took out those two reterts, and put in one brick
retort, 'whioch made as much as the two together. The bottom arch of this
retort was made the top of the furnaee, without any protecting arches. This
had been in action four or five (yearu, and beyond the mechanical action of the
oo-.lndthenkuﬁtmnwyugoodmw a8 it was originally, To putan
arch under would be & loss of material and of heat. One benefit in the use of
brick reterts was the facility with which they could be repaired. Twelve
months previoull'{ he took the bottom out of ome and put in another without
inconvenience. The first bottom was made of inferior bn&, which he removed,
and put in Btourbridge. In taking out old settings of this class, many of the
bricks could be advantageously employed again, not being liable as new ones to
shrink. One point of importance which had not obtained the attention it de-
perved in Mr, Cathels’s paper was the firing of the red-hot coke. It was nota
new thing ; it was well understood, but not generally practised, especially in
works, where some retorts were drawn at one time and some at another,
He thought they should, as much as possible, take the coke from the retorts and
put it in the furnaces. To throw the coke on the floor and quench it with
water was absurd, and not creditable to their intelligence. By that means they
filled the pores of the coke with water before putting it into the furnace to be
oooked again, and it was not till the water had evaporated and a red heat was
obtained that it began to do its work. The effect was to rob the furnace of a
amount of heat during the time. Mr. Cathels seemed to have come to
oonelusion that there was no benefit from the heating of iron retorts after
the clay. In that he thouﬁht Mr. Cathels was wrong, though he knew that
ala; rts could not be heated at the minimum temperature at which iron
on{d be heated for the simple reason that clay was a bad conductor.

Mr. Buragss for a number of years had been working brick retorts exclu-

. sively, and found their duration more like fourteen years than four. He had
seme brick retorts now being repaired at Huddersfield which had been thirteen
winters at work, and they seemed, to all intents and pm"ﬁoua, a8 good as at the
commencement of their term. Mr. Cathels said he eould not get more than
two-thirds as much gas from briek retorts as he could from clay; but he (Mr.
W) found he could get as much from the one as the other. He was making

, and sometimes 10,000, feet per ton of coal; but he admitted that the ex-
iture of fuel was excessive, although he thought it arose, to some exw“:a:‘i
the mode of setting. In the Manchester Gas-Works t.he£ formerly
iron exclusively, then they used clay, and now they adopted brick retorts exclu-
sively, They were setting them with two small retorts over the furnace, a
large one over these two, and another large one above, and he believed they
were economizing fuel very considerably. .

Mr. Kx1sALL said he could confirm what had been said by Mr, Dunning and
Mr. Burgess as to the use of brick retorts. At Ashton they had been uei ex~
clusively for the last sixteen or eightecen years, and some were now being re-
built jwhich had been at work for fourteen winters. He did not think the
expenditure for repairs, including both tile and bricks, as well as men’s
exeeeded ‘39d. per 1000 feet. They had four-hour and were obtaining
10,000 feet of gas per ton, but to some extent that might be accounted for by the
use of cannel. His own opinion was that the small cost for repairs would far more
than compensate the extra cost for heating. There were many advan from
the use of brick retorts in large works, and he could only account for their not
being introduced into London gu-vorh by the want of ground room in conse-
quence of the high price of land. . )

Mr. Douvoras (Newcastle) said his experience was against the system of
repairing retorts altogether. - He never could make a8 much gas out of an old

rt as out of a new one; and therefore at the end of two years, if a retort
1asted so long, he would take it out and replace it with a new one. He would
never think of having a retort for fourteen years, nor even four years, on the pre-
mises. His opinion was more in fayour of D retorts than round ones, and he
believed in thick strong retorts (4 inch), and new ones every year.

Mr. WARNER said he believed that brick retorts had boen used at the Char-
tered Gas-Works, and hs had heard that in the London Company the conse-

moﬁho use of brick retorts had been to reduce the value of the shares from
to

Mr. MEAD i&lmgm #2id he was certainly very much surprised at the remarks
made by Mr. Doug )md to hear him express a preference for D retorts, as
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modern experience |generslly had satisfactoril ved that they were much
weaker than the round-or oval shapes. He could bear out Mr. Cathels in his
observations with reference to Siemens’s regenerative furnacea. He had tried it
for -ma.kintg, and as far as he had gone it was a failure ; but this he attributed
to the want of attention on the part of the men. The furnace itself was one of
the most beautiful of inventions, but the necessity for changing the direction
of the air every half hour presented a great difficulty to its use, as it was almost
i ible to find men who would periodically attend to a matter of this kind
wimut constant supervision. As to the material em'gloyed in the construction
of retorts, he had tried them all, and in his opinion there were many situations
in whieh iron retorts were still of great service. Hehad to do with many small
works where in the summer season they were still found valuable; but in large
works they were searcely worth the room they occupied.

Mr. BROADHEAD gaid for the last eighteen years he had worked clay retorts
entirely. They were D retorts, 7 feet 6 inches internal, lw 13, and he was
satisfied if produced 3000 feet per mouthpiece. The used was South
Yorkshire (Silkstone), and with six-hour he obtained 8500 feet of
fu per ton, of an illuminating power of 15 candles, The retorts were worked

or two seasons—seven months one season, and twelve months the next—and
when they were let down they were properly scurfed and pointed up ready for
next season, so that he got two years regular working out of each retort. He
had had nothing to do with brick ovens, and he had no exhauster. His heaviest
older gave a pressure of 4 inches at least, and he worked with about 13
inch extra pressure in the winter season. He admitted that he made a fair
share of carbon; but this was not all loss, as he formerly obtained 15s., and now
20s. a ton for it. No doubt the culeltion of retorts had to do with the question
of dividends; and as the Grimsby Company, of which he was manager, had
been able to pay 10 per cent. up to the present time, while giving satisfaction
to the public in every way, he thought the preference he had given to clay
retorts was justified.

Mr. CRAVEN (Dewsbury) said it was now ten years ago since he commenced
to use iron retorts, and not being satisfied with the woxin%of them, he tried
clay and brick ovens, and ultimately entirely adopted clay. One cause why the
brick retorts did not answer so well was that they were made too thick—5 inches
instead of 3. He now obtained 4300 feet of gas per mouthpiece. He agreed
with Mr. Douglas that clay retorts should not be kept in more than two sea-
sons ; and as & proof of this he might state that he had two which were 2gei.n
on for the third season, and he found his make of gas drop down from 005
feet in 12 hours to 14,000. He therefore pulled them out and replaced them
by others, when his make again went up to 22,000,

Mr. DunNING wished to add, with respect to the working of brick retorts, that
he was in the habit of charging a double set—i. ¢., six mouthpieces, two D re-
torts at each side of the fire, and one on each side above—with 15 owt. of coal
six times in 24 hours—<.¢., 44 tons, all weighed in—and the produce on the
average was between 40,000 and 42,000 feet of gas per 24 hours, or about 9200
feet per ton of coal carbonized. He could even do a little more than that, but
he preferred to stop there, as he had to keep up the illuminating power to 16}
mmMTMwudonewith 10 per cent. cannel of the district, and the rest

Mr, WoonALL said with reference to .bxle versus floor his personal experience
was but a short one, but he believed that all those who had worked stage-work
wtmlt}i be umnkimoua in saying that itto wr:-shohuper ;nd bett::q in eaer recpes
than floor-work, especially in large re ouses, where if uen

that there was more than one gang of men -.tworkatthaumetime,ym me
the running out of the barrows must be a considerable hindrance and annoyanoce.
There was also the advantage attending it of keeping the men within the walls
of the retort-house, and the great saving of labour in not having to remove the
coke. He disagreed with Mr. Cathels as to the duration of retorts, and believed
that with ordinary attention a clay retort might be made to last for 700 or 750

dnnrwithout any loss of gas.

. MorToN said the London Gas Company, to which he belonged, had been
referred to by a previous speaker. He was happy to say that the of that
oom&e:y were in a far different state now to what they were at the period alluded
to. The reason of their little value at that time was not the use of brick retorts,

but of large ovens, for the manufacture of gas and coke together, With regard to,
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stage-work and ground-work; he made & calculation some time ago, at the request
of a member of the association, of the difference in the cost of the two systems—
he had both stage and floor work in his establishment—and he found it to be
33d. per ton of coals in favour of stage-work.

Mr, JABEZ CHURCH agreed with Mr, Cathels in the importance of the subject
dealt with in his paper. There was no doubt that dividend or no dividend, so
far as the manufacture of gas was concerned, must come from the retort-house,
and therefore the proper setting of retorts was a most essential element. As far
as his experience went he found that clay retorts could be worked successfully
for about two years, and he believed it was a mistake to work them for a longer
time. They might by patching and close attention be made to last longer, but
the leakage more than counterbalanced the saving effected in deferring the cost
of resetting. The cost of setting a clay retort was not a large item, and in the
long run it would be found to be more economical to pull out old retorts after
theﬁ had been in use for the period mentioned. He had had some experience
with brick ovens, and he was convinced that ovens of the character of those for-
merly used at the London works were altogether a mistake. The object there
was more a matter of coke-making than gas manufacture. It was sought to
make coke which would be suitable for locomotive engines and foundry pur-
poses, and such coke was double the value of gas coke. His father devoted
many years to the manufacture of coke, and he knew from observation that .
ovens as set at the London works were a failure. He had seen those in use at
Mr. Livesey’s works, and could testify that, set on that principle, they were a
perfect success. With reference to clay-retorts, it was idle to attempt to work
a large number without an exhauster. The cost of clay retorts was about half
that of iron; the cost had not varied much since their first introduction. Twelve

ears ago he had the honour to read a paper before the Institute of Civil
ngineers, on the comparative value of clay and iron retorts, and he thought
that was about the estimate he then gave.

Mr. CATHELS said there had been many beliefs expressed by the various
speakers, but he should like to have heard their opinion backed up in some w:g
by statistics. Mr. Douglas omitted to tell the meeting why he abandon
round and oval, and adopted D retorts. ~ He did not think Mr. Douglas would
get a D retort to do anything like what he had stated in his paper. With
reference to Mr. Anderson’s remarks, he could only say that he never had an
arch drop. Such an accident could only result from bad workmanship, and not
rubbing the bricks well together. Some of the speakers had spoken of the
quantity of gas obtained per ton, but they did not say what kind of coal they
ased, K‘hey might, perhaps, be using coal which would give off the same
quantity of gas in four hours as could be obtained from Newcastle slack in six

ours.

Mr. JouN SoMERVILLE read the following paper:—

ON TWELVE MONTHS EXPERIENCE WITH BEST AND HOLDEN’S RETORT
DRAWING AND CHARGING MACHINES AT DUBLIN.

It is proposed in this paper to give the meeting, as briefly as possible, an
account of the results of twelve months working of the “steam stoker,” as
the machine is technically termed; and, as a paper on the same subject was
read at the last meeting of the association, describing these machines, and
glving some account of their working, by Mr. G. Anderson, I will begin where

e loft off, expressing some doubts as to the commercial advantages to be de-

F these machines, and I trust that that lglent.lenm.n, if he is

rived from the use o!
e time I get to the

present, will be better satisfied on that important point by t!
end of this paper.

It is unfortunate, in more respects than one, that Dublin is divided from
England by 65 miles of water, as it is a considerable barrier to the free inter-
course which otherwise exists between insular cities and towns; and those who
would wish to witness the action of the machines, 8o as the more accurately to
judge of their performance, are debarred, unless at considerable sacrifice of
time and convenience. To obviate this in a small degree, I have had made, and
brought over with me, & working model, that you may see more clearly than by
any description I can give, their working and action,

'his model is a little different to what the machines really are. The action
of some of the parts is changed. The principle remains the same, and, as you




83

see, consists\of a|strong framework rnnning on four wheels on ralls laid upon
the stage of the retort-house. This framework carries an unpright boiler with
engine attached, which acts upon and drives two pitch chains, to which are
geared the three rakes and three scoops; above the scoops, and supported by
columns, is the hopper carrying the coals, and a small water-tank. It also
moves along the rails, adjasting itself to any position opposite the retorts, and
the manner of working it is as follows:—

One machine on either side of the range of benches (the same as two gangs
of stokers) takes its supply of coals—about three tons—into the hopper, and
a supply of water into & tank for feeding the boilers and cooling the rakes.
Three doors, or nine retorts, are opened, the machine advances in front of them,
sends in the three rakes, draws out the coke, which falls to the stoke-hole into
waggons placed to receive it below, and is there cooled in the usual manner;
the machine is then moved on to the other open retorts, draws out the coke,
and then returns to the retorts it first disobu%ed; then the scoops, ready filled
from the hopper, are sent in, turned half round, and withdrawn inverted; then
the machine proceeds to the next, and in like manner to the others, and charges
them, two men trimming the coals into the measures in the hopper, and one
man guiding, by means of a shoot, the coals from the hopper to the scoops.
The man who attends the rakes, in drawing the coke out, now closes the door
as the machine moves away, and follows it to the next bench. This goes on till
the whole section is finished, when the machine stops, takes in three tons
more coals from the upper hopper and water for the boiler and rakes, and
proceeds through the other sections until the whole of the retorts for that hour
are both drawn and charged; then the machine returns to its standing-place
and gets a little cleaning up, while the men sweep up the stage and rest for
20 minutes, until the next hour strikes, when the same operation is repeated,
and 8o on from hour to hour.

A system of signals, given by a steam-whistle attached to each machine,
regulates their action In drawing and charging; so that as soon as the rakes of
one machine have taken hold of the charge of coke it signals to the other,
which in its turn enters and takes hold of the coke, as the centre of the retorts
is clear for the rakes to go down. The same is the case when the scoops of the
No. 1 machine are turned over, the signal is given, and the scoops of No. 2 enter
and discharge the coal. By this means collision between the rakes and scoops
3 u;?idid, and it leads to no delay, as the No. 2 machine keeps a little behind

e No. 1.

This work has been done at the rate of 72 retorts per hour, the usual rate
being 60 per hour, or one retort per minute. The greatest number of mouth-
pieces that have been worked this last winter with the machines was 20 benches,
of nine retorts each, or 360 mouthpieces. These were charged 60 every
hour, and were usually done in from 25 to 30 minutes; the quantity of coal put
in each charge being 8 owt. per mouthpiece, more or less, according to the
state of the heats, the men filling the measures regulating the quantity. The
average, however, is 12 cwt. per mouthpiece for 24 hours; so that the qzuantity
putinto the retorts by two machines in 24 hours was 216 tons, or 1512 tons a
week. One week in January, 1708 tons were 1int in, but it was exceptional
the former figures being the average of the whole work while the number o
retorts were in action.

The cost of doing this work consisted of—

4 engine-drivers, at 26s. . . . . £5 4 0
4 rakesmen, at25s. . . . . . . 500
4 chainmen,at22s. . . . . . . . 4 8 0
8 hoppermen,at21s. . . . . . 8 80

A total per weekof . . . . .£28 0 O
which gives 8°65d. per ton of coals carbonized. During the week in which the
greatest quantity of coal was carbonized the wages were 8:28d. per ton,

Next winter I hope to have the whole of the house, containing 516 mouth-
plooes:' in action, and expect to carbonize 2200 tons per week, at a cost of 23d.
per torf?

The coke is removed from the stoke-hole in waggons, at present by manual
labour, and the usual number of men are req to attend to the furnaces,

uh-{:nl, &o.
The arrangement with the patentees who undertook the working is that



84

L)

provide/the/four(machines at |their own cost, and-keep them in repair
tnh;:l,pwper action, and do the work of drawing and charging for 8d. per ton of
coals put inte the retorts, but should the wages exceed this amount, one-half
of it is to be borne by the company; thus, if the actual wages per ton amounted
to 84d., the company pay 3d. per ton more than 3d.,, and amother agreement is
that the company pay a royalty of 6d. ger ton for licence to use the machines;
thus the 6d. has to be added to the 3-65d., making 9-65d., then ‘325d. has to
be deducted for half excess of 3d. per ton, so that the patentees charge a total
to the gas company for work done in carbonixzing, repairs, maintenance, fuel,
oil, wear and tear, interest, royalty, &e., 9:325d. per ton of coals carbonized.

1t will be seen, therefore, that a considerable saving is effected by these
machines, and there are also other advanu?a attending their use when com-

with hand iabour—such as the regularity with which the work is done,
the absence of carbon in the retorts, the rakes being so shaped as to scrape the
sides of the retorts, thus keeping the accumulation down, and enabling them to
take the fall quantity of coals thromghout the whole winter without once
requiring to be let down for a day or two, as is ueual, and the consequent
heavy wear and tear is avoided.

In connexion with the machine system it was found necessary that the
coaling should also be done by machinery, as great difficulty and expense were
experienced at their introduction in coaling by manual labour, which cost 8d.
per ton; so last year a new arrangement has been carried out for coaling the
machines, which is shown in section here.

There is a steam lift or hoist on either side of the retort-house, lifting 30 cwt.
of coal in a waggon, which is run in upon a 8-ft. gange railway, and turned on
turn-tables, then run along & line of rails carried the len, of the retort-
house on brackets secured to the walls. This railway is above the hopper or
stores of coals, from which the hopperman receives his supply by opening &
door by means of a rack and pinion at the finish of each section &s he moves
with the machine.

On the line of rails two men on either side keep these hoppers always full,
receiving the full waggons from the lift and returning the empty ones. These
lifts are in direct communication with our coal-stores, the grinding-mill, where
Mackenzie's patent compound, the mixing of oil and coal, is carried on,and also
in connexion with our two lines of railway from the quay and the éookl; 80
that the coals come direct from the steamer up the lifts, fall into the upper
hoppers, from there into the hoppers of the machines, from the hoppers into
the scoops, so into the retorts, without being touched b hand; or, in other
words, the coal is taken from the steamer, conveyed into the retorse, converted
into lf: and coke, and in the space of six hours deposited on the ground,all by
machinery. :

" In connexion with the system it is found to be absolutely necessary that
there should be a quick method of closing the retorts. This is at present done
by means of one door or lid, planed on the face, closing three retorts at once,

e mouthpiece covering three retorts,and having one ascension-pipe, also with
a planed surface, and the two being brought close together are supposed to be
gas-tight. When they were taken from the planing lathe it is possible they
might have been tight, but my last winter's experience proves that they are
vefry far from being so now.

his has been indeed almost the only source of trouble in the whole system.
The door being 7 ft. long and 2 ft. 8 in. wide, made of 4-inch wrought iron, with
& strong angle iron round the edge, expands and contracts unequally, and the
heavy blows given to the wedges, in bringing the surfaces er, tend to warp
and twist the door, so that we have determined upon & ing them, retain-
ing the chamber part, and intend fitting on each chamber three mouthpieces,
with Morton’s patent lid and Holman’s patent fastener, which I trust will over-
come the dimeulx.

Another great difficulty was the constant stop of the ascension-pipes,

and even the hydraulic main. The heat from the mass of ironwork was so

t, and the main so elose set upon the top of thtbuwhu,thtltwm
inappropriately have been termed a still for distilling tar. Frequeiitly the
gx‘lwhhadto be taken out by means of pinch-bars, and the pipes were nearly

f their time being cleared ons. This been remedied by raising the main

5 feet above the benches, and by fixing a flame-plgte or fender above the

mouthpieces, at sach aa angle wthmwthoﬂmguhgﬁuthmmrt.‘
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several feet from theascension-pipes, ~These iments have proved so suc-
cessful that we have not had one sto pipe all the winter.

In passing, I would recommend all who are troubled with stopped pipes to

> this remedy as a complete cure.

ih respect to the machine itself, unquestionably it is a step in the right
direction, and will eventually tend greatly to cheapen the production of gas,
especially in large works where it can be worked to advantage. It is, in my
opinion, not quite suited in its present form to a work having less than 300
mouthpieces in use during six months of the year; but for works employing
that number and upwards, two of these machines will be found not only advan=~
uieous in many particulars, but decidedly economical.

t may be said they are only in their infancy, and not yet fully devel y
but doubtless K:“ by year experience will suggest new applications in their
parts or simplicity in their construction, which may add more and more to
their efficiency and completeness.

Several improvements have been made during the last year, and others will
be applied this year. For instance, the scoops are now being made wider, to
enable them to put more coals into the retorts, and also to prevent the coals
from spilling over the edges when being let down from the hopper. A self-
acting arrangement (as shown here), instead of the bottom falling out, will
convey the coals from the hopper to the mo¥s. By this means two men on
each machine will be dispensed with, and a self-acting disc at the end of the
scoop is added, so that when the scoop is turned over in the retort the disc flies
open, and assumes the shape of the scoop, and does not draw the coals out of the
retort like the fixed disc. A spring is also substituted for the weight in turning
the scoops over. This will reduce the weight of the machines considerably.
'.l‘l]xose and other improvements will doubtless be added as they suggest them-
selves.

The machine, as a whole, is a great trinmph of engineering contrivance, and
exhibits in & striking manner what may be accomplished in the way of sub~
stituting machinery for manual labour—in this case labour of a nature calcu-
lated to shorten human life. Let us not, therefore, regard these machines as
mere innovations; let us rather welcome them as harbingers of the ¢
time” when gas-making shall become not only an interesting operation, but
altogether one of pleasantness, and even one of salubrity. '

Mr, WoopALL confessed that he did not see where the great saving by this
machinery was effected. He thm:iht the experience of most managers would
be that an ordinary workman did three tons in the course of 24 hours, and, as
he took it, that would come to about 104d. or 11d. per ton. By this machinery
the cost was 9°6d., which was but a very slight difference.

Mr. MorTON read the following paper :—

ON SUNDAY LABOUR.

During the past twelve months a few of the gas managers in and around
London have met together from time to time to discuss the subject of labour
in gas-works on the Lord’s Day. These discussions have led to the belief that
a great deal may be done towards lessening that labour, and that the difficul-
ties, which we were all more or less inclined at first sight to think insuperable,
v;!e:: rr::.llly to a great extent mare theoretical than practical, more imsginary
t .

I have been regelted to bring the question before this meeting, with a view
to having these difficulties or objections more fully ventilated, and, if Fouible,
overcome; and I think it will be far from creditable to us as & body of profes-
sional men if we cannot devise some means, and as Christian men, if we do
not use these means, so that our stokers may enjoy a much greater immunity
from Sabbath labour than they do under existing arrangements. I say stokers,
and I must be understood throughout this paper to refer only to carbonizing
work, for I look upon all other as perfeetly unnecessary, although it is a fact,
and a fact very much to be regretted, that some managers do permit a con-
siderable amount of such work to be carried on, not exoegtionally, butas a
rule. I think such gentlemen stand very much in theijréwn light by so acting.

1 believe that if we were all more alive $0 our duty {o our men, dificulties
would not appear so formidable, and that till we wre ligs alive they will not
be dispassionately considered. 1L

- -t
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1 do not believe that there is_any one here who will deny that, even on the
low ground of expediency, 'it/is-good polloy to allow workmen to rest one day
in the week, and when I put it to you from the higher ground of God's com-
mand that man should rest, I give a double reason why you should not tarn
&ot? the consideration of this subject with impatience, or as unworthy your
notice.

1t is raid, and to a large exlent said truly, that the men would rather work
than lose their pay. I would ask, who is responsible for this low state of
morality? Who but ourselves, who have created or continued the bad custom,
which, like every other bad habit, is very difficult to break off.

1t is said again, that to cease workirg will materially affect the profits of the
concern. This has been gone into carefully, and I am satisfied that the loss
has been much over-estimated; but assuming for a moment, and for argu-
ment’s sake, that there is a loss, I hold that it is not such as ought to deter us
from at Jeast taking a step in the direction indicated, and I am glad to sa;
that several of us here have been encouraged by our directors to run the ris
of any l.38, 80 that it may be seen whether the end may not be attained.

In answer to queries sent to some 400 gas managers by the gentlemen referred
to at the beginning of this pager, several managers say want of storeage room
prevents them. As that difficulty can only apply to a part of the year, I would
ask those whether they take advantage of the ample storeage they have in
summer, and curtail their Sunday labour then? .

In some cages I find this argument cuts the other way, and, where storeage
is small, the gas made on Sunday is of necessity very much less than on week
gays, the consumption, as a general rule, being much smaller than on week

ays.
he questions of damage done to retorts by being left out of action; the risk
of bad gas %ezting into the holders; the waste of fuel in maintaining the heats;
the waste of gas when the retorts are first charged after having been left off,
will doubtless be brought forward. I am far from saying there is nothing in
them; but as the object of this paper is not to anticipate but rather to elicit
discussion, I simply state them as points to be debated, and leave anything I
meg&have to say regarding them till afterwards.
ving thus briefly introduced the sub{ect, and believing it to be one well
worthy your consideration, I trust you will thoroughly discuss it, and I believe
the discussion will lead many to give more heed to it than they have hitherto
done, and I am sure much good practical benefit will be the result.

Mr. MeTaVEN said he was very glad Mr. Morton had brought forward this
subject, and hoped it would further the desire which many felt to give the
stokers the day of rest they had mot hitherto enjoyed. He knew there were
serious difficulties in the way; the want of storeage in many works was not
everything, and that might be overcome. Some one had said that a little expe-
rience was worth a great deal of theory. His own experience in this matter was
that he could give his stokers one Sunday in three during the winter, and every
other Sunday during the summer. The difficulty he had in the winter was
that, though the amount of labour in the retort-house was reduced as much as
possible, it was necessary to have some re]a{s, and where to get them he could
not tell, as there were not always stokers out of employ to put on the work. In
mantismall works in various parts of the kingdom the directors never seemed
to think of giving the stokers a Sunday to rest; they were anxious
about their dividends, and nothing else. They paid the men for work-
ing seven days in the week, an never mmia any inquiry into their
condition. He was convinced that gentlemen oocupyini“the position of con-
sulting engineers to gas companies might help forward this work considerably,
and if they would take a little trouble in the matter many of the difficulties
surrounding the question would be removed. Managers of large metropolitan
works would find it more difficult to deal with than managers in the country,
but if there were an earnest desire to accomplish the object, it could be done
to a greater extent than at first sight might be supposed.

Mr. PARLBY &Aylenbury) rejoiced that the subject had been mooted, for he
was persuaded that the question of Sunday labour could not be too seriously con-
sidered by the members of the association. In the autumn of last year a number
of inquiries were mademl.a{v certain persons connected with metropolitan t.i“-
works, in order to elicit information respecting it. At the time he received their
circular he was the manager of some gas-works in Wales, where a small num«
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ber of stokers was employed. From his experience there he found it ex-
tremely difficult, in the winter season, to carry out any efficient arrangement so
a8 practically and materially to reduce the amount of SBunday labour. This
arose from the limited and inadequate storeage resources. The greatest demand
for gas was on the Saturday night, when the increase in stock from the week’s
manufacture was nearly distributed. This involved the necessity of Sunday
labour, with little or no diminution, in order to make up the loss of stock to
meet the requirements of the following week. In such a case there appeared to
be no remedy, except by increased storeage room and additional carbonizing
mr. In mostinstances, an enlargement of the works under such circumstances
tors would not be willing to undertake, and therefore the men must toil away
on Sunday with the same—if not with greater—energy than was required every
week day. But where the grievance could not be remedied, gas managers were
from responsibility in the matter. In the town where he was now
engaged the difficulties were not so formidable, and he was able to give his men
the greater part of the Sunday. To a large extent, he feared, the chief difficulty,
in many works, arose from the little importance attached to the right observance
of the Sabbath ; but he hoped, the subject having been brought so directly under
the consideration of gas managers, it would receive from them that attention
which it deserved.

Mr. G. LivesEY said the question was one which eminently deserved the
attention of the association. The point they had to consider was the nature
and the extent of the obligation laid upon them. He was afraid it was too
much the habit with some of them to regard this matter as one in which no
action was practicable, and that things must take their course, and goonin the
same miserable way they had done for many years. If the conviction arose
that it was their duty to do all in their power to ameliorate the condition of
the men, no doubt means would be found to give effect to the purpose. The
meetings held in London during the past year had disclosed this fact. A great
number of difficulties had been started in the circulars, but the replies received
bad shown how many of those difficulties had been overcome. One manager
would suggest a difficulty which the reply of another proved could be, and had
been surmounted. In the case of the metropolis, one of the companies supply-
ing the City had very little demand for gas from Friday night till Monday
morning, and in that case they were actually compelled to cease working to a
great extent. If the men came to work there would be no work for them to do,
and therefore they were obliged to shut off the retorts, and means were taken
by the enflneor to prevent the possible deterioration of the retorts. The ob-
jection raised that the men would rather work than lose a day's pay might
easily be dismissed. In his own works the Sunday holiday movement wassaid
to have been started. He did not know whether such was really the fact; if
80, the credit was due to his father. At those works they first gave the men a
holiday once a month—not stopping the works, but getting other men in to take
their place. This, of course, was not stopping Sunday labour at all. They
afterwards went further, and gave the men a holiday once a fortnight, part
of the men being away on the Sunday and part on the Monday. But it did not
work well; for those who were away on the Monday would stop away on the
Tuesday. Theg then stopped the holidays, and gave the men 4s. 6d. instead,
telling them that if they took the holiday they must lose the day’s pc.f.
There was a diffioulty in asking directors to pay men when they did
not work. The yard men were not paid on the Sunday, nor was it
considered that they had any claim to it. One day's rest in seven
was a Divine institution, as old as the creation; and if it was a duty
to take means to secure that rest, the men must be content to forfeit the
day’s pay. The Evangelical Scciety asked permission to hold religious service
at the works with which he was connected. That permission was given, and
work was suspended for two hours during the Sunday, for the purpose. The
men appreciated the og:ortnnitﬁ thus afforded them; but, after all, this was a
poor substitute for a Sabbath Day’s rest. In works where clay retorts were
used it was not eugobo arrange for susgending work on Sunday, but where, as
in the case of the South Metropolitan Company, brick retorts were used, the
work could be stopped and resumed without losing the greater part of the gas
at the next charge.

Mr. DunNiNG said before the ciroular was received at Middlesborough a
oustom like that just described had grown up, not from any organized system,

D
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but the men had been told to make enough gas for Monday, and then to take
all\the'rest theyl could.C (Their money was Imd them for the week’s work, and
the consequence was that only about half of the men were there on the Sunday.
They made a long shift on Saturday night, and until six o'clock on Sunday
morning, and the men who were there on the Sunday made a little kept
the retorts going, the fires being banked up, and, generally speaking, there was
no outery about the hardship of Sunday labour. He agreed with Mr. Livese
that the use of brick retorts would help them considerably in this matter. If
managers would make & little effort, and were willing to allow their stock to
run a little low for Monday mornini, they might, by working the men up to
six o’clock on Sunday morning, be able to give some of them the whole of the
daytime for rest. He had not much fear that the men would abuse the privilef,
though, of course, there was a danger that some of them would get out drink-
ing; but if the men, though resting, were supposed to be on duty, and in readi-
ness tg bed ;nglled upon if necessary, a check would be put upon the evil thus
apprehended.

r. WARKER was glad to find that the consideration of these social questions
was not ignored by the members of the association. Ha suggested that the
subject should be referred to the committee to whom the propriety of formini
a benevolent fund had been remitted, with instructions to make inquiries an
reggrt to the next meeting whether the thing was practical.

r. DoucLas did not think there would be any difficulty in the retorts
standing for some time; the real difflculty was in the extra expenditure which
the abolition of Sunday labour would involve.

Mr. MarTIN (Ormskirk) said the srinoiple was a right one, that the men
were entitled to their Sabbath rest, and if it ocoasioned extra cost, that must be
borne by the consumers.

