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THE MANUFACTURE OF I CE BY THE "BETH PROCE S." 

.By FREDK. '1'. BAGSHA WE, A oc. M.Le.E; 

T HE author proposes in this paper to describe the machinery used 
in the manufacture of ice by the" Beth P rocess." 

H e will first take the liberty of quotinO' from a paper read 
before the I nstitution of Civil Engineers in London, by A. C. Kirk, 
Mem. Inst. C.E., which deals with the subject and de cribes a small 
machine to illustrate the principles. 

"The manufacture of ice to supply a larO'e demand is of compara
tively modern development. 

To the use of ice and cooling chambers we are indebted for 
the production of our nne t candle, for the better production of 
much of the beer we drink, for the better curin of pork and bacon, 
and for the better condition of the butcher' meat vhich we daily 
<:onsume. 

The artificial production of ice bas 10nO' been a matt r of 
scientific curiosity in Europe. 

Ider scientific tr ati s d vot much p c to tll ompo ition 
()f freezing mixture, and to de criptions of methods adopted in India. 
for roducinO' thin ice on favourabl niaht, by exp() ina water to 
the combined action of radiation and vaporation, 'c. 

The e proc es did not m t th demand, and th y do not com 
'within the cope of this paper." 

"0£ the liquid employed in th manu£actul" of ic, th r ~mcl 
volatile bydro-carbon are hi Illy .efficient when th cli1li r nc of 
temperature required is not too great. 

With ammonia a very wide rang of t mperatur i practicabl, 
but this liquid po e ses a peculiar property by which III chanical 
<:ompre sion and exhaustion can he di pen d with, ch mical CODl-
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pression (if we may use such a phrase), being substituted. A 
machine on this principle was proposed by fl'. Caree in I 59. It 
i based on an experiment of Faraday's. 

While experimenting on the liquification of O'ases under the 
combined influence of pI' ssure and cold, he placed in one of the 
branches of a strong U tube of glas a body which, under the influence 
.()f heat, O'ave off a quantity of the gas he wished to liquefy. The 
other branch he placE-d in a freezllO' mixture. 

H eat being appli d to the end ontaininO' a dry chloride of 
silver, which had absorbed a quantity of ammoniacal gas, while the 
.empt nd was kept 001, h found after a little time in that end a 
liquid which was liquid ammonia. 

He then ob erved that as the tube cooled t he ammonia 
evaporated, and the aa was re-absorbed by the chloride of silver. 

Here was a refl'iaerating machine, for durma its evaporation the 
ammonia mu t ab orb heat. 

Ammonia behaves in the same way with chloride of calcium, 
with charcoal and with water. The two former however are no u e 
f l' a practicable refri<YeratinO' machine winO' to their almost total 
ab enc of heat conductinO' p wer and their slug"i h action, )11'. 

Carre, by u inO' water, vhich from the mobility of it particle, and 
the rapidity with which it could be heat d and cooled, produced a 
practica.bl machin. 

In it impl t form arr' machin 
and con ist 
Faraday's 
about tbl' 

application of cold Witt l' to tit 
.ab orb th mnmoniacal yap ur 

rvoirs, 
ch nd. 

i int rmittent in it action, 
onn cted by a pip , in fact 
Tb larO'er end i a ve I 

of 
I 

pre ure beinO' continually l' moy db b orption, tit liquid. mmonia 
boils in the mallei' y I and thi 0' on as rapidl 11 w can cool 
he content of th lar"!"l'. ,\\T a 1', und I' the influenc of h t and 

cold, p rform th . III function a. th pi ton in a machin, promotinO' 
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the evaporation of the ga, by cr ating a vacuum and also com
pressing and condensing t he aas without the use of any mechanical 
arranaement. Althouah no enO'ine in the ordinary sen e is employed, 
energy, iH the form of heat, i of necessity consumed, and heat is 
absorbed at a low temperatul' and rejected at a hiaher, a in all 
other refrigeratinrr machine ." 

