XX.—ON ARTIFICIAL REFRIGERATION.

By Jonnx GaMGEE, LONDOX, ENGLAND.

A—INTRODUCTION.

Ice, water, and steam, strikingly exemplify the nature of changes, or
the different physical states, produced in matter by heat. Iceis a trans-
Darent or translucent solid, which melts into water on the addition of
142,66 heat units (Regnault). This water has to be raised from the nor-
Wal temperature of melting ice, viz, 320 Falr., to 2120 to boil, and
very pound converted into steam absorbs 965.7 heat units, without
affording thermometyic indications of the change. The heat is said to
have become latent, but it is lost in molecular motion. _

The latent heat of water is higher than that of any other agent, and
3 great depression of temperature ensues when, from a limited amount
of water, vapor promptly rises. Thus, water placed in porous carthen-
Ware vessels, which are protected from active surface air-currents, by
being placed in shallow pits, freezes in Bengal. Windy nights in sum-
ner are unfavorable to the process. It is on still and cloudless nights
that active radiation, into open space, favors the crystallization ‘of tho
Water,

Probably with the ice thus formed and the effloreseent salts at hand,
the Hindoos first attempted artificial refrigeration. Nitre—the sal petrm
f Geber or nitrum of Albertus Magnus—was regarded by the ancients
a8 the primum frigidum, the cold element of the earth. It occurred on
the Lorders of the Ganges, in Ceylon, and elsewhere as a natural surfaco
‘leposit, and, after the rainy season, a crust one-third of an inch in thick-
Uess may he gathered from the ground. 1t is dissolved out of the salt-
Detre carths, which at Tirhoot, in Bengal, contain from 8 to 9 per cent.
f pure potassium nitrate. The mereury descends 18 or 20 degrees if a

ermometer be plunged into water simultaneously with nitre. Mixed
With ice, a temperature between 5 and 6 degrees below 320 Fahr. is
Obtﬂiued ; and we learn, that as carly as 1550, the Roman nobles cooled

heiy Wines by a mixture of snow and nitre. This frigorific mixture is
IIl.entioned by Latinns Tancredus,-a professor of medicine in N aples, in
18 work De Fama ot Siti, published in 1607,  Villa Franca, a Spaniard,
'3 been eredited with tho invention, but in all probability the prac-
128 was derived from Asia, and popularized by the Portuguese after the
I8t discovery of India. Common salt and ice were adopted by Fahr-
Uheit ag tire means of obtaining the temperature 0 of lLis thermom-
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eter, and this mixture was widely known to the learned throughout
Europe. In Southern Italy it was used for cooling lemonades, and from
thence, in the middle of the seventeenth century, sprang the Paris ¢ limoi-
adiers,” as well as the preparation of flavored ices and creams, the gcl{ttl
and sorbetti of the Italians.

Neapolitans and Swiss Italians bave remained preeminent in the man-
agement of cafés and the preparation of iced confections. They estab:
lished themselves early in all the large cities of Burope. It is but re-
cently that an Italian Swiss, by the name of Carlo Gatti, died wealthy
and esteemed in London. He was the first practical introducer of ice
creams to the British public. His stall stood forty years since in Hunger
ford fish-marltet, and he himself has informed me that, in his early day$
he bad great difficulty in inducing people to appreciate his gelati, 1
walked about the market with a glassful of ice-cream, and offered spoon-
fuls to passers-by until they began to acquire the taste for and recogniz®
the wholesome character of cold delicacies. They dreaded them as much
as the Brazilians have dreaded ice until recently, being regarded 8%
productive of serious illness. Gatti not only introduced his ice-cream$
but did much to popularize the use of ice in London, and to the last b®
retained a large share of a trade, greatly encouraged by his discrimid”
ation and integrity.

In Gatti’s early days, Thomas Masters published bhis Ice Book (1844) -
which contained some interesting historical data, though the work
appeared to advertise patent ice-crcam freezers, knife-cleaners, &c.
tended to make the use of ice popular, especially among the rich; ands
the growing wants of the metropolis, compelled fishermen to use moré
and more ice year by year.

The growing wealth of British cities, the facilities for the transport
of fish by sea, and a wider appreciation of wholesome fish food, drove
the trawlers further and further, year after year, sceking fresh grouﬂ
and using more ice, the greater the catches and the longer the dismllc‘a
of the fishing-grounds reached from shore. An enterprising firm, ©
late years organized as a limited liability company (Messrs. Heweth
Co.), established a fleet of steam carrying vesscls as their fish business
grew,

The steamers are small and carry about 35 tons of ice each, some mOfe’
someless. Were they larger, the difficult process, of tr&nsfenmﬂ the fis?
from the boats, would be attended witn even greater danger than ib i8
at present. -The steamer is small enou ffh to drop into the trough of t
sea with the boat, and the two hug cach other, without danger of a crus™
ing collision.

It is in this way that England, and especially London and the fishivé’
ports of Great Yarmouth and Grimsby, have become the centres of & vel‘
extensive and lucrative ice-trade from Norway. In the carly days of £
British ice-trade a company was formed to import ice from the Ne
World, and “ Wenham Lake” ice became the staple and favorite brad™
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The distance by sea from America led to enterprising dealers visiting
Norway, and Lake Oppegaard was purchased with the privilege of renam-
ingit; the purchasers having made all necessary arrangements for ship.
ments of ice thence to England, the lake has ever since gloried in the
name of Wenham. Drobak, Drammen, Christiania, Brockstadt, and
other Norwegian ports supply England also.

Mr. Holdsworth,* writing in 1874, said: ¢«It is yet a question
whether it will pay to apply steam to the actual trawlers, but we had
an‘opportunity in 1872 of observing in an experimental vessel the prae-
tical advantage gained Dy its use, both when fishing and going to and
returning from the fishing ground.” This at once indicates the proba-
bility of using refrigerating machines instead of bulky, costly, and dete-
riorating processes, and likewise render fishermen altogether independ-
ent of ice-crops and ice-merchants. '

B.—~IMPORTANCE OF FISO-CULTURE IN GREAT BRITAIN.

The favorable conditions of an extensive sea-shore, encirling islands
which can be crossed by rail in a few hours, with intmunerable streams,
to permit the ascent of spawning fish, are most tempting to the fish cul-
turist, and would indicate that a large fish trade could be developed
even without ice. The slow progress in the artificial propagation of
fish in England is a matter for surprise.

Until this scientific remedy can be applied, the ice-question is a serious
one all round the British Isles, and, indeed, the supply of fish, te inland
towns, is determined more by the scarcity of ice than the scarcity of fish,
The Irish coast would supply large quantities of excellent fish, and
many a fishing-village might be made populous and prosperous by an
unfailing supply of cheap ice.

C.—ORIGIN OF KNOWLEDGE OF ARTITICIAL COOLING.

The germ of all the modern improvements in making ice dates back
to 1755, when the great Dr. Cullen, Professor of Medicine in the Uni-
versity of Glasgow, attempted to determine whether the solution of cer-
tain substances, in spirits of wine, was attended with elevation or lower-
ing of temperature. One of Lis pupils, entrusted with these experiments,
observed that, on withdrawing the thermometer from the alcololic solu-
tion, the mercury fell, and, with the aptitude of an original observer,
Cullen tried the pure spirit. DBy moistening the bulb with a feather and
blowing to hasten evaporation, the temperature dropped from 440 to
below 320, He pursued his investigations further, and tried a variety
of volatile substances, of which he found the ¢ quick-lime spirit of sal am-
Moniac” the most powerful. This is a singularly felicitous anticipation
of the knowledge wo now possess, that no liquid, boiling at low. temper-
f’-_tures, absorbs more hieat than ammounia.

* Deep-Sea Fishing and Fishing Boats. London, 1874.
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In one of his experiments Cullen used nitrous cther, when the heat of
the air was 53°.  He set the vessel, containing ether, in one alittle larger
containing water, and placed the two under the receiver of an air-pump.
On exhausting the receiver and maintaining the vessels in vacuo for a
few minutes, the water in the outer vessel was frozen and the ether re-
cipient coated with a firm and thick crust of ice.

Dr. Cullen explains in his Essay* that he had endeavored to give 2
notion, of the comparative power of these fluidsin producing cold, by the
order in which he bas set them down, as follows: '

1. The quick-lime spirit of sal am- 7. Brandy.
moniac. 8. Wine. .
2. The ®ther of Frobenius. 9. Vinegar.
3. The nitrous ether. 10. Water.
4. The volatile tinc¢ture of sulphaur, 11. Oil of turpentine.
5. Spirits of wine. 12. Oil of mint.
6. Spirit of sal ammoniac madewith . 13. Oil of pimento.

the fixed alkali. )

Cullen adds: “From the above enumeration, I imagine it will appear
that the power of evaporating fluids in.producing cold is nearly accord-
ing to the degree of volatility in each.” . . . . . “Yrom the fact
that the cold is made greater by whatever hastens the evaporation
and particularly that the sinking of the thermometer is greater as tho
air in which the experiment is made is warmer, if dry at the same time
I think.we may now conclnde that the cold produced is the cffect of
evaporation.”

Dr. Cullen’s desire to investigate this subject had been increased bY
reading M. de Mairan’s Dissertation sur la Glace, published in 1749
and he had also been informed of Richmann’s rescarches. Richmant
had taken notice of the effect of evaporating fluids in producing cold,
but does not impute it to the evaporation alone.

I was fortunate in finding Richmann’s papers in the first volume of
the Transactions of the St. Petersburg Academy of Sciences for the
years 1747 and 1748, in the Congressional Library in Washington, and
I subjoin the full titles.t In the same volume I was gratified to _(15

* Of the cold prodnced by evaporating fluids, and of some other means of protluci"g
cold, by Dr. William Cullen (May 1, 17565). Published in Essayg and Observationd
Physical and Literary. Read before a society in Edinburgh, and published by them:
Vol. II. 1756. p.145.

tG. W. Richmann's papers are fourin number: 1st. Do qnantitate caloris, qu® posfi
miscelam flyidorum certo gradu calidorum oriri dobet cogitationes, 2d. Formul® Pr
gradu excessus caloris, supra gradum caloris mixti ox nivi et sale ammoniuco, PO
miscelam dnarum massarum aqueari diverse gradu ealidarnm confirmatio per oxpeft
menta. 3d. Inquisitio in legem, sccundum quam calor fluidi in vaso contenti, cert
temporis intervallo, in temperio neris constantes eadem descrescit vel crescit ot debet
tio eius, simulque thermometrorumn perfecte . concordantinm construendi ratio hin®
" deducta. 4th. Tentamen legera evaporationis aquewe calidm ip nero frigidori, constml“.s
tomperiei definiendi.—~Novi Commentarii Acadomin Seientiarum Imperialis Potropol”
‘tane. Tom. 1, ad annum 1747 ut 1748.
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cover a memoir of special value, entitled ¢Meditationes de Caloris et
Trigoris Causa—Auctore Michaele Lomonosow, which has, so far
as I am aware, been entirely overlooked by writers on the history of
the Theory of Heat. Here I can only state that he recognizes the suf-
Jicient cause of heat as consisting in the motion of matter, and although for
the most part in hot bodies no motion can be perceived by sight, never-
* theless it is manifested by its effects. Thus, iron heated almost to igni-
tion, may be quicscent to the eye, but if bodies are brought in contact
Wlth it, they melt or resolve themselves to vapors; that is, their parts are
excited by motion. “Who would deny,” says the logical Lomonosow,
“that when a violent wind traverscs a forest the leaves and boughs of
the trees are agitated, although on looking from a great distance no
motion could be detected by sight?”? I hope elsewhere to publislh com-
ments on this remarkable contribution to science, published over fifty
years before Benjamin, Count of Rumford, opened his classical Essay
on Heat as follows: * Without entering into those abstruse and most
difficult investigations respecting the nature of fire which have em-
ployed the attention and divided the opinions of speculative philoso-
plers in all ages; without even attempting to determine whether there
" be such a thing as an igneous fluid or not; whether what we call heat be
occasioned by_the accumulation or by the increased action of such a
fluid, or whether it arises merely from an inercased motion in the com-
pon(,nt particles of the body heated, or of some elastic fluid by which
those particles are supposed to be surrounded, and upon which they are
supposed to act, or by which they are supposed to be acted upon;. in
short, without bew ildering myself and myreader in this endless labyrinth
of (Lukuess and uncertainty,” &e., &e. Lomonosow was evidently un-
known or neglected, as he has been ever since, so far as I can learn, and
it is with infinite satisfaction that I direct attention to a hidden treasure
of jmmense interest to all engaged in the study of physics, and who, in
the eausc of truth and justice, always desire to give credit where credit
is due.