Mr. SimpsoN (Rugby) said he had had the management of works for years,
and never had the least difficulty in giving his stokers a half holiday on
Sunday. Nor had he ever had any dificulty with the men in reference to
stopping their money; the men were always glad when it was their turn to be
off. He supplied 110,000 cubic feet of gas on Saturday nights, and though he
had only 60,000 feet of storeage, he hadnever any dificulty on Monday morn-
ing, the demand during Sunday being very small. In many gas-works it was
the rule to employ the Sunday in putting to rights anything which had gone
wrong on the works; but with him it was the rule not to inorease his ordinary
manufacture nor to do special work on that day.

Mr. SoMERVILLE seconded the motion made by Mr, Warner with great plea~
sure, because the subject was one which he thought should be well ventilated.
Gas managers were often called over the coals about Sunday labour, and
certainly for many reasons it would be desirable if it could be abolished or
reduced. The last summer he was at Maidstone he did it for six months, and
he fully believed that in works of that size (120 retorts in winter and 60 in
summer) there should not be the least difficulty in the matter. The arrange-
ment he made was that if the stokers produced the quantity of gas required for
the six days of the week, he would ’ﬁive them the seventh day to themselves,
without deoreasing their wages. e men took care to make the gas, and,
with the exception of one man to look after the fires, the rest bad the holiday.
He never found anything wrong with the retorts; they were not burnt out,
and he had no b ga.a on the Monday. The retorts were a little duller in
heat, and the men had to come a little earlier to attend to them. The coals
were kept in during the whole 24 hours, and one advantage was that all the
carbon was burnt off the retorts.

Mr. Hopason Jones asked whether there was a gas- tester in the town.

Mr. SOMERVILLE said there was, and rather a severe one.

Mr. JouNy METHVEN: Did you stop the exhausters?

Mr, BoMERVILLE: Yes; the lids of the retorts were slacked; the exhauster
was stopped about three hours before the last retort ought to be off, so that there

was not the least dan%er. e an

The PRESIDENT eaid he thought it was a very good suggestion. journ the
consideration of the question, and to refer it to the committee already appointed
to glean such information as could be obtained before the next meeting. -

The motion was put, and carried unanimously. ‘ '

Mr. MorTox said he was pleased to find that the paper he had read was 8o
well received. With regard to Mr. Methven’s suggestion about having relays
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of men to supply the plage of those who took the holiday, that was not lesseni
Sunday labour'at all;"- For some time past at the London works he had shut of
one-third of the retorts on Sunday, thus giving the men who worked that sec-
tion the t~::3Pox'tunil:y for rest. They were simply told that they would not be
required till Monday morning, and they made no difficulty about the work being
stopped. At those works the custom was to give a holiday once a fortnight dur-
ing the summer, and once a month during the winter. The men entitled to
their holidays were included in this batch, so that not the whole of them lost
their pay. To prevent dai to the retorts, the plan adopted was to leave the
coke in, with the lids screwed up, and to open a hole in the hydraulic main, a
valve being shut off between that and the exhauster.

Mr. E. Gopparp (Ipswich) read the following paper:—

ON THE APPLICATION OF GAS TO GENERATING STEAM.

The subject of my remarks, the application of gas to generating steam, is one
which, if judiciously carried ont, may become of great importance to gas com-
panies, in securing an increased consumption of gas in the daytime, and also of
great value and convenience to the public. There are many localities and
trades where steam poWwer is greatly needed, and where, if it could be applied, it
would add greatly to the productive power of the country, and to the reduction
of manual labour,

The great obstacles to the use of steam are the danger attendant upon the
fuel employed, the want of space, and the cost of boiler-setting and the erection
of shafts, together with the objection raised by landlords in consequencs of the
difficulty of effecting insurances except at high rates of premium.

The want of space in many of the metropolitan buildings as to where a steam-
boiler could be fixed is & sufficient consideration to prohibit the use of steam
power, where but for this circumstance it could be most advantageously
ar&lied. Attempts have been made from time to time to obviate these
difficulties by the application of gas. The adoption of gas-engines has to some
extent removed the objection, but not altogether so, but an ingenious invention
patented by Mr. Arthur Jackson, and carried out by Mr. Thomas Middleton, the
enterprising engineer of Loman Street, Southwark, has recently come under
my observation, which to my mind has most effectually removed the difficulties
to which I have referred.

The invention consists of a vertical tubular boiler so constructed as to possess
great power of generating steam, but of very small dimensions; the tubes are
not more than I-inch bore, and are placed very close to each otﬁer, so that an
enormous heating surface is obtained; beneath the tubes, on a revolving plate,
are a number of atmospheric burners, each supplied with a cock, so that the
heating power is completely under control, and can be inoreased or diminished
at sure a8 more or less power may be required.

have on the table before me an arrangement of burners intended for a 4-
horse power boiler, and the diagrams upon the walls will fully illustrate the
construction of the boiler, but I may further remark that the space required for a

§-horse power boiler is only 17 inches.

23
g . B8,
2 : n 2 ,

” ”
No flue or chimney being required, the boiler may be d outside any
bniLdingt,, elﬁ.g?r in the area or on a platform projecting from the top storey of the
ighest building.
he time occupied in getting up the steam to 40 lbs. or 50 lbs. to the square
inch for a 4-horse power engine is from 20 minutes to 25 minutes. A very small
modioum of gu is required to maintain the pressure of steam when the engine
is at rest, and hence the value of the invention is greatly enhanced where in~
termitting power is required—such, for instance, as is the case in working hoists
in warehouses, hotels, buildings in course of erection, &o., &o., and partioularly
as the full power max.bﬁ almost instantaneously restored when needed; and
when the work of the engine is continuous, the pressure of steam may be
maintained at itse maximum with the greatest rmity, without & particle
of steam being wasted.
I have had an opportunity of inspecting several of these patent bo;htl now
D
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at work, and | I/find upon in%Ouiry the average oonsumption of gas per horse
power per hout to be-about 100 cubic feet.

I have been furnished with the results of an experiment very carefully made
upon Jackson's patent boiler, now at work at Wool Quay, supplying steam to &
2-horse power engine, The quantity of water used was 27 gallons, which was
raised from a temperature of 67°to 212° Fahr. in 13 minutes, the consumption of
gas being 60 cubic feet. The lightness and portability of a boiler of this descrip-
tion, if placed upon a carriage, would be of great utility in a gas establishment
for steaming out apparatus in any part of the works, or any portion of the
street-mains which may be blocked by the deposit of mghthnlono. and which
could be worked without the slightest danger or inconvenience to the public.

I think I have said sufficient to awaken the interest of the association on this
subject. The great merits of this invention are—first, economy of space;
secondly, economy of labour and fuel; and thirdly, the perfect freedom from
risk of conflagration—merits which I am sure will be appreciated by e.ver{
gas engineer present, and recommended wherever an opportunity presents itself
of increasing mechanical power by the application of gas. .

Mr. BHARP (Southampton) said for many years he had made a boiler similar
to the one described, and a very large one was exhibited in the Exhibition of
1851, He had always used it in cooking, and it was really surprising how the
steam was kept up with so small a quantity of gas. Certainly he had not used
an atmospheric burner, but after the steam once got up the flame might be
turned down to a blue speck, and still steam would be generated. This showed
the advantage of the tubular form of boiler, which exposed so large a surface to
the action of the heat, It would be a great advantage to many parties if boilers
of the sort described came more generally into use. .

Mr. Plumb and Mr, Hutchinson having been appointed scrutineers of the
votes for the election of the committee for the ensuing year, the proceedings of
this sitting terminated.

The members reassembled at seven o’clock in the evening—G. ANDERSON,
Esq., in the chair—when the following lecture was delivered :—

PHOTOMETRY AS APPLIED TO THE ESTIMATION OF THE VALUE
OF COAL GASES.
By Messrs. T. N. Kirkuaw, C.E,, and W, Svaea, A.LC.E.

Deeply sensible as we are of the honour you have done us in asking us to
deliver the customary evening lecture, yet, finding it no easy task to fulfil, we
are induced to ask your kind consideration for us in our efforts to place before
you all that is knowul;‘l zlpfto 1:he present time l‘x’gd a sci]:nce peculiu;ly inltfrgnt:ing
to managers—viz., of photometry, as applied to the purposes of gas lighting.
In his first lecture, at Manchester, in 1864, ]gr. Letheby gave a short description
of his photometer, as fixed at Jewry Street, City; and Mr. Barlow, on May 24,
1866, read a paper to you upon the registermé jet photometer.

This is all the information you have had officially placed before you upon this
most important subject, and it is the intention of my colleague and myself in
this lecture to give you a condensed epitome of all that has been done in this
branch of philosophic science since the commencement of gas lighting up to the

resent time, so that you may be in a position to realize the entire question, and
in a position to judge for yourselves what is best to be done in order to obtain
that desideratum—an uniform standard of measurement of the illuminating
power of coal gases, The want of this standard is felt more and more as the
science of gas lighting advances. In the earlg days of saa lighting, it was suffi-
cient for the gas manager to know how much gas could be produced from & ton
of coals, and the cost of production. Gradually, however, it has dawned upon
the minds of municipal authorities and consumers generally that something more
than mere quantity 18 required in the supply of gas. Quality and purity have
become, if not household, at least ¢ {;rliamenwy words,” and it is now usual,
whenever companies are before Parliament for increase of capital, or further
g:.werl of any kind, for the municipal authorities to put on the secrew in their

t possible manner to obtain an extra candle or two in the illuminating power
proposed by the company, as well as a reduction in price, and thus obtain a
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double advantage. | And-even if-there -is no opposition such as this, yet the i::
manager, in making his report of the working of the establishment under hi
charge, must state not only the quantity of gas he can produce, but also the illu-
minating power of that gas, in order that his work may contrast favourably with
that of confréres in other establishments. In addition to all this, we have in
the City of London and the Dublin Gas Acts a new phase in gas legislation,
which may be taken as a precedent in prospective cases, and imperatively com-
mands our attention to the subject of how the illuminating value of gas is to be
determined ; for it is pro to exact heavy penalties in every case in which
the company fails to supply gas not up to the standard fixed in their Act.

Already questions have arisen upon this subjeot, and it is for us to examine it
well, and be ?repu'ed to state what is a just and reasonable mode of examining
the quality of the gas, so that both buyer and seller may be mutually satisfied.

At the outset, the science of photometry, as applied to gas, divides itself be-
tween two systems. The one by which-it is sought to measure the illuminatin
power of a gas by means of some -prﬁerty peculiar to itself; the other, by whic
the amount of light produced from the gas under examination is compared with
some other artificial light.

The first-mentioned section includes within its limits such photometers
a8 the—

Lowe’s jet photometer.

The various duration tests, Dr. Fyfe’s, or others.

Erdmann’s ¢ Gas-Prover.”

Chambeyron’s photometer (see ¢ Clegg,’”’ 1859 edition, p. 363).
And the second section those of —

‘Wheatstone, Bunsen, Letheby, Ritchie, Arago ;
Church and Mann ;
Rumford, Foucault, and Evans.

As this lecture is not intended to be a history of photometry, but rather an
explanation of what it is, and howit agpliea to the manufacture and distribution
of gas, we shall not deal with the subject in the chronological order of the in-
vention of the various photometers, but as it ranges itself under the two heads
mentioned above.

First, then, the simﬁlest-viz., that system which proposes to measure the
illuminating value of the gas, not by comparison with other artificial lights, but
by certain physical phenomena peculiar to each quality of gas.

One of the most admired of these was certainly the bromine test, because it
seemed that a chemical experiment which could always be performed in the
same manner, and with instruments made upon one model, must necessarily give
true results, i)eing quite independent of faults of vision or me%ulmhes in the
working of apparatus. The principle uglgn which the system is founded is com-
mon to other systems, and 18 this—¢ The gas which will give the highest
illuminating power is that which contains the most carbon.” To find the
quantity of carbon in the gas is then the object of the bromine test.

Bromine is a metalloid, and at ordinary temperatures is of a deep brownish red
colour. It is-liquid, and boils at 113° Fahr, Its specific gravity is 2:97, Its
vapour resembles that of nitric acid, but has a peculiarly disagreeable pungent
smell. It is poisonous, and acts so strongly on the lining membrane of the nose,
that smelling a bottle of bromine is often followed by painful irritation of the
nostrils, attended with a copious flow of tears lasting for hours or even for days.

Such is the description of bromine. The method of performing the experiment
is as follows:— .

A Cooper’s tube is filled with gas, and a small quantity of bromine is intro-
duced, and the whole shaken up together. Any excess of bromine is neutralized
by the introduction, after condensation has taken place, of a little caustic potash.

The amount of condensation is greater or less according as the _contains
more or less carbon. The value of the degrees of condensation having been
once definitely settled, it would agpear to be only necessary to perform
this apparently simple experiment to determine without doubt the value of the
gas under examination. .

Its advocates, however, have reluctantly been compelled to abandon it,
because, although it absorbs hydrocarbon vapours, so it does other things as well,
and its indications are therefore now considered to be valueless. It may be
mentioned that the vapour of bromine is not an agreeable thing for operators
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at all\caveful about their throatsof langs. If it had been a successful
the science of photometry might have had its martyrs as well as others.

Lowr's JET PHOTOMETER

might, perhaps, have taken its place first, if the subject were considered in
the chronological order of the invention of the instruments of photometry,
because it seems that several persoms claim to have made use of such an
instrument many years ago, at the very commencement of lighting, (-{ not
even before 1t. ey appear to be much annoyed that the name of George
Lowe should be given to this instrument any more than the name of any of
those who are said to have used it very long before he did. If there is any
wrong done to any one in the naming of this instrument, it is for your humble
servant to cry peccavs. Although the principle upon which it was constructed
may have been discovered by other persoms, it was nevertheless he who made
it of any practical value; and it is indebted to m{]ooll ue and myself for
those improvements upon Lowe’s instrument which have placed it in the posi-
tion it now occupies in the estimation of gas managers. I trust you will not
impute to us any idea of unduly praising ourselves, but it is advisable to
clear up as we go on, so as to prevent misapprehensions in fature.

The principle upon which it works is exactly the same as that of the bromine
test—viz., that the richest gas contains the most carbon; to this is added the
words, ‘‘and requires the greatest quantity of oxygen for its combustion.”

It will be seen that this principle is applied to another instrument which
o&:ntes in a different manner to arrive at a solution of the question—visz.,

ann’s gas-prover, which will be explained in its proper order,

Lowe’s theory is substantially this: A jet of gas issuing from an orifice of
fixed dimensions under a constant pressure, and retiuiring a certain amount
of oxygen for its froper combustion, must necessarily, if the gas contains a
greater quantity of carbon per cubic foot, produce a Ionget flame than that
which contains a lesser quantity, because it must go higher to come in contact
with that ox; . Thus the richer the gas the higher the flame.

Now, in order that every quality of gu may be estimated under the same
circumstances, Mr. Kirkham and myself have found it more convenient to sub-

_ stitute for his theory this, which amounts to the same thing in_ the end—viz. :
Maintaining a 7-inch flame from an orifice of certain fixed dimensions, the
illuminating power of gas is in direct proportion inversely as the pressure.

To explain this popularly, we refer you to the diagram of the jet photometer
arranged for the use of these instruments. By inspection it will be seen that
it is ruled off in lateral and longitudinal lines; the former corresponds to the
ﬂluminaﬁn%power of the gas in candles, the latter to the pressure required to
give a 7-inch flame. This is the height of flame which we have adopted as
standard for gases of from 96 to 22 parliamentary sperm candles, six to the pound,
burning at the rate of 120 grains per hour. Thus, then, it will be seen that at
*63 pressure, 14-candle gas with our standard jet gives a flame of 7 inches
in height ; that 12-candle gas requires ‘685 pressure to %'rve the same height of
flame ; that 16-candle gas gives the standard flame at ‘576 pressure ; that 20-
candle gas gives the standard flame at 465 pressure, and so on for all other
qualities of gas within the range previously stated.

So that to ascertain at once by simple inspection the exact illuminating power
of any gas to be examined by the aid of this instrument, it is only necessary to
adjust the height of the flame to 7 inches, note the pressure required, consult
the diagram, and read off the answer in sperm eandles without further ealcu-
lation, Now, you will naturally say, ¢ Yes; this is all very well, but what
proof can you give to substantiate Zour theory?’”’ Before answering this ques-
tion, it is neoesufx to premise that this theory, like many others, was not
thought out first and afterwards proved by experiments, but that, on the con-
tn.?, the theory was constructed upon the tabulated results of experiments
conducted for another purpose. We miﬁht even say, if you will pardon the
simile, that our ebject was to convert the indications of the Lowe’s jet into
sperm candles and earcel lamps ; but, like the Zulu Kaffirs did in the case of &
celebrated calculating hierarch of the Church of England sent over for their
benefit, Lowe’s jet converted us. Thus its correctness claims our assent to the
fallest extent to which truth can be demonstrated by induction.

l[t;:ollugue and myself had undertaken a rather long series of experiments
for the purpose of determining the relative value of the English and French
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standards of illuminating power, the particulars of which will be communicated
‘to you in their, proper order, and very early in our first series we were led to
remark the regularity with' which a Lowe’s jet photometer, which was supplied
with the same gas as that upon which we were experimenting, answered to
every increased ger centage of richer gas added to the ordinary gas we had
prepared. We therefore decided, after having carried out the first series, to
commence & second series, in which we used two Lowe’s jet photometers, made

recisely alike, and connected to and supplied with the same gas as that burned
n our other fmtometers,which were the “‘ cross’’ photometer and the Foucault
photometer, both here exhibited.

In order to save confusion, we must ask you to assume for the present that
which we shall doubtless amply prove to you in another part of this lecture-—
viz., that the system adopted by us in our ex&eriments upon the standards of
light, was the best possible to arrive at the truth,

Four operators at the cross photometer made simultaneously an estimation of
the illuminating power of the gas as compared with sperm candles, in the
ordinary manner adopted by gas examiners. For better security theg' repeated
this twice, making in all twelve experiments. Upon & diagram prepared precisely
in the same manner as this one, but without the red diagonal line, was marked
the average result of these twelve experiments, care being taken that the mark
should be put on that lateral line comsgondinf to the illuminating power in
candles (a8 found) at its intersection with that longitudinal one, corresponding
to the pressure required to give a 7-inch flame, with {the same burning in
one of the Lowe’s jet photometers. Thus the mark for 14-candle gas was put
upon that lon 'tudmalqine marked ‘63, and opposite the figure 14.. The black

uatrefoil is the mark. The second Lowe’s jet was kept &t a constant pressure,

e height of the flame rising as the guality of the gas increased. {h.u dia-
gram shows the position of the several instruments,

Simultaneously with these experiments a fifth operator made three experi-
ments with the Foucault photometer, which is fitted in the same manner as
those employed by the municipality of Paris for the verification of the
supplied to that city. His operations were conducted nearly in accordance with
the instructions issued by the municipality as a guide to their gas
examiners.

The average of these three experiments was marked on the diagram in that
position, as regards illuminating power, correaponding;o the value of the gas
according to the French system, in the terms of the English standard candle.
The red star is that mark.

A sixth operator took charge of the Lowe’s jets, and observed the pressure
required to give a 7-inch flame with each of the different gases examined. He

hnobed the time required for the consumption of ‘1 of a cubic foot of
such gas.

These results, we consider, clearly demonstrate the truth of our theory, for
by no known law of physics can any other line be found, from an examination
of these experiments, than that laid down by us. .

It will be observed that there are a sufficient number of experiments of both
kinds which fall on the line to justify us, without mentioning those on either
side of it, which are also very conclusive.*

ERDMANN’S GAs-ProvER.

‘We must now rapidly glance at the Erdmann’s fas-prover, and, to justify
the shortness of the time which we shall devote to it, I shal] take the description
and opinion of its value given by Mr, Schilling, the talented director of the
Miinchen Gas Company, in his ¢ Traité d’Eclairage,” a work which corresponds
to our own ‘‘Clegg on Gas Lighting.”

It consists of a Bunsen burner arranged in such a manner that the lugly of
air is admitted through a long narrow slit. A scale attached shows how far 1t is
open, and, from the size of this aperture, it is sought to establish the rate of the
{auuge of air demanded for the perfect oxidation of the gas burning at the

op of the burner; and from this, according to the theory before mentioned,
that the richer the gas the greater the quantity of air required for its perfect
combustion, to determine the illuminating power of the gas.

® An enlarged coloured of these experiments is published for the use of
operators testing with Lowe's !et photometers. P
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Mr, Schilling considers that the instrument requires meters or other q;sa-
ratus to measure| exactly| the quantity of air and gas burned together in order
that its indications may be of any value whatever, and, from a number of
carefully conducted experiments published by him—which, if time had allowed,
should have been pleased to place before you—he demonstrates that it is not
at present a reliable instrument. .

. Friedleben, of Frankfort-on-Maine, has in his gasograph remedied in
theory some of these defects, although his instrument has not within itself
those elements of precision which are demanded by self-photometers such as
these. The instrument is here at work, and it consists of a revolving vertical
dial, which turns on its axis once in twelve hours. A very small meter in the
interior gives motion to a piece of apparatus, by which at every revolution a
hole is punctured in the Im er. The number of points per hour bear relation to
the illuminating value of the gas.

A very pretty little instrument, a modification of Erdmann’s gas-prover, was
exhibited at the Exhibition of 1862, by Mr. 8. Elster, of Berlin, which certainly
amended all the faults in the original invention.

In consisted of a small gasholder, with a very beautifully made and large scale
attached to it.

The contents of the gasholder were about half a_tenth of a cubic foot. Into
this older was admitted a quantity of gas, and the rest of the holder was
filled with air. At the base of the holder, and connected thereto by means of &
short tube, was fixed a burner with a number of holes, somewhat in form re-
sembling the rose of a very small wsteringl-‘pot. The gas and air was allowed to
burn in this burner at a certain height, when, if it was perfectly oxidized, and
burned with a perfectly blue flame, the quantity of air which had been admitted
to the holder was taken to represent, by comparison with a specially prepared
table, the illuminating power of the gas; if, on the contrary, the gas burned
with a white tip, or was too much oxidized, the gasholder was emptied, and the
trial repeated till the result of complete oxidation was obtained.

This maﬁ be termed a tentative process, and I took the liberty, in conversation
with Mr. Elster, to observe to him that however good it might iw, it was an in-
strument requiring great care on the part of the operator—a mistake might result
in an experiment upon the explosive force of certain mixtures of gasand air of a
very unsatisfactory nature to the operator—but he could not see it. Probably
German operators never make a mistake, or are too absorbed in their scientific
experiments to let the thoroughuess of their investigations be interfered with by
their personal inconvenience. Nevertheless, if this system of burning the gas
with1 air bqtof any use to us, this method seems to be the right way of
employing it.

he duration teat is said by some to have originated with Dr. Fyfe, but this
i8 not substantiated that we are aware of. The very idea, however, bears the
stamp of a shrewd North Briton. Itis still foundedon the theory that the rich~
est gas contains the most carbon, but we have no mention of a chemical analysis
to find how much carbon there is in it, but this shrewd practical (}uestion— ow
long will it burn? And so we have this theory altered thus: Issuing from a
constant orifice at a constant pressure, the rickest gas will burn the longest time.
This is, in fact, the true application of all photometrical tests, for to the con-
sumer the advantage of an increase of illuminating gower means, or should mean,
a reduction of the quantity of gas required to light his house with the same
amount of light he enjoyed before the alteration.

Careful examination of the theory shows, however, a radical defect in it,
which exercises a very important effect upon the test, as well as upon the com-
mercial result.

It is not practically true that richer gas issuing from a constant aperture, at a
constant pressure, will burn longer than a poorer gas. Theoretically it wili, buf
the difference between the richer and the poorer gases is so small that it is diffi-
cult to tell one from the other. Thus, a jet of 12-candle gas, burning on a jet
photometer at a pressure of 6/10ths of an inch, consumed 2 cubic feet of gas in
one hour. A jet of cannel gas, equal to 23 candles illuminating power, burnin,
on the same instrument under exactly the same circumstances, consum
1'9 cubio foot. At first sight this sounds anomalous, and you will naturally
ask, ¢ Then what is the difference between the two ? And what advantage is it,
then, o burn cannel gas?’* Doubtless, to many of you, these questions are as
familiar as possible. Consumers are constantly asking them., o difference in




45

the two jets is in|the/length of the lame. With the 12-candle gas we get, %er-
haps, a 7-inch, and- with the 23-candle gas we get a 9 or 10-inch flame, One
more element must then be taken into consideration, and that is the height of
the flame, and the theory must be altered as follows :—Burning from an aper-
ture of fixed dimensions, a richer gas will supply a flame of a constant height
for alonger period than will a poorer gas, It necessarily follows that a lesser
pressure i8 required for the richer gas than for the poorer. Thus with poor gas
we have a 7-inch flame at *685, while with 22-candle gas we have a 7-inch flame
with 40 pressure.

. These flames consume respectively 1-10th of a foot of gas—the 12-candle gas
in 2 minutes 46 seconds, or a little over 2 cubioc feet per hour; the 22-candle gas
in 4 minutes 12 seconds, or 1°45 cubic foot per hour. The difference between
the two is 55-100ths of a foot of hour, or at the rate of 6°5-100ths of
a cubio foot of gas per candle, if the decrease per candle is in direct proportion
which you will perceive it is not; but this is near enough for the pur| 3
explanation. It has therefore appeared to my colleague and myself that the
duration test may be employed in conjunction with the jet photometer in
three ways, either of which may be made self-registering, and may be attached
to any jet %hotometer fitted upon our new s{:l’:em. Thus an apparatus similar
to the one here exhibited, which is simpl{\ this: A flat paper dial is made to
revolve by means of an 8-day clock, with a eav¥ 40-inch pendulum. An electro-
magnet with an armature is fixed at one side of it, and the circuit of a current
of electricity is completed through it every time the meter here completes one
revolution, which is equal to 1-10th of a cubic foot. The armature 1s thereby
attracted to the face of the magnet, and in jumping to it punches a hole in the
paper by means of the point fixed to one end of it. Thus we should have 14°5
points in one hour with 22-candle gas, and 20°5 points with 12-candle gas, or
*6 of a point per candle.

Another instrument (which is here shown) for the same p works in this
manner : An 8-day clock, with a 40-inch pendulum, is made to wind off a stri)
of paper from one wheel to another at the rate of about 2 inches per minute.
meter is made which, by a simple touch arrangement, completes the circuit of
a current of electricity through an electro-magnet every time the 100thof a foot of
ias passes through it, causing it to punch a hole in the paper as it passes along.

nother electro-magnet punches a hole in the middle of the paper every minute,
while a third does the same thing every hour. Thus, as before, for 22-candle
gas we should find 10 points in 4 minutes 12 seconds, or 145 points in an hour,
and with 12-candle gas we should find 10 points in 2 minutes 46 seconds, or 204
s:‘ifnta in an hour. Oneis a slow instrument, and the other a quick one. The

ifference between the two is this, that while the slow instrument gives good
practical results in an hour, and is sufficient for most manufacturing purposes,
the quick one, which is more carefully constructed, will show the illuminating
power of the gas in five minutes at most.

The third method of using the duration test is by attaching the meter regis-
tering tenths of a foot of gas to the latter-mentioned clock apparatus, and the
result obtained on the paper will be the number of minutes and parts of a minute
that a flame of 7 inches will be maintained with & tenth of a foot of gas. From
such data the illuminating power of that gas may be ascertained by a reference
to the diagram. For example, it is found that a 7-inch flame has been maiun-
tained in the jet photometer for 3 minutes 20 seconds by the consumption of
1-10th of a foot of gas, Question: What is the illuminating power of such gas?
Answer: Referring to the diagram, we find, opposite the lateral line, 3 minutes
20 seconds, a little over 16-point 9-candle gas. Such a quality gas will do this,
and no other.

Ng'w to show how the jet photometer and duration test are combined in
practice.

‘We will suppose that we have a gas under examination which gives a 7-inch
flame at 5-point 6-10ths pressure. Referring to the diagram headed ‘Retro-
grade Scale,” we find that the longitudinal line corresponding to 5-point 6-10ths
cuts the red diagonal line on the sixth lateral line between 16 and 17 candles ;
the value of the gas is therefore 166 candles.

The corresponding duration test is found by referring to that part of the jel
photometer diagram headed ¢‘ Duration Test.’”” Finding the longitudinal line
corresponding to 5-point 6-10ths pressure, we follow it up till it cuts the red
line, This we find it does at that lateral line corresponding to 3 minutes 17
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seconds, which is the time a tenth of a foot of such gas ought to last, If the
slow-registering apparatus is' used, we should find 17 points on the paper in one
bour; or, if the quick instrument is used, 172 points in one hour; or, on the
hird system, 1 point every 3 minutes 17 seconds.

But none of these self-instruments, however good they may be in themselves,
are of any practical value to us, unless their indications can be compared with
the standard adopted by the British Parliament, as a point of comparison from
which to deduce the value of gas supplied to the public, and which is inserted
in all Acts of Parliament relating to gas. That standard is a sperm candle of
aix to the pound, burning at the rate of 120 grains per hour. Naturally nothing
can be more easy of comprehension to the Rritish public than this, thaf a burner
consuming & cubic feet of gas per hour shall give a light equal to a certain
number of sperm candles,

According to the first and only official syatem of gas examination for illumi-
nating power, which is that described in the instructions issued by the
referees appointed under the City of London Gas Act of 1868, the time at which
the tests for illuminating power are to be made fall within those hours during
which the gas is likely to be most extensively consumed—from five to eight
o’clock p.m. in winter, and from eight to ten in summer.

The average of a number of tests are to be taken.

The ;appuam is to be constructed upon an improved model, and fixed in an

proved manaer, similarly to that set up in the office of the gas referees, and
:rg:.ioh is to be taken as a guide, and the entire apparatus when in use is lu‘)jeot
to occasional visits of inspection by these officers.

It consists of & photometer, either on the Evans or Letheby system, arranged
for two candles.

A meter with combination index, by which both the time and the consumption
of the are simultaneously indicated on the same dial.

A delicate balance g«wel'uor.ho the 100th of b snd ftted with

A King’s pressure- , showing the of an inch, and fitted with an
arrangement by whiuﬁt the fpx-ess\u-o on the inlet and outlet of meter, outlet of
governor, and at the point of ignition can be readily ascertained.

A standard burner, known as the ‘“London’’ burner, No. 1 size, and fitted to
take either a 6, 7, or 8-inch chimney. A delicate candle-balance capable of
weighing to the tenth of a grain.

A cubic foot measure, for the purpose of verifying the accuracy of the meter
from time to time.

As the modus operands as described by the gas referces is very short, it will be
best to take it from their printed instruotions.

Mode and Tvmes of Testing for Illuminating Power.

Until the end of September next, the mﬂnﬁ for illuminating power shall be three in

number, and shall at the following hours :—

For Common Gas. For Cannel Gas.
st Testing . . . . at 8px, 1st Testing . . . at 8.30r.u.
20d ,, e e e e m ”» nd e e e+ 9 930 ,,
8rd ,, e e e s 10, 3rd ,, e o 4 . 5 1080 ,,

The photometers to be used in the testing-stations shall, until further order, be the
improved forms of the Bunsen photometer, which have been certified by the referees.
The burner to be used for testing the common gas of the Gaslight and Coke Company,
the City of London Gas Company, and the Great Central Gas Company (which is required
to have an illumin:tini power of 16 candles) shall be 8 s ** London” Argand No.1,
with a 6-inch by 2-inch chimney ; and for the gas of the Imperial Gas Company and the
South Metropolitan Gas Company (which is required to have an illuminating ‘power of
14 candles) S8ugg’s *“ London® Argand No. 1, with a 6-inch by 13-inch chimney. If at
any time the gas-flame tails over the top of the glass, a 7-inch by 2-inch _chimney shall
be used for the 16-candle gas, and a 6-inch by inch chimney for the 14-candle gas.
The chi ys must be cl dail{, at the comm t of the testi Theb
to be used in testing cannel ‘ﬁ: shall be Sugg’s steatite bat’s-wing No. 7. The candles
shall be sperm, and two can shall be together. The gas in the photometer is to
be lighted at least ten minutes before the testings begin, and be kept continuously
burning from the beﬁhming to the end of the tests.

Each testing shall include ten observations of the photometer, made at intervals of one
minute. The gas is to be consumed at the rate of 5 cubic feet per hour. The standard
rate of ption for the candles shall be 120 grains each per hour. Before and after
making each set of ten obeervations of the photometer, the gas examiaer shall weigh the
candles ; and if the rate of combustion shall have been more or less per candle than
120 grains per hour, he shall make (and record in a book to be kept for the purpose) the
oaloulations requisite to neutralize the effects of this difference,
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These calculations are made by simple proportion as usual. The gas examiners
are, at least once'a week, to'tést the meter-clocks, by the standard clock in each
testing-station, and corrections are also to be made for temperature and
barometric pressure according to tables provided by the gas referces. The
average of each set of ten observations is to be taken as representing the
illuminating power for that testing. And the avera&e of the three testings is to
be taken as representing the illuminating power of the gas for the day.

Besides this the gas referees have taken a vast amount of trouble, and have
made a very greal mumber of exgeriments with a view of obtaining sperm
candles of uniform quality capable of consuminf the standard quantity of
120 grains with average regularity, and they supply to each gas examiner the
candles which he shall use in his tests,

These instructions leave nothing to be desired either in the reliability of the
apparatus or the correctness of the mode of procedure, and, indeed, afford an
example of the most ﬁ:rfect gystem of testing which can be adopted in connexion
with the present parliamentary standard.

But in order that the system of testing for illuminating power shall be
conclusive as a scientific test, it is still desirable that they should carry their
investigations further. The important question still remains unresolved—What
is a sperm candle?

‘What is a sperm candle? And what is the just amount of light which ought
to be obtained from the combustion of 120 ns of sperm per hour consumed b
one of these candles? Quis custodiet ipsos custodes # By what standard s|
we measure the standard ?

It is here proper to mention that the parliamentary rate of consumption of

candles of six to the pound appears to be abnormal, for in the report of

essrs. Graham, Cooper, Brande, and Leeson, given in the Great Central arbi-

tration case, page 223, we find the avermnmmption ranges from 130 to 136

oandle:& There parliamentary rate, ore, must have been arbitrarily
assumed.

Now we shall proceed to show you how we set about answering this c}ueaﬁon,
by referring you to a set of diagrams, showing the results of a number of experi-
ments made by my colleague and myself for this purpose. In the first pl
we must tell you that to do this properly it was necessary to devise a speei
instrument. t instrument is before you, and it is called the ¢ cross’’ photo-
meter, It is, as you will see, a combination of the two most a;sprov com-
parison photometers in general use—viz., that devised by Mr. F. J. Evans, the
engineer-in-chief to the Chartered Gulight Company ; and that devised by Dx
Letheby, the chief gas examiner for London. Two of the arms of the cross are
Evans photometers ; the other two are Letheby photometers. It is so contrived
that all the four instruments can be used simultaneously and independently to
determine the illuminating power of the gas consumed by one burner fixed in
the centre of the instruments, and equidistant from the candles, or other
standards of comparison, placed at the end of mﬂtphotometer. Each photometer
is provided with plumb-lines, so that the flames of the candles, or other standards
used, can be accurately placed at their proper distances. The diagram exhibits
the cross photometer as it was arranged for mtking comparisons between the
English and French systems, and it will be seen that for the purposes of this
series of experiments two of the arms were supplied with French lamps, burning
colza oil, and the other two with standard sperm candles. The instrument as
it is now before you is arranged for candles at each photometer. The four
photometers give each precisely the same results if tested by means of jets of
gas of equal illuminating power fized in the places usually ocoupied by the
standard candles.

It will be seen also that a clock-meter, King’s pressure-gaugo, and a delicate
balance governor is attached to the instrument, for adjusting and maintaining
the quantity of gas to be consumed by the testing-burner.

Each photometer is also provided with a minute-clook and a balance, for
ucort.aining the consumption of each pair of candles during the course of the
(3 ents.

'our operators can, therefore, at the same time test the same gas.
- For the experiments wo are about to point out to you, the modus operands
was as follows:—

Each photometer is distinguished from the others by & separate mark, and all
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experiments performed at that particular instrument are shown on the diagram
by that/mark.

These marksarea A, a +,a Q, 2048 O,

At the conclusion of every experiment each operator marked the result on a
prepared diagram, ruled in the same manner as these.

The explanation of the ruling of the diagrams is as follows : —

The base line and the longitudinal lines ascending from it represent the
weight of material consumed—one line to every grain, ranging from 118 grains
up to 160 in diagram No, 1.

The lateral lines show the illuminating power, and correspond to the divi-
sions on the photometer-bar, ranging in diagram 1 from 12 to 17 candles.

The strong black on all the diagrams encloses all those experiments in
which the candles consumed within the limits of what are considered good
experiments—viz., from 118 to 130 grains per hour.

iagram 1, Plate 19.—Commencing with experiments Nos. 66 and 58,
in No. 66, with a consumption of 119 grains, the illuminating power of the

standard gas is represented as 153 mdlefﬂi whilst in No. 68, with a consumption .

gas
of 1212 grains, it is 14:6 candles. The difference between these two exﬁ:rimentn,
made with candles which hapgen to be nearly within the parliamen
standard, is ‘8 of a candle. In experiment No. 51, burning the norm:
standard quantity of 135 grains, the same gas is represented as being 15-48
candles; and in No. 61, consuming 1344 grains, or ‘6 of a grain less, it is
shown to be 1628 candles, the difference being in this case also *8 of a candle. In
experiment No. 60, with a consumption of 134°7 grains, or ?llﬂy ‘3 of a grain
more, the {u was shown to be equal to 18-18 candles, a difference of 2-70
candles, Thus candles, practically burning the same amount of sperm df)er
hour, show a difference in the illuminating power of the gas of 2:70 candles.
In experiment No. 51, with a consumption of 129 grains of sperm, the gas is
shown, by the reading of the photometer, to have an illuminating power of
12:6 candles. In experiment No. 52, with a consumption of 145-2 grains, the
gas appears, from the reading of the photometer, also to be equal to 126
candles. Experiment No. 62, with a consumption of 1572 grains, shows the
gas to be equal to 12°54 candles, by the reading of the photometer. The last three
experiments were examples of candles consuming different quantities of sperm,
yet giving'the same amount of light, the correction of which to the parliamen
standard of 120 grains creates error. Experiments Nos. 57 and 64, each wi
the same consumption of 130-2 frains, show the difference in the illuminatin
power of the gas to be 2-42 candles ; the former representing it as 13°02, an
the latter as 16-44 candles, by the readings of the photometer. These are
examples of candles burning the same quantity of sperm, yet giving a different
amount of light. The ireatest difference in the illuminating power of the
¢ gtandard gas’’ shown throughout the 44 experiments made upon this day was
4:60 candles; being between experiment No. 61, with a consumption of 129
grains, giving an illuminating power of 1368 candles, and experiment No. 60,
consuming 134°7 grains, representing the gas to be 1818 candles.

An examination of the various diagrams demonstrates that the differences in
the candles may be classed under five heads, viz.:—1. Differences in the illumi-
nating power of garliamentary standard candles, burning at the rate of 120
grains per hour. 2. Differences in the illuminating power of normal standard
candles, burning at the rate of 136 grains per hour. 3. Candles with different
rates of consumption giving the same amount of light. 4. Candles with the
same rates of consumption giving a different amount of light. 5. Greatest
differences of illuminating power in the whole number of experiments when
corrected to the parliamentary standard.

From the following tabulated results of three other sets of experiments
belonging to this series, it appears that in one (diagram No. 4), where the con-
sumption of sperm varies from 109°2 grains to 134-4 grains, the greatest differ-
ence in the illuminating power of the gas, corrected to the parliamentary
standard, is 4-59 candles. In the next (diagram No. 5), where the consumption
rmies from 1209 grains to 130 8 grains, this difference is 3'06 candles; while
in the third (diagram No. 6), with a consumption of from 120 grains to 142-5
graius, the difference is 4°21 candles,
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Draerax No. 4.

Numbers
of
Experiment.

Consumption of
Sperm by the
Candles in Grains
per Hour,

of Candles.

Difference in illuminating (ﬁower of]
parliamentary standard candles of 120

ms'llna per hour .

erence in illuminating Power of]
normal standard candles of
per hour.,

Candles giving same amount of lish
but conmmlng diﬂcrent quantities of
material . .

Candles consuming same’ qmtity of
m“swr!ﬂ but gi different amounts|
of

Greatest differencein mumin-ting power

of gas, corrected to the parliamentary|
mnda.rd. own in the wholo number
of experiments. . ., e .

81 &80

88 &85

81 & 80

83 & 80

184°1 &134°4

1092 &140°1

1841 &134°4

109'2 &134°4

Diserax No, 5.

Difference in illuminating power of]
parnameutary standard 8 of 120
s per o . « ..
Dm ﬂlumlmti.ng wer of]
normal standard candles of 135 grains
per hour. .
Candles gi: same amount of light,
bnt oonsu g diﬂbrent qmﬂﬁes of|

Cand.lel consul * same qmtity of|
m“e;rhl, but gi g different amounts
of

Greatest difference in’ illuminahng power
of gu, oorrectod to the parliamentary|

standard, shown in the whole b
ofexperiments. , . . . . . .

1&5

2&4

1&5

120°9 & 144

136°2 &136°2

120°9 &130°8

*68

8:06

Draarax No. 6.

Difference in illuminating wer oli
pcllmenu.ry stlndn‘de&n es of 120

per he
ference in il.lumlut:lng wer of]
nomul standard candles of 135 gra.im
per hour. .,
Candles gi: n.me unou.nt of ligh
but cons! qmtxt.iee

Candl *same quantity of]
n}ait!.erlll.:l, but giving different amounts
oflight . . .

Greatest difference in’ ﬂlu.mlm.ﬂng power
of gas, corrected to the parliamentary|

standard, shown in the whole number,
ofexperiments. . ., . . . . .

6&6

6&9

8&7

6&7

120° &120°3

..

120° &146°1

142°5 & 142°5

120° &142'5

*43

2-83

2:30

421
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As the Institute of, Civil Engineers have considered these investigations of
suffieién’t/ i portance to.induce.them to make a special publication of them for
the use of their members, which is probably in the hands of most of you, it will
be unneceuug for us to detain you further in respect of them. We beg only to
remark that the unsuitableness of a sperm candle for the purposes of a standard
is #o0 conclusively shown that it remains with the gas referees to justify its con-
tinued adoption.

._The difficulty is the selection of such a standard. As the French system of
photometry has been very well sglo‘ken of at different times by those who are
qua lified to form an opinion on this subject, it will be now the proper time to
ain to you shortly what it is. . .
iret, then, the standard of comparison is colza oil, refined in a peculiar
manner, and carefully verified by proper persons appointed by the municipality
of Paris for the purpose. The process cannot be given here for want of time,
but I may mention that the same oil is used for all the Government lighthouses
in France, and is also tested chemically and otherwise by the officers belongin,
to this department. Up to the present time they have without doubt manage
to keep the oil practically to the original standard, as arranged by Dumas and
ault about 12 years ago. i
t is consumed in a carcel or moderator lamp. This is the kind of lamp fitted
with proper glasses, both lamp and glasses made to a specified pattern. =~

The kind of !photometer used is that called Foucault’s photometer, which is a
gnohdiﬁcaﬁon of the original Count Rumford’s photometer, a diagram of which
is here.

It will be seen, by reference to the coloured diagram of the French photo-
n}gte]l;, tl;st the two lights to be compared—the gas and the Jamp—are placed
side by side. .

The rays from each ]:fht fall upon a dise of glass prepared with ground rice
80 a8 to be rendered opalescent.

Now, as to whether the lamp burning colza oil is more reliable than the standard
candle, we unhesitatingly answer in the affirmative. In the first place it is
readily adjusted, and the required consumption of oil can be obtained, even 013
inexperienced operators, in a very short timoe. A moderately experien
operator will get it within a few grains every time. Once adjusted it will burn
without any very sensible alteration for two or three hours together.

To show you how reliable it is as a standard, we shall refer you to the diagrams
marked ¢ Theory of Jet Photometer and Duration Test.”

On the first—on the diagram, ¢ Retrogade Scale’’~—you will see a number of red
stars, Each of these red stars represents three experiments performed at the
French photometer in a ver{aord'mary manner, Understand clearly that no extra
care was taken to make the lamp burn well—not so much as would be taken by
an ordinary operator—yet you will see that the reiularity of the red stars 18
much greater than that of the black quatrefoil, which represents the average of
twelve experiments with sperm candles, each quatrefoil.

The widest lamp experiment is 1} candle out; the widest candle experiment
is 1'8 candle out. The difference is not great between the two in appearance,
but when you consider that the quatrefoil represents twelve experiments, while
the red star represents only three, it will necessarily follow that had the same
number of experiments been performed with the lamp es with the candles, they
would all have been much closer to the truth, More than this, in these e: -
ments several variations were made in the management of the lamp—for instamce,
in some experiments it was allowed to burn for ten minutes before commengin
the first experiment ; in others it was lighted, and the experiment comm
in about two minutes. Again, in some ex&eﬁments the lamp continued to burn
untrimmed from the first to the last; in others it was trimmed every time. So
that you will see no favour was shown to the lamp at all. The oaﬁ.lu,
other hand, were doing their best in the hands of trained operators.

Shortly, then, if the lammroperly trimmed and allowed to burn, as defined
by the French authorities, an hour before being used for experiments, we

ink that, as a standard, it will be far before the candles in reliability and ease
of mnipufation. You will have no trouble with the standard burning more or
less than it ought. The exact quantity required may be readil and a
very slight alteration only will take place after it has been bnmznq for an hour

or two. Y
- Probably- it will be objeeted that it is impossible to make use of a French model

on the
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carcel or moderator lamp for English testing, because the method of gas examina-
tion as arranged by Dumas'and Regnault is so totally different to ours, that the
public would not understand at all what is meant by a 22-litre gas or a 20-litre
gas. Permit us to set your minds ;‘)erfectl{l at rest on this score; we do not
propose to ask the public to do anything of the sort. _

e new Evans’s lamp photometer, which is here, settles that difficulty at
once. The operator reads off the scale in true standard sperm candles, the same
as with any other instrument provided with candles as a comparison. No
calculation 18 necessary on the part of the operator to convert the terms of the
lamp into those of the true sperm candle. A short description of the instrument
will prove this to you.

ike the ordinary Evans’s photometer this requires no dark room, both the
standard light and that for the gas to be examined are enclosed so a8 not to be
affected by extraneous light, although they are not at all closed to the admission
of an abundent sugply of air without draughts.

The dise, which is fixed, is not, in the one before you, in the middle of the
photometer scale, but nearer to the lamp. The scale on the left side of the disc

oes from 1 at the digc to 30 on the left of the disc. The value of a lamp of the

aris model burning the same kind of oil as that used by the municipality of
Paris, at the rate of 648 grains per hour, is, we have found, 9-6 candles; thatis
average well-made sperm candles such as are used for gas-testing purposes all
over the country. erefore the Iameg is placed at that distance from the dise
which is equal to the distance marked on the scale for 96 candles, whatever
that may be. No calculation, therefore, is required.

The gas, which is made to move by means of & simple action worked by a
pinion of 10 into a wheel of 100 in a smooth steady manner, is brought by the
operator into that position in which it illuminates the left side of the disc to the
same extent as does the lamp that on the right. The figure on the scale at which
the pointer stops represents candles—thus, suppose the pointer is found at 14,
then the gas is equal to 14 sperm candles, supposing the lamp to have burned at
the rate of 648 graius per hour.

Diagram No. 10 shows by inspection the correction required to be made for
any variation in the consumption of oil by the lamp. The balance upon which
the lamp hangs is one designed by Mr. Keates, one of the gas examiners for the
Metropolitan Board of Works, a gentleman who has had great experience in the
testing of gas and oil, You will observe it is much lighter than that devised by
my ilfustnous confrére Adrien Deleuil of Paris, 8 name well known in the
scientific world of that capital.

It will turn readily to half a grain when loaded ; Deleuil’s turns to three-

uarters under the same circumstances. A simple spot of mercury at the tail of
the beam on the supporting crutch is made to complete the circuit of a current of
eleotrioit%when the quantity of oil required is consumed, and either to stop the
clock, or by the ringing of a bell to call the operator’s attention to that fact.
This method of ascertaining when the lamp had burned its proper quantity was
adopted in the construction of the *¢ cross’’ photometer, and used in our
experiments, and was found to be very effective.

. Mann, of the City of London Gas-Works, has kindly lent us a clock which
he has arranged go that it can be sfopped and started by electricity, or by the
hand, at the option of the operator. )

The regulation and measurement of the gas is effected in the ordinary way by
means of a clock-mheter, fovernor, and micrometer adjustment.

The modus operandi of the experiment is similar to that described in the
referees instructions—viz,, ten minutes observations—the only difference being
that 108 grains of oil are consumed instead of 40 grains of sperm candle.

‘What, then, is the outcome of all these ex})enments, and how do they aglpl
to the general every-day business of the supply of gas? This is what we & nﬁ
now proceed to show. First, then, the great desideratum for the gas manager
is an uniform quality of gas, Irregularities in the purity of gas are only dis-
covered after a careful chemical examination ; and, till they are told of it, the
majority of consumers are, unless in very bad cases, totally unaware of the pre-
sence of impurities in the gas they are burning. Such is not the case with
regard to illuminating power. Any falling off in that respect manifests itself at
once to every consumer. The eye is a very good photometer, and persons who
have been acoustomed to vead or work by the same light every night readily
detect a difference. Nor does it necessarily follow that in all such cases the gas
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is, as consumers say, bad or defective in illuminating power. Not atall; the
difference may be in this, that the gas complained of may be quite up to the
standard, or even beyond it, but from some cause or other it is not quite so good
as that which may have been supplied on previous nights, which was, perhaps,
oonsiderab}g above the standard. Therefore we maintain that it is quite as in-
jurious to the consumer to mﬁply him with of a higher quality than the
standard or normal gas which he mre ared to consume, and for which his
burners may be arranged, as it is to take the contrary course. The desideratum
ia uné!on:itzlff quality, which is to be obtained, without any large amount of
rouble, by all.

Our own experience, and that of many other engineers who have had ample
ogpoltunitiel of Pmtwally testing their qualities, leads us to this conclusion,
that a good Lowe’s jet photometer on the gas after it is purified, and before
going into the holders, will, if its indications are attended to, ensure something
very like uniformity in the quality of the gas made. Some have said that it
can be done, on large establishments, to as near a point as half a candle. Be
this as it may, we see ourselves no reason to doubt this assertion.

There should also be another on the which issues to the public. Any
variation in the illuminating value of the gas is thus easily detected without
any scientific experiment, or anything more than a glance at the flame of the jet.
Under ordinary circumstances, 8o long as the manager himself is on the works to
make experiments or judge of the gas which is being made by the look of the
flame which he always keeps burning for the purpose, all will go on rightly; but
if he be called amx{l or is gone to bed—for even gas managers must eventually
go to bed, at least the married ones—an unlooked-for variation in the quality of
the coal or other causes may be the means of producing inferior whic{ is
oniy discovered by the manager long after it has gone into the gasholders.

ut on the system pro by us let us suppose, for instance, it is required
to supply gas equal to 14 candles at the testing-station. It is usual in such
cases to make the gas so that at the works it is about 2 candles above the
standard. The diagram for the jet fhotometer shows that 16-candle gas will
maintain a flame of 7 inches on one of the instruments adjusted to this system,
at a pressure of *576—¢.¢., 574-100ths of an inch ; therefore the manager simply
puts such weights upon the second of the two governors attached to the photo-
meter as will maintain that pressure. His instructions to his subordinates are
then to keep the flame at 7 inches, using cannel if requisite. Their careful at-
tention to the jet obviates all collision with the authorities or the consumers,
and the gas manager is saved the crowd of blessings, or their opposites, invoked
upon his head whenever the quality of the gas is from any cause changed from
its normal value. A

As a check upon the general working of the jet photometer, the registerini
duration test here exhibited will be found most valuable, and easy of practical
application.

BVhen this instrument is made use of, the flame of the jet must be under all
circumstances kept to 7 inches; if above, the pressure must be lowered, and if

“below that height, raised. Therefore it 18 evident the manager must set his
governor to give such a pressure as will be required by the lowest quality gas he
may happen to make. us worked, at the end of twelve hours the card-dial
wili' have registered upon it the illuminating power of the gas from hour to
hour—one card for the day and one for the night. But all self-photometers
must be oocasionally examined by the aid of a comparison photometer. Various
causes produce derangements in them, which, though they may be slight, or

otherwise, are not discoverable except i)y now and again comparing them with

some accepted standard of comparison. ~Of course, an occasional comparative’

experiment for the purpose of verifying instruments is a very different thing fo
the continual estimation’of the illuminating power by such proper instruments,
and more time and care may be devoted to such a purpose than could possibly
be spared out of the ordinary course of the duties of a gas manager.

As well for this purpose as for the verification of the gas by the public exa-
miners, the standard we propose for adoption is a moderator lamp and balance,
similar to the one here exhibited, burning colza oil similar in quality to that
made use of by the municipality of Paris, at the rate of 648 grains_ per hour,
fitted to a photometer arranged in such a manner that the illuminating power
can be read off the scale of the instrument in average standard sperm candles.
This average is given on the chart of the jet photometer, and is 9° 6 candles for the
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value of the light 'given by the lamp,/at 648 grains per hour. Corrections for
variations from the true standard of consumption of oil to be made by the use of
the curve marked on diagram 10, .

The quantity otllsu supplied to the burner to be registered by a meter similar
to the one exhibited. The meter to be provided with a minute-clock in combi-
nation with its index, working by means of a weight. This clock to serve as
well for the lamp as the gas. No other clock to be used in the experiment. The
regulation of the gas to be effected in the manner as at present adopted.

he lamp once trimmed and lighted, to burn half an hour before the commence-
ment of the experiment.

The verification of the measurement of the meter to be performed by means
of the cubic foot measure, in the manner pointed out in the instructions of the
gas referees appointed under the City of London Gas Act.

The verification of the oil to be carried out in sufficient bulk by the aid of the
““cross’’ photometer, fitted with two sets of lamps and two sets of candles.

The gas rillar in the centre of the photometer to be supplied with a constant
quantity of ordinary gas—as example, of not more than 14 candles illuminating
power consumed ; a standard Argami burner, capable of perfectly consuming
the gas, and maintaining a steady flame.

The candles to be these made by two or more first-class makers, and such as
they declare to be genuine sperm candles.

A sufficient number of experiments to be made to justify the acceptation of
the grand average as correct.

. This expression of opinion is in sum similar to that expressed by Mr. Kirkham
in his paper read at the Institute of Civil Engineers,

There is upon the table a moderator lamp fitted to burn sperm oil, constructed
aceordinito designs furnished by Mr. Keates, already mentioned, whose experi-
ence in the matter of oil testing is, perhaps, second to none. This gentleman,
it is fair to say, advocates the adoption of sperm oil, and his lamp is said to
burn very regularly. Mg colleague and myself wish it to be thoroughly under-
stood that we do not condemn the adoption of sperm oil as a standard, nor do
we set_our opinion as to the reliability of colza oil over that of Mr. Keates.
‘We only say that at the time we performed our experiments there was no lamp
in existence that we were aware of that would burn sperm oil so well as the
French lamp did colza oil, and that we examined the oil obtained from Paris,
and found that our experiments agreed very nearly, within one or two decimal
points, of the value of the lamp, as ascertained by the comparison with sperm
candles made by Dumas and Regnault about ten or twelve years ago.

In conversation with M, Leblanc, the officer appointed to carry out the whole
system of testing on the part of the municipality of Paris, about two months
ngo, I was led to believe that our average was even truer than that they had
obtained.

At the same time, if it is proved that Mr. Keates’s lamp and sperm oil is more
reliable than that we propose, it is easy to substitute the one for the other,
the only alteration required being the distance of the lamp from the disc in the

hotometer, and the scale altered to suit it, in case the illuminating power of
is lamp is more or less than 96 candles.

Thus by these two systems we believe general satisfaction will be given, and
the dtetermination of the illuminating power will be less troublesome and more
exact.

There is one point which now arises frequently in photometrical examinations,
and which causes much trouble, although we believe it is easy of settlement—
that is, the question of the proper consumption of the specified quantity of gas.
As an 1llustration of this difficulty, we cite the following case :—The gas com-
panies who supply the City of London are bound to sui)ply 16-candle gas to their
oustomers. Now to do this they must, to keep themselvea safe, make the &uality
up to 18 candles as a rule. The gas referees fixed the burner b{which 0]
was to be tested, and which was with a 6 by 13-inch chimney—the same as this
one—suitable for the combustion of & cubic feet of 14-candle gas; but as the
standard candle is not reliable, the companies found that if they sll‘?pliod only
16-candle gas they were likely to be returned as below the standard, and were
indeed so returned from one or twostations. The gas was, therefore, raised from
16 to 18 candles. The result was no better; in fact, the better the gas sup-
plied, the worse the return of the examiners. The cause of this unsatisfactory
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state/ of \affairs 'wals) ‘very simply' this—the flame tailed over the top of the
chimney when the gas was burning 5 feet per hour, N

It is an axiom that the gas must be consumed. The reason why it isso is this:
Although, for the gurposes of testing, Parliament wisely fixes the rate at which
the gas to be tested is to be consumed, so that all gases may be examined under
the same circumstances ; yet the consumer, for whose protection the system of
testing is established, 18 not bound to consume any definite quantity of gas.
He wants a certain amount of light, and the price being fixed, the better the
gas he is supplied with by the company, the cheaper he gets his required amount
of light ; therefore, it is bare justice that in testing the gas none of it should be
allowed to tail over the glass of the testing-burner, and so diminish the photo-
metrical result. :

The remedy is simply this: If the 6-inch chimney will not promote the per-
fect combustion of the richer gas, put on a 7-inch; and if that will not do it, put
on an 8-inch. Increasing the length of the chimney with the standard testing-
burner augments the quantity of air supplied to the flame, In all cases that
chimney which is sufficient for the proper combustion of the gas only must be used.

As this lecture has already exceeded the limits which we had prescribed for
ourselves, many important subjects which we should have liked to have brought
under your notice are necessarily omitted. We have, however, given you the
salient points connected with our subject, which must be discursive, owing to
the want of a definite basis of operations from which to start, and the most
ﬁerfect of all experiments being but approximations to the truth. It may

appen that at some future time, let us hope not far distant, the practice of
photometry may be reduced to a mathematical certainty, but till that haleyon
qtinyt ln;mves, \y:lmmt be content to go as carefully as we can, and get as near the
ruth as possible.

‘We cannot conclude without expressing our obligations to Mr., Keates for the
loan of lamps and balance; to Mr.J. O. N. Rutter, of Brighton, who kindly lent
for exhibition a Dr. Fox’s shadow photometer and a Ritchie sighting-box,
which, being before you, we have thought it unnecessary to explain in detail ;
and to Messrs, Fred. and Arthur M‘Minn, of Fulham, as well as to severa!
members of my own staff, for their kind assistance ; and if our remarke should
have for result increased appreciation of the value of photometry as at present
applied, or in the production of some marked improvements in its fractioe, both
we ourselves and those who identify themselves with us will feel amply com-
pensated for any trouble we have taken.

WEDNESDAY, JUNE 8,

The PRESIDENT took the chair at eleven o'clock this morning, and the first
paper read was by Mr. F. W, HARTLEY, entitled—

REMARKS ON PHOTOMETRY.

In common with most persons who have had much to do with photometry,
the writer laments the defects of the present system, and would gladly welcome
any modification of it, or any other system of estimating the illuminating value
of artificial lights, which would ensure a degree of accuracy alike satisfac
to the mere business man who wants to find whether the article which he is
selling or buying, as the case may be, is of the proper quality, and to the scien-
tific investigator whose object is to accumulate facts from which to deduce
general laws. :

While, however, ready to accept anything which is new, providing only that
it be of the character just Indicated, and while warmly sympathizing with those
whose efforts are directed to the invention of new photometers and mew stan-
dards of light, the writer inclines strongly to the belief that for a long time
there has been a growing disposition to undervalue and deory the present sys-
tem of photometry, and to exaggerate its defects. Indeed, it has become almost
a fashion to regard the results of the present system as of the least possible, or
even as of no value, because they, like the results of most experimental inves-
tigations, are but approximations to the actual trath.

It is true of photometrical as of other experimental results, that the degree
of approximation to truth depends very much upon the intelligence, the judg-
ment, and the skill exercised by the investigator. Now, although it may seem
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almost heresy to sdy 80, there-is possibly less of those qualities exercised

generally in photometry than in any other experimental investigation; because,

in the first place, it is too much the fashion to regard the operations of photo-

metry a8 being merely mechanical—demanding only a certain amoant of visual

experience and skill, and in the next place as being unworthy of the serious

Eit::?.tion of the man of science, owing to the untrustworthiness of their in-
ions,

That the matter is pretty much in the condition which the writer has as-
sumed, would appear evident from a fact which has on several occasions come
under his notice, which is that some so-called “ good operators” will rest quite
satisfied that a fair and proper experiment has been made when the light from
a b feet per hour gas-flame has been compared ten times in as many minutes
with the light of one or of a pair of sperm candles, and the rate of the candles
consumption ascertained and correction made for variation, if any. Sometimes
sach operators may repeat the ten minutes experiment, but the chances are
much against any change being made with the candles. 3

In this respect even the gas referees, who, by virtue of their official position, -
must be accef)taed as the highest authorities on photometry, have not thought it
at all needful to lay down instructions; for,alt ou:g_h they order two candles to
be used at one time, they do not specify that a different pair shall be used in
each comparative experiment, but merely say that “ the candle shall be sperm,
and two candles shall be used together.” 3

“The standard rate of consumption for the candles shall be 120 s each
per hour. Before and after making each set of ten observations of the photo-
meter, the examiner shall weigh the candle, and jf the rate of combustion
shall have been more or less per candle than 120 grains per hour, he shall make
(and record in the above-mentioned book*) the calculations necessary to neu-
tralize the effects of this difference.”” And again: “ The average of each set of
ten observations is to be taken as representing the illuminating power of that
testing; and the uvera%o of the three testings is to be taken as representing the
#uminating power of the gas for that day. e .

In the experimental determination of the products of coal by distillation in
small quantity, it is, as is well known to the members of this association,
usual to reduce a considerable mass to small fragments, and from such mass to
take three distinot samples for as many distillations—the mean of the results
20 obtained being accepted as indicating as nearly as may be the characteristics
of the coal. The writer is well assured that no gas-maker would attach the
least degree of value to an experiment made upon one special lump of coal.

The candle, is like coal, a compound body, both chemically physically,
and in the prooess of burning is converted into gases and vapours just as the
volatile portions of the coal are on distillation, only that in the case of the
ocandle there is no sensible interval between the distillation and the combustion
of the material. Now it is well known that in the case of coal, aithough the
chemical composition of two samples may be identical, yet that what &pgeu to
be but small differences in the conditions of distillation modify to & cousiderable
extent both the character and the amount of the products. So it may be with
candles, the sperm may be apparently identical in composition, and the wicks
be alike a8 to quality of cotton, number and size of its strands, &o., and yet,
owing to causes of an obscura nature, the rate of burning or the light ylelded
‘ﬁy any two may not be, and indeed is almost certain not to be exsetly equal.

enoce in photometry it is necessary, as it is frequently in the chemical analysis
of various bodies, to accept the mean of the resalts obtained by operating on
different samples, and it is utterly unwise to depend on any experiment made
with one candle only. Moreover, just as the trustworthy analyst would be
careful to obtain fair samples of coal, 80 should the photometrist be careful to
select his sperm candles.

At first the idea of selecting the candies may seem to involve the conclusion
that the operator might make the gu to appear good or bad at will; but in fact
the selection would have just the contrary effect, and would narrow the
boundaries within which errors might be made. The elaborate experiments of
Mr. Kirkbam on “the standards of comparison employed for testing the
illuminating power of ooal gas,’t also appear, on first examination, to prove

* A book named in the referees instructions.
+ Proceedings of the Institution of Civil Engineers, April 18, 21009.
B
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that 'the defectivéness or_varidtionlin the value of the candle's light is so gross
28 to render the candle standard utterly worthless, and consequently any great
oare expended upon it & mere waste of time aud trouble. But & re-examination
of Mr. Kirkham’s experiments induces a somewhat different view of the matter

That gentleman found an extreme difference of 4:59 candles in the
illuminating power of the same gas, as oomFared with different candles, and

fter correction for the rate of consumption of the latter; but the candles were
indiscriminately obtained from various makers, without regard probably to their
fitness for photometry, and the consumptions ranged far below and far above
the parliamentary rate-—viz., 109°2 and 134-4 grains per hour. The after
experiments show that with other sperm candles and with a reasonable varia-
tion in the rate of consumption, that is, between 118-1 and 129°1, the variatwp
amounted to 1-27 candles only. Itis true thatin the first series of experi-
ments, with consumptions of 120°1 and 129 grains, the difference in the value
of the gas was shown as 1°7 candles; but then the candles were, as before said,
indiscriminately purchased, and moreover the differences in the first series are

- more extreme than in the later experiments,

With candles consuming the same quantity of material, but giving different
amounts of light, the greatest difference was 2°28 candieu, the consumption
being 184'1 and 1344 grains, and 2°3 candles with consumptions of 142°5
grains; in both cases far above the standard rate. When the consumption is
nearer to the latter rate,as shown in Mr.Kirkham's diagram 7A, experiment 16,
counsumption 1296 grains, the d'fference was only 0°43 candle; and as shown
in d(il?gram 108, experimonts 44 and 47, consumption 126 grains, it was 1°13
candle.

With candles giving the same amount of light with different consumptions,
he found the greatest difference in the value of the gas to be 353 candles, but
the consumptions ranged from 1092 to 140°1 grains. On comparing the re-
sults obtained with candles burning nearer to the standard rate, as in dia-
gram 10B, experiments 50 and 48, consumptions 126 and 131 grains, the
difference was only 0°56 candle; and even as in diagram 74, experiments 16
and 15, with consumptions of 129°6 and 1344 grains, the difference was 039
candle only.

Thus it appears from Mr. Kirkham's experiments that within reasonable
limits of consumption—that is, from 118 to 125 or even to 129 grains per hour—
the errors in the estimation of the illuminating value of gas, when tested once
only, are not likely to exceed 13}, or, at the very utmost, 1} candle—a possible
error which the writer is by no means disposed to pass over lightly or to treat
with indifference; on the contrary, it confirms him in the conviction which he
has long held, that when exactness is required, and especially when tests are
made against a gas company, the results of which may subject the company
both to tpeonniary penalties and to discredit, no photometric estimation of the
vslue of the gas should be accepted which was based upon less than three or
even four consecutive experiments with different candles, each experiment
lasting for at least ten minutes, so that an operator might easily make the
‘whole test in one hour; or if, as in many country towns, this would involve too
much labour, if done in one evening, the examiner might make one trial on
each of four evenings in a week, and then the average of the whole would re-
present the illuminating value for the week.

If, in such a series, one of the experiments should work out very discordantly
with the rest, that experiment should be rejected, and a fresh experiment be
made, or, if that be not possible, 8 mean taken from those experiments which
were nearer in agreement. Such a practice would go far towards securing
agreement between the results of different operators.

There ought also to be a limitation to the extent of deviation in consumption
from the standard rate. The referees at first imposed & limit, but it was much
too narrow, as it permitted a deviation of 5 grains per candle per hour only.
A practical limit would be between 117 and 128 grains. Part of the trouble
with sperm candles doubtless arises from the parliamentary but absurd stipu-
lation that the{ shall be of the size of six to the pound. The candles are in

q o iderable length—8% inches—and from necessi? the differ-
ence in the diameter at the two ends is much greater than would be needful
were the candles made twelve or any other convenient number to the pound.
The diminished length would also permit of a more perfect centering of the
wiocks. These changes would tend to diminish irregularities in burning.
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In respect to the selection of candles for experiment, there are certain ap-
pearances about-a'good sperm-candie when burning (and all must be burned
preliminarily, to get them into a proper condition for use) which go far to
show whether the candle is or is not a fair specimen. These appearances can be
much better practically illustrated than described, but the writer may mention
some of them. The candle should burn with a shallow cup, and the sperm
within an eighth of an inch of the top of the candle should, after it has been
burning some time, be firm, and bear a good squeeze between the finger and
thumb without yieiding to the J»resaure. The wick should appear somewhat
small and compactly woven, and not bend to an exceeding degree out of the
upright. Lastly, on looking down into the sperm cup, there should appear to
be & number of radial dashes (something like the dotted lines in & drawing, but
much more irregular), extending from the wick to the circumference. If &
candle contains p: n or stearine, some or all of these peculiarities are want-
ing. The cup will be deeper, its edge will soften and give way on a very slight
pressure, the wick will be generally larger, and there will be no appearance of
radial lines in the sperm cup. The peculiarities mentioned apply in part, how-
ever, only to candles which have been made some little time, Candles which
are quite new gencrally burn somewhat irregularly, and the radial dashes in
the cup are mostly absent, doubtless owing to a temporary disturbance of mo-
licular dnmngement, consequent on the heating of the sperm when the candles
are made. .

The conditions under which a candle is burned exercise a material influence
on the amount of light which it yields, as well as upon the rate of consumption
and uniformity of the light. The atmosphere surrounding it should be tran-
quil, otherwise the candle is almost certain to form an irregular cup, to gutter,
and to smoke, Ifina trangnﬂ atmosphere the candle burns thus irregularly,
it is an evidence of its unfitness for photometrical use. The candle may be
fairly protected by screens from draughts, but not, the writer thinks, absolutely
enclosed in & box, inasmuch as, when so enclosed, the surrounding air may
(unless, indeed, the box be enormously capacious) be somewhat heated, the
supply be not so free, and the candle be burned, in consequence, under abnor-
mal conditions. Moreover, when so enclosed, its condition is not so readily
observed by the operator.

Another important matter is the accurate determination of the rate of con-
sumption of the candles. The writer is fully aware that most photometrists
take the utmost care in this matter, and find the rate even to the 100th of &

in; but there are some who are content to use scales not capable of weigh-

ng closer than half a grain, Now if, for the sake of argument, it is admitted

as a fact that, within certain narrow limits, the light yielded by a candle is in

direct proportion to the quantity of material consumed, then such a defect in

weighing, with one candle and ten minutes as the time of burning, would induce

an error of 2} per cent., which, in 14-candle gas, would amount to more than &
third of a candle’s value.

The method of weighing the candle before lighting, using at the photometer,
extinguishing. and reweighing, should be utterly discarded; not on the groun(i
that the weighing may ge inacourate, but because the candle cannot, in an

i nstant, be completely put into a proper state of burning, and consequently the
readings of the photometer during the first two or even three minutes will be
much above the real comparative value of the gas.

The real lighting value of a candle may be considered as the average of its
light during the whole time it burns, and as the average of its light during the
first ten minutes after ignition would be undoubtedly considerably lower than
the average for the whole time during which it is capable of burning, it is
manifestlg unfair to employ the caundle under the conditions mentioned.

Even the ordinary system of weighing the candle while burning at its best,
then removing it from the balance to the photometer, and thence again in due
time to the balance, is objectionable—first, on t of the needless trouble
thrown upon the operator, and, more importantly, on account of the liability to
disturb the regularity of combustion by the necessary motion, and also to des-
troy an experiment by the droppinﬁ or spilling of sperm.

he only method of weighing which is at once rational, facile, and accarate,
is that in which the candles are weighed tn situ; that is, while in tion for
photometric comparisons. This method was first practised by Mr. Keats, who
constructed and affixed to the photometer-bar itself a specially formed bofunoe.
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A point which, is made the most of by the objectors to the present system of
hotometry is the variation-in' the sensibility of the eyes of the operators; in
t, the referees say that “a slight variation in the sensibility of the eye of the
guienlginer may easily make a difference of half a candle in his recorded
testings.

Granting for the moment that this may be the case, it only shows the neces-
sity for repeated series of observations,in order to obtain an average which
may be regarded as truthful; for it is hardly to be conceived that the variation
in sensibility would continuously give an error in one direotion, and conse-
quently if three or four sets of ten observations be made, it is almost impossible
to doubt that accuracy would be very nearly, if not absolutely, attained. The
writer is, however, somewhat sceptical as to the variation in visual sensibility
lasting with an operator for more than a very limited time, as he is also as to
the existence of any material difference in visnal sensibility between different
operators, if they be experienced.

It is true that differences do arise,but the wherefore is by no means satisfac-
torily settled. Judging from his own experience, the writer is convinced that
were a skilled photometrist (with the graduations of the photometer-bar hidden
from his sight, but visible to another observer, who should note the values)
comparing lights of unvarying intensity during a considérable time, it would
be found that the average intensity, as deduced from any one set of ten con-
secutive readings, and the average as deduced from any other set of ten conse-
f:ﬁvf :leadlngs, would be very close the one to the other, if not actually

entical.

Further, that if each of two photometrists were at the same time comparing

nst & single flame common to both, the light from one of two gas-flames,
which were maintained exactly equal to each other, and of uniform intensity,
it would be found that, although the averages of a few readin%a might differ,
the averages of a greater number would approximate very closely. In proof of
which he may cite the results of some trials upon gas of varying quality (uni-
form quality not being obtainable), and with different candles, but each candle
common to both photometers, which trials were made by himself and by a no
means practised photometrist. These trials were made in a perfectly fair and
proper manner, and each observer took his own readings, without the least
reference to what his opponent was doing or finding.

The following are the averages of sets of ten readings, the operators being
designated A and B:—

No.1..A18'14. . . . B183 . . . . Difference 0°'16
w 2.0 0187 . . . o, 192 ., . ”» 045
n 8. 5,188 . . . ., 187. . . . ” 005
n 4. 161 . . . o, 0160 . . . ” 00

13 ——— ——
4)71°79(=17"95  4)72-35(=18-09
differeace . . . . . . . . . 014

. . B14:875 . Difference 0.0
: . ey 1495 . 0225
w 8. n16°05° . . . ., 16-085 . . 0-085
w 4.0 5,139 « oy 1367 . » 023

4)60'000§=15'0 4)59-58(=14"895 :
Mean difference . . . . . . . . . 0105

This is by no means a special experience of the writers; he has on many
occasions, and with different persons, arrived at similar results, although not
quite so satisfactorily, inasmuch as a sin%}e photometer has been employed, and
consequently it was not possible for both operators to take readings at the
same time. N

The simultaneous determination of illuminating value by several persons is
both interesting and valuable, and it would be well were every individual, pre-
viously to being appointed to the office of gas examiner, compelled to go through
a course of practice with a skilled operator, and upon duplicate instruments.
By such a procedure the visual fitness or otherwise of the individual would be
determined, and his mind impressed with a due sense of the nature of his daties.

Mr. Kirkham's * cross” photometer, which he employed in making the ex-

No.1.. A14875 .
w 2.0 » 15°175 .
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periments already referred to, parmitted four persons to make observations at
the same, time; but, admirably as that instrurnent was adapted for the purpose
of the experiments, the discovery of thie degree of variatian in the light given by
sperm candles and by carcel lamps, it is quite unfitted for the determination
of the amount of error, if any, due to differences in visual sensibility between
operators, and simply for the reason that with it the flame to be tested, and not
the testing flame, is common to all the operators; in other words, the gas-flame
isin the centre of the cross,and eachoperator must use a different candle or lamp,

For the purpose of finding the extent of the possible or probable errors be-
tween operators, the candle or other siandard of light must occupy the central

sition. Such an apparatus the writer was requested some time since, by Mr.

merville, of the Alliance and Dublin Gas Company, to construct, that gene
tleman wishing, among other things, to have the power of testing simultaneously
the gas as soon as made, the gas in stock, and gas made experimentally. It was
to consis of three photometers converging to a common centre, and to embrace
any novelty or improvement which the writer could devise capable of facili-
tating the investigations and of seouring accuracy. This apparatus has lately
been completed, and will be submitted to the inspection of any members of the
association who are sufficiently interested to pay a visit to 55, Millbank Street,
the apparatus being of such a character as to render its exhibition in a public
hall soarcely possible. The points of novelty consist in the general arrangement
of the parts, in the constraction of some of them, and in the employment of
electricity for timekeeping; each photometer being as usnal provided with
meter, governor, micrometer, King's gauge, &o., and each meter having com-
bined with its index an electric time indicator, a fourth time indicator being
provided for timing the rate of the consumption of the candle, which is
suspended ¢ situ from the end of a balance-beam in the manner devised by the
writer some years since. The time indicators are controlled by an acourate
clook, beating dead seconds, and the weighing of the candle is automatis, for
as soon as any predetermined number of grains of sperm have been con-
sumed, the time indicator stops, and the operators are informed by an alarum
that the time is up. The operators have complete command over these time
indicators, each one of which may be set going and stopped at will, without in
the least degree interfering with the others. As the meters of this apparatus
agree exactly with each other in registration, and as the time indications must
also of necessity be synchronous, and one standard of light is common to all the
operators, it follows that the elements of error are reduced to two only, which
are differences in the visual sensibility of the operators, and differences in the
light-developing power of the several burners.

The latter element may, of course, bo readily eliminated by & few experi-
ments, and the per ceutage of difference, if any, allowed for in after experiments,
8o that any apparent differences in the results must be attributed to errors in
the operators themselves. Such an apparatus is not only valuable as an agent
for instruction, but inasmuch as each operator is working, as it were, com-
petitively with others, unflagging carefulness is ensured, and hence the experi-
ments must be of a specially reliable nature—that is, if several trials with
different candles have on each occasion been made.

It would be well if some such system of duplicate or triplicate testing could
be carried out on all occasions. No doubt, however, there are difficulties and
objections in the way.

JI‘here are some other objections urged against the present syatem of photo-
metry. One is, the time which ia occupied in making a proper experiment;
apother, the trouble there is in doing it; and a third, the intermittent nature
of the test, and that it only relates to a small portion of the whole time during
which gas is being consumed. .

These objections cannot be denied or even disputed; but, apart from them,
the writer thinks the system as now carried out generally worthy of some
considerable admiration, and entitled to a high degree of, if nat to complete,
confidence. It is undoubtedly not perfect, but it has the speoial merit of ap-
pealing in understandable language to the minds of those who are, in respect to
their being the greatest in number, the most interested in gas-testing—namely,
the general public of gas consumers, who, although they may know little or
nothing about the details of the experiment, are quite able and willing to be-
lieve in that valoation of a gaslight which is made by contrasting it with the
light of & candle.
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At the same time the writer must admit that it is most desirable thata

bettel;i simpler, more philosophical;and more continuous method of testing ﬁi\:
a

should be sought for, and when found adopted. Of all proposed methods, th
in which the jet photometer is used, to show length of fiame in connexion with
Teciﬁc gravity and durability, is most entitled to confidence. It was one of
the carliest and best means used for comparing the relative values of gases.
When last year, at the Institute of Civil Engineers, the writer heard Mr. Kirk-
ham's paper read, and imperfectly heard or understood one part, he objected
to the jet photometer as a standard test; but his objections applied more to what
he conoceived to be the proposed method of using it than to the instrument
itself, and he then distinctly said that when used as a durability test it is of
the greatest value to the scientific experimentalist. Being now fully aware
that Mr. Kirkham proposes to use the jet in the truly philosophical manner,
the writer’s objections are for the Ereater part overcome, but he is certainly
still obliged to bold to the opinion that the jet photometer is “ not an instru-
ment to satisfy the public,” and dissatisfaction would especially be felt in
country places. Under existing ocircumstances, litigious consumers may be
often satisfied by an imposing process of comparison of a gas and of & candle
light. The whole matter looks so commonp and T ble that it leaves
scarce room for disputation; but if a jet photometer were put forward in proof
of quality, would there not be, as the writer has before asserted, doubt and
mystification? The writer is quite sensible that what he has said forms by no
means & weighty argument against the jet when properly used. 1If it be fitted
for a standard test, it will become so in spite of objections; but before it can be
acoepted for such purpose, the following, and possibly some other questions,
would have to be decided.

The agreement or extent of difference in the indicated illuminating power of

8, a8 determined by the Bunsen and bg' the jet, under different atmospheric

ensities, under various temperatures, and with carbonic oxide in varying pro-
portions in the gas,

In ordinary g otometry it is well known that the same light cannot be ob-
tained from & 6 cubic feet per hour gas-flame in an atmosphere of 29 inches
density as in an atmosphere of 80 inches, because, in the first place, a lesser

- weight of gas is consumed in & given time (5 volumes at 29 inches containing
in weight an equivalent to only 4:833 volaumes at 80 inches); and secondly,
becanse in & dense atmosphere flames tend to give more light, Dr. Frankland
having proved that even those gases which, under the usual atmospheric pres-
sure, give no light, can, in very condensed atmospheres, be made to and do give

& considerable amount. Now, in ordinary photometry, the quantity of gas is

limited to 5 cubic feet consumption per hour, whatever be the atmospheric

density, and, reasoning from analogy, it appears probable, although it remains
yet to be proved as a fact, that if the magnitudes of the fiames for 5 cubio feot
could be accurately measured, it would be found that their dimensions varied

only to a trifling cxtent; for as the atmospheric Eresaure becomes reduced, 8o

must the flame expand to some extent in bulk—that is in length and breadth

—just s in what are called vacuum-tubes (which are really tubes containing

& very attenuated atmosphere) electric sparks, which in the open air are minute

and intensely brilliant, become expanded, and appear almost like discs or circles

of phosphorescent light. .

'he iet Khotometer is affected in two ways by a change in atmosEheric den-

sity, If the density diminish, the gas is attemuated, and the weight of com-

bustible and light-giving matter in a given volume reduced, and as a conse-

quence & larger volume tends to escape from the jet orifice under the same

acting pressure. Secondly, there is the natural increase in the bulk of the
flame, owing to its burning in & more rarefied mediom.

.In respect to the first effect, let it be assumed that a gas whose specific gra-
vity is 400 be discharged into the atmosphere, when its density is 30 inches, at
the rate of 2 cubic feet per hour, then with no other alteration than a reduction of
utmosgherio density to 29 inches the rate of issne would be increased to 2:084
oubio feet per hour, the rate of discharge being in the inverse ratio to the square
roots of the grsvit{ea, which would be 400 and 3886°'8, and the roots 20 and
19-67. Thus the rate of discharge would be increased to the extent of 17 per
cent. in volume, although the weight of combustible matter in the increased
volume would be less than that in the 2 feet at 80 inches.

Thus it might be possible for the gas to be indicated, under one atmospheri\)

e




61

density, a8 of one and the same_illuminating value, by both the jet and the
Bunsen photometer;’and-yot-for the-indicated values to be different under any
other atmospheric Jensity. The illustration refers particularly to reduction in
density of atmosphere, but, of course, the reasoning applies with equal force to
inerease of density.

The durability test, pure and simple, may not be entirely free from possi-
bility of error, for although the determination of value is dependent on time and
volume, or, what is the same thing, on the rate of consumption, yet if flames
produced by consumpts of equal weights of a combustible become enlarged
and reduced as the atmos?heric density diminishes or increases, it may be
that equal volumes of gas will at different atmospheric densities produce flames
of equal lengths, and thus lead at times to the under or over estimation of the
illuminating value of the gas.

On further consideration, it would also appear that there must at times arise
some disagreement between the indications given by the jet photometer itself;
that is, between its indications when used in accordance with the asserted law,
that, « maintainin% a 7-inch flame from an orifice of fixed dimensions, the illu-
minating power of the gas is in direct proportion inversely as the pressure,”
and its indications when used to determine ‘“durability.” For, as it has been
already shown, an increased volume tends to escape from the orifice, under the
same acting pressure, when the atmospheric density is reduced, and no notice
is taken of such increase, while with the durability test the qnantitg is fixed,
and the time for its consumption determined. Now if, as seems probable, the
increased rate of consumption by volume, in the one case, simply maintained
the flame at the 7-inch length, it is manifest that a given vclume—say the
tenth of a cubic foot—could not maintain a 7-inch flame under the same actin
pressure at 29 inches for so long a time as that quantity of the same gas woul
do at 30 inches atmospheric density. Hence while the one test showed the gas
to be up to the standard value, the other test would exhibit the gas as below
thatdva(l’ue. No such possible discordance must exist in & new photometric
standard.

In ordinary photometry the candle-flame is also affected, without doubt, b
changes in atmospheric pressure, and it may be in nearly the same ratio, bot
in respect to weight of material consumed in a given time (althougk on this
point the writer is very doubtful), and the amount of light yielded. If so, an
argument might be established thereon in favour of the system of comparison
of artificial lights. For if these be equally affected by atmospheric changes,
the normal relations between any two or more would at all events be at all
times easily determinable.

Atmospheric temperature also exercises an important influence in respect to
the jet, although not to the same extent as density. Temperature can more-
over be to a considerable extent controlled in testing-rooms.

Carbonic oxide increases the gravity, whilst it certainly is much more likely
to diminish than to emhance the illuminating power. Its gravity is 9678
(olefiant being but *9713), and although it is true that on ignition it gives out
a oconsiderable amount of heat, it gives by its own combustion little or no light,
and is instantly converted into carbonic acid. So that its influence on the
density and illuminating power of coal gas must be important, the per centage
which London gas contains appearing from Dr. Frankland's statements to range
from 7 to 9 per cent.,and in some other towns even to above 10 per cent,
Carbonic acid and ammonia have not been named because the gas ought to be
fre; from these impurities, or at all events contain but a trifling quantity of
either.

These observations are not made in & spirit of antagonism to the jet photo-
meter, but only with a view to sweep away causes of error.

The de%rees so to nﬁeak, of the jet photometer scale are 8o narrow—a varia-
tion of -025 of an inch water pressure being sufficient to determine a difference
equal to the light of an entire candle—that it is important, if it is to be used for
the purposes of public testing, that every element of error be eliminated.

A better system than that commonly practised is wanted, but before a change
is made it is advisable that photometry generally should be subjected to & most
exhaustive inquiry, so as to avoid any danger of falling into one evil while
escaping from another.

Whatever be the future system of testing the illuminating power of coal gas,
it must, in order to serve the interests of the consumers generally, be quite as
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facile in application a8 the present system, and be of a simple character, so as
to render/the/test available, not only in the large towns and cities, but even in
the smallest village of the United Kingdom in which gas is used,

Mr. ALFrED UpwARD read the following paper:—

ON THE ECONOMICAL PURIFICATION OF COAL GAS.

Having been requested to write a paper for this meeting, I think that one of
the most important subjects to which I can call lyour attention is that of ¢ The
Economical Purification of Coal Gas.” It is well known that for many years
past gas companies in large towns have been compelled to abandon the use of
wet lime purification owing to the great difficulty of getting rid of the “ blue
billy,” as it was called, and in order to overcome this difficulty dry lime purifi-
cation was commenced, but in a very few years the inhabitants surrounding
gas establishments made such serious complaints as caused gas companies to
look out for some other material which would remove the nuisance complained
of; and it was shortly after this date that the oxide of iron purification became
general. This last plan gives no cause of complaint, but it is, nevertheless, a
more exgensive plan than the old wet lime purification, and at the same time,
if only the oxide be used, it does not purify the gas from carbonic acid. Now,
if this last-named impurity be present in the gas it destroys to some extent the
illuminating power, go I think it is evident that if some plan could be adopted
to overcome, or considerably lessen the expense of either dry lime or oxzide of
iron purification, and at the same time render the gas free both from sul-
phuretted hydrogen and carbonic acid, a great point would be gained. My
object in calling attention to this matter is that, having been invited to inspeoct
a plan lately invented by Mr. F. C. Hills, of Deptford, I felt that a description of
that plan might be useful to some of the members of this association,and I am thus
induced to lay before the meeting a few facts relating to this important subject.
It has been long known that caustic ammonia will purify coal gas, but no plan
has hitherto been found by which liquid ammonia could be obtained of suf-
ficient purity and cheapness to purify gas until Mr. Hills made the way clear.
The plan he adopts is to make the ammoniacal liquor produced at gas-works of
sufficient purity to become a cheap and effective purifying agent for depriving
gas of its sulphuretted hydrogen and carbonic acid. The gas liquor being made
on the works is always ready for use, and when purified by the process here-
after described, is run through the common scrubber, and the gas allowed (in
the usual way) to pass up through the scrubber. 1t then comes in contact
with purified ammoniacal liquor, which deprives it of its impurities, and thus
the d%slred result is obtained, and all expense of excessive labour is put to
an end.

The mode Mr. Hills employs to purify the gas liquor is as follows:—He nses
a series of atills or vessels placed one above another, which vessels are partly
filled with the gas ligquor to be purified. The gas liquor runs through these
vessels by means of connecting pipes from the top to the bottom. In the
bottom vessel the gas liquor is caused to boil. By this boiling the carbonic
acid and sulphuretted hydrogen, in combination with the gas liquor, are driven
off to a great extent, and also a little ammonia; these products are caused to
pass into the liquor in the next vessel above, by which the ammonia vapour is
mostly absorbed, but not the carbonic acid or sulphuretted bydrogen, and, by
passing these products in like manner through the whole series of vessels, the
ammoniacal vapour driven off from the boiling gas liquor is absorbed by the
gasliquor in the higher vessels, and the carbonic acid and sulphuretted hydrogen
are left free to pass away wherever desired, Tho hot purified gas liquor, as it
runs out, heats the cold gas liquor which is to be purified by passing in oppo-
s'te directions through a series of pipes, so that very little heat is required for
purifying the gas liquor. If wished, the whole of the gas may be purified en-
tirely by this gas liquor, but as the quantity required would be considerable,
it is perhaps best to purify the gas about two-thirds by this process, and then to
- finish the purification with oxide of iron. When the ‘pm‘iﬁcation of gas is

effected by means of liquid in scrubbers, it becomes of great importance to
secure & good spreader of the liquid over the surface of the media contained in
the scrubber. Mr. Hills has contrived a new spreader, by means of which the
liquid to be used can be caused to spread quite evenly, and in the exact pro-
portion required, over every part of the surface of the media contained in tho
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sorubber, o ¢hat no one part shall have a greater pro;fmtion of pnrifying liquid
than another, . By, this means a minimnm quantity of liquor can be made to do
its maximum 'quantity-of-‘work: .

It thus appears that the Kresent plan promises all the advantages of the old
wet purification, whilst at the same time the products of the improved method
are valuable, and will pay for their removal, and, in addition, be a source of
Kroﬂt to the gas company. It is simple in operation, and the gas manufacturer

as at his own command the purifying agent required.

I may add that this plan is now beiu§ experimented upon by Mr. George
g.iven.eggdwho was the inventor of a plan somewhat similar to that now

escribed.

Asto the surface required, it is expected that the present scrubber surface at the
South Metropolitan Gas-Works will be sufficient to purify the gas made at those
works, so that in adopting Mr. Hills’s new plan no additional expense will be
incurred at that station in purifying surface.

Mr, GrorGE T. L1vESEY read the following paper:—

ON SCRUBBERS.

It is of very little use going to “Clegg on Gas” for information on any
modern invention introduced within the last 20 or 26 years. Newbigging gives
the pith of Clegg’s article on “ Scrubbers” in one laconic sentence, which, after
all, refers more to the mechanical filtering or separation of the tar than to the
extraction of ammonia and other impurities.

Newbiggng tell us, quoting from Clegg, that, “ for every 1000 feet of ro-
duced in 24 hours, one cubic foot of wet scrubbing material is required,” which
is certainly rather vague. Let me here observe that I say nothing in disparage-
ment of our late auditor's work; on th® contrary, I am bound to speak very
highly of the book he has published, as containing a mass of valuable and
reliable information that will be of use to every manager.

An endeavour has been made to trace the first introdaction of serubbers, but
without success. It seems probable that a Darwinian system of development, if
not of natural selection, has been in operation. All the older gas men remember
the tar filters, or breeze boxes, as they were sometimes called, that were in use
20 or 30 years ago—vessels constructed like ordinary purifiers, but filled with
coke or coarse breeze, through which the gas passed after leaving the con-
denser or washer, in order to arrest the lighter tar that would otherwise be
carried forward into the purifiors, an object that was successfully attained by
these means, The spent tan from the tan yards was sometimes used instead of
the coke, with a very good result.

This might be called a scrubbing process; but the origin of the term is
obscure, so is the first use of water to absorb the ammonia, though it is more
than probable that the ammonia manufacturers were the first to suggest its use.
The transition from breeze boxes or tar filters to scrubbers was accomplished
merely by increasing the depth, and allowing water to frickle through; but
only a small quantity of water being required, the difficulfy was to distribute it

ually. To meet this, Mr. F. C. Hills, of Deptford, adapted the well-known
% Barker's mill” (one of which is now in the room) to the purpose, but even
this ingenious contrivance was not sufficient of itself; it distributed the water
equally, but the quantity required to keep it dgoing made the resulting liquor too
weak to be profitable. Hills then introduced a tumbler, as it was called—a sort
of double trough, or an oblong pan or dish, with a division across its centre,
and so balanced over an open box that the small stream of water alternately
filled first one division and then the other, the division into which the water
runs remaining in position until it is filled, when it is,so to speak, overbalanced,
and tumbles over, emptying its contents into the f»ox, and thus affording a
sufficient quantity of water to cause the Barker’s mill to turn for a minute or
two, which stops when the supply is exhausted. In the meantime the other
division is filling, and in its turn tumbles over, and gives another supply of
water to the mill; a very small quantity of water was thus supplied at regular
intervals, and distributed equally to the scrubber.

The Barker’s mill is not much used now—though I decidedly consider it tho
best of all the distribators that have been invented—the chief difficulty arising
from the small holes getting stopped, which was an almost daily occurrence;
hence its disuse. The tumbler, also, is not often seen, though it did its work
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well, its only, drawback being the pericdical kncck which it gave every time it
fell, 'and 'the vibration thus ‘produced rendered it difficult to prevent a constant
leufmge of water from the joints. It is more than 20 years since Hills introduced
the Barker's mill and tumbler. Ammonia at that time was beginning to rise in
value, and scrubbers for its extraction were being brought into use, thus super-
seding the original “ waeher,” which had hitherto been vsed to remove the
smmonia. It was effective for the purpose, but the drawback to its tse, when
clay retorts were introduced, was the pressure it gave. The scrubber, there-
fore, in modern gas-works, does the work for which two separate contrivances
were employed formerly.

The principle of the washer was the forcing of the gas through water, while
the scrubber aims at briniinf the gas into contact with water or a wetted sur-
face without pressure. The liquor thus produced was at first not worth much;
but, to give an instance of its jncrease in value, about 1855, Laming (who bad
given a great deal of attention to this subject, and to whom the gas world is
much indebted) offered the South Metropolitan Company £250 a year for their
scrubber liquor. This was considered a liberal offer, and for 10 years he had
the said liquor for this sum. At the expiraticn of the first five years its value
had much increased, but cmmiderin%l that in the first place the company was
indebted to Laming for getting anything for this liquor, his contract was re-
newed for a second term of five years, by which time the scrubber liquor had
about doubled in value, after allowing for increase of make.