Ammonia aa has a mo t remarkable property, iz., that water 
will ab orb or eli solve it, for a oon as ever it i brouO'ht int!) 
contact with water it eli appears becau e the wate'l' ab orbs it so 
readily. It i transparent and colourle , and has al 0 a very 
punaent suffocating smell. om accurate data on the ab orbing 
pow l' which water has for ammonia era have b en ai,en by Bunson 
H e ha shown that one pint of water at 0 · c or the temp rature of 
meltina ice will ab orb 11 0 pints of ammonia O'a. Thi absorbiner 
power, however, is greatly dimini h d a we increa the temp rature. 
At 20 ·c it will only absorb 6 0 pint "\ hi1 t at 40 · only 444 pints 
of ammonia era . 

For a very Jona time no one knew that pirit of salt and spirit of 
hartshorn were olutions of aa e . The c lebrat d Henry C~tyendish 
when experimentina on hydroO'en, att mpted to make th Na by 
actino on spirit of salt with copp r. He obtain d a "as which 
se med t disappear as soon a. it came in cont<'!,ct with water. 
Prie tly l' peated th exp riment and a c rtain d that opp l' played 
n part whatever in th ph nom non, and that a Nil.' lUirrht 00 
readily obtained by h atinrr the pirit faIt alon ill a fla k and 
catching the gas over mercury. The rr h 
acid air. "\ now name it hydrochloric acid. m d to Pri tly 
that spirit of salts was n thing mol' or I . than a solution of this 
gas in water, and the experim nt surr" s dan w line of inquiry. 
Mi".ht th r not be many liquids d rivin" th ir p culiar prop rties 
from orne ga 11 ld in olution in thi manner 1 }'ollowinO' out this 
idea, in on of hi xperimellt h took spirits of hart. horn, h'f' tf'rl it, 
and arran(' d m:ttt I '0 tim if any era.' cam off it would J~ caught 
vel' mercury. Hi. xpectations w l' l'ealiz el, and 11(' ohtained a. 

cras which]l named alkalin ail', and thi.' i. \'hat we now call 
ammonia. 

"Th rancrp of t mperatul'e <lyailabl i gr at, much greater than 
in th ca. of eth r, fOl' at the atmo pheric pre. ur ,th boiling 
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temperature of ammoni~ is 40 deg. Fahrenheit. Usually the 
pre ure required to liquefy the gas is 150 Ibs. pel' square inch. This 
is the implest refrigerating machine made, but its intermittent 
action limits its use. 

It, how vel', is easily transform d into a machine of continuous 
a~tion, the operation being the same. 

But, wherea in the intermittent machine there were two parts, 
each performin<Y two functions alternately, at a hiail temperature 
and at a low one, we must now adopt four part, each performing 
one function and kept at one t mperature 

II XOX AXD ROUART' PARI MAClllNE, FliT. l. 

As mad by 1essrs. Iicrnon and Rovart, of Paris, th parts 
consist of a boiler ( ,Fi<Y. 1) in whi h th ammoniacal gas is 
distilled from it solution, a conden er (B) to liquefy the <ras, a 
volatili er or boiler ( ) in 'which the liquid ammonia boils and absorbs 
heat, and an ab orber ( ) int which the vapour as it is generated 
in (0), pa ancl i ab orbed by cold water. 

The e difli rent parts are connect d by: 1st, a pipe "aa" taken 
from the top of th boil r A to the liquefier B. nti, a feed pipe 
" bb " from the bottom of the liquefier B to the top of the volatili er 
O. 3rd, a pip " cc" taken from th top of the volatili er 0 to the 
absorb l' 4th, a pip " dd" tak n fr m the ttom of the boiler 

to th top of til ab orb l' oth, a. tube "ff" taken from the 
bottom f the ab orber to th top of th boil l' Thi apparatus 
is compl t d by < pump F in til circuit of th pip ff from the 
30b orber to th boil l' A, < co k on the pip dd, and 130 tly a. 
cock H in th pip bb. Th op r. lion arrri d on in thi· apparatu 
ar as follows :-

The ammonia 1.1.1 <ra i eli till d from it olution in water in th 
boiler A, under a pI' sur in ordinary oil' umsu n of about ten 
atmospheres. 

The ,01:~ti d 1\111\1\ ni,l, pit 
or condenser 13, whi hi. kept 

b th pip ; a' t th liqu fi I' 

1 by a upply of " at r. 

Th ammoniacal..,a 1 ing ond 11 d in th liqu fi r B, pa 
by th pipe" h b" to the yolatili. r ,in wllich it boil. and ab ·tract 
heat. 
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As the liquefier or condenser B is ordinarily at a pressure of 
.about 10 atmospheres while the volatiliser or boiler is at a pressure 
~f about I! atmospheres, the liquefied ammonia would rush at once 
through the feed pipe " b b" were it not regulated by the cock H so 
as t o maintain at all times some liquefied ammonia in the condenser B. 

The ammoniacal gas, as fast as it is formed, passes from t he volati
liser 0 to the absorber D, in which cold water absorbs it, compressing 
it in fact , and liquefying it, forming a solution of a convenient 
,degree of saturation. This ammoniacal solution is returned to the 
boiler A and the process is repeated, But in the course of distilla
t ion in the boiler, whioh must be performed quietly and without 
.agitation, the solution of ammonia is found at the bottom to be 
.comparatively poor ' and while the strong solution from the absorber 
D is returned in the boiler A by the pump }~, a correspondinO' amount 
~f weak solution is drawn from the bottom of the boiler and 
returned to the absorber. The flow of this water is re<Yulated by 
the stop cock G. I n order to prevent the great waste of heat, which 
was unavoidable in the intermittent machine, in cooling down tile 
spent, ammoniacal solution to enable it to act as an ab orber, an 
interohanger is introduced, by which the heat of the spent olution, 
.as it escapes from the bottom of the boiler A on its way to th 
absorber D, is given up to the strong solution on its way from the 
.absorber D to the boiler A. 

Ravino- thus described the principles on which ice is mad by 
the circulation of ammonia in a small exp rimental roa hin , th 

.author .vill now de cribe how tho principle ar Ilppli d to manu
facture ice for the arket, by lar machine capable of makin" 
twenty tons of ice in tw nty-four hours. 

The works which the author will d 
the ydney Ice 00., Limited and ar 
Pyrmont. 

BETII PRO E . 

The proce used is kn wn by th name of th " eth' proc s 

.and the principle of th patent con ist in the circulation of ammonia 
through upright coil of pip which are plac d in p ra11el row in u. 
freezing chamber. 

This ammonia i deprived of it lateut heat und r pre sur , and 
()n being r ieased into these coils, it ab orbs the heat from the ~'at r 
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which is constantly being sprinkled over them by a row of revolving 
sprinklers interspersed between each row of pipes. 

This water gradually freezes, and expanding into the space 
between th~ pipes, forms a solid mass of ice 45 ft . long, 2'6" thick. 
and 16 ft. high, rest iner on its ba"e on a concrete :floor. 

T llE VVORKS. 

The works under consideration in this paper tand on an area of 
8000 square ft., and consi t of thr e :floors, viz, a ba. ement, a ground 
:floor, and an upper :floor or roof, F ier. ;2 and 3. 

BASEMENT. 

In the basement are t he furnaces for he retorts or ammonia 
boiler. 

RO D FLOOR. 

On the around :floor are the engine and pump , th ammonia 
retorts, and steam boiler f r driving th enaine, ,vith the offices and 
weiahbridae while at the back of the building are the stabl sand 
van hou e . 

PPER FLoon OR R OF. 

On the upper :floor, which 301 0 acts a the roof f the buildiner• 
are the ab orbing coil ondensina coil, and dryer or interchan er 
Thi :floor i urround d by a brick parap t 2ft. 6in. hiah, with a 
brick on der c pin nd m nt weath riner. It i form d of 2~in. 
x lin. 1>0, I'd toneru d and <>ro d and." 11 tarred. Ov l' this i 
placed [1, l1\y l' 0 felt well tarr d then another floor of ~in. lin. 
board tongu el and erroov th whol . th n overe with a. thick 
coatincr of pit h to in Ul' it b in .... wa 

WELL I ~ FL OR. 

A well is form d ntr of tbi floor 2ft. 6in. quare. 
This floor 1Ia. a fall of fib II 1 in 0 ft m t1l id to th c ntrt> 
into which all th u. 
will e explain d }at r n. 

Tht> walls :tIl throll vh th lllliJdin 

J!'REEZI 

The freezin .... room i at th \h"l k f th buildin", and in hei ht 
equals the basement and the "rounel floor. It is li .... ht d in tIl day
time by six airti .... ht kyli .... ht in th roof. 
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W OODEN LI~ING. 

A wooden lining extends all around this room, 15in. from the 
walls, ana t his space is fil led with sawdust, it meaSUl'es 55ft. wide 
by 50ft. long. The 1l0or is of concrete, and has a sump hole formed 
in it for the purpose of collecting all waste watel', from whence it is 
pumped into a tank which is fixed along the party wall that 
s eparates the freezing-room from the engine-room. This water is of 
course perfectly pure, "oming straight from the city main, and is 
smply that which has llot been converted into ice. 

L ANDING PLATFORM IN FREEZING R ooll. 

H ere also is the landing platform some 12 feet above the floor, 
covered with sheet iron, on which is fixed a circular saw bench 
having four saws, which cut t he ice up into whatever sized blocks 
a re required for the market. Access is gained to t his room by a. 
door in the basement at the back of the furnace, and a door from 
t he landing platform inside, into a landing platform outside (as per 
sketch) which is also used tocleliver theice intothewaggolls. These 
waggons are backed through the main entrance, which is big enough 
to admit the largest of them, on to one of Fairbank's weigh tables, 
capable of weighing 10 tons, up against the delivery platform where 
they are filled with ice. 

THE MACHINERY. 

The machinery consists of an inverted vertical single cylinder 
6 h.p. engine with an 8 h.p. multitubular boiler. 

. Two water pumps, which supply the long tank in the freezing 
room a.bove mentioned, a well Il: the lar"'e sprinkler on the roof. 

Two double actin'" ammonia pumps to lift the ammonia. back 
into the retorts, and a frame containin'" four ircular saws for uttinn
the ice into any required size. 

The author thinks he ha now said nough to learly describe 
the buildings and machinery, and ,vill llOW describe the process by 
which the ice is made. For thi purpo e he think it will be best to 
trace the course of th ammonia from th tim it is put into th 
retorts until it return to th m. 

THE RETORT. 

It ,vill be necessary first to de cribe the retort " which we ,vilI 
suppo e are filled with amIDoni liquor, and th furnace :fire lighted. 
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On reference to figs. 8 and,9, you will see they are built over tlu"ee 
furnaces of fire brick in which coke is burnt, and are arranged in a 
horizontal coil of six, so that the beat f!"Om the furnaces passes under 
the bottom of each layer of t ubes or retot"ts, on the t op of which is 
laid one course of fi re brick set in fire clay. 

The retort frame is 15 ft. long by II ft . 6 in. wide. A t the 
four corners are placed one cast iron standard, to which are bolted 
channel iron girders on which the ends of each laye[' of retorts rest. 

The bottom layer of retorts directly over the furnaces are six in 
number, of 14 in. diameter wrought iron t ube, with a one inch 
thick flat welded ends, these ends being the same throughout and are 
used to screw the connecting pipes and bends into. All the other 
ayers have 12 tubes of 9 in. diameter. . 

On the top of each layer is placed one course of fire brick set 
in fire clay, so that although the retorts are round every space is 
filled, and an airtight flue is formed of the fire brick, coiling backwards 
and forward until it terminates in a wrought iron stack in which is 
plac d an ordinary damper t o regulate the draught. 

The retorts are connected with each other by a pi ce of pipe 
accurately threaded at each end, one end is screwed into the retort 
and the other into a cast iron bend. The last ['etort in the row is 
connected to the one above it, and so the coil is ompleted. 

MANIFOLD. 

I n th front nd of ach retort is screwed a piece of ! in. pipe, 
connected with a 4 in. ca t iron manifold, and this again connected 
into a 4 in. wrouo-ht iron pip , so that this pipe is fed by 66! in. 
pipes, one comino- fl"Om ach retort. Ea h onnection is made wi th 
a cement compo d of litharo- and o-1y erine, which is quick setting 
and resists the action of the ammonia. 

ONDENSI OIL. 

The 4in. pipe 1 ads he ammonia g a nerated by heat in the 
retorts throuo-h th roof into th dry 1', then e into a 4in. manifold 
on th top of the cond nsin..,. coil, which i k pt 001 by water fa.llinn-
on it from a laro-e revolvinn- prink! 1', h r it 10 its superfluo 
heat and become a v ry dch n-< . then it pa e on throuO"h a 
1 ~ in. pipe into a coil of ~ in. pip ailed th coolino- coil (Fin-. L , 
bein'" now released by a I_in. val placed in th enn-ine-room into 
the top of the freezino- plat , and it i around the plate that the 
ice is made. 
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T HE PLATES. 

These freezing plates are made in a continuous vertical coil 1 ft 
high of ifin. pipe, each pipe is 12in. from centre to c ntre, and each 
plate is 30in. from centre to centre, 18ft. high and long. The 
ammonia gas now passes through these plates from the l,in. releasing 
val e at the velocity of 2000ft . pe.r minute, freezing the water which 
i ' falling round the pipes of the plates and manufacturing the ice. 
(Fig . 10 and 11.) 

MALL SPRI NKLERS. 

The water is distributed over the pipes of the plates by means 
of fifteen revolving sprinklers screwed into the top of a pipe 45ft. 
long, as shown in tIle drawing Fig. 5. They are placed at the top 
of the plates at 15in . from each one. The re olving T piece has its. 
two ends t urned down and terminates in a nozzle; it is prevented 
from coming off by a set screw working in a lot in the fixed upright
piece. They are .:fixed at irregular interval on the pipe, but at 
15in. from each plate. The e pipes are l~in . in diameter at the 
entering, and tapering down to lin. at the other end. The water 
passinO' into these pipes causes the sprinkler to revolve and throw 
~h water'in a gentle spray all oyer the urface of the freezinO' plates, 
and it is there converted into ice as it fall down. The water is. 
supplied from the 10nO' tank aboy mentioned fixed on to the en!!i.ne 
room wall. 

II water which i not conv rted into ice falls on to a concrete 
floor and thence into a sump hole, whence it is a"'ain pumped int() 
tne t~nk. Thns the water up lied from Botany in'" u ed over 
,and ov r af'fain, comes colder each time, and a "'reat saving is 
effi cted. Be ide this the ice i far harder and free from flaws than 
that made by ther proces ,for, first, all the air is knocked out, and, 
secondly, the ice i made from the entre outward. 

In each pipe is fixed a taperinO' trainer made of the fine t per
forated ir n, and the e are chana-ed ey ry , ix hours. 

The "a having done its work by lllakin" ic on the freezin 
plates, now pa 'es into a coil called tll COOlinCf coil throu 11 an 
arrangement of valves and pipes shown in Figs. 10, 11 and 12, from 
thence it passes into a 4in. pipe, which leads it up into a flat 
circular casting fixed on the roof, 2ft. 6in diameter x 4in. deep, 
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containing 84 holes, F ig. 6 and 7. In this works a Bat circular plate 
covered with small spikes, and it is driven round at about 30 
revolut ions per minute, by a vertical sbaft and bevel gearing worked 
from the engine-room below j this arrangement is called the agitator, 
and its use will be next explained, s~e Fig. 6. 

The casing of the agitator has holes in its sides into which are 
accurately fitted ~in . pipes, which radiate away from it in all 
directions, like the ribs of an umbrella, and it is called the spider. 
This spider, which is practically a circular manifold, conducts the gas 
into the absorbing coil. On one side of it, as shown in the filYure, is 
fitted a 4in. pipe, which brings the gas, as already m~ntioned, from 
the freezing-room, conducting it up into tIle agitator, out of which it 
pas~es into the t in . pipes. A ~in . pipe will alED be seen on the top 

The use of the agitator is this :-

The gas coming from the freezing-room is still very rich, whilst 
that in the retorts is comparatively poor, so we therefore bring the 
poor liquor from them by the iin. pipe, and this falling on to the top 
of the revolving plate covered ,vith spikes inside the agitator is 
completely mixed ,vith' that comin rr from the freezing chambers, and 
the gas is by this means t on d down 0 the required pel' centaO'e 
before entering the absorbinlY coil. The gas and liquor in returning 
to the retorts, having been thoroulYhly well mixed by the agitator, 
pa e throuO'h th ab orbino- oil into another cast iron manifold 
throurrh which all the o-as pa ses into a 3in. pipe down to the 
ammonia pumps, and from thence it is for eel into the interchanger or 
dryer. 

li'ig. 4, i < ketch of the dryer. In it 301' fixed a number of 
baiR plat j tb ~as comino- from the pump on it wa down is 
mix d with the hot ga comina from the retort by th baiRe plates 
as hown, and when it reach he bottom it pa e throuo-h a 2!in. 
pipe back into the retort, wher it is prepared aaain to cir ulata 
through the machinery. 

n the top of the int rchanlY r will be noticed a pipe. It rroe 
to the freezinrr-room and i u d to pa hot gas throurrh any plates 
that are fully chara ,vith ice, to thaw it ft' and all w i to be 
readily taken away without c1amamg he oil. 
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LARGE S PRINKLER. 

On t he roof and close to t he agitator is fixed the large sprinkler 
whose object is to throw water onto the condensing and absorbing coil 
to aid the liquefaction of t he gases on which t he economical working of 
the machine depends. It is shown in Fig. 6 and is constructed as follows. 
A cast iron pipe revolves on a piece of lignum vitre at the bottom of 
a base very much like the trunnion of an oscillating engine, except 
t hat it is vertical instead of horizontal. A connection is made in one 
s ide of it with number 2 water pump. The whole is surmounted by 
a casting which has two arms screwed into it of 2in, pipe, terminating 
jn 10ft. of 1 )n. pipe perforated with holes and stopped at the outer 
end. On the bottom is keyed a pinion wheel, and on the same 
shaft which works the agitator is keyed a wOl~m wheel which working 
wit h the pinion wheel causes the whole to revolve and sprinkle 
water all over the abovenamed coils. 

The water falls on the roof and runs into the small well whence 
i t is pumped back again. 

Thus we see whether with water or ammoniacal liquor there is 
no waste if we except the evaporation, which in hot weather i very 
large, 'and the leakage which is sure to take place when there are 
such a vast number Qf joints, for the author may mention in 
conclusion that there are in the whole manufactory no les than 25 
miles of pipes, and all connected at every 15ft. in the condensing and 
absorbing coils, and 16ft. in the freezing-room. The author will here 
take the opportunity of thanking Mr. Sprodd, the late engineer in 
charge, for. the valuable assistance he has given him in preparing this 
paper. 

The paper was accompanied by several diagrams, from which 
plates 17 to 19 have been prepared. 
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