What does he tell us about the nature of cold? Ide anticipates all
that has Leen said of the absolute zero—of the point at which all heat
otion ceases. e says: “No celerity of motion can be assumed so
extremte that another greater cannot be conceived, since the latter also
may justly bo referred to calorific motion. Therefore, a supremo and
ultimate highest possible grade of heat in respect of motion does not
exist, On the other hand, however, the same motion may be diminished
to such a degree that finally the body shall be totally at rest, and no fur-
ther diminution of the motion can follow. Necessarily, thercfore, a
Supreme and ultimate degree of cold will consist in absolute rest of par-
ticles” Tle tells us that “everything which appears to us cold is only
less warm than our organs by which we fecl”  low far-sceing and acen-
Tate ig the statement that it is not to be supposed that the congelation
of bodies is a criterion of ultimate cold, for metals solidified immediatoly
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after liquefaction are also ice of their kind ; yet are they so hot that
combustible bodies broughtin contact with them are set on fire.”

Let us see how he disposes of the primum frigidum and summum
frigidum of other philosophers, of and before his time. He says: “Since
the air is always and everywhere observed to be fluid, and tlherefore (a8
demonstrated) warm, it follows that all bodies encompassed by the terres-
trial atmosphere are warm, although they may appear cold to the senses;
and thus an ultimate degree of cold in our terraqueous globe is not giwn-”
Can anything be more precise and more philosophical ?

Here, indeed, in Michael Lomonosow’s splendid memoir, do we discover
the doctrine of heat energy and the kinetic theory of gases, traced bith-
erto, by recent writers, only as far back as 1811 to Avogadro. Thehistory
of thermodynamics must now contain a long and deeply-interesting
chapter referring to the speculations and close reasoning of Russia’s
Goethe—a poor fisherman’s son, afterward a linguist, rhetorician, poety
dramatist, historian, physicist, and professor of chemistry in the Acadeny
of St. Petersburg—nevertheless forgotten !

D.—DEFINITION OF AN ICE-MACHINE.

I shall only briefly allude now to the laws of heat which control the
operations that are to be studied in ice-machines or cold-generators:
Cold being only less heat, the entire subject is one of pure thermody*
namics, and the labors of Joule, Mayer, Rankine, Clausius, Sir William
Thomson, Tait, Tyndall, and others have unfolded the truth of the
action of heat-gngines, and of the methods by which heat may be ab-
stracted from cold bodies by the energy of heat at higher temperatures:
Mr. Alexander Carnegic Kirk, in a paper read in 1874, before the Institlt:
tion of Civil Engineers in London, defined the mechanical production ©
cold to be “the removal of heat from a body without the intervention 0
a colder body, by a continuous circle of operations. Any a-n'angemeﬂt
for effecting this was merely a heat-engine, whose temperature of absorb”
ing heat was lower than its temperature of ejecting heat, the motive
power in this state of things being negative. An air-engine was the typ®
of all refrigerating-machines in which the medium psed was incondensd
ble gas. A steam-engine with a surface condenser might be taken as tho
type of those in which the medinum was a vapor or condensable gas'\
arrison’s ether-machine was the best known of this type.”

Theanalogy with a heat-engine is notaltogether simple, since in thi
useful work done is the equivalent of heat which disappears during tho
process, whereas the intervention of motive power to raise heat fro®
water to be frozen to the condenser of an ordinary ice-machine, whert
abstracted heat is thrown off with a large amount of water going
waste, suggests at once that in an ordinary ice-machine thero are W0
elements to be considered, first, the heat-engine proper, viz, the steam-C1
gine, which operates the second clement of the machine, viz, the circulat
ing-pump, dealing with air or liquefiable gases. The same power and

gthe
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rsame fuel will give 1 pound of ice per pound of coal burned if air is
being compressed, 3 pounds per pound-if ether is used, 5 pounds with
sulphurous oxide, and at least from 10 to 15 with anhydrous ammonia.
The efficiency of the pump, the varying amount of heat of compression
in pumping different gases in relation to the heat transferred from the
refrigerator to the condenser, and lastly the temperature of available

- condensing water tond to produce the most complex conditions which a
skilful observer can well be called upon to study.

E.—TYPES OF ICE-MACHINES.

Up to the present time there have been five distinet types of ice-
machines in the market.

Firstly. The domestic machines, in which salts are liquefied, as ex-
plained elsewhere. Asl’s piston freezer and Toselli’s frigorific mixture
machines belong to this group.