For a long time coke only was used for filling scrubbers. Hills recommended
that it should have the breeze and dust separated, and that the large pieces
should form the lowest layer, of, say,a few feet in thickness, then a similar layer
of smaller pieces, and 8o on, until the last layer was composed of pieces of about
the size of walnuts. This plan involveg a good deal of trouble, but it was cer-
tainly better than the indiscriminate throwing in of the coke, in tbat it was
more effective, and did not get so soon choked with tar.

The other E an (s0 far as I can learn) that has been longest in use was the
adoption of the Goldsworthy Gurney jet—a jet of water under great pressure im-
pinging on a small diso or button, which scatters the water as fine spray through-
out the vessel, such vessel being empty, or at most having perhaps one or two tiers
of perforated trays, the water thus descending in the form of rain through the
fu. I am told this effectively removes the ammonia, but at some places where

t is in use, on asking what the liquor fetches, the reply has been that the lignor
is not saleable; which means, most probably, that by this means of scrubbing
the quantity of water requnired to remove the ammonia is so great that the
resulting liquor is too weak for sale. The water descends too rapidly, and is
not, therefore, in contact with the gas for a sufficiently long time. The object
in putting anything in a scrubber is simply to retard and divide the water in
its passage downwards.

I'now proceed to describe some of tho plans at present in successful use for
ohnr%lng or fitting up the modern scrubber, and the various methods adopted
for distributing the water or liquor. .

The following may be stated as the principles to be kept in view :—

1. That the gas should travel as slowly and freely as possible, and therefore
with the minimum of pressure or resistance,

2. That in its passage it should be brought into contact with the largest
possible wetted surface.

8. That, in order to comply with No. 1, the scrubbing material should occupy
a8 little as possible of the space in the scrubber.

4. That the scrubbing material shonld not be liable to get choked with tar
and naphthaline, and, consequently, not require changing.

5. That,in order to obtain strong liquor, the water should be distributed
equally all over, and in very small quantity, this being also necessary to avoid
impoverishing the gas.

e most common method of filling scrubbers at the present time is with
coke, as above described. The chief objection 1 have to make against it is not as
to its effectiveness for removin§ ammonia, but that it gets choked with tar, &o.,
and muet therefore be emptied and refilled. At one large London works
the scrubbers are changed twice a year. In my case they will go
for abomt two years. There is one now in wuse, 15 feet 6 inches
diameter, and with only 40,000 feet an hour passing through it, giving
between 4 inches and 5 inches pressure. The gas is thoroughly condenced, but
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as 500 gallons,of liguor per/hour have been passing through this veasel, a con-
siderable quantity of tar has been deposited in the coke. At the Ci:{ of
London works, whare Mr. Mann has worked his sorubbers very successfully
for many years, they require changing very seldom indeed, but he passes
nothing through them but water. I have one other objection to coke, and that
is, that it occupies so much of the area or cubic contents of the vessel charged
with it. If a vessel of 1200 cubic feet contents is filled with coke, the inter-
stitial space is 610 feet, or, say, one-half of the whole, the relative proportions
will vary to some extent with the size of the pieces, but my experiment was
with the coke in its ordinary state. This rule, of course, only applies when
the coke in a scrubber is quite free from tar, &o., and when in that state the
gas passes slowly and freely; but when the coke becomes choked to such an
extent as to show its effect on the pressure-gauge, the interstitial space must
be reduced very much, when the gas must pass very quickly, while the water
or liquor probably flows down two or three small channels, instead of gently
working its way through the whole mass, as it does when the coke is clean.
It therefore comes to this: If the gas is thoroughly condensed, and nothing but
water is used, as at the City Gas-Works, coke answers the purpose admirably,
and lasts for an indefinite time; but if tar to any extent comes in contact with
it, either from imperfect condensation or where the gas is washed with liquor,
which deposits its tar in the coke, the result will be that in a longer or shorter
time the coke must be changed, which is a great nuisance.

At some places brickbats are used; the remarks about coke a?ply equally
here, thebricks probablyliecloser, and therefore in this respect are inferior to coke.

Broken pottery has been tried, but did not succeed ; it filis up too much of the
'p?ic? and forms a succession of cups or dishes which catch and retain the tar
and liquor.

Drain-pipes of different forms and sizes have also been used with success. That
form and arrangement which is found most useful is now in work at the Pheenix
Gas-Works at Vauxhall. Three layers of 2-inch uuglazed drain-pipes are placed
on each of the two trays; these pipes stand on end, and consequently offer no
resistance to the e of the gas, which is divided into a great number of
small streams, while the water or liquor is spread over a large surface, and I
should think there could be no risk of this arrangement becoming choked.
Boulders or pebbles are also used, aud I believe answer very well, though they
are difficult to get in many places, are very heavy, and take up much spase.

There is just one other plan, which, after much consideration of the subject, I
have adopted. I believe I was the first to try it. The circumstances that led to
the idea were the difficulties and nuisance attending the use of coke. Something
being wanted that should present the largest possible surface with the freest
passage for the gas, and after experimenting with various things, and more
especially different forms of drain tiles or pipes and pottery, the arrangement of
thin boards which I now exhibit was tried. A scrubber was fitted up in 1866
with them, which has been in use ever since, and to all appearances will go on
eontinuously without risk or possibilit{ of becoming choked. This arrangement
presents & larger surface than any of the others; the material in a cubic foot
ocoupies less space, and there can be no question about the freeness with which
the gas passes, which is moreover divided into a vast number of such thin
streams that with the rolling sort of motion that fluids assume, caused by friction
in passing over surfaces (somewhat rough as these are), every particle of the gas
must be brought into contact with the wet surface of the boards over and over
again,

To fit up a scrubber on this plan, the wood required is as follows : —The boards
are out from deals or planks, 9 or 11 inches wide, 3 inches thick, and with nine
deep outs dividing them into ten thin boards about a quarter of an inch thick.
The small upright blocks which are nailed between the boards to keep them a
proper distance apart are 1 inch by half an inch, while to keep each tier sepa-
rate from those above and below it, and to serve also for sleepers or joists, I
use pieces 1} or 2 inches square.

ith this plan care must be taken to grevent the gas going upall in one place,
and to attain this I fix a sort of inverted trough, made of 1}-inch boards, which
covers the inlet and extends across the bottom of the scrubber; the gas escaj
from this trough through a number of small apertures in its sides, and is thus
distributed with sufficient uniformity.

The fitting of the boards is now proceeded with, The first tier is laid on the
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bottom tier of |sieves which |used [to carry the coke, and tier above tier is fitted,
until the vessel is nearly half filled; a space is then left of about 2 feet 6 inches,
when another succession of tiers is laid which fill the remaining half, and on the
topis placed coarse cocoa-nut matting to spread the water, I am now fittingup a
scrubber 15 feet 6 inches diameter and 28 feet high; in it will be placed 22 tiers
of these boards, 268 in a tier, which will expose a surface of over 128,000 square
feet, or within a trifle of three acres, and at the same time in each tier of 1€8
cubic feet the boards occupy not more than 60 to 65 feet, thus leaving 120 feet
for the %;ssage of the gas; the boards, in fact, in the part filled by them, take
up one-third of the space, leaving two-thirds for the gas.

But what is the result? My system of working is to pass the gas through
three scrubbers. I happen to have four, and so use three, but find two are suf-
ficient with this plan of fitting up. The first two are supplied with a large
quantity of liquor, end the last with a small quantity of water. The greater part
of the ammonia is absorbed by the liquor, which consists of that from the con-
denser, a8 well as that from the water scrubber (by this means it is increased in
strength to 10 or 11 0zs.); the remaining ammonia is quite removed by the use
of from 5 to 6 gallons of water in the last scrubber to the ton of coal, or
hardly more than half a gallon to 1000 feet of %m; the liquor so produced being
from 7 to 9 ozs. strength after passing through the wood scrubber, while the
same vessel filled with coke required 3 or 4 gallons more water to the ton, and
produced liquor of only 3 to § ozs, strength. The arrangement of thin boards is
therefore about twice as good as the coke. .

I have endeavoured to ascertain the average amount of surface exposed to the
action of the gas when coke is used, but from its irregularities cannot arrive
at it correctly, having been obliged to estimate in order to make a comparison
with the surface exlposed by other materials, such as drain-pipes and boards.
The result, as nearly as I can make out, is as follows, the only uncertainty being
in respect to the coke :—

Taking one cubic foot of the space occupied, I find

Coke gives about . . . . 8} square feet of surface.
3-inch drain-pipes . .

N . ” ”»”
2-inch ’ o e e » 9
Boards, as above described . 31 » "

Coke occupies . . the space.
3-inch drain-pipes . s
2-inch s . »

Boards . . . . ’

’

Distributing Apparatus: First comes the Barker’s mill, which was used for a
number of years with varying success, but was liable to several objections,
amondg them the holes, being small, were often stopped up, and the machine
would not revolve in consequence; then, for lightness, it was made of brass
tube, which, under the action of ammonia, speedily corroded; but, supposing
these defects overcome, the instrument possesses great advantages, one bein
that if it can be kept going it distributes the water or liquor very equally, an
being self-acting all gearing or machinery is avoided. In the mill now in the
room the danger of the holes stopping is avoided by making them larger, about
5-16th of an inch diameter; they are so arranged that each hole in its circle has
to supply liquor to 20 square feet of surface. Corrosion is prevented by using
tin pipe, which lasts three or four years, with liquor passing through it, longer
with water, The mill works on a steel centre at the bottom, and at the
top has a steel spindle working in a small bole in the top plate, while to see that
it is at work a notch is cut in the top of this spindle, which takes hold of a cor-
responding projection on the end of another spindle, at the top of which is
a T, which, projecting above the scrubber, and revolving with the spreader,
shows whether the latter is working properly. Instead of a gland, a water-joint
is used, through which the spindle works without friction. The mill will work
for from three to six months without any attention. At Exeter a Barker's
:n;iill. oii’ lwrcrught-iron pipe, with four arms, is found to answer the purpose

mirably.

When water is used, the quantity being too small to turn the mill, an inter-
mittent stream is needed, and instead of the tumbling box a square or round
vessel holding seven or eight gallons is fitted with a valve at the bottom, the
spindle of the valve reaching to the top. A float slides on this spindle, which
rises with the water, and when at the proper height lifts a weighted bell-crank,
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which, in\its tarn, lifts the valve; | As the box empties itself the float sinks, and
by its weight causes the loaded bell-crank to return to its original position, thus
% l<ising the valve and shutting off the supply of water until the box is again

The Gurney jet has already been mentioned. Fixzed perforated arms of iron

pige require no description. They were commonly used, and arestillin some places.

nother plan is with a series of troughs, arranged a short distance apart, and
branching out on both sides of a large centre trough, such troughs being kept
nearly full of liquor, and having a great number of notches cut in their edges,
while in these notches are laid pieces of loose cotton or woollen material, the
theory being that the li(ﬁlor is sucked up b{‘ capillary attraction, and flows over
in small quantities, falling in drops in the scrubber. This is a ver{ pretty
theory, but I very much doubt whether it will continue to work well. I should
think the capillary action would soon be stopped with the tar.

The ordinary revolving arms turned by machinery require very little notice,
there being no necessity to take up time in ﬁoing into detail. The difficulty has
been with the small holes getting corroded, and to avoid this Mr. Mann de-
vised a system, afterwards modified by Mr. Trewby—a model of which is in
the room—by which this inconvenience was entirely obviated. He used two
spreaders revolving on their own centres, and the spreaders themselves also
revolving in a circle half the diameter of the scrubber, the liquor or water
issuing only from the ends. The result was that by this double motion
the water was distributed in a series of eccentric circles over the whole area of
the birch wood. Theoretically, as much was discharged in the small area of the
centre as in the larger area of the circumference; but practically it appears this
inequality was of no perce?tible importance. However, but Mr. Mann has by &
verysimple arrangement of a pair of eccentric wheels provided for a perfectly equal
distribution if necessary, which can hardly be, seeing the success with which he
works. Hissystem, of which he has kindly given me particularsfor thisassociation,
is to divide his gas between his five scrubbers, about 12 feet diameter by 28 feet
high, into each of which he passes a small quantit! of water. Itis sugplied in
the groportion of ten gallonsto the ton of coal, and no liquor is pumped into his
scrubbers, the result being that the whole of the ammonia is removed. On
leaving the top tier of coke 8 feet deep, the water has attained the strength
of only half an ounce, which, of course, shows that the greater purt of the am-
monia has been extracted by the lower tiers, the second or middle one showin,
2% ozs, strength, while from the third or bottom one the strength has inec
to 14 or 15 ozs., which liquor mixing with that condensed brings up the whole
to 10 ozs., of which he gets about 20 gallons to the ton of coal.

Mr. Mann now recommends six tiers, of 8 feet each, instead of three, believing
that the highly concentrated liquor which would be produced would probabl
absorb a portion of the sulphur compounds which give so much trouble, an
the increased height would require less water to absorb the ammonia.

I have also on the table a model, kindly lent by Mr. F, C. Hills, which, it
perfect regularity of distribution of the water is required, effects it with mathe-
matical precision. The water runs into a circular revolving trough, divided into
a8 many compartments as is thought necessary, and from these divisions, which
vary in size, the water flows into a number of concentric troughs, which, re-
volving, supply equal quantities all over the surface of the coke or the rotating
bsus}lw‘t))fd. t is 8 most ingenious contrivance, and would doubtless do the work
admirably.

The uses of scrubbers are, first, to remove ammonia, which they will do per-
fectly; the ammoniailil!ll its turn, absorbs a very large quantity of sulphuretted
hydrogen, not less t half the total quantity, They have also been looked
upon as the best and most hopeful means of reducing the sulphur compounds,
and, at the instance of the gas referees, who are engaged in investigating the
sulphur question with a view to determine a maximum for this img:rity, 8
number of experiments have recently been made, according to their instructions,
in seven of the large gas-works of the metropolis, with a view to ascertain the
effect of scrubbing on the sulphur compounds other than sulphuretted hydrogen.
The results of these experiments were most unexpected and extraordinary.
‘Washing the gas with liquor has of late been looked to as the most hopeful
means of reducing the guantity of these troublesome compounds of sulphur,
But the above-mentioned experiments instituted by the referees appear to con-
tradict this expectation; for out of the seven sets of experiments only two
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showed any good from sorubbing at all, the remaining five showing a greater
quantity of sulphiur compounds-in the gas on leaving the scrubbers than on
entering them. In consequence of the startling character of these results, the
referees have instituted a further set of experiments of the same kind, as well
a8 in regard to the effect of the purifiers, whether lime or oxide of iron. In
these experiments, and generally in the important investigations which devolve
on them, the referees have the willing assistance of the engineers of the various
companies with whom they have to do. The experiments now instituted by the
referees will take a very considerable time to execute, but they are calculated to
render much service to the science of gu manufacture, and I hope to be able
next year to lay before the society some further and more definite information
on the subject.

The gas should always flow to meet the water or liquor, so that its last con-
tact may be with the weakest liquor, or pure water. -I mention this, because
in some places an oblong scrubber is used with a division in the centre, the
ﬁ: passing ug‘ one side, meeting the water, and down the other, thus travel-

g with it. This half of the scrubber, when worked in this manner, is worse
than useless.

As to the power of water to absorb ammonia, Dr. Odling, in this room, two
!ea.rn ago, showed, by a beautiful experiment, that pure ammonia gas was

nstantly absorbed, but when mixed with only 25 per cent. of another gas or
air, a very long time elapsed before the absorption took place.

My excuse for reading so long a paper is the desire to give as much infor-
mation as possible.

Mr. Gopparp thanked Mr. Livesey for the very practical 'pager just read.
He stated that he once tried brushwood in his scrubbers, but found thas the
blocking up by tar rendered the pressure; so great that it had to be removed;
and now for some years he had been using boulder stones, which proved better
than any other material. He employed coke for a considerable period, but the
same objection to it which Mr. Livesey pointed out was realized 2l)y him,
The boulders he used were of various sizes according to their position in the
lcrul;ll;er, almd they presented less obstruction to the passage of the gas than
anything else.

. DouaLAs g{ ewcastle) said he obtained 30 gallons of 10-oz. liquor
per ton of coals. Heemployed new bricks, and filled the scrubbers up with them,
pumping a large quantity of liquor through and using no water. Formerly he
ran the refuse liquor from the ammonia-works into the river, but, that being a
nuisance, he now pumped it in bulk into the scrubbers a second time instead of
using clean water, It was worked over and over again, and the results he
obtained were highly satisfactory.

Mr, CRAVEN said he had a large scrubber, with four divisions, at each of his
works. The three first divisions were empty, and were supplied, through a
Gurney’s jet, with the ammoniacal liquor, which was pumped up again and
again for use in the scrubber. He was thus able to increase the strength from
8 to 16 ozs. The last of the divisions was 'filled with winss, or brushwood,
which was found to answer very well, and presented so little ointruction, that,
after twelve months use, the pressure was not increased more than half an inch.

Mr. WARNER said he endorsed all that Mr. Livesey had written, but he
claimed to divide honours with him in the construction of the kind of scrubber
described in the paper. It was about the same time that Mr. Livesey spoke of
that he (Mr. Warner) constructed a large scrubber on a similar principle, but
his boards were arranged differently. He found from experience that if, instead
of placing them vertically, they were placed obliquely one to another, the water
or ammoniacal li?uor did a much larger amount of work than otherwise. He

roduced a model of his arrangement, which he stated he had sent to London

welve months ago. There was no complex arrangement on the top of his
scrubber for effecting the distribution, but, by a simple arrangement of troughs,
the water flowed down from board to board througheut the whole series. In
looking through the tiers of tra{‘s it would be seen that there was quite a shower
as of rain, and, if placed at their proper angle, the water trickled down both
sides, so that both surfaces of the boards were entirely wetted. By this plan no
spreader was required, but it was found that complete distribution of the water
or liquor was effected. He had had such a scrubber in use since 1866, and it had
worked satisfactorily ever since. The year before last he erected another, which
was 10 feet square and about 18 feet l{igh, with an overflow-trough on the top,
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and he found that a very small quantity of water did a large quantity of work.
Both veseels were divided into four compartments.

Mr. UPwARD, referrintghw the question of an increased quantity of sulphur
being found upon the outlet of the scrubber, said he thought it might be attri-
buted to the coke emﬂoyed, and therefore, in a scrubber formed as Mr. Livesey
had shown, in all probability this difficulty would be removed. Some little time
ago he made experiments with a scrubber, using only water and coke, and he
found the same result as Mr. Livesey had described—an additional quantity of
sulﬁhur compounds upon the outlet.

r. HARRIS (Great Central Gas-Works) said there was 10 doubt as to the
efficiency of the scrubber described, for removing ammonia. At his works, some
twelve years ago, a patent was put into operation by Mr. Laming for the pur-
pose o puriginiﬁu by the use of ammonia. His system was to purify the
ammonia as ills proposed, by means of oxide of iron, and then to take the

ure caustic ammonia and wash the gas with it. That process was carried on

or some time, but it never thoroughly succeeded, though it would be successful
possibly for half an hour at a time. The difficulty appeared to be to bring the
caustic ammonia sufficiently in contact with the Since then various im-
provements had been made in the water-distributing apparatus, and doubtless
the system of Mr. Hills stood a better chance of success now on that account.
There was not the slightest question thatammonia would act asa perfect purifier
for lgas if in the first instance it was itself purified and then brought in contact
with the impure gas. The scrubbers, having failed for the purpose intended,
had since been used as ordinary scrubbers. He did not succeed in taking out
the whole of the ammonia from: his gas; but recent experiments showed that the
quantity was reduced to 1 or 2 grains per 100 cubic feet. He had four scrubbers
in operation, and the crude gas entering the first passed in succession through
the whole of them, The last was supplied with 10 gallons of water to the ton
of coals, and this water found its way through the entire series. Formerly coke
was employed as the sorubbing material, but it was found that the superstratum
of coke so broke the lower portions that the gas would not pass through. He
now placed half bricks at the bottom of the scrubbers, and gradually reduced the
size of the bats till at the top they were about the size of eggs. Scrubbers thus
worked were very efficient, and did not require any cleaning out more than once in
two years—not until it was found that there wasaverylarge amountof pressure.
With r::feot totheremoval of thesulphur compounds from gas, Mr. Livesey spoke
of several experiments made in London, in which it was found that there was more
sulphur at the outlet than at the inlet of the scrubbers. His (Mr. Harris’s) case
was a most notable instance of the kind, for upon the average of a month’s
working the sul}_)hur increased to the extent of 4 grains. He thought pouib?
this might arise from the ammoniacal liquor fiving off some sulphur compounds
to the gas. He then adopted the system of simply washing with water, pre-
viously having used partly water and partly liquor, but this did not make any
appreciable difference in the amount of sulphur at the extreme end. The
experiments were now under consideration, and he doubted not that, with the
attention which the engineers of London were paying to the subject, (iuring the
next twelve months some very important facts would be elicited as to the pre-
sence of sulphur compounds in gas.

Mr. UpwARD said that Laming’s process of purifying liquor was a different
thing to that which he had spoken of. The purified liquor as described in
his paper was entirely free from carbonic acid as well as sulphuretted hydrogen.
This could not be effected by the use of oxide of iron simply, and the import-
ance of getting rid of the carbonic acid would be seen at once when it was
remembered that 1 per cent. of that impurity in gas would lower its illumi-
nating power by 2 candles.

Mr. LIVEsSEY, in reply, said Mr. Warner’s idea of constructing a serubber had
oocurred to him, but ge ve it up for this reason, that he thought the gas would
strike on the under surfaces of the boards, whereas the greater portion of the
water would run down on the upper surfaces, This, however, appeared to be
only a theoretical objection, as Mr. Warner said his plan answered very well.
Mr. Warner spoke of producing a copious shower in the purifier ; the difficulty
seemed to be to distribute a small quantity. With a copious shower there was
something more valuable washed out of the gas than ammonia. As to the
remarks about Mr. Laming’s process, he felt that a great deal of credit was due
to that gentleman, who was the first to put forward the idea that liquor purified

F
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from its sulphuretted hydroien would purify the gas. He (Mr. Livesey) made
an unsuccessful attempt-in'the'same direction, but Mr. Hills had been fortunate
in bringing the process into practical working. The only point at which a
failure might take place was that it might take too much heat to boil off the
earbonic acid and sulphuretted hydrogen ; but Mr. Hills seemed to have taken
the best possible means to save the heat in the apparatus erected at the South
Metropolitan Gas-Works. It was also necessary to provide against the loss of
ammonia by this process.

Mr, METHVEN read the following paper :—

ON THE MANUFACTURE OF TAR PAVEMENT.

In most provincial towns there are two important bodies of men, the Paving
Commissioners and the gas directors. The one is pledged to keep the rates low,
and the other to keep the price of gas as low as will enable them to provide the
statutory dividend. As one means of ensuring a cheap supply of gas is to create
a greater demand and obtain a better price for the residual products, I have
great pleasure in introducing a subject the adoption of which would be advan-
tageous to both of these bodies. Itis not a new one, but has hitherto been a
neglected source of revenue to gas companies, and will also be a t benefit to
the public. That subject is tar pavement. In some counties, such as Yorkshire,
where stone is as abundant as brain is said to be, tar pavement will receive but
little attention ; but in the eastern and some other counties, where the same con-
ditions do not exist, but where York flag costs 7s. per yard laid, tar pavement is
a desideratum. In such districts there is a scramble for puvement, and on
acoount of the high price, unless a Paving Commissioner reside in the street, it
remains unpaved. The foot-passenger has thus, to his great discomfort, to walk
on gravel, or, as in Colchester, on stones laid in such & manner as would
have done discredit to any of the Roman paviors who once resided in that
ne?hbonrhood.

ar pavement may be made of the ordinary cinder-dirt produced in
works, of shingle, or of a mixture of both. The material is burnt in heaps like
ballast, and when hot is mixed with hot tar. In practice, I make a small fire of
coke on the ground, and cover it with cinder-dirt or shingle. When this layer
is hot another is added, and =0 on in succession until a heap large enough has
been provided. The tar is now boiled in an iron copper, and taken when hot
and mixed with the hot material from the heap already described, in quantities
of two bushels at a time, in about the proportion of one gallon to every bushel
of cinder-dirt, and slightly less than a gallon for the gravel. It is turned over
and over with the shovel until every part of the material has got a covering of
tar. Then I pass the whole through a sieve with a lQ-inch mesh, and part of
it through another with }-inch mesh, and put the whole in heaps until required,
as it may be kept for months before being laid down.

Before the pavement is laid, an edging should be provided about 2 inches
thick, and projecting 2 inches above the surface of the ground to be covered,
which should be tolerably even. Itis advisable to have the ground next the
kerb well trodden on or rammed before the pavement is laid, otherwise there
will be an unseemly hollow next the kerb. In laying, the rough stuff is put
down first and rolled tolerably firm, then the secon 3ualit.y is Eut on, then the
third, and when the whole has been raked level a little of the finest material is
sifted on through a sieve with 3-inch meshes, and a little fine white shingle or
Derbz::nre spar is sprinkled on the top. The whole must now be well rolled.
The best roller is a water ballast roller, which at first is used without ballast,
and well wetted to prevent adhesion of the material, and when the pavement is
slightly consolidated the full weight should be applied.

For heavy cart traffic the material should be made of shingle only, heated and

mixed as above, and well rolled. Both descriptions of pavement are laid best
and most easily in warm weather, and should be rolled when the sun has warmed
it well, Those parts in angles should be well rammed, and trimmed off with a
light shovel.
. ough apparently a simple manufacture, there is a littledifficulty in ascertain-
ing the proportion of tar to gravel or cinder-dirt. A little experience only will
be necessary, in this as well as in all other manufactures, to enable any one to
carry it out successfully,

I cannot recommend this pavement too much, as it is cheap, wears well, and
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can be easily repaired. The colour, which never can be made to equal York

flag, and the smelll for some'time/after-it'is laid, are the only objections to its use.

It can be laid with a good profit in any district at 1s. 4d. per square yard, and

besides being a boon to the public, who must otherwise walk on gravel, iz a

great advantage to gas companies. To them it provides a remunerative outlet

d‘; titilheir tar, which often otherwise must be sold at a low price t» distant
ers.

8ince writing the above I have seen a }mragraph in the Z¥mes, which states
that it is proposed to pave the streets of London with stone laid in asphalte
instead of lime grout. This is just a more systematic application of the above-
described plan; for the tar, by being boiled and thrown on hot stones, becomes
an elastic asphalte.

. Mr. Livesey said he was glad the subject had been brought forward, because
it was one upon which they all wanted information. At his own place they had
been trying for years to get a good tar pavement, and had never succeeded. The
paper just read described so clearly what was the right way to do it, that he and
many others would now be able to make their attempt with some hope of
accomplishing it.

Mr. IroNs (Gosport) said in the public works at Portsmouth some miles of
tar pavement had been laid. It was found to be very cheaq, and to answer
remarkably well. The material used in London was the Seyssel asphalte, which
was rather better than tar.

Mr. ANDERSON thought those members of the association who visited Not-
tingham two or three years ago could not fail to remember that a large propor-
tion of the pavements of the town were of this description. He was so pleased
with what he saw there that he determined to try the experiment at Dover,
where there was a considerable amount of paving to do in connexion with the
gas-works. He wrote to Nottingham, and, through the kindness of Mr. Loam,
obtained the services of a man who had a thorough experience in this kind of
work. The matter was put into his hands entirely, and he made both foot-
paving and cart-road over the whole of the works, which was so satisfactory
that he was persuaded it would never be given up. He then went further, A
md many people resorted to Dover for the benefit of their health. The town

been paved with small pebbles, and.he frequently called the attention of
the authorities to what had been done at the gas-works, and asked permission
to lay down some of this paving in a public thoroughfare, where & new church
had been erected. Having obtained leave, the same man was employed, and so
satisfactory was the result that next year the same person was engaged to do
nearly the whole of the paving of the side paths that had not hitherto been
paved, and, so far as he could judge, it was perfectly satisfactory. It was a
ocapital paving, and a paving that justified each one of them in their several
localities to take some trouble in introducing. It was very difficult to get public
bodies to move, but by incessant application they could overcome their inertia.
For cart-road paving this system was equally applicable. In making an experi-
ment of this kind they should insist upon having a concrete foundation at the
beginning. The history of all good road-ma.kin{‘ggsended upon a good founda-
tion, They might make a road as good as they liked at the surface, but if the
substratum was apt to yield, the chances were hollows would be formed, water
would get in, and when the frost came it would expand the water and destroy
the road. The best system in the world might be condemned through want of
proper appliances in the execution of it. The Seyssel asphalte was a very
extraordinary substance. The streets of Paris had been for a great number of
years largely paved with that substance, and in January last he saw them doing
1t on what agpeared to be a perfectly novel plan. Formerly they used to put it
on in a liquid form, but now they had discovered that the same matter ground
into fine powder, and heated to such a heat as could be well borne in the hand,
put down in the shape of that dry powder in the warm state and rolled, became
1n a couple of hours 8o hard that carriages could pass over it. All these pave-
ments were, in his opinion, far superior to stone, even if they tiOt stone cheaper.
They were agreeable to walk upon. In very warm weather efy would yield a
little, but if properly executed they did not melt sufficiently to form marks that
the next foot-mark did not obliterate. No harm was done to the pavement
when a good solid foundation was given. One agreeable feature in the pave-
ment was that it dried almost immediately after a shower of2 rain. The water
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ran off, and as soon as ever, the atmosphere became of a dry character the
pavement 'was 'quite’'dry.’' ' This' was a matter each should take vp in his
own locality, because it was not only a great convenience to the town, but
was a mode of disposing of a waste product which was not always profitable.

Mr. CrURCH said Mr. Methven recommended tar paving as being more eco-
nomical than stone. No evidenoe was before them in support of the statement,
and he doubted its accuracy. He had something to do with public bodies in
these matters, and always found York pavement was the cheapest and most
durable pavement that could be used. There was an immense amount of friction
on pavement generally, and even with York pavement it was astonishing how
soon it were. | hen the appearance of the tar pavement wgs very objectionable.
A town covered with tar gavement presented a most sombre and unpleasant
appearance. He did not think people who lived in towns paved in that manner
could be at all of a sanguine temperament. Another objection was the difficulty
of repairing it. What with the frequent necessity for putting in gas services,
and the execution of sanitary works, laying water-pilpes and telegraph wires
the pavements of towns were constantly beinf ripped up ; and if composed of
tar they would be more difficult to resair and relay than stone. As persons con-
neoted with gas-works frequently disturbed the roads, the economy of the
guestion was of some importance to them. He had seen bricks tried of various
kinds, but in the end always found that such pavement wore out in one-third of
the time of stone, Beyssel asphalte was remarkable stuff, but it was quite as dear
as stone. This was the only kind of asphalte to be depended upon, for inferior
desqr?tions were liable to expansion and contraction, which, of course, was most
prejudicial to its endurance, and duration must be considered as well as first cost,

he PRESIDENT asked whether Mr. Church could give any particulars of the
duration of the different pavements, stones and tar.

Mr. CHURCH said ordinary stone dpavement lasted about ten years—i.e., it
required taking up and dressing, and could then be relaid. Bricks would last
about half that time. He believed asphalte was fully ;gual to stone. A very

specimen of asphalte was that laid down on the French system near the

ank of England, and certainly so far as it had gone it was a success. There

was a difficulty lately with the telegraph company. They had to carry their

lines of telegraph there, and they were trying, as far as they could, to get out of

the road, because of the diﬂiculté in repairing it. There was an amount of
skilled labour required in this matter, which was not always to be had.

Mr. DuNNING said for some years he had the surveyorship of the town of
Middlesborough, where tar pavement had been employed, and he could give some
information as to the results. The cost of flagging with Yorkshire stone had been
from 4s. 8d. to bs. a superficial yard. The cost of Staffordshire bricks was 3s. 6d.
The cost of the tar pavement, which had been made very much in the same way
as described by Mr. Anderson, was 1s. Those were prices that had been in vogue
for the last 15 years. He laid down tar pavement in one locality ten years ago,
and to all appearance it was as good now as the first year it was laid down,
with this s ilfht exception—it was an elevated footpa augported :X a low
retaining wall of brick, and that had given a little, so that a channel had formed
just inside the kerbstone. The whole of the rest of the acphalte was as good as it
was the first day it was laid down. They had not experienced any difficulty
about the pipes, It certainly required very great care on the part of the men in
repairing it, but if they were careful the repair was quite equal to that of flags
or bricks, because, in nine cases out of ten, in taking up and laying down flags
they were chipped, and they seldom got the same good joint with flag and brick
that they did with asphalte. With regard to telegraph wires there could be no
difficulty, because those wires might be laid under the kerbstone, which could
be supported by brickwork on both sides. The 1s.a yard left a very good profit,
-80 it was evidently to their advantage to encourage the making of the tar pavement

Mr. MeaD (Reigate) said in the south of England, where York flags cost 9s.
#per square yard, tar paving presented many advantages. He had himself intro-
ﬁo:g it with great success. It was economically conatructed. Itwas inexpen-
-give in maintenance, and where formerly there was a miserable, muddy path,
he had now a sound paving which was dryDin ten minutes after rain.

Mr. JonEs said the tar pavement at Dover cost 10d. per yard, which price
included the carriage of material from the beach to the works, and from thence
to the place where it was laid down. If the materials could.be procured on the
-spot the cost would not exceed 6d.or 8d. per yard. The piece Mr. Auderson



78

referred to/was) laid|tliree years)ago, and was quite as good as it was when first
put down. A practical stonemason in the town said he was perfectly satisfied
that tar pavement would last very much longer than flagging. It was always
desirable slightly to distil the tar so at to take off the oil, otherwise it would not
have the cohesive property which was necessary.

Mr. BROADHEAD said tar pavement had been laid down in Grimsby at 133d.
per yard, while flagging cost 4s. 6d. They were now laying down a consider-
able quantity of tar pavement. It was prepared in the following way:—The
contractor got the gravel from the coast, sifted it, and took out the rough gravel ;
that was put into orude tar. He then went to the gas-works and the factories
of the town and got all their ashes; these were put through a fine sieve, then
put into ovens, and afterwards mixed with the crude tar. He picked the foot-
paths (kerbed with 4-inch kerbs) up about 2 inches deep, laid on the rough
gravel that has been already in tar, rolled it, and then put on the fine ashes
that had been saturated with tar. is was rolled down, and was then sprinkled
with Derbyshire spar. He himself laid down a tar pavement round the gas-
works eight or ten years ago, which, though somewhat rough now, had been
very satisfactory. There was no difficulty in relaying such paving after it had
been broken up for gas or water services, and in a day or two afterwards there
was no visible marks of the paving having been removed.

Mr. LIVESAY (Ventnorg said, as town surveyor, he was very well acquainted
‘with the Pyrimout asphalte which had been referred to. He thought tar was a
valuable material for pavement, but its success would depend very much upon
the manner in which it was mixed and laid. The nearer its condition was assi-
milated to that of asphalte, the greater satisfaction would result from its use. The
. Seyssel asphalte was composed of limestone from the Jura Mountains, which was
thorov.:ighly impregnated with mineral tar. It was brought to this country,

and down and melted, and grit mixed with it, If grit or saud were intro-
uoced into the tar pavement along with shingle, it would render it much more
binding in character. The asphalte paving in Trafalgar Square had proved very
successful, and the wear was almost imperceptible. If managers and engineers
of gas-works were to study that material a little more, and the mode of obtaining
and using it, the experience so gained would be of great advantage in intro-
dacing tar pavement, which he should like to see adopted universally.

Mr. ANDERSON said they were favoured with the presence of M. Ellissen, of
the Paris Gas- Works, who wished bim to say a few words in more detailed ex-
planation of what had been stated respecting Paris asphalte; but before doing
80 he desired to make a remark in reference to what had fallen from Mr. Church.
Mr. Church fancied that people who could admire dark pavement must be of a
sombre disposition. He joined irsue on that proposition, for it appeared to him
that the man who could not enjoy the sombre aspect of the pavement must be
too sombre, and that the man who could had more elasticity in his nature than
the man who could not. _But it was not necessary that the paving should bave
this sombre character. He had seen it beautifully granitified, if he might eo
say, on the top, by fine particles of Derbysbire spar, and whether sombre or not,
when it had the spar upon it it was a sparkling pavement, far superior to any-
thing to be got in the way of stone. Passing from that, M. Ellissen wished it to
be stated that the asphalte in the streets of Paris was not the pure asphalte which
was put down on the foot-pavements, but the whole of the limestone with the
asphalte combined was ground up into a fine powder and distributed in the wa
mentioned, and, instead of being rolled, was stamped with warm stampers. It
was heated to 107° Cent. He was also informed that the material naturally had
about 15 per cent. of tar in it.

Mr. METHVEN, in reply, said cart-roads could be made by using large stones
only, about the size of walnuts, without any intermixture of cinder-dust at all.
Sometimes they might fail in mixing it, but it was a mutter of experience as to
the right method of prooeeding. He had a road laid for two or three years with
this tar pavement, over which he had carted between 4000 and 6000 tobs a year,
and it stood very well. Wherever there were gas-works they could make a very
good foot-pavement merely with the breeze, simply heating it and mixing it
with tar. That did not always answer when there was a hot exposure, but some
shingle mixed with it would make it hard. Mr. Church had referred to the
wuunt of evidence as to its durability, but after what the speakers had said he
must be satisfied on that point. As to the question of repairing, this was very
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easily'donel/ . They(only. wanted the stuff, and then auy labourer eould do it. If
it was left a little higher than the old pavement, 8o that allowance was made
for the settlement of the material, in a short time they would not be able to dis-
cover the joint. There was no difficulty in mending it, because the stuff could
be kept on the work for monthe without receiving any injury. When laid, if
sprinkled with spar or light gravel, its appearance was much impreved.

THE INTERNATIONAL EXHIBITION, 1871,

Mr. P. Le Nrve FosTER (Secretary to the Society of Arts): Gentlemen,
having the permission of your chairman to interrupt your proceedings at the
B;esent stage, I will as briefly as possible state the object I am desirous to bring

fore you. Her Majesty’s Commissioners for the International Exhibition
which 1s to take place in 1871 were anxious that I should bring before this
meeting, conzose‘f a8 it is of gentlemen from all parts of the kingdom, and
connected with a large and important branch of manufacture, the nature of that
exhibition, in the hope that they a{ have your aid, assistance, and co-operation
in making it as successful as possible. I dare say you have heard that there is
to be a series of exhibitions of an international character, the first of which will
take place next year. These exhibitions will embrace various manufactures
arranged in sections. That of next year will consist of six divisions, one of
which embraces the fine arts, the others certain classes of manufacture—viz.,
pottery, woollen and worsted fabrics, educational works, and appliances. But
under the division of manufacture, which includes machinery and raw materials,
there is a division for scientific inventions and new discoveries of all kinds, and
it washoped that, by makins:l:is announcement, some gentlemen connected with
the British Association of Managers might be induced to bring forward, at
that exhibition, some of the various interesting inventions which we know are
continually being made in gas manufacture.

Mr. WARNER (South Shields) presented the following gaper, which, owing to
the limited time at the disposal of the association, was only partly read.

ON GAS-METERS.

The talented writer of the ¢ History of the Gas-Meter,” published upwards of
twenty years since in the JOURNAL or Gas LigHTING, has divided the instru-
ments into three classes—wet, dry, and inferential.

The latter class may be fairly represented by the artiole patented in 1824 b{ a
very notable character in his day—8ir William Congreve. He proposed * to
measure and register the flow of gas (I quote his specification) through a pipe or
oook, when the pressure s uniform, by regi.terigg the length of time the pipe or
cock is open. For this purpose there is applied to each cook or pipe a small
olock movement, which will be started by the opening of the cock, and stopped
again by closing it. The dial attached will indicate any number of hours the
clock may have gone.” From Richarde’s edition of ¢ Hughes on Gas Lighting ” it
will be seen that this instrument was much used at one time in France. Though
the arrangement is to be applied *‘ wken the pressure is uniform,’” nothing is
devised to ensure the same. But four years previous (1820), Malam was a patentee
of & meter which met this want. It was essentially a dry governor, consisting of
an oblong plate with leather sides, and a conical valve, for regulatin the
pressure ; and at the same time the speed of the clock was adjusted by it being
made to go faster or slower acoording to the depression or elevation of the plate,
and so of the quantity of gas passing, The regulation and adjustment, however,
were not according to the consumption only, but to the initial pressure, and hence
the subsequent labours and patents of Clegg upon this principle. A modification
of the principle was patented, too, by Clegg in 1848, though it had been previously
patented by Edge in 1842, It is ¢ the measurement of a fractional part of the
volume of gas only, and is effected by regulating the ingress-valves, so that a
small valve leading to a meter will always in size bear a relative proportion to
that of the valve for the general passage of the gas.”” In 1857 another idea was
gal.ented. A vessel is to be partially filled with a liquid with which the gas is to

e saturated, and from the upper part of the vessel are to be suspended a number
of strings or threads of fibrons material which by capillary action are to draw up
a quantity of the liquid, and so present an extensive evaporating surface to the
action of the gas in its passage through the vessel, the gas thus carries off a
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certain quantity of the liotxid; so that by weighing or measuring what remains
the amount of gas passed through may- be ascertained.

As in the ‘meter’ proper, however, we are indebted to the ingenious and inde-
fatigable Clegg, so in the order of merit his inferential meter of 1830 stands
pre-eminently first. Though we can but say it is a very beautiful philosophical
toy, yet doubtless much time, and money, and ingenuity, were spent upon it.
The principal is that known as the pulse glasses. There is one upon the table.
It consists of two small glass globes, connected together by a small rod workitx;s
upon centres, and contains alcohol, In aotion, two ourrents of gas are diree!
against these globes, one is heated by a small flame and directed against the
lower glass, from which, by vaporization, the alcohol passes to the upper glass,
in which it is again condensed by the eurrent of cool gas being directed against
it; the balance is thus disturbed—the heavy glass now takes the place of the
first, aud so causes a pulsation; the aleohol is again vaporized, and then con-
densed, and so the action is continued. You will here note that there is no
positive measurement effected by any of these contrivances, This last arrange-
ment of Clegg’s may be more froperly termed a differential thermometrioc gauge
than a meter. Indeed, none of them should be so classified ; there is no actual
measurement—no measurement of volume,

In 1820 a small pamphlet was published by Mr. Clegg giving an ascount of
his inventions. He says: *‘In 1813 I undertook the direstion of the different
works belonging to the Chartered Gaslight Company in London and Westminster,
and during the four following years lighted a great part of both these cities. In
the course of that period I invented and adopted the rotative retorts, the semi-fluid
lime machine, the rotative and reciprocating gas-meters, the governor or regu-
lator, and an apparatus for the decomposition of oil, tar, &o., and in 1817 I
invented the oollapsing gasholder.” Mr. Clegg, éua., writes, in ‘*A Brief
Historical Sketch of the Introduction of Lighting by Coal Gas,” * The gas-works
at Peter Street, Westminster, were commenced under the direction of Mr. Clegg,
in 1813. The ground upon which they were erected was a swamp, nearly on a
level with the Thames, and formerly overflowed by the river. It was impossible
to sink for a tank, and an iron one would then have been very expensive., This
gave occasion for the construction of a revolving gasholder, which worked
with greater regularity and less friction than any other,”” Now, it is somewhat
surprising that this holder is not mentioned in the pampblet that has been
quoted, especially as it apparently overeame, in a very bold, ingenious, and
admirable manner, a considerable difficulty. )

It was, too, but the year before the publication of this pamphlet (1819)
that Accum, in his ** Coal Gas,”’ gave an elaborate and minute description
of the machine, and illustrated it by two engravings, one of which is
on the title-page. It is this machine, I believe, that suggested the gas-
meter; between them there is a strong analogy; but between the meter
and the archimedian screw for raising water, as supposed by the author of the
¢ History of the Gas-Meter,” the aualogy, as is justly observed by the editor
of “Clegg,” *“seems so fuint as scarcely to{e oapable of suggesting such an appli-
cation.”” In one case we have a cylinder with its axis at an angle to the horigon,
and several pipes coiled around it for raising water; in the other, an annular
vessel with its axis horizontal and hollow for the passuge of gas into tte vessel
from a stuffing-box, the inlet and outlet being from the two ends of the shaft.
The same desoription answers for the meter, only it has two chambers instead of
one, and the necessary arrangement for opening and closing the communications
between them; moreover the revolving gasholder was used as a meter, a pointer
and dial being attached. *In faot, this machine’ (the improved gag-meter),
Aoccum says, ‘‘ performs the office of three revolving gasholders.”’” A MrHntthews,
in * An Historical Sketeh of the Origin and Progress of Gas Lighting, ~a{so, and
indeed more clearly and decidedly expresses the same opinion. ‘“Mr.flégg,” he
says, ‘‘had previously devised and constructed a gasholder in the forrh of that
portion of a circle which makes 250°, and which moved vertically upon a hori-
zontal axis, and acted upon the principle of the hydraulic bellows. As the circle
was accurately graduated to indicate the quantity of gas entering in or passing
from the machine, probably it was this circumstance that suggested to Mr. Clegg
the original idea ojplrt'a gas-meter.” Further, Peckstone says, the four chambers
of the meter ** are a range of gasholders acting with a rotary motion instead of a
vertical one.”

Now, as to the other side—the archimedian theory. It is probable it arose
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from this samewriter; Peckstone. - He says, “ Mr. Malam suggested to me the
idea of 'making a gas-meter on'the principle of Archimedes screw; indeed, he
made a small one on that plan in the beginning of the year 1816, having the
L-shaped pipe of supply and receiving-chamber.”

This ¢ L-shaped pipe and receiving-ochamber "’ are the spout and hollow cover
of the drum, and distinotly mark the second stage of the invention of the gas-
meter. This smprovement, as some have callad it, bears about the same relation to
the meter as the inventions of Jimes Watt do to the condensing engin h be-
comes essentially a part of the whole, and without them the machines, for the
work required of them, are practically useless. Men eo gifted as Clegg and
Malam, and running eo closely in an ‘arducus race along an undefined course,
could not fail to make warm and gealous partizans, who oft’

imed for each what
belonged to both. Peckstone was one of them. As late as 1841 he writes: * As
to our holding up Mr. Malam as the énventor of the gas-meter in preference to
Mr. Clegg, we do so under the most perfect conviction that we are correct.”
However, he adds, * We have no hesitation in admitting that Mr, Clegg was the
first person who patented a machine with a rotary motion intended to measure
gas; but at the same time we as strenuously assert that no ureful instrument for
that purpose was made known till April, 1817, when Mr, Malam exhibited one
in action at the Westminster Gas-Works.”

In contradistinetion to this we can find in vol. xxxvii, (1820) of the * Tran-
saotions of the Bociety of Arts and Scirnces,” the following report:—** Mr.
Malam’s gas-meter is constructed upon the same general principles, but with
such improvements as induced the society to confer a high honorary reward
(the Isis gold medal); but whether the machine, in their opinion so improved,
is completely open to public use before the ezpiry of Mr. Clegg’s patent, the
society does not presume to determine.” I should think not. It was, however,
settled, and in the Court of King’s Beneh, too (Crosley v. Beverley, 1829). ¢ The
patent sustained as the new apparatus contained the essence of the patented
meter—THAT OF A DIVIDED WHEEL REVOLVING BELOW WATER.’

In the examination of any meter it will be found to consist of three separate,
distinct, and essential parts—MEASURE, VALVE, and INDEX. In the first wet, as
in the ordinary dry meter, this is obvious to almost the uninitiated ; there are the
little gasholder or diaphragm, and the valves for opening and closing the passages
between these measures and the unmeasured and measured gas; in other worde,
for turning the gas on into the measures for measurement, turning it off when
full, and then turning the gas on again that has been measured to the burners.
This is also obvious in Cleges‘a first rotary meter, in whioh the inlet-pipes are
salternately filled and emptied of water. It is not so obvious in the present wet
meter, however, though the effect is the same by the quarters or hoods entering
into and rising from the water as the wheel rotates. d 80 of the index there
are a few modifications that may be noticed, but the work is alike essentially the
same in all—to keep a record of the number of measures of gas passed through
the instrument, though it has been used, as it were, for the adjustment of the
registration of the meter; but this is simply adapting the index to the meter
instead of the meter to the index, as is usual. .

In both of Cloﬁg’l rotary meters, as in the reciprocating one, the measures are
perfeot in principle; both by the rising of the gasholder and the rotation of the
wheel a positive, determinate, and invariable quantity is measured at each com-
plete action of the machine, ' As the cubical capacity of the rpace passed through
is always the same, the displacement must be invariable, and hence the measure
invariable too. This is obvious in the case of the guhoider-—the only variation
that can take plaes is in the water-line, which cannot affect the measurement ;
the space passed through by the tog:! the holder being always the same, the
displacement must be the same, . the wheel being annular and the water-
line below the axis, the capacity of the annulus cannot be affected, all the sides
being of metal and rigid—hence we have a perfect measure. The complicated
valvular arun%ement was 80 defective notwithstanding, that the measure had to
be modified. The spout and cover were introduced, and so the water-line had to
be raised above the axis; but the principle was not altered, the spout bein
placed in the tric space ; it, however, could now be reduced in size, whic
was done, a 4-light meter, as per Peckstone, being reduced from 30 inches diameter
and 8 inches deep to 12 inches diameter and 6 inches deep. * But, notwith-
standing its superioritv,”’ the eame writer eays, *‘ over the patent (Cleﬁ’u)_ gas-
meter, the inventor (Malam) felt desirous of making a meter which would occupy

i
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even Jess room, than it did,”” - This idea was carried out ; the inside cylinder was
removed, and the grinoiple of ‘the'measure was thus altered from an invariable
annular to a variable wheel, with but five out of the six sides being rigid, the
other being formed by the ever-varying surface of the water. The L-shaped

iqo or spout was placed in its present position, external to the wheel, and the

ollow cover placed over it. Thus it has been continued up to the present time,
notwithstaning many attempts at improvement. The most original was that of
Clegg himself. In 1858 he returned to the annular principle, but the internal
oylinder was made proportionately larger, and converted into a float (but this was
patented in 1848), and the measures or chambers were placed eccentricall
around. The idea of flotation of gas-measures does not belong to Clegg, thoug!
bis object was to lessen the friction of the wheel as well as Malam’s, to main-
tain the correctness of measure. The friction, however, by an examination of
the shaft of his drum on the table, does not appear to be lessened ; and I may
add that if the bearings of an ordinary wet meter be examined, it will be seen
that the wear is not from the weight of the wheel, but from the pressure of the
gas, the upper parts of the bearings being the portions worn. Malam patented
the float in connexion with a very ingenious modification of the wheel ; he turned
the oylinder on end, placed one end of the shaft in a »tep, and attached the other
ead to a orank, by which he obtained a circular unduitting movement, as it
were, similar to a dry meter re-patented by Remington and Berry in 1852, or like
a colour-top or teetotum when nearly spent. These same patentees aleo claimed
the placing of a wheel at an angle with the horizon, and rotating obliquely, a
rotatory valve being attached. Smith, in 1845, also modified the wheel; be
placed a small box or chamber in the centre of the wheel, and attached the ﬁ-
titions to it, for the purpose of preventing gas passing when tilted. )
Messrs. Braddock make a meter somewhat similar, one of {which is on the table,
but not with the same object, theirs being to lessen the variation in measurement,
Mr. Smith also carried the partitions down to the axis in the ordinary form of
wheel. Richarde’s wheel, patented 1858,"is a simple modification by which the
ordinary wheel is made to approach the annular form, and so lessen as much as
possible the variation of capacity by the alteration of wat:r-line. The sides
are placed very close together at the shaft, and in a section parallel with the
shaft the chambers are triangular in shape, It is rather strange that Richards
should have allowed the error of Hughes, making the inlets outlets, to have
eontinued in his book. The same clever inventor also, in the name of Mr,
Newton, patented, in 18569, other modifications of the wheel; the annular drum
was adapted with diagonal passages and lips to the internal cylinder for the
passage of water.

Again, in 1860, a Mr. Sim apglied for a patent for a drum with solid central
diso and plates diverging angularly, also one with an internal cylinder. Mr.
Kromsohroeder patented a combination of Clegg’s eccentric meter with sive
chambers; and again in 1862 he patented aun annular drum and float, with
inlet passages through the oylinder, and outlets through the rim, The real
archimedian-sorew meter otr:rped out in 1865. Mr. Brooman patented an in-
ternal drum ing a central perforated tube and spiral vanes. Again, in the
same year, Mr. Webster patented a drum with fans, the blades of which are
helioal or in screw form around the oentre drum, nearly identical with the
previous one. The original reciprocating meter of Clegg has been patented again
and again, the ordinary gasholder being such an exceedingly suggestive machine,
and apparently so simple, which indeed it is in itself as a measure, any tin pot
answering the purpose, but it is the complication of parts—guides, connecting-
rod:; valves, &o.—that places it far below, incomparably below the ordinary wet
meter.

At the commencement of a business 8o original as gas-making, there could not
be otherwise than much attention given to so important a part of the apparatus
as that for storing the gas. So we find many patents recorded for schemes of
improvement, and as might be su goud those of Clegg and Malam, That of the
former is the only one to which I have to refer; it bears date 1818, and the title
is ¢ An Improved Gasometer or Gasholder.” It is not at all improbable that the
idea for this was taken from what it is said in the specification to resemble—‘‘a
portfolio or letter-case’ with its edges in a shallow tray of water. It had two
sides, and two ends meeting together at top in ridge, like the roof of a house, and
united together by hinges, the joints being covered by some flexible material
which retained the gas, and allowed the sides to fold together. This was the
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first flexible expanding and contracting gas-chamber devised for ooal gas purposes.
Malam\/soou/followeéd' (1820)/ with| a patent * For measuring the flow of gas,”
one of the contrivances being a flexible expanding chamber to be used as a
governor or regulator, the water being dispensed with as used in Clegg’s governor
and flexible holder. A number of these chambers or ¢ bellows’’ as they were
named, are arranged around a hollow valvular shaft, with which they revolve,
and through which they are filled in succession. It is worthy of observation that
as in the wet meter he obviated the use of the objectionable stuffing.box and
hollow shaft, Myet introduced it in a less practical form in this so-called ry meter.
It is due to Malam that we should note that although the writer of the *‘ History
of the Gas-Meter " gives him the eoredit of huviog thus invented the first dry
meter, he himeelf did not deem this a meter proper. It was a substitute for a
olock, or, as he calls it, ¢ the maintaining power,” for clockwork to record the
quantity of regulated gas passed by inferential meter. It was, however, a very
suggestive arrangement, and served as a model for several inventors and
patentees. A very zealous supporter of Malam, Peckstone, with Le Capelain
patented, in 1841, adry rotary meter; also Mr. Farwig in 1843, and a Mr, Duckham
as late as 1860. The oylindro-piston form of chamber was lntenud, in 1823, by
a Mr. Caslon, as improvements in gasometers—a *‘ plunger *’ in a frame with air-
tight material sides. A round *‘diaphragm’ was patented, too, by Samuel
Crosley in 1825, identical, it may be said, with the many thousands that are now
to be seen on the top of the lamp-pillars in every large town.

The first dry meter patented was by Miles Berry, in 1838, the invention of an
intelligent American workman, named Bogardus, and, though said to have been a
rude piece of mechanism, yet in its measure or expnmfsble chamber it was not ap-
proached in those subsequently produced by the persons who were said to have
1mproved it. The diaphragm consisted of a large inflexible plate, moving upon
a hinge, with fiexible sides just sufficient to allow of the formation of the cham-
ber, every portion of which was entirly under control, and differed materially
from the long or semi-bladder form which was manufactured by the North Road
Meter Company, at a loss of something like £24,000. In 1832 another meter of
Bogardue’s was patented by a Mr. Bullivan, and it is on this principle—two dia-
phragms—all, or nearly all, are now made. A round diaphragm was used, similar
to Crosley’s regulator diaphragm, considerably inferior as a measure to the first
one, working upon a hinge; a large disc of leather being used, and but a small
inflexible plate n ths centre. The arrangement of Defries and Tuylor is the next
worthy of notice, and differs materially from the former. It was patented in
1842, and somewhat resembled Clegg's flexible holder in its measures, the flexible

rtitions being formed of several inflexible surfaces combined together by a

exible material, by which means the flexibility of each partition results from
the bending of the partitions at the lines of junction. Croll and Richards very
worthily followed these patentees, Though there is nothing strikingly original
in their meter, yet the marked simplicity of their arrangement, and the correot-
ness of the measure of their diaphragm—*¢ a large disc of metal surrounded by
as narrow a margin of fiexible material as possible’’—could not but be followed,
as it has been, by general adoption, rather than what appeared to be the better
measure of their immediate predecessors. Croll and Richards, it will thus be
seen, have laid down a principle for the construction of this diaphragm—*‘a large
diso of metal with as narrow a band of leather as possible ’’—but there is a|
another principle involved in their arrangement which scarcely allows this to be
carried out in practice, that the disc shall not pass through its rhne of con~
nexion or attachment to the meter, so as to prevent, as far as possible, the bend-
ing of the leather when in action. This, however, has not heen deemed essential
by several makers, nor in praotice does it seem of any importance. In Defries’s
diaphragm this action is more likely to be felt than in any other, and yet meters
are taken down of this make, as of Croll’s, that have been in use 20 years, and are
rfectly sound. Unfortunately very few meters attain that age, but still there
18 sufficient proof that the bending of the leather, it being so very slight, is not
injurious to it. Unquestionably there are cases in which it appears otherwise ;
diaphragms of Defries make have appeared to go at the bending, but upon exami-
nation it will be found that it has been caused by defective workmanship, as, in
the case of the round diaphragm, a sharp edge of the tin has cut the leather, or
it has received a blow. As experience will support this view, we may then
reduce the quantity of leather employed by passing the disc through the plane
of connexion, and thus reduce the quantity to a minimum. Meters are now being
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made upon, this pringiple by Smith; Milne, and Messrs. Cowan, and they were
also manufactured by Mr. Thomas Edge, in 1853, under a patent of my own.

‘We now come to the valvular arrangements, or the various modes that have
been devised for passing the gas into and from these measures. In a letter to
Malam from Clogﬁ, in 1817, which was a caution “;f-imt infringing the patent,
he observes the shutting off the gas may be effected in various ways—that is to
:;y, ¢ by valves, or sealing the pipes with water.”” I quote Peckstone, who then

ds, ¢ If the reader examines the figures representing Mr. Malam’s gas-meter,
he will find there is not a valve in either, and also that there is not any {i‘po to
be sealed with water.”” It is certainly due to 01033 that we should take him as
our authority rather than Peckstone, and so we shall find that there are not only
valves, but valves of a very beautiful desoription, in Malam’s meter, and that they
are partly in principle identical with Clegg’s. Further, this passage quoted by
Peckstone from Clegg is the strongest evidence we can have that legs was
thoroughly alive to the imperfections of his meter. He at once put his finger
nI)on em, and probably would have remcdied them had not Malam’s knowledge
of the subject and ever active ingenuity been scarcely less than that of his chief.
But it was not equal to that which Peckstone has given him eredit for—getting
gas into and from a vessel without an amture. Such being necessary, and being
opened and closed by the aid of water, me a valve the same in principle as
Clegg’s, though not the same in construction.

Looking at the drawing of Clegg’s meter with, of course, the knowledge we
possess now of the subject, and of which we cannot divest ourselves, improve-
ments in the action of the meter, similar to what Malam made, appear to suggest
themselves. Thus by cutting the syphons in two, and lengthening the leg at-
tached to the measure or chamber, the little buckets for carrying the water for
sealing these syphons might be dispensed with. This, though not in form,
is indeed in principle one of Malam’s improvements, so altering the snle? that
the ends of the pipes as they rose from and entered the water opened and closed
as the wheel revolved, just the same as the outle? orifices were opened and closed
by the drum revolving in Clegg’s meter. In fact, Malam changed these outlet
oridoes of Clegg’s meters into inlets, and placed the outlet passages at the rim of
the wheel. By altering these syphons thus it will be seen that they displace
the spring-valves for the water-inlets, the syphon legs forming inlet water-ways
themselves into the chamber, and then we may almost trace the progressive steps
of improvement in the formation of the wheel.

These water-ways, extending the whole depth of the wheel, were a decided
improvement upon the small olack-valve used by Clegg, and a simplification of
his curved ways, yet in one respect the action of the meter was similar: all the
water to fill the chamber had to tﬁm through these pauaiel, and the whole of
the water, the entire contents of the chamber, had to pass through each chamber
in sucoession ; the speed, too, at which it entered and left differed in Malam’s
meter, the infet being at the centre, and the outlet at the rim of the wheel, the
opening and olosing of the gas inlet and outlet passages being, likewise, so
affected, the variation of the water line would also affect the flow of gas through
the meter. * Three-tenths of an inch of pressure,” it appears, were absorbed by
a ‘ wheel 9 inches in diameter, and the difference of friotion at various parts of
the rotation of the wheel amounted to three-twentieths of an inch.” The purchaser
of Clegg’s patent—Samuel Crosley—did not rest upon the patentee’s ingenuity
and experience, but exercising his own, which was considerable, and applying his
practical knowledge of the working of metals, remedied these defects, and made the
meter what it is this d:g—a good practical durable machine. He it was who gave
the wheel the archimedian principle, placing the partitions spirally around the
shaft, and doing the same with the inlet and outlet hoods, which he placed at
the two ends of the eylinder, thus allowiug the wheel to work freely through the
water, instead of forcing it through the wheel ; the friction being thus reduced,
and the flow of gas uniform. Wright also worked in this direction, and by
cutting away a portion of the hoods the friction was still further reduced, and the
wheel could thus be made of less depth, and so approach a more correct
measure. The valves being placed at the two ends of the drum, and on opposite
sides of the shaft, and extending from the same to the periphery, allow a varr:.tion
of water-line without the flow or action being impeded ; the two channels
holding the measure of gas between them, and adapting themselves to the ever-
varying water-line in & manner that is worthy of all admiration, but which is
almost entirely overlooked, though ly d to Malam’s improvements in
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beauty) and simpli¢ity ;| so- simple; indeed, that Malam is almost justified im
appealing to the observer to bear witness to the truth of his assertion that there
are no valves. Yes, no valves! but by the formation of the chambers—no nicely
adjusted mechanism, no carefully wrought surfaces, not a pin to move beyond the
ahaft—as rough and as simple as a grindstone, yet as delicate as the finest balance.
Notwithstanding, we find patent after patent obtained for so-called improvements
to supersede it by clicks and clacks, and gimoracks of every possible conceivable
arrangement. Hydraulie, clack, slide, and rotatory valves have all been employed,
with their usual and necessary accompaniments, in the formation of meters with
the different kind of wet meussuring-chambers to which I have alluded.

The first dry-meter valve, if we are to consider Malam’s a meter, is a cylin-
drical one, but doubtless was made slightly conical ; Berry’s is a four-way cock ;
Paterson used the common clack ; Sullivan’s was a rotary ; Defries and Taylor’s
slide, changed by Mr. Defries to the rotary ; Wright:"yl, as manufactured by
Edge, a rotary, but afterwards changed to a slide; Croll has alwaye used the
ordinary D slide ; Lisar's is a rotatary, or eccentric, of nearly a square shape;
the North Road Company used one moving in an arc of a circle, which has also
since been used by several persons; and Capelain has arranged one with a
lever, or a flute key. Mr. Croll’s is the only patent, I believe, for a composition
of the ordinary metals used, and he employs a harder one for the cover than for
the seat of the valve—the former being 6 parts of antimony to 16 parts of tin,
and the cover 8 parts of antimony to 16 parts of tin. 11: Defries tried glass
covers, but abandoned them for leather, which has now been used for many
years. The North Road Company used ivory at one time, which has been since
patented, with ‘glan, stone, pebbles, and glazed ware; and another inventor pro-
poses to silver them ; and, in opposition to this, another has claimed the exclusive
use of felt. However, most—indeed, all—are manufactured of an amalgam such
as Mr. Croll patented, difforing more or less in the proportion ; some also using
lead, which is certainly objeotionable. The faces are finished by grinding on
stone and glass. Some makers use emery or other grinding powder, but I prefer
the simple stone and glass alone.

We will now pass on to the construction of these machines—the various com-
binations of these elements that have been devised for the measurement of gas,
Clegg’s were constructed with two and three chambers, but the two-chamber was
the one used at first. The water-line being below the axis, the meter in action re-
solved itself into a four-chamber meter, the surface of the water forming, as it
were, the other two partitions. There is one disadvantage that isobvious to all in
the two and three chamber meter ; the number of partitions immersed is not the
same in all parts of a revolution, and hence irregularity of flow. The number of
chambers since Malam’s has always been four, I believe ; and Clegg followed the
same example in his new eccentric meter. A Mr. Kromschroeder, who, I believe,
bad the minagement of the manufacture of this meter, patented an arrangement
of five of these eccentric chamuers.

In the reciprocating wet meter two kinds have been arranged—single aud
double. By single I mean the use of the tnterior or exterior only of the recipro-
cating vessel ; the same, when the interior is used, as an ordinary gasholder, and
externally by placing a cover over the same, using the exterior, and leaving the
interior open to the atmosphere or outlet pressure; and double with this con-
struction, but using alternuteﬁy both sides of the vessel. Examples of the two
in the dry meter will be found first in Malam’s radiating dry metor, the gas being
admitted into the interior only, and the double principle will be found in
Berry’s first patent, in which the diaphragm is made to assume its proper func-
tions, and divide the chamber into two mexsures, and so is double-action, the
same as an ordinary steam-engine. The combination and arrangement of these
chambers, complete within themselves of measure and valve, are very various.
The most complete, perfect, and simple form unquestionably is that of the wet
wmeter arranged around a horizontal shaft. This form is followed in Malam’s
dry meter. He also patented a wet meter, with foar chambers arranged around
a vertical shaft, and having a rotating undulatory action. One of the arrange-
ments of Defries and Taylor, 1842, was seven diaphragms (*‘in preference!’’)
ul:p?rately acting upon and working the rotary valve affixed to an upright
shaft,

Iu the year previous Peck-tone and Lo Capelain patented a dry rotatory meter
and valve after the model of Malam’s dry meter, only with a definite action, and
consequently much more complex. The defects of the dry meter revolving on a
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horizontal shaft are obvious—an increase of friction by the whols apparatus
having to\be\sst/in/motion instedd of but a very slight portion, and irregularity
of action by balance of the wheel being destroyed bI condensation. A Mr,
Farwig, in 1843, olaimed a number of arrangements of rotary meters with ver-
tical spindles or shafts; and though they may not suffer from condeneation, yet
the whole has to be set in motion in-tead of a part, and a rotary valve must be
used, or a hollow shaft and stuffing- box, and complications in detail upon which
I need not dwell,

It need scarcely be said that the first dry meter proper—the double-action
single-diaphragm of Berry—is the moet simple in principle that can be made
and many attems:s have been made to perfect it. A oconsiderable amount of
time, money, and ingenuity has been exp-nd:d upon it, but it still remains the
will-o’-the-wisp of patentees. Upwards of a dogen patents have been taken out
for modifications of this principle. The defect is irresularity of a tion, the
motion of the valve or valves being dependent upon an extraneous power,
vither spring or weight, to that derivable from the diaphragm; or rather, the
power is anpglementary to that of the diaphragm, and hence the action of this is
affucted by the irregular resistance of the weight or spring. The power of these,
too, being constaut, and the work—actuating the valve or valves variable, irregu-

ty arises from want of precision in change. This is a defect that no amount
of ingenuity can overcome. It is a defect in principle. The next most simple
meter is that of the late Mr. Alexander Wright. I here come to his first re-
ocorded invention in the form of patent (1844), but it is assumed that it is well
known he was connected with others, and that he devoted much and useful at-
tention to the gas-meter. I feel that we are much indebted to him for practical
as well as theoretical knowledge upon this subject, and take this opportanity of
recording my admiration of his talents. His meter is that which was manufac-
tured by Mr, Edge, and consists of three chambers formed by two diaphragms,
Dofries and Taylor—dare I say so ?—were superstitiously attached to odd num-
bers, and so amongst other arrangements patented three chambers, but formed
them by three diaphragms—single-action, of course. Wright’s, however, was
much improved in form and construction, and overcame the defect of the two-
chamber meter without being scarcely more complex, as in the latest improved
two-chanber meter a second diaphragm was attached as a kind of regulator, and
the valve—a rotatory one—was entirely under the control of the diapbragms. The
two diaphragms were placed parallel, forming two external chambers proper, and
one common to both, in which the rotary valve was placed, and was actuated by a
central vekttioul shaft, which received direct action from the diaphragm through
two cranks,

To those striving after simplicity, here is a noteworthy model, and, to those
needing it, an example not to depart from first principles, and one of these, in the
construction of meters, is surely that a constant flow of gas shall pass ti:rough
the instrument. This is absolutely necessary—not even second to measurement ;
and, upon an examination of this principle, it will be seen that it fails in this
essential. There is in a portion of its action, a8 in the four-chamber meter, two
chambers delivering, and hence one filling ; to which we will not objeot, nor to the
opposite of it—two filling and one delivering; but we may fairly object to the
arrangement by which two dia hngml are in action and but the duty of one
being done, or, in other words, in which each diaphragm has not only to do its
own work but to carry its neighbour too, whioh is the case with this meter. The
slide-valve was subsequently adopted, three single ones being used, the form, and
action of which were decidedly bad; but with this alteration, I believe, Mr.
Wright had nothing to do—indeed, objected to it. This meter needed but a
sheet of tin between its diaphragms, and with one valve less would have been a
better instrument. Mr, Smith patented such an arrangement in 1846—two
years after Wright’s patent—two cranks at right angles being placed in the
"leteri;,e of the meter, and the shaft passing through stufing-boxes to the valve-
chamber,

Before leaving Wright’s meter, we must notice that the single-action dix-
phragm has this defect : that, whatever the power be required to move it—and
1t differs in different meters, and in the condition of those meters—that powe:
becomes doubled, or rather the absorption of power of the single-action diaphragm
is twice that of the double action. Had Sullivan’s prinsiple been followed
olosely by tuboe%uent patentees and mauvufacturers, and the ingenuity ex-
pended upon modified principles been speut upon that meter, a better meter
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would have been uced at an earlier date, and much prejudice ,against the
dry ‘méter avoided!

n this was the success of Croll and Richards. They took Sullivgn’s meter,
enlarged the diso of diaphragm, reduced the quantity of leather, and g‘i'ou ht it
under control, substituted the slide-valve for the rotary, and otherwise so altered
and improved the instrument that it has become, as Crosley’s wheel has become,
the model which all have followed. The meter of Defries and Taylor having six
chambers, formed by the three solid diaphniml arranged triangularly in a very
compact and neat manner, was unquestionably the first good practical meter in
the market, and was well worthy of the popularity it created for itself. Defries
hasnot been the only manufacturerof six-chambered meters. The ingenious Taylor,
co-patentee of Defries, amongst many, many schemes that have come from his fer-
tile brain, produced a six-chambered meter, patented in 1844, The diapbragme,
beln{ single action, were coupled together in pairs, each pair having a separate
crank, &o.—a complicated and troublesome arrangement. It was manufactured
by Mr. SBugg, who afterwards very winelgemodiﬂed the arrangement tg the three-
diaphragmed six-chambered meter. veral other makers have aleo_.msgnu-
faotured upon this principle, including even the Messrs. Parkineon, of Cottage
Lane, but who bave since abandoned it for the four-chambered meter, as indeed
the successor to Mr. Nathan Defries has done. We may, then, take it as an
admitted faoct that for all practical purposes—and our experience of one is equal
to that of the other—the four-chambered meter has an advautage over the six.
As less than four is defective, 80 more than four is an unneces:ary complication
and expense.

Not having had oocasion to mention the names of Messrs. Glover and some
other principal manufacturers, it is but right that I should here take_the oppor-
tunity of saying that I have as high an opinion of their meters as any manu-
factured, but I have purposely confined myself to principles. Durability,
dependent upon manufacture, is a question of experience, as is the cause of
failure in action, and so fairly come within the scope of discussion. But the
causes of variation in the registration and action of meters, and the examination
of the arrangements that have been devised to maintain their accuracy and
efficicnoy, will, with the permiesion of your committee, form the subject of
another paper that I hope to have the honour of presenting to this association,

DESCRIPTION OF DIAGRAMS.
The same letters refer to the same parts in all. A ave the gas-wag, B are the inlets,
and C the outlets, to the chambers or measures, D.
Fig ). Clegg’s Revolving Gasholder.
2. Clegg’s Rotative Gas-Meter.
3. Malam’s Undulating Meter.
4. Malam’s Wheel, with L-pipe or spout.
5. Malam’s Improved, without central chamber.
6. Crosley’s Wheel, one chamber shown.
7. Crosley’s Wheel, formation of, at periphery of wheel.
8. Clegg’s Hydraulic Gas-Meter.
9. Richards’s Wheel.

The HONORARY BECRETARY read the following paper by Mr. Davies, who
was introduced by Mr. E, White, of Birmiogham : —

ON AN IMPROVED ROTARY EXHAUSTER.

The writer has been practically connected with the manufacturing of gae ex-
hausters for the last 27 years, having perfected the first machine that was brought
into general public use, and seeing the great inorease in the manufacture of gas,
ctllag the writer’s attention to the construction of an exhauster that would offer
facilities for being carried out upon a large scale, and would work free and smooth
with a small amount of friction, and also work at high or low velooit‘{ against a
oonsiderably higher pressure than is made use of in any of the ordinary gas-
works. And in carrying out the invention two ordinary oylinders are employed,
and arranged end to end, their axis being in the same horizontal line ; and be-
tween the cylinder a partition-plate is secured by means of flanges on the abutting
oylinders. Each cylinder is closed by a lid, and a rotating piston works in each
oyﬁ:ger, the pistous being oarried by a horizontal shaft passing through both
o ers.

y'l’he pistons are not fixed at the same angle, but the part of the greatest radius
of the piston in one oylinder is situated opposite the part of the least radius of
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the piston in the adjacent cylinder. On the front of each cylinder a horizontal

noxzle is fixed, in which the outlet-ports or passages are made ; sliding in the

nozzles are plates, constitutin, sto'pu or valves, the inner ends of the said plates

" bearing against the cylindrical surface of the rotating piston. Each sliding-stop
works in channels made in the nozzle partition-plate and oylinder-lide, The
chaunels are cut truly in the parts in the same plane as the face of the nozzle,
and thereby form a perfeot bearing for the stops to work upon, and prevent the
escape of gas at these parts. These sliding stops when they are at the end of
their inner stroke divide the space between the piston and cylinder into two parts
or ohambgrs. hlp eagh oylinder :;:d undlerside' of the ;top tl;e inlet-port for the
gas is made, the' said inlet-port being always open; the outlet-port or passage
being made in the nozzle hereinbefore desoribe«{ewhich opens into the oylinder
on the other side of the said stop. i

By the arrangement described of the pistons on their shafts, the sliding-stops
and valves are alternately moved backwards and forwards in their noszles, and
the outlet-ports in the said nozzles thereby alternately open and close. The two
sliding-stops are conneoted together by means of links and lever working on a

. pivot, so that as the stop in one piston 18 moved outwards to close its outlet-port,
the stop in the other oylinder is greued inwardly against its piston to open its
outlet-port. By the revolution of the piston in the oylinder, the gas which has
been delivered dbn one side the stop is driven by the piston through the outlet-
gort on the other side of the eaid stop into the open nozzle. Assoon as the piston

as driven the gas in front of it from the cylinder, and is about to pass the slid-
ing-stop, the outlet-port in the nozzle is closed by the said stop, and the gas which
has entered the cylinder on the other side of the piston and stop is prevented from
escaping through the outlet. On the continued rotation of the piston another
volume of gas is forced out of the oylinder, and so on. The inlet and outlet ports,
being narrow channels the whole length of the oylinders, admit of a short cessation
of the impelling-action of the piston, and the gas that has been forced into the
outlet-main is prevented from returning by means of the sliding valves and stop
covering the outlet-port. The revolving piston is made to work in close proximity
to the inner surface of the cylinder, and it is very desirable that there should be
a ready means of always keeping the revolving shaft in the centre of the oylinder,
and by examining the model it will be seen that standard brackets are fixed out-
side the oylinder-lids for supporting the shafts, and are provided with a taper
wedge cutter, screwed at each end, and presing through the bracket under the
bottom of the bearing. Under the shaft a gauge is fixed, working on a pivot,
which is so made that it will just pass under the shaft; and if at any time the
shaft should wear down in the bearings, it is only necessary to slacken the nut
at the large end of the wedge and tighten the nut at the small end, and may be
repeated at any time without disturbing the internal parts of the machine.

The peculiar action of the motion in front of the nozzles always keeps the inner
ends of the sliding stops in close contact with the revolving gintona 1rrespective
of wear or packing—an effect that has not previously been obtained. It will be
seen by the model and drawings that all the parts in the machine are in perfect -
balance one with the other, and oonseguently the power required to drive it will
be uniform, and the writer believes that no exhauster has yet been made that
will %ve off the same amount of duty with an e(iual quantity of power to drive
it. nder different pressures, he has found all through his experience that
exhausters working without any internal packing are liable to a great amount
of slip, even whem contending against a emall pressure; and those that require
internal packing, and are not in balance, take so much extra power to drive
them. The present invention will be found to remedy both of these evils.

ELECTION OF OFFICERS.
The SCRUTINEERS reported the result of their labours, which showed that the
following gentlemen had been elected as officers, &c., for the ensuing year :—
President, Mr. Thomas Livesey.
Vice-Presidents, Mr. Edward White, Mr. T. N. Kirkham, Mr. G. Anderson.
Tveasurer, Mr. Henry Newall.
Commsttce, Mr. 1. A. Crookenden, Mr. George Garnett, Mr. Jabez Church.
Auditors, Mr. Leather and Mr. Hersey.
Hon, Sec., Mr. W. H. Bennett.
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Mr. ANDERSON gaid he was much obliged for the honour intended to be con-
ferred upon’ him, but would prefer to retire from the vice-presidentship in favour
of the gentleman next highest on the ballot.

Mr. GopparD said he thought the present was the right time to take into
consideration the afflictive dispensation which had deprived the association of
the presence of Mr. Esson at these meetings, and, believing that it would be
acceptable to the members, he would move the following resolution—*¢ That the
chairman be requested to convey to Mr. Esson our expression of sympathy and
of condolence with him and his family under their present affliction.”

Mr. WaITE (Birmingham) seconded the motion, which was put, and carried
unanimously. . .

The PRESIDENT said the meeting would now proceed to the election of extra-
ordinary members. The committee had considered the subject, and one of their
number would make a few remarks upon it,

Mr. ANDERSON said, since the meeting of yesterday, when this matter was
adjourned, the committee had considered it very carefully. The rule No. 4 of
the association applied to the admission of extra-ordinary members who were
declared to be Kssons taking an interest in matters connected with gas-works.
That phrase always been understood to mean gentlemen who were
intellectually interested, and not merely interested in a commercial point of
view. To some extent the rule had been broken thronig, owing rather to the
peculiar position of some gentlemen, who happened to be connected both with
gas-works and with manufacturing and business operatione which brought
them in contact with gas managers. The committee felt that while the rule
No. 4 stood in its present form it would be unfair to exclude others somewhat
similarly situated who might now apply for admission. At the same time they
were quite aware of the strong feeling which had been often expressed, that the
association ought not to allow extra-ordinary members to come in for the mere
pu of advancing their monetary interests. They were desirous to respond
to It'.m;:efeel‘mg, and, in order to reconcile their past conduct with their present
desire, they suggeawd an alteration of a portion of the rule. Personally they
could have no eelin'i against the introduction of any number of gas apparatus
manufacturers, but there was an objection to their taking part in the proceeding,
which, as the rule now stood, they could do. It was therefore proposed to adz
to the rule these words, * but they shall not be allowed to vote or take part in
the proceedings unless requested to do so by the chair.”” The committee, in
making this proposi ion, felt that many gentlemen might come in as extra-
ordinary members who poesessed a large amount of information, and would be
able to ‘interest the association and benefit it by the result of their experience,
and they believed that these gentlemen would not take umbrage at the limitation
thus put upon them.

Mr. C. WoopALL seconded the motion.

Mr. BRoADHEAD asked whether the rule could be altered without notice.

The PRESIDENT said it could.

Mr. WARNER objected that the proposed alteration was a reflection uponthose
gentlemen who now sought admission. They ought to be elected on the same
terms as those already admitted, and the rule altered afterwards. He moved as
an amendment—* I'hat these gentlemen be admitted on the present rules of the
association.”

Mr. Doucras seconded the amendment.

Mr. ANDERSON said the committee had considered that view of the question,
and they had come to the conclusion that if the rule was ever to be altered it
was better to do it at once.

The PRESIDENT said he did not think the gentlemen who were candidates
for extra-ordinary membership at the present moment would consider the altera-
tion cast any reflestion upon them. It was a very important matter, and, as he
understood from the conversation on the previous day, it was apprehended that
under the existing rule the extra-ordinary members might in time come to
swamp the ordinary members of the association,

Mr. ANDERSON thought it would be more disrespectful to admit the candi-
dates now proposed, and to alter the rule afterwards.

Mr. CATHELS, on the other hand, thought the alteration would be a reflection
upon them, and he could not at all understand what objection there was to the
introduction of extra-ordinary members. Many of them were better acquainted
with their special subjects of study than the ordinary members of the associa-
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tion, and their admission would)add to the common stock of experience. He
was at a loss to know what questions were likely to arise in which the votes of
extra-ordinary members would peril the interests of the association.

Mr. JoNEs said at the present time there were nine extra-ordinary members,
who were elected on the understanding that they would have the right to take
part in the proceedings at the meetin; The association had received £6 from
each of them, and it would be an act of injustice to deprive them, by an alteration
of the rules, of one of the privileges, on the faith of obtaining which they
became members. He suggested to the committee that it would be better to
withdraw the resolution.

Mr. JoHN AIkD, as an extra-ordinary member, said his own feeling was that
to dosrive this class of members of the right to take part in the roegedmgs
would be to take away the pleasure they had in being connected with the
association. It was entirely In the hands of the members to refuse to elect
persons whom they considered not worthy to be admitted, or who were without
sufficient discretion to act as gentlemen when elected.

After some further conversation, in which Mr. Irons, Mr. Goddard, Mr.
Methven, Mr. Craven, and others took part, the amendment was withdrawn,
and the following substituted on the motion of Mr. WARNER, seconded by Mr.
Doveras—* That the applicants who have now been nominated for extra-
ordinary membership be elected according to the present rule of the association.”

Mr. S1MPsoN said he had been a mem from the commencement, and he
could vouch for the t intelligence and energy which the extra-ordinary
members had displ«yeima Until last year he was on the committee, and knew
that no inconvenience had ever been sustained by them. He thought, there-
fore, it would be doing a great wrong if, without any excuse, they now limited
th:euprivil of that class of members. .

r. H. P, STEPHENSON objected to the amendment only because it proposed
to elect the extra-ordinary members on the present occasion hodge-podge. He
thought it would be better to alter the terms of it, and_ simply say—** That the
on'ﬁ'lnal rule be adhered to,” and then proceed to the election accordingly.

e amendment was put and carried.

The following gentlemen were then elected extra-ordinary members of the
association :—

Williams, F. . . . . . Mark Lane, London.
Pollard, J. W.. . . . . Mincing Lane, London.
Robertson,G. . . . . . Leadenhall Street, London.
Fraser, W.. . . . . . Ioverkeithing.

Donaldson, A. . . . . . Edinburgh.

Horsley, C.. . . . . . Wharf Road, London.
Payne,G. . . . . . . Millwall, London.
Thorneloe . . . . . . London ’w.n, Loundon,
Waller,G. . . . . . . Holland Street, London.

Mr. METHVEN proposed an alteration in rule 7, to the effect that the pre-
sidents, past presidents, and treasurers shall be ez officio members of the com-
mittee,

Mr. ARNOTT seconded the motion. .

Mr. IRONS objected. because he thought the increase of ez officio members
would lead to the transfer of the business of the association from the hands of
the representative members of the committee.

Mr. H. P. STEPHENSON approved of the rogosed alteration, because it was
desirable to have gentlemen connected with the management who had some
practical knowledge of the working of the association.

Mr. GARNETT said in municipal government it was found a very wholesome
rule to continue the ex-mayor as a magistrate for the twelve months succeeding
his tenure of office, as it gave the corporation the benefit of the experience he
had obtained. But because & man had once attained the highest honour which
it was in the power of his follow-members to confer, to make him a member of
the administration for ever was not likely to work well. It would remove the
difficulty, and perhaps meet the view of the proposer of the motion, to say,
* the president, &o., for the past year.” .

Mr. METHVEN aoccepted the alteration.

Mr. A, WiLLIAMS o e;‘]eeted to any alteration of the rules without due notice.

The PRESIDENT ruled that notice must be given.

G
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Mr. SME80ON, proposed an-emendment in rule 87.

The PRESIDENT said the committee would consider the subject, and bring it
forward at the next meeting.

On the motion of Mr. Livesry, seconded by Mr, GopDARD, thanks were
voted to the scrutineers for their services, and Mr. PLuMB acknowledged the
compliment,

r. DoueLAs moved, and Mr. HUNTER seconded, a resolution, which was
adopted, giving the committee on the benevolent fund and Sunday labour
questions power to increase their number to nine, of whom three are to form a
quorum.

On_the motion of Mr, C. WooDALL, seconded by Mr. E, WHITE, it was re-
solved—¢ That the most cordial thanks of this meeting be presented to the
gentlemen who have so kindly furnished papers and drawings for this session.”

Atgonvemuon then arose with reference to the place for holding the next
meeting, )

Mr. Joxes, of Dover, proposed Dublin, and expressed a hope that the
members of the North British Association would attend the meeting. He also
suggested that the committee should send an invitation to our American cousins
to favour the association with a visit.

Mr. Woob, of Bury, seconded the motion.

Mr. BRoADEEAD brought forward his usual motion in favour of Leeds, in
which he was seconded by Mr. HoLMES,

Mr. GoppARD, looking to the marked success which had always attended
the sltu}lgs in the metropolis, moved—* That the next meeting be held in

ndon.””

Mr. Suip, of Redhill, seconded the motion, and on a show of hands there
appeared—

ForDublin ." . . . . . . . . . . 47
« s o e+ 2 & 2« s » 6

8.
::London...........37
1t was, therefore, decided to hold the next sittings in Dublin,

Mr. M‘NiE moved—‘‘ That the cordial thanks of the meeting be given to the
committee for the manner in which they have conducted the business of the
association during the past year.”

Mr. WARNER seconded the motion, and at the same time acknowledged the
vote of thanks which had just been presented to the contributors of papers.

The motion was very cordially adopted, and Mr. Livesey acknowledged the

vote.
. On the motion of Mr. S1MPsoN, seconded by Mr. CRAVEN, thanks were given
to the treasurer for his past services.

Mr. W. C. PARRINSON, on behalf of the visitors, tendered thanks to the
association for the opportunity afforded them of being present during the
session.

Mr. CATHELS moved, and Mr. WARNER seconded, a vote of thanks to the
council of the Society of Arts for granting the use of the rooms for this meeting,
and also to Mr, P. Le Neve Foster, their secretary, for the courtesy shown by
him in connexionwith the arrangements.

Mr. DuxNING moved, and Mr. GODDARD seconded, a vote of thanks to Mr.
Ohren for his admirable inaugural address, and for the ability with which he
had presided over the business of the sittings.

The motion having been unanimously adopted,

Mr. OHREN said : Gentlemen, I thank you very much for this cordial recog-
nition of my desire and endeavour to serve the association. I assure you it has
been a great pleasure to me not only to pregare the address which I had the
honour to read, but also to preside over the interesting and im})ortant To-
ceedings at these meetings. 1f in doing so I have given you satisfaction I am
abundantly rewarded for any labour it has occasioned me.

Mr. WoopALL moved, and Mr. WHITE seconded, a vote of thanke to Mr.
W. H. Bennett, the honorary secretary of the association, for the very careful
and laborious attention whioh he had bestowed upon the duties of his office
during the past year.

The motion was unanimously adopted. )

Mr. BERNETT: Gentlemen, I am really very much obliged to you for the kind
«expression of your approval of the manner in which I have endeawoured to dis-
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charge my duties. | | I)am pleased to find that the association is proﬁremug 0

rapidly, both in numbers and in usefulness, and it is an additional pleasure

that I am permitted to contribute, as far as I am able, to promote its efficiency.
The proceedings then terminated.

THURSDAY, JUNE 9.

This morning the members and friends, to the number of abont 180, proceeded
by special steamer to visit the new gas-works of the Chartered Comﬁm%: in
course of erection at Beckton. On their arrival they were met by Mr. F.J.
Evane, the company’s engineer-in-chief, from whose designs and under whose
superintendence the worke are being built, who most courteously conduoted
them through every department, and exhibited the series of elaborate drawings
prepared by him in connexion with this great undertaking. The inspection
afforded the highest satisfaction, and Mr. Evans afterwards entertained the party
to a substantial luncheon, to whieh fall justice was done. The health of Mr.
Evans and “ Prosperity to the Chartered Gas Company” were subsequently
drunk with enthusiasm. On the voyage down the river the boat halted at
Mesers. Brown and Co.’s wharf, Deptford, where an opportunity was afforded the
members to witness the performance of ﬁurleigh’o patent steam and pneumatic
rook-drilling machine, and on the return voyage a visit was paid to the iron-
works of Messrs. 8. Cutler and Sons, and the sulphate of ammonia works belong-
ing to Messrs. Simpson, Payne, and Co., at Millwall.
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APPENDIX.

—

The following papers presented at the meeting of the Association were,
for want of time, taken as read, and were ordered to be entered on the
“ Transactions ”:—

ON THE PRACTICAL RESULTS OF
DIFFERENT METHODS OF PURIFYING GAS, AS SHOWN IN THE REPORTS
OF THE DAILY TESTINGS OF GAS SUPPLIED TO THE METROPOLIS

DURING THE LAST ELEVEN MONTHS.

By H. Leraesy, M.B,, MA,, &o.,

Professor of Chemistry in the College of the London Hospital, and Chief Gas Examiner
for the Metropolis.

Among the many advantages of a coustant and systematic examination of
the illnminating power and chemical quality of the gas supplied to the public,
is the opportunity which it affords of contrasting the results of different methods
of gas manufactare, This is remarkably shown in the reports of the daily test-
ings of the gas supplied to the several testing-places appointed uunder the pro-
visions of the City of London and Chartered Gas Acts of 1868; and I have
classified the facts in the accompanying table, under the headings of illuminat-
ing power and chemical purity, the latter having reference to the proportions
of sulphur and ammonia in the gas of each of the companies.

The average illuminating power of the Chartered gas during the last eleven
months has been 1629 standard sperm candles at Leadenhall Street, 16-26 at
Gray's Inn Lane, and 16°32 at Arundel Street, Haymarket, making a general
average of 16°29 candles for all the stations of the Chbartered Company. The
power of the gas of the City Company at Cannon Street station has been 16°76
candles, and of the Great Central Company, at Friendly Place, it has been
17°13 candles.

As regards cannel gas, the average illuminating power of the gas of the Char-
tered Company has been 23 standard sperm candles, and of the City of London
Company it has been 25°98 candles.

The average proportions of sulphur in the common gas have been as follows :—
2159 grains per 100 cubic feet of the Chartered gas at Leadenball Street,
25°156 graine at Gray’s Inn Lane,and 28:47 grains at Arundel Street; the
mean amount in the Chartered gas at all these places being 25°07 grains per
100 cubioc feet. In the City of London gas it has averaged 19°75 grains, and in
the Great Central gas it has been 12°51 grains. The sulphur of the cannel gas
has averaged 24°59 grains in that of the Chartered Company, and 1019 grains
in that of the City Company.

The average quantity of ammonia in the common of the Chartered Com-
ﬁany has been 2-82 grains per 100 feet at Gray’s Inn Lane, 3°1 grains at Leaden-

all Street, and 4-08 grains at Arundel Street; the mean amount at all these

places having been 3-34 grains. The common gas snpglied by the City Com-

ny has been always quite free from ammonia, while that of the Great Ceutral
ompany bas averaged only 0°73 of a grain of ammonia per 100 cubic feet.

The canuel gas of the City Company has also been at all times free from am-
mon;s., the proportion in the Chartered Company having been 2°53 grains per
100 feet. .

It is right to observe that the several testing-stations at which the gasof the
several companies is examined are all as near as may be to 1000 yards from
the works; and it will be remarked that the quanterly averages of the impuri-
ties are nearly the same in each particular case, showing unquestionably that
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» the results are entirely'dve to differens methods of purification; and this is the
practical point to which I am anxious to direct your attention.’
* « I am not well acquainted with the details of the system of purification adopted
.+ by the Chartered ompal:{ at their several stations, but it is manifest that the
: condensing power is defective,and tha{ the means of removing sulphur is not as
& perfect as it might be.
. At the works of the City Company, where the whole of the ammonia is en-
.. tirely removed from the gas, and where the proportion of sulphur is less than
20 grains 100 cubio feet, the gas is purified by means of five large scrub-
“bers, the invention of their talented eygineer, Mr. Mann. Each scrubber pre-
..sents a large surface of moistened coke for the absorption of ammoniacal com-
;. pounds. Water is delivered at the top of the scrubbers from a series of revolving
Jots, which discharge the water at the rate of 1 gallon for every 1000 feet of
g8s, on to a horizontal revolving tray covered with birchwood, and thereby dis-
. tributed evenly over the coke; and as the gas rises against the downward flow
of water, it is deprived of all its ammonia, and of much sulphuretted hydrogen,
80 that the liquor leaves the scrubber of a strength of 14 ounces of strong sul-
hurio acid. In this way the amount of ammoniacal liquor has been increased
rom about 9 gallons per ton of coals to 22 gallons, the average strength of it as
«w it leaves the works being equal to 10 ounces of commercial acid per gallon of
liquor. Mr. Mann has given a full description of the apparatus in the JouRNAL
oF Gas LiGHTING for the 81st of March, 1868 ® After leaving the scrubber,
the gas is purified by means of lime and oxide of iron. .

At the Great Central Gas-Works, which are under tl:e management of Mr.
Harris, the ammouia isremoved from the gas by a series of three large scrubbers,
the first two being charged with a stream of ammoniacal liquor, and the third
with water. The gas is then passed through a series of dry lime purifiers,

ewhich present a very large sarface for absorption, aud the lime is purposely
left in the purifiers after it has become foul, and until a good deal of the sul-
phuretted hydrogen first absorbed is displaced by carbonic acid. In this man-
ner the natural affinity of sulphide of calcium for bisulphide of carbou is
})‘ermitted to act, and much sulphur, in this objectionable form, is retained.
eaving the lime purifiers, the gas, which is still charged with more or less
of sulphuretted hydrogen, is passed through oxide of iron.

These operations, especially at the Great Central works, are most iustruc-
tive, for they show that with proper management a large yield of ammoniacal
liquor of good commercial stiength may be ensured. At the City works it
amounts, as I have said, to 22 gallons, of 10 ounces strength, per ton of coals,and
at the Great Central works it is 20 gailom, of from 10 to 11 ounces strength, per
ton. When I bad the honour of lecturing to this society at its meeting at Bir-
mingham, in 1865, I dwelt particularly on the imﬁorunce of removing all
trace of ammonia from gas before it is delivered to the public, and I instanced
the works of the PRirmingham and Staffordshire Gas Company, at Saltley,
where, by the excellent management of the enginecr, Mr. Young, the amount
of liquor obtained per ton of Staveley coal is 44 gallons of from 7 to 8 ounces
strength. This is effected by copious washing of the gas with water and weak
liquor, without injury to the illuminating power, and the commercial result is
a profit of more than £2000 per annum above the ordinary return for liquor.

he chemical effect of these operations is very intelligible, for sulphide of
ammonium and sulphide of calcium are both endowed with the power of com-
bining with bisulphide of carbon, and therefore of absorbing and fixing this
objectionable impurity. It is manifestly, then, of the greatest importauce that
coal gasshould be kept in contact with these substances as long as possitle
during the grooeu of purificution. In the case of ammoniacal liquor, it should
be effected by a great length of pipe from the hydraulic maein to the condenser,
and the condensation of tar and liquor should be perfect. "The gus should then
be scrubbed with liquor, so as to bring the liquor to not less than 14 or 15
ounces strength, and Mr, Manu's double scrubber s excellently well suited for this
purpose. In the case cf sulphide of calcium, it should be permitted to act for
some time after the lime has become foul, for it is in this condition thas it is
most effective, and a lime purifier should aot be changed until the sulphuretted
Qydrogen of the foul lime is largely dibglsced by the carbonic acid of the raw
gas. If it be necessary to use oxide of iron, on account of the difficulty of
.lisposing of foul lime, it should be used after the lime.
Looking at the results of the testings in London, it would seem that gas puri-
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fied in/an\ordinary way oontains sbout 25 grains of lnlrhnr, and from 8 to 4
grains of ammonia per 100 cubio feet of but that if pains are taken to
remove all the ammonia by & prooess which keeps the sulphide of ammoninm
in contact with the gas for some time, the proportion of sulphur declines to less
than 20 grains per 100 cubioc feet, in the case of common gas, and to about 10
grains in cannel gas; and that if, as at the Great Central works, sulphide of
calcium, or foul lime, is also as an agent of purification, the proportion of
sulphar is reduced to 125 grains per 100 feet, as was the proportion in gas in
the old days of lime purification.

It will be noted that these processes of purification are effected without loes
of illuminating power, for the only hydrocarbon which is likely to be removed
from the gas with the ammonia is naphthaline, and this is certainly better out
of the gas than in it; wherever, in fact, ammonia is thoroughly removed from
coal gas, there is no complaint of the mischief arising from the deposit of naph-
thaline. At the Birmingham and Staffordshire works, for example, this
impaurity is entirely unknown, and so also is the corrosive action of ammonis
on the copper fittings of meters and service-pipes.

It has ocourred to me that these facts would have a practical as well as &
commerocial interest for you.

AVERAGE ILLUMINATING POWER AND CHEMICAL PURITY OF THE GAS suUP-
PLIED TO THE METROPOLIS BY THE CHARTERED, THE C1TY oF LONDON,
AND THE GREAT CENTRAL COMPANIRS DURING THE LAST ELEVEN MONTHS.

Illuminating Power in Standard Sperm Candles.

Quarter | Quarter ;| Quarter April Entire
ent en ending and Year.
Sep., 1869. Dec.,1869./Mar.,1870.|May, 1870. ‘

Chartered Leadenhall Street.| 14°98 1478 1784 1760 16-29

Gray’s Inn Lane .| 15'63 15°69 16°70 17°04 || 16°26
common gas. | 3u% el Sereet. 1547 ' 1498 1760 17:22 || 16°82
Avem&e of Chartered common gas| 15°85 15°15 17°38 17°19 16-29
Ditto City of London ditto . . .| 1608 1626 1695 17°77 || 1675
Ditto Great Central ditto . . .| 15°69 17°55 17:48 17°82 || 1718
City of London cannel gas . . .| 2458 25:07 26-09 2819 25°98
Charteredditto . . . . . .| 21'66 2171 24°12 | 2451 | 2800

Grains of Sulphur per 100 Cubic Feet.

Quarter | Quarter | Quarter April Entire
endin, endin, ending and Year
Sep., 1869.|Dec., 1869.|Mar.,1870. May, 1870. .

Chartered {Leadenhl.ll Street.| 1785 23:% 22-47 2288 2159

Gray’s Inn Lane .| 2597 % 24°43 2575 25°15
common g8s. | Arundel Street. .| 325-44 29-94 29-31 20-21 || 28-47
Average of Chartered common gas{ 22'92 2604 2540 25-93 25-07
Ditto City of London ditto . . .| 19'75 19°71 19-99 1956 1975
Ditto Great Centralditto . . .| 12°71 12-47 14°19 10-66 12°51
City of London cannel gas ., . . 8°63 10-29 9°54 12°81 10°19
Charteredditto . . . . . .| 24°10 23-47 2588 24°93 2459

* Mr. Mann has since proposed that the scrubber should be 48 feet in height instead
of 24, and that the water should be delivered at the rate of half a gallon per 1000 cubic
feet of gas instead of 1 gallon. By this arrangement, which he s a double scrubber,
the liquor will acquire a maximum strength, and will thus be in the best condition to re-
move, by absorption and chemical combination, the bisulphide of carbon from the gag.
This, in my opinion, is a very effective arrangement, and will prove of great service in the
puﬁt:ieation of gas, for it is strictly in accordance with the principles of both theory and
practice.
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Graing of Ammonia per 100 Oubic Feet.

Quarter | Quarter | Quarter | April Entire
endin, endh;% endin, and Year
Sep., 1869.|Dec., 1869. .\ur.,lago. Imy. 1870, ‘
Chartered ( Leadenhall Street.[ 3:42 884 1-48 368 310
Gray’s Inn Lane .| None. 673 086 8 68 2:82
common gas. | 4rundel Street. 694 336 3-28 2-80 e
Avi of Chartered common gas| 3°45 4:64 1-87 3 38 3-34
Ditto City of London ditto . . .| None. None. None, None. | None.
mtw Great Central ditto . . . 1-81 1-01 021 0-38 078
City of London cannelgas . . .| None. None. None. | None. None.
Charteredditto . . . . . .| 8380 268 210 | 204 253

Nore.—Prior to the 1st of January, 1870, the illuminating power of the common ens,
as prescribed in the City of London Gus Act, 1868, was 14 standard sperm candles. Lut
since then it has been 16 candles.

REMARKS ON THE BURNERS USED IN TESTING THE
JILLUMINATING POWER OF COAL GAS.
By Cnas. Heiscs, F.C.S.,

Lecturer on Chemistry at the Middlesex Hospital, and Gas Examiner to the
Corporation of the City of London.

A slight error has been made in the title which has been published of this
paper, which makes it inore pretentious than I intended; it should have been
as above. I must apologize for the somewhat crude state of these remarks, but
when 1 tell you that, owing to having been obliged to move my laboratory, all
my gas apparatus has been for some months in the hands of one of those
necessary evils, an instrument maker, and that instead of receiving it as gro-
mised, two months ago, I only got it Jast week. I feel sure you will sympathize
with my condition, and pardon my shortcomings.

The question, What should be the definition of a test-burner? has always
been & vexed one; and, as far as I know, all the so-called definitions yet {:en
have been so vague that burners of very different kinds might be and have
been included under them. Patting aside altogether the commercial view of
the subject, as in discussions of this kind I think we are bound to do, there are
two points on which I think we shall be all d—1st, that the burner should
be so defined as to be unmistakable; 2nd, that all experiments made with it
should, if possible, be strictly comparable, no matter what be the quality of the
gas. The question of whether or not' a test-burner is fit for the consumer's
use is, I think, of very small importance abstractedly. If it fulfil the purpose
of a test-burner well, its relations to the various burners used by consumers
will soon be made out. Now, if we turn for a8 few moments to the burners
which have at different times been used as test-burners, we shall see how very
far they are from fulfilling either of the conditions specified above. Here is a
burner (Platow's Patent Argand) which was some years ago proposed, and by
some used, as a test-burner. It is an Argand with 15 holes, and burns 5 cubic
feet of gas well with a 7-inch chimuey, 8o it corresponds with the old definition
of a test-burner, but it was objeoted to on the ground that it had a cone; never-
theless it is a very good burner. In the days of which I am now speaking gas
was not in London what it is now, or was not supposed to be, and this burner
gsve a light of something over 12 candles. Then came Dr. Letheby's test-

urner, also au Argand with 15 holes, and this same gas became of 14-caudle
power; and last year, the old definition having been sbandoned, we had Mr,
Sugg’s London Argand, and the gas became 16-candle gas. In fact, when the
illuminating power of a gas was stated it conveyed no real meaning at all,
Bat going a step further we come to a still mora extraordinary state of things,
At the beginning of the present year certain ¢ ‘mpanies were bound to increase
the illaminating power of their gas, but when they did so this same London
Argand would not properly burn 5 feet an hour, and the gas was reported
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sometimes \nd |better; |andsometimes woree than it had been. A chimney of
larger diameter was then used, and finally one of increased length also; but
even thus the gas was imperfectly burnt, and its real illuminating gower was
much under-stated. All this time cannel gas had been tested with a bat's-wing
burner, and it ocourred to me to try the ordinary gas with ibe same buraer;
and in the table appended you have the results, which are very instructive, as
sliowing the varying relation in the light given by these two burners with gas
of different qualitics. When the gas is of low quality, the Argand is very
much higher; where it is of high quality, the bat’s-wing gives the best results.
In fact, with the London Argand, with a chimney of 2 inches diameter and
7 inches long, we may have two 16-candle gases, one really about 2 candles
better than the other., The are easily distinguished, as the flame of one is
much whiter than that of the candles, whilst the flame of the aother is quite
yellow as compared with them. In none of these experiments the gas tailed
over the chimney. We have, then, the following different kinds of gas, all
called 16 candles when tested by the London Argand in its different states of
development:—

1. The 14-candle gas of the Letheby burner, which becomes 16-candle when
burnt in the London with & chimney 14 inch wide and 6 inches long, and
burns well.

2. A gas too rich for this, but which burns well in the same burner, with a
chimney 2 inches diameter and 6 inches long, but is still only 16-candle gas.

8. A still richer gas, which, with the eame burner, requires a chimney
2 inches diameter and 7 inches long. but is aﬁuln only 16-candle gae. ’

We will say nothing at present of the yellow burning gas, which is almost
too rich for this arrangement, but which is another specimen of 16-candle gas,

Now, if we test the three kinds of gas just spoken of by a good bat’s-wiug
burner, even though it be constructed with no special precautions, we find
that they have about the following relations—13, 16, and 18 candles, which
surely expresses much more nearly the real relative values of the gas.

If we now gu a step backward and try the relation which exists between
the present test-burner, with its long chimney, burning the gas at present
supplied, and the older test-burners, we find that the Letheby and Platow’s
‘have, to a certain extent, changed places, the lights being respectively—London
Argand, 17; Platow, 16'7: Lethcby, 151, as a mean of many experiments.

Under these circumstances, it seems to me that a gas manager has no choice
left ll.mt to make his gas to the test-burner, rather than take account of its real
quality.

Having thus brought prominently before you the very unsatisfactory state
of the question at present, I would make a few remarks on what I believe to be
the direction in which to seek for a remedy.

Were it possible to establish any simple relation between the quantity of gas
burnt and the light given the problem would be much simplified. If we strictly
defined all the dimensions, &c., of & burner, and then burned through it just
that amount of gas that would pase at a given pressure, we should be uble to
calculate to a uniform quantity. But at present no such simple relation has
been made out.

All of you doubtless read & paper, which was much extolled before its
publication, by Professor Silliman, in which he announced that the light given
by gas varied as the square of the consumption. Patting on one ride some
very gross errors in principle, which one would hope were the printer'’s rather
than the professor’s, the results quoted by no means bore out the theory; but as
the experiments contained one fundamental source of error—viz, using the
same burner for all consumptions, which is manifestly not burning the gas
under comparable conditions, I thought it worth while to make a series of
experiments in which thie error should ba eliminated. These were made with
Sugg’s lava bat's-wing burners, as their conditions are more easy to ascertain
than those of Argand's. One burner having been fixed on as the standard, it
was made to burn 5 feet per hour. All the others were then made to burn the
amount of gas that passed them at the same pressure, and the result was that
the light calculated from: the square of the consumption was not nearer the
truth than that from the direct ratio; in fact, when about 4'5 feet were burnt,
the one was just about as much too high as the other was too low. Either
might be represented b{_u curve, but it would not be one which could readily
be applied in practice. The suggestions I would venture to make are these:—
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1. No burner should-be admitted as.a test-burner in which the conditions of
pressure, &c, under which the gas is burned are not known.

2. (My next suggestion will, I know, be received by many as rank heresy;
but we are here to discuss things freely in the search for truth.) That, con-
sidering the almost imperceptible differences in the various parts of an Arfmd
burner, or its chimney, which make & material difference in the results of the
testing, Argand burners should no longer be used as test-burners. I am quite
aware that by giving up these burners we should give up the advan of
steadiness, and perhaps some others; but, if we obtain even an app: to
uniformity, I, for one, would willingly do so.

3. That a series of bat's-wing burners should be made, the external and
internal diameters of which should be precisely identical; the material of
which they are constructed and its thickness be identical; the depth of the
slot in all identical; the width of the slot so varied that one may be readily
selected which will deliver 5 cubic feet of tho“fu to be tested under a given
Ym-ure, or 80 near it as that the difference shall be of no practical importance.

may mention that I have found by experiment that a difference of ‘03
ressure in bat's-wing burners, otherwise alike, makes no appreciable difference

in the light they produce. I had hoped to lay before the meeting some
experimental gerools that with burners thus construoted strictly comparable
results might be obtained with gases of almost any composition; but owing to
the circumstances before spoken of, I bave been interrupted in the middle of
the experiments, and must !;:ro to detail the results at a future time. Mean-
while, if I have succeded in calling the attention of those most interested fuir}{
to the subject, or have offered one suggestion of practical use, my purpose will
have been answered.

The following table shows the relation of the illuminating power of various
ualities of gus, as determined by Sugg’s London Argand with chimney 2 inches
iameter and 7 inches long, and Sugg's No. 7 Lava bat's-wing, each burning

5 feet per hour:—

Bat’s-wing London Argand Bat’s-wing London Argand
in Candles. in Candles. in Candles. in Candles.
1211 . . . . 156 l 180 . . . . 164
1 SR+ S B A 1
16-7 .. . . 164 ! 18T . . . . 17"1
167 ., . . . 167 | 182 . . . . 170
168 . . . . 164 ! 182 . . . . 17°0
7.1 . . . . 168 3.8 . . . . 167
172 . . . . 16'6 183 . . . 167
17.2 ., . . . 166 184 . . . . 167
178 . . . . 178 186 . . . . 165
174 . . . . 16°7 ! 186 . . . . 163
173 . . . . 174 189 . , . . 17-1
176 . . . . 160 l 190 . . . . 17-4
17°8 . . . 16-8 1 92 . . . . 182
178 . . . . 16'8 | 193 . . . . 178
178 . . . . 172 ! 198 . . . . 174
178 . . . . 172 | 196 . . . . 180

179 . . . . 169 I

ON ARTIFICIAL ALIZARINE,
By W. T. FewraeLr, F.C.S,

The short paper 1 have the honour to submit to the association is merely
intended as a sort of appendix to the exhaustive lecture “On the Utilization of
the Waste Products of the Manufacture of Gas,” delivered by Dr. Letheby to
the association at Nottingham, in 1867, and it describes the only importaut
addition made to the industry of gas products since the date of that lecture.

Natural alizarize, 88 no doubt all here well know, is a colouring watter
derived from the madder root. Chemists have differed a good deal as to the
exact composition of alizarine; but the ressarches made with the artificial pro-
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duct leave no doubt that its constitution is accurately expressed by the

formuls
Cy H, O,

which is very nearly the same as that given some years ago by Dr. Schunck,
of Manchester.

Now, on referring to the elaborate table of constituents of coal tar given in
Dr. Letheby’s lecture, the reader will see among the neutral bodies the name of
anthracene, which, according to the chemical notation now in use, has the
formula

cu HIM

and, therefore, anthracene differs from alizarine only by wanting four atoms of
oxygen, and containing an excess of two atoms of bydrogen.

n the distillation of coal tar, anthracene passes over with the heavy oils,
The amount of it present in the tar is not well known. The quaantity 18
generally assumed to be very small; but Mr. Perkin states that, from experi-
ments he has made, he has been led to believe that the tar contains considerable
quantities of anthracene. .

In a table given by Dr. Roscoe, the products obtained from 100 tons of tar
are set down as follows. The quaatities are given as the average results of a
series of experiments carefully made by a large tar distiller. One hundred
tons of tar yield on distillation—

Light Oils Heavy Oil
Naphtha, gand Naphgglin:’, Pitch. Wﬂltf)!‘ and

Carbolic Acid. Anthracene. 88
1 . 80 .. 16 .. 80 .. 50 .. 105
2 .. 80 .. 08 .. 250 .. 60 .. 12-2

Tar distillers have, as yet, had but little experience in tha separation of
anthracene, and, as 1 have said, the amouut contained in the tar is not well
known. We may be certain, however, that it is a variabie quantity, the
amount of it produced depending upon a variety of circuwmnstances, amoug
others, the nature of the coals used, and the heat at which they are distilled.

In one experiment mentioned by Dr. Roscoe, the amount obtained from one
ton of tar was only 0°63 of a ton of anthracene, which must not, however, be
supposed to be all there was in the tar. Much, no doubt, was left in the pitoh.

he circumstance that led Graebe and Liebermann, the first producers of
artificial alizarine, to look to anthracene as a source of that bodv, was the fact
they discovered, that the destructive distillation of natural alizirine yielded
anthracene. The suggestion was obvious that alizarine might possibly be pro-
duced from & body 8o nearly allied to it in composition. Curiounsly enough the
first step towards this transformation had been made several years ago (in
1861) by Dc. Anderson, of Glasgow, who, by treating anthracene with nitric
- acid, produced an oxygenated com:ound of that body, to which he gave the
nawne oxyanthracene, but which now, in accordance with more modern chemical
ideas on the classification of bodies, is called anthraquinone.

The composition of this body is expressed by the formula

Ci H; 0y,

which shows that we have gone so far towards alizarine as the abstraction of
the two atoms of hydrogen,and the addition of two of the four necessary atoms
of oxygen. To complete the transformation another process is required, which
results in chemical changes of some complexity. I shall pass over the method

ursued by Graebe and Licbermann, the original discoverers, and only mention
grieﬂy that pursued by Mr. W, H. Perkin, F.R.S., to whom belongs the merit
of having devised a process 8o easy and cheap as to have already made artificial
alizarine an industrial product,and not a chemical cariosity. The process adopted
by Mr. Perkin is, first of all, to treat the anthraquinone with strong sulphuric
acid, by which meansa su]pho-ncid-disulgho-suthraqninonio acid—is produced.
When this substance is heated with potash it is split up, and forms sulphite of
potash, and a compound of alizarine and potash; and on decomposing this
latter oon;gouud with an acid a bright yellow precipitate is obtained, which is
the desired alizarine nearly in a state of purity. The broad result of the
chemical changes ocourring in these latter stages of the process is the addition
of two atoms of oxygen to the anthraquinone; but, strictly speaking, this addi-
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tion is effeoted by the substitution of two atoms of hydroxyl (H O) in the
potash for'two atoms of the hydrogen in the anthraquinone.

The foregoing, I need hardly say, is only a desoription of the chemical
changes by which the transformation of the' anthracene into alizarine are
brought about. The manufacturing details of the process are naturally kept
secret. In desoribing the changes, I have purposely avoided the somewhat
abstruse chemical considerations involved in the scientific elucidation of the
processes, and have preferred a broad statement of the facts, such as I have
;upposed would be most intelligible to, and possessed most interest for, my

earers.

A comparison of the physical and chemical properties of the natural and
artificially produced alizarine leaves no doubt that the two substances are abso-
lutely identical. They crystallize in the same form, they behave in exaotly
the same way with reagents, and they have the same action on light.

Every discovery of this kind naturally enbances the value of gas products,
and therefore possesses a special interest to gas managers. The time may come
when it will be of as much importance to conduct the manufacture of gas with
a view to the quality of tar as to the quality of the produced. In the pre-
sent case there is a peouliar interest in the fact of one of the tar produots
hitherto considered of little value, and condemned with ignoble associates to
the humble duty of lubricrating machinery, being now made the starting-point
for the production of one of the most beautiful dyes that gladden our sight.

The discovery I have described is probably destined to produce as great
chapges in the madder trade as the aniline dyes have made in the cochineal
and other trades. Up to the present time we have imported and used madder
in this couutry at the rate of about a million sterling a year. Baut as the arti-
ficial replaces the natural dye, it is only reasonable to believe that some part of
this million will remain at home for the benefit of gas producers.
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LIST OF SUBSCRIPTIONS, &e.,
Paid during the Year ending April 30, 1870.

Mr. Thos. Hawksley. . . . Londom. . . . , $£5

LIFE SUBSCRIPTIONS.

DONATION.

Mr. H. ML Backler. . . . London . .
s J.Braddock . . . . . Oldham .

5 0

810 10 0
10 10 0

£21

00

ANNUAL SUBSCRIPTIONS.

W. Esson. .
S. B. Darwin
E. Brickles .
J.Rich . .
W. Dore . .
W.J. Moon .

Josiah Deakes
W. Blackburn .

Jos. Binks
J. Morris .

J. Lecs Cocker .

Jas. Hislop .
W. Bates . .
J. Foxall . .
D. Hunter .
T. Giles . .
H. Cockey

W. H. Chambers

T. Wilkinson
J. R. Frith .
J. T. Hall .
J. Paterson .
J. Young .

.

.

W.J. Warner

W. Stout .

T. II. Bouttel.l

« « « Cheltenham

. « .+ Shrewsbury
. . BSantiago. . . .
. .« Devonport .
. . Neath . .

Hebden Bridge

Gomersall . .

o . Jersey . . . .

« « Merthyr Tydfil .

. e e orksop .

.« . Beverley . .

« « . Greenwich . .
‘West Cowes
Frome .
Lowestoft . .
Drighlington .

e e %nncoml. . e

e e e iverpool .. .

« « « « Wamngton. .

Stoke-on-Trent

. South Shields .
« « +« «. Boston . .
e « + o Sleaford. .

« o e

Carried forward . . .,
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Mr, /M Broadhead ).

”
"

E. Goddard .
T. Andrews .
A. F. Phillips
Jos. Wood .
H. G. Crowe.
D. Clarke. .
T. Varley .

W. Ford .

J.Rowe . . .
€. Copland, jun.
H. Veevers .

W. T. Walker .
J. Johnson . .
T. W. R. White
‘W. C. Rafarel .
T. Green . .

P. H. Wilkinson
R. H.Jones. .
J. Braddock .

J. Fingland .

C. A. Craven
W. C. Holmes .
O. Brothers, jun.
W. Wright .

J. Russel .

J. Hunter
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Brought forward . .

Y

.

.

Great Grimsby .
Ipswich .
Swansea .

%t. Albans .
Wneli{ington .
Sunderland .
Colne.

Stockton-on-Tees .

Clitheroe
Rochdale
London .
Padiham .
‘Wrexham
Hall . .
Bolton .
Donnington .
London . .

-Sherborne .

Barnstaple .
Heckmondwike
Huddersfield
Rotherham .
Lancaster .
Hyde. . .
Sunderland .
Brighouse
Keighley
Clayton .
Shipley .
Banbury .
Newcastle
Newecastle .
Ripon . .
Londonderry
Rainhill .
Enniskillen .
Louth . .
Bacup

Bath . .
London .
Wakeficld .
Ossett .
Prescot . .
Harrogate .
Dover .
Droylsden
Todmorden .
Dewsbury .
Huddersfield
Blackburn .
Lewes .
Uxbridge
‘Woolwich

Carricd forward . . . .

A
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Mr. R. Donghs b

”
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J. Douglas .
G. M. Ford .
H. Green.

L. Hislop .
J. Hale .
8. Cutler, jun.
J. McMillan .

Harris .

Jas Eadm n .
W. Flddeusw
W.Wood. .
C. Hawksley.
C. Tadman .
E. Smith .

R. Darney

Jos. Reed. .
J. Hodgson .
A. H. Wood .

W. Syms . .
T. H. Methven .
A. Williams

.(T}eoA r(:;,arnett

ird, jun

J. Si:ore!'J -
M. H. Loam.
Geo. Smedley
J.Read . .
D.Clark . .
'W. Shimeld .
T. N. Kirkham .
A. E. Baron .

J. A. Cowen .

Brought fonvard
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Newcastle .
Portsea .
Falmouth
Preston .
London .
gValololwnch .
ena .
Lonz;l)l:l .

Newry .

- N ewcastle .

Knutsford .
Reigate . .
Wmchester
Drogheda
Eton .
Coventry

Coventry .

Newmt.le~on-Tyne

Billington .
Ross gt .
Lincoln .
Sheerness
Marlborough .
Sutton-in-Ashfield
Birmingham
Manchester .
Fence Houses .
Bridport .
Leamington.
London . .
Birmingham
‘Wexford.

Blyth. .
gmt';)lds. .
ambridge .
London .
Norwich .
Droitwich .
Faversham . .
Newport, I. W,
Ulverston

Bury 8t. Edmunds
London .

Ryde . .

London .
Stafford .
Vottmgham
Buxton . . .
Tunbridge Wdls .
Brymbo . . .
Dundalk .

Fulham . .
King’s Lyan .
Blaydon-on-Tyne .

Carried forward. . . . .
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Mr. G,/ B, Irong)i.

2
”
”»
”
”
”
”
”
”»
”
”
”»
”
”
”
”»
”

”

. Waugh . .
E. 8, Cathels .
M. Obren. , .

Chas. Read .
J. Booth, jun.
W. H. Willis
H. Newall

R. Brown . .
T.May . . .
T. Stone . .
T. Livesey .
G. T. Livesey
J. Kelsall .
J. Somerville .
R. Morton .
H. Brothers .

J. M. Darwin

J. Danning .
T.Bull . .
T. Bell . .
G. D. Malam
P.J. Wates .

Jas. Wadeson . « « « VWindsor.

Jabez Church . . + . Chelmsford .

‘W. Parlby . Chepstow .

H. T. Everist . Red Hill.

Robt. Bell . . . Rochdale

1. A. Crookenden . . London .

E. H. Thorman . . West Ham .

J. G Livesay . Ventnor .

A. F. Livesay . Portsmouth.

P. Simpson . . . Rugby . . . . . . .
J Stevenson. . . Dublin . . . . . . .
L H. Green. Dartford. . . . . . .
J. Donaldson . Dover . e e e e e
Geo. Rait., . , London . .

W. Davis. . Hereford

W. Stiven Inverness

‘W. Osmond . Dorchester .

A. Field . . Widnes . .

E.L. Ridgway . . . . . Abingdon .

T.R. Mellor. . . . . . London . e
. Veevers . .« +« .« Bolton . . . . . .
C. Dixon . . . . .+ Chichester . . . ., .
8. P. Leather . . . Bumley. . .

J. Mudie . . Burton-on-Trent .

Geo. Harding . . Broad Green .

T. Forrest . « « Walker . . . . .
H.Lyon . . . . Manchester . , .

E. Chnrch .

' W. Blackledge .

T. Pearson
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Broughtforwurd e e e e e £10
€ Gosport . ..
Southport .
. « . Lower Sydenham
.+ « « Lower 8ydenham.
. « .« « RiodelJaneiro.
« « « « BSouthampton
. +« + + Ramsbottom
. « + + Congleton . . .
. . .+ Stalybridge. . .
. « + .« Great Yarmouth .
. « « + Manchester. .
« « « « Arbroath . . ,
.« « . Ramsgate
. Weymouth .
London .
. London . . .
. . Ashton-under-Lyne .
« + + « Dublin
.« . . London . « o e
. London . . . . .,
. Longton . .
. Mlddlesborough .
Tamworth . .
Selby. . .
. . . Halifex . . . . . . .
« « « « Loughborough. . . . .

N

e e e
e o o o o
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e e e o v s

. Huntingdon
. Chorley .
. Portland.

Carried forward .
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Brought forward. . . . .
R.Church . . . . . . Chichester .
D. Brandwood . Radcliffe
H. M‘Pherson Newcastle .
H. Bartholomew Glasgow . . . .
J. Cockeroft . Littleborough . .
A. M. Murphy . Cirencester .
A. C. Fraser . . Colchester .
R. Dempster . . Elland .
J. Hutchinson . . . Barnsley.
W. W. Hutchinson . Barnsley.
J. B. Coulson . . London . .
W. B. Emmerson . Portadown .
W. H. Slip . Red Hill
}3‘. gVopdal] . %mdou .
. Davis . . idsgrove .
J. Eldridge . . Richmond .
J. Leslie . . . . . Moscow .
G. W. Stevenson . London .
E. Baker . . Reading . .
'W. Brown Manchester .
T. Hardick . Salisbury. . . . .
T. Trewhitt . . West Hartlepool . .
'W. Longworth . Dukinfield . . . .
J.B. Ball. . . Yeovil
A. Upward London .
J. M. Jameson . Fleetwood .
J. West Maidstone . .
J. Annan . Wolverhampton
'{‘.%moit... . {;eeds.b. . .
. Newbigging . ernambuco
T. Douglas . . Barnet
R. P. Spice . London .
H. Bowen Cardiff .
F. J. Stevens London . .
H. B. Billows Queenstown
J. T. B. Porter . Lincoln .
H. P. Stephenson . Lincoln .
J. Martin, . . . Ormskirk
A.Giles . . . London . .
8. B. Darwin Shrewsbury .
SALE OF REPORTS.
C. Hawksley . . London .
J.H.Cox . . . Sunderland . .
J. Jowett . . . Leeds . .
J. Lowe . Bridport.. .
B. Stuttard . Kirkham. .
'W. Fiddes . Bristol .
J. Jowett Leeds . .
G. Anderson . London . .
D. M. Nelson . . Glasgow . .
W. Wright . . . Lewes . .
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Brought forwa.rd .. Ce
Mr. J. Paterson . . Wa.mngton AN
s J.Macnie . . . , Londonderry
y J. Sidebottom . . . Glossop . . .
y S.Hunter . . . . Louth
y» T. Littlehales . . Wormwood Scrubbs .
»» B8.Johnson . . London . . . . .
» J.Niven . ., . Clayton . . . .
o J.West . . . Maidstone . . .
s J.Arnott, . Leeds

”
”
”
”

T. Littlehales . .
J. Deakes. . . .
D. Terrace . . .
S. Studholm .

e e o e o o o o

Wormwood § Scrnbbs

‘Worcester . . .
London . . . . .
‘Whitehaven .

ENTRANCE FEES.

Mr. 8. Cutler, Jun.

» J.B. Spence .

» Geo. Rait .

Millwall . 85
Manchester . 5
London. . . . b
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