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Unrrep States PATENT OFFICE.

" EDWARD WELLS HOWELL, OF NEW YORK, N. Y.

APPARATUS FOR PRODUCING ARTIFICIAL REFRIGERATION.

SPECIFICATION forming part_of Letters Patent No. 612,804, dated October 18,1898,
Application filed July 13,1897, Serial No, 644,424, (Nomodel)

To all whom it moay concern: _

Be it known that I, EDbwARD WELLS HOow-
ELL, a citizen of the United States, residing
at New York, in the county of New York and

State of New York, have invented certain
new and useful Improvements in Apparatus
for Producing Automatic Circulation of Arti-

ficial Refrigerants; and I do hereby declare

the following to be a full, clear, and exact de-
scription of the invention, such as will enable

others skilled in the art to which it appertains

to make and use the same. R
icial refrigera-
tion by the expansion of a volatile liquid or

My invention relates to arti

oas in proximity to the objects to be cooled
or frozen, and it has particular reference to
that system of producing cold artificially

- which consists in generating a gas from an
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aqueous solution of the refrigerating agent,

condensing the gas to obtain an anhydrous
liquid, and expanding this liquid to a vapor

in the pipes forming part of the refrigerating

apparatus, thereby converting sensible heat
to latent and reducing the temperature of
surrounding objects to the freezing-point.
This is a well-known system; but in order

that it may be used economically it 18 neces-
‘sary that the gas after it has performed its

refrigerating work shall be reliquefied and

absorbed by the impoverished liquor from

which it was derived to enrich the same pre-
paratory to being again distilled and that
this operation should be carried on indefi-
nitely without sensible loss of the refrigerat-
ing agent. - -

When ammonia is the refrigerating agent,
an aqueous sclution is heated in a suitable
vessel to distil the gas off, and this vapor is
led to a condenser and condensed by cold and
pressure to an anhydrous liquid, which is
driven into a receiver by the pressure in the

still and pipes and retained there under a

pressure of about one hundred and twenty
pounds to the square inch. .This anhydrous
liquid is forced by the pressure in the re-
ceiver through a valve into the pipes of the

refrigerator, where being released from pres-

sure it again expandsinto a gas and produces

the cold. The expanded gas is conducted
from the refrigerator to a vessel contalning

the spent liquor remaining after the distilla-
tion for the purpose of reénriching the same

l

‘makes it objectionable.

preparatory to being again distilled to fur-
nish a fresh supply of anhydrous ammonia.
Under proper conditions the spent liquor will 53
redissolve and take up the entire volume of
cas distilled out of it. The return of the gas

to the spent liquor is effected in various ways.

In some instances it is forced back by means

of a pump; but the expense of this method 60
Another is that
known as the ‘‘ absorption system,” by which
the expanded gas is conducted to a vessel
called the ‘‘absorber,” containing the spent
liquor, into which the gas is discharged and 65
taken up or absorbed by the spent liquor,
the natural affinity of the water for ammonia
producing an automatic intake of the gas
from the pipe by which it is conducted to the
vessel. In still another absorption system 7o
the return of the expanded gas to the impov-
erished liquor is effected by the absorptive
action of the liquor alone drawing the gas
over from the chamber in which the expan-
sion takes place after the liquor cools down %3
by the shutting off of the heat. On account

of its economy the absorptive system 1s pre-

ferred over any system using power; but ow-
ing to certain peculiarities associated with
the action of ammonia under conditions of 8o
temperature and pressure in practice the op-
eration of this system is rendered uncertain,

so that for general use it has not been re-
carded as entirely satisfactory. '

The causes which interfere with the prac- 83
tical operation of the absorptive system are
connected with the recovery of the gas and
its re-solution by the spentliguor. Whenthe
distillation is stopped by shutting oif the heat
from the vessel containing the ammoniacal go
liquor, the bulk of the gas generated in the
vessel is condensed and the anhydrous liquid
is driven over into the receiver by the pres-
sure in the still and pipes leading to the con-

| denser; but the portion remaining in the still g3
‘heing absorbed by the spent liquor after it

cools down sufficiently a partial vacuum is
created in the upper part of the still. This

vacuum, if maintained, would tend to draw
over the expanded gas into the still; but for 1ce
reasons which will now be explained 1t does
notdoso. Infact,thetemperatureisraisedat
first slightly, because so long as the vacuum
is maintained evaporation takes place and
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the water is cooled: but the water raises the |

temperature somewhat above that produced
by evaporation. When, therefore, the ex-
panded gas enters the still, it is brought in
contact with water exceeding 60° in tempera-
ture and the refrigeration and absorption of
the gas proceed very slowly and imperfeectly,

and the gas accumulates in the upper part of

the still, destroys the vacuum, and exerts a
pressure in the still, which extends into the
pipes that conduet the expanded gasinto the
still, and, closing the check-valve, the fur-
ther discharge of the vapor is interrupted.
T'his causes an accumulation of the gas in
the refrigerating-pipes, and compression tak-

1ng place heat is generated, and with that re-

frigeration ceases. The generation of heat
1s extremely rapid when the escape of the ex-
panded gas is interrupted, because the an-
hydrous liquid passes from the valve that ad-

‘mits 1t to the refrigerating-pipes under one

hundred and twenty pounds pressure, and
the expanded gas has a pressure very much
greater.

IFrom the above it will be understood that
the absorbent systems heretofore known, all
of which work on the same principle, are open
to the same fundamental objection—viz., un-
certainty of ‘action. If the temperature of
thespentliquorexceeds60°, absorption ceases
and as an automatic refrigerating system the
system falls and the very reverse of the in-
tended effect frequently ensues, heat being
generated instead of cold. To guard against
so disastrous a result, the constant care of
highly-skilled attendantsis required to wateh
the operation of the system and manipulate
the valves when pressure in the vessel and
compression in the refrigerating-pipes begin
to manifest themselves. This so greatly in-
creases the expense of thesystem that it offers
but little advantage in the way of economy
over the pumping system, and that little is
oftset by the danger of heating the pipes
which is always present from lack of vigi-
lance and causes which cannot always be fore-
seen and guarded against. That the above
explanation of the causes which make the

denced by the well-known fact that in cold
weather, when the normal temperature of the
spent liquor remains constant at less than 60°,
no ditfficulty is experienced in operating the
system; but at such times artificial refrigera-
tion isnot wanted. In tropical and subtrop-
ical countriessuch conditionsare never found,
and there as well as in those parts of the tem-
perate zone where the heat of the summer
months 1s high and prolonged the absorptive
system cannot be depended on, forthe reasons
stated. |

The object of my invention is to obviate
the disadvantages heretofore connected with
the practical operation of the absorption sys-
tem of artificial refrigeration and to accom-
plish this object by means for carrying on the

reliquefaction of the expanded gas and its |

reabsorption by the spentliquor without pro-
ducing pressure and without interrupting the
return of the expanded gas to the spentliquor,
thereby avoiding compression of the gas in
the refrigerating-pipes and the generation of
heat in the refrigerator. o

The invention will first be described in con-
nection with the accompanying drawings and
then specifically pointed out in the claims.

In the drawings, Figure 1 represents a sec-
tional side elevation of the apparatus with
the several parts composing it arranged in
line for the purpose of clearness of illustra-
tion; Ifig. 2, a plan of the apparatus with the
several partsin properrelation; Fig. 3, an end
elevation of the apparatus and a sectional
view of the valve mechanism for automatic-
ally controlling the supply of oil to the heat-
ing apparatus under the stills, and Fig. 4
represents a front view of the oil-supply tank
and the pipe and valve connection with the
automatic valve mechanism.

Referring to the drawings, the letters S 8’
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designate two stills orgenerators, which may

be made of steel or iron cylinders provided
with strong headsand bottoms having grooves
turned in them to receive the ends of the cyl-
inders and the whole fastened together by
outside bolts and nuts. The bottoms of these
stills are formed with upwardly - extended
arched walls, thus forming under the stillg
combustion-chambers 11. - The arched walls
have central openings at the top, and into
these are fitted the lower ends of pipes 2 2,
which extend upward and pass through stuff-
ing-boxesin the top of thestills. These pipes

carry off the produects of combustion from the

heat-chambers and also increase the radiat-
ing-surface inside of the stills. In the lower
ends of the pipes 2 2 are located cylindrical
chambers 3 3, which project downward into
the combustion-chambers.  These chambers
are of less diameter than the pipes 2 2, so
that the heat and produects of combustion can