Secondly. The form of apparatus, in which, in addition to the power
used, usually by hand, in working an air-pump to favor the evapora-
tion of water to be frozen, we have to calculate the cost of absorbing
watery vapor by sulphurie acid in vacuo.

Thirdly. Distillation or absorption machines, in which heat has to sep-
arate a cliemical, say ammonia, from water, and in which the -cooling
water has to favor the reabsorption of the ammonia gas heated in the
refrigerator.

TFourthly. An air-pump with a so-called regencrator or appliances
(whether a second pump or otherwise) to cause work to be done in ex-
pansion by the compressed air. This is based on Joule’s law, subject
to slight deviation, that to effect change of temperature air must be allowed
to expand in such a manner as to develop mechanical porwer.

Tifthly. The machines composed of a refrigerator and condenser, with
an intervening exhausting and condensing pump driven by an engine,

F—THERMODYNAMIC LA\.VS.

It is heat we use as the great agent for producing those changes in
the physical state of matter whereby the conversion from a gas to
liquid, and from a liquid back to gas is effected. There is a definite
relation between hieat and work as enunciated in the First Law of thermo-
dynamics.* Heat and mechanical encrgy are mutually convertible, a unit
of heat corresponding to a certain fized amount of work, called the mechan-
ical equivalent of heat. Joule hasexperimented on the heat produced by
the agitation of water, and his latest determinations have proved the
correctness of the late Professor Rankine’s calculations, viz, that the rais-
ing of 1 pound of water 1 degree Iahr., from 39° to 400, if wholly
converted into work, will raise a pound weight through 774.1 feet, sub-

*I would counsel all personsinterested in stea-engines, ice-machines, &c., to read
The Steam Eugine considered as & Heat LEngine, by James . Cotterill. London and
Now York, Spon, 1878,
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ject to a small correction, possibly amounting to ¢35th,on account of the
¢ thermometric scale of error” Heat and mechanical energy being
mutually convertible, quantities of heat may be stated in foot-pounds
and quantities of work in thermal units. Taking steam, the total and
latent heat of evaporation in thermal units at 401° Fahr. is 1,204.2.
This multiplied by the mechanical equivalent of heat, say 774.1 gives
932,050 foot-pounds as expressing the total and latent heat of evapora
tion at 4010, Moreover, a horse-power of 33,000 foot-pounds per minute is
equivalent to 23092 =42.48 thermal units per minute, or 2,648 thermal
units per hour. In working examples it is sufficiently near the truth to
caleulate 42.5 as the heat which disappears by work done, theoretically,
per indicated horse-power, or 2,550 thermal units per hour.

The next Law of thermodynamics, the second, on which the art of
refrigeration is based, is that ¢ heat cannot pass from a cold body to a hot
one by a purely self-acting process.” Mr. Cotterill says on this point, ¢ It
is easy to see what enormous consequences the denial of this principle
would involve in the theory of the steam-engine, for all the heat ex-
pended in the boiler which is not transformed into mechanical energy—
that is to say, at least five-sixths of the whole amount—appears in the
condenser being employed in beating the condensation-water, and if it
were possible by some self-acting contrivance to cause that heat to
flow from the condenser into the boiler, it is manifest that the said
five-sixths of the consumption of lieat might be saved. "It is certain,
however, that this is impossible, but that to cause the heat to flow from
the condenser into the boiler we. must have recourse to some -artificial
process, which, like working a heat-engine backward?” (an ice-machinoe),
«involves in some way or other, directly or indirectly, the expenditure of
energy to as great or greater amount than we can recover by utilizing
that heat in the boiler; and the second law of thermodynamics mevely
amounts to a statement of this impossibility.”

After describing with some detail the principal forms of ice-machines
produced since Jacob Perkins's invention in 1834, and with theaid of the
foregoing data, I shall be in a better position to explain a new type of
ice-machine, the least complicated and most economical capable of con-
struction, and to which I have applied a name perhaps more explicit
than elegant in any classic sense, viz, Thermo-glacial Engine.

Meanwhile it is necessary, for the complete understanding of the sub-
jeet of artificial refrigeration, that some mnotice bo taken of frigorific
mixtures and the laws which control the thermometric phenomena due
to the admixture of water or ice and certain salts.

G.—ON CRYOGENS OR COLD-GENERATING SALTS.

Prof, Frederick Guthrie, of the Science and Art Department, South
Kensington, London, has contributed some very valuable memoirs to the
Physical Society on salt-solutions and attached water. Space precludes