pass up into the pipes and the heat circulate

around them freely, and into these chambers
two bent tubes 4 5are inserted. Tubes 4lead

from near the bottom of the chambers up-
absorption system uncertain is correct is evi- |

ward through their tops, and outside of the
chambers their ends are bent and carried
through ammonia-tight openings in the pipes
2 2 jJust above the top of the chambers 3 3.
T'ubes 5 lead from the top of the chambers
and extend to a point above the upper bent
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ends of tubes 4 4,where they are also bent and

carried through ammonia-tight openings in
the pipes22. Thesetubes form thetwo legsof
an inverted siphon, which are thus contrived
and arranged for the purpose of conducting
the liquor into and out of circulation-cham-
bers 3 3, so-that a circulation of the liquor
from the stills through the chambers 3 3 and
back into the stills again can be set up, as
will be described more-fully presently.

The letters V.V’ designate two auxiliary
chambers placed, respectively, outside of the
stills S 8" and constructed of steel or iron
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cylinders fitted with strong heads and bot-
toms and the whole secured together by out-
side bolts and nuts.- These chambers are
connected at the top and bottom with the in-
side of the stills by means of pipes 6 7, the
former carried up through the top of the
chamber and entering the stﬂls below the up-
per siphon-tube 5 and the latter carried
through the bottom of the chambers and en-
termo' the sides of the stills near their bot-
toms Inside the said chambers are placed

coils 8 8, the ends 9 10 of which pass out of .

the said ‘chambers at the top, the former lead-
ing to the condenser C and the latter to the
main water-supply pipe 11. -

The condenser C consists of a tank 12, in
the upper part of which is a spraying-pipe 13
joined to the pipes 9 9, that lead from the
coils in the chambersV V'. Out of the heads
of the stills pass pipes 14 14*, which at a point
between the stills and the condenser unite by
a T-joint in a single pipe 15, which connects
with the condenser-coil 16.
condenser-coil passes out- of the condenser-
tank and thence by a pipe 17 enters a receiver
R and terminates near the bottom thereof.
The receiver R consists of an iron or steel

cylinder fitted with a strong head and bottom

fastened together by bolts and nuts. Near
the bottom of the receiver a pipe 18 enters
the side thereof, which leads to and connects
with a valve X for regulating the admission
of the refrigerating liquor to the refrigerator-
coil, the influx-pipe of the coil also conneet—
ing with the said valve. The efflux end 20 of
the coil passes out of the refrigerator and con-
nects by a T-joint with two pipes 21 22, which
lead, respectively, to the auxiliary chambers
Vv V’ entering the sides near the bottoms of
the said cha,mbers and terminating wu;ll the
spraying-tubes 23 2

Each of the stills ha& an independently-con-
trolled heating apparatus arranged for turn-
ing the heat on a,nd off automaueallyj (or oth-

erwise, so that while one still is heating the
The fuel used is pref-

other may be cooling. )
erably oil vaporized “anderthe stillat the point;
of combustion, and the arrangement is such
as to enable the supply of 011 to the heater
under one still to be stopped automatically
when the distillation has proceeded as far as
desired, and by the same movement the valve
that controls the su pplj,T of oil under the other
still is opened.

The heaters are designated by the letters
IT I’, and each consists of a coil of pipe 24,
connected with a spraying-tube 25, placed 1n
a suitable panunder the coil. A pipe26 leads

from each coil, and the two pipes 26 26 unite

by a T-joint with a pipe 27, that leads to an
oil-tank T, located at the back of the stills in
a slwhbly-elevated position. The pipes 26 26

are provided with valves 28 29, respectively,
~and the arms of these valves &16 connected
with the lower ends of rods 30 31, whose up-
perendsare pivoted to levers 32 30, fulerumed
- to brackets pI‘OJ@CtlD”‘ from the casings of |

enter the respective chambers V V'.

The end of the

‘of the liquor or gas.

| valve-chambers 34 35, built on the heads of

the stills SS8’, respeclively. Thevalve-cham-
bers 34 35 are divided by a horizontal parti-
tion 36 into two parts o b, the lower part b
connecting by a passage 37 with the interior
of the sbﬂl and having a valve-seat 38 at the
entrance to this passage. A valve-rod 39, con-
nected with the short arm of the lever 32,
passes down through a stuffing-box and the
chambers ¢ b and carries at its lower end in
the lower compartment b a valve 40, and un-
der the partition 306 it carries another valve
41, the latter under a valve-opening d in the
pal tition 36. Abovethe partition 36 a spring
t is coiled around the valve-rod 39 to fowe
the rod down and close the valve 40. Pipes

42 43 lead each from the compartments a a of
the two valve-chambers, pipe 42 connecting
with the pipe 22 and pipe 43 connecting with

pipe 21 just outside of the point Where they
The
pipe 42, leading from the valve-chamber on
still S, ‘thus connect& with the pipe leading

into the chamber V', Whlch is in conneetlon -

with the still S, and pipe 43, connecting with
the pipe leading ‘into the chamber, conneetin o
with still s, The purpose of thisarran ﬂement
will be described presently.

The several pipes referred to are pr omded
with suitable valves for stopping the passage

designated when the operation of the process
1S deserlbed Furthermore, certain of the
pipes are provided with check-valves. Thus
a, check-valve 44 ig placed in the first branch
of the condenser-coil 16 to prevent back pres-

sure from the coil into the pipe 15 and from

thence into thestill. Check-valve 45 is placed
in pipe 17 to prevent back pressure from the

receiver R tothe condenser-coil, and the pipes

22 23 are fitted with check- Valves 46 46 at a
point just outside of chambers V V' to pre-
vent the hqum in t11e chambers from enter-
ing the pipes 21 2

From the tank 1 of the condenser a pipe

47 leads and connects by a T-joint with a

These valves will be
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waste-pipe 43 ,provided with a valve49,and a . -

pipe 50, plowded with a valve 51, that con-
nects with the main water- supply pipe 11.
The operation of the invention is as follows,
it being understood that the description re-
fors first to the distillation from one still §
and following this the description of the op-
eration of 1etu11111:1ﬂ* the expanded gas to the
spent liquor and its reliquefaction and reab-
sorption therein: At the beginning of the
operation agqua-ammonia Is run mto the two
stills S 8’ through a pipe 52, having branches
thatleadinto the r espective stills. The liquor
flows from the stills through the pipes 7 7 into
the chambers V V',
and then flowing thmuﬂh the pipes 6 into the
stills, the circul&tion at this point being from
the bottom toward the top, as indicated by
the arrows 1. The liquor also flows into the
chambers 3 3 through the lower limb of the
siphon and fills the same. When the cham-

llmn‘ the said chambers,

115'
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bers V V’ &1"ekenti‘rely filled and the stills are | R. When this
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about three-fourths full, as indicated in still

S, so that the ends of both siphon-pipes are

below the surface of the liguor, the valves in
the branches of pipe 52 are closed. No ecom-

munication now exists between the two stills,

and the valves in all the pipes leading to and
from the chambers V V' and the stills are
closed. The heater under the still 8’ is now

started. Theliquorin the still having passed |

during the fillinginto the circulation-chamber
o,the heatsurrounding the said chamber heats
up the liquor therein, which rising passes out
of the upper limb 5 of the siphon, while its
place is taken by the colder liquor in the still
flowing into the chamber through the shorter
limb 4 of the siphon. By this means a eircula-
tion of the liquor through the chamber 3 is
kept up, with the result that the temperature
of the liquor is quicklyraised and the distilla-
tion is very rapid. At the same time that
this cireulation of the liquor through cham-
ber 8 is carried on, the temperature of the
liquor in the still being raised above that in
the chamber V', it passes through the pipe 6
into the top of the chamber and displaces the
colder liquor at the bottom, which passes
through the pipe 7 into the still. Thus a cir-
culation of the liquor the reverse of that in-
dicated by the arrows 1 takes place between
the still and the chamber, with the result that
the entire body of liquor in the still and cham-
ber is set in motion and passes through the
circulation-chamber 3, thereby being rapidly
brought to a uniform temperature, and the
distillation of the liquor is effected expedi-
tiously. When the pressure of the gas in the
still reaches, say, one hundred pounds, as in-
dicated by the pressure-gage G, the valve 532
in the pipe 14*, leading from the still &/, is
opened to allow the gas to pass into the coils
in the condenser. Previous to this, however,
the valve 54 in the main water-pipe 11 and
valves 57 58 in the pipes 9 10, connected with
the coil 8 in chamber V, had been opened and
the water allowed to flow through the coil 8,

‘whence it was conveyed by the pipe 9 to the

sSpray-pipe 15 in the condenser, and falling in
a spray on the condenser-coil cooled the same,
and dropping into the tank was conveyed
through the pipe 47 and discharged from the

waste-pipe48,the valve49 beingopen. The gas

- rising through the pipe 14* circulates through

5§

6o

the condenser-coil 16,.is condensed to liquid

anhydrous ammonia, and by the pressure in
the still is forced through the pipe 17 past
the check-valve 45, and valve 54° being open
1t 1s driven into the receiver R under a pres-
sure of about one hundred and twenty pounds
to the square inch. This operation is con-

tinued until the liquor in still 8’ is reduced
to about the point indicated by the broken
line z—that is, until its level is just above
the upper end of the siphon -tube 4 and
below the uppeéer end of siphon - tube 5—at
which time enough gas has been distilled
over and condensed to nearly fill the receiver

ﬁ

point is reached, the valve 53¢
1s closed and the heat shut off. The valves

57 58 1n pipes 9 10, leading from the coil 8 in

chamber V, are now closed and the valves

59 96 in pipes 9 10, leading from the coil § in
chamber V', opened, so that the water flows

through the coil 8 in chamber V' for the pur-
pose of cooling the liquor in the said cham-

ber and still S |
To bring about the recondensation of the
gas remaining in the still and its reliquefac-

tion by the spent liquor in the still which
follows, with the result that a vacuum is

formed in the upper part of the still, the
receiver having been charged with the anhy-

drous liquor under a pressure of, say, one
hundred and twenty pounds, the refrigera-
tion can be proceeded with. The valve 59

‘being opened, the anhydrous liquor rushes

to the valve X, which admits it, as required,
to the pipes or chambers of the refrigerator,
in which it expands. Immediately on its
passing the valve it comes under the influ-
ence of the vacuum existing in the still &,
which by decreasing the pressure in the pipe
22, that leads from the refrigerator-coil to
the chamber V', and the pressure of the liquor

1n the chamber V', permits the gas to expand

rapidly and to be drawn or sucked through
the pipe 22, the valve 60 in the pipe 22 being
open, and thence into the chamber V' through
the perforated pipe 23 and diffused through
the spent liquor in the chamber, by which it
Is reliquefied and reabsorbed, thus restorin o
the ammoniacal liquor to its original strength
and recharging the still. -

-~ The reliquefaction and absorption of the
gas by the liquor in chamber V' generates
heat by which the temperature of the liquor
in said chamber is raised considerably above

the liquor in the still S, which was reduced

by the water circulating through the coil to
the temperature of the water, and further re-
duced, more or less, by the evaporation fol-
lowing the production of the vacuum in the
upper part of the still. Ilence when the tem-
perature of the liquor in chamber V'is raised
1t passes out of the said chamber up into the
pipe 6, and thence into the colder liquorin the
still, the end of the pipe being below the sur-
face of the liquor in the still, so that the
heated liquor is delivered into the body of
the colder liquor. At the same time that
this overflow from the chamber V' takes place

‘an influx from the still sets in at the bottom

through the pipe 7, the colder liquor in the
still thus displacing the warmer liquor in the
chamber V', and a circulation is thus estab-
lished between the two bodies of liquor. The
gas issuing from the perforated pipe 23 thus
meets and mingles with the colder liquor flow-
ing into the bottom of the chamber from the
still, and owing to the superior liquefying
and absorbing powers of the colder liquor
the reliquefaction and reabsorption of the
gas proceeds rapidly, and as through the cir-

| culation the entire body of spent liquor is
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tom and meet and mingle with the gas issu-
ing from the pipe 23 the reliquefaction and

reabsorption proceed with such rapidity that

no free gas is permitted to accumulate, and

hence no caleulable pressure arises in the

chamber or still, and the vacuum 1s not ma-
terially diminished. The rapid assimilation
of the gas is further aided by the liquor com-
pletely filling the chamber V', (it being main-
tained in this way by the higher level of the

liquor in the still,) there being no space for

20
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30

the gas above the liquor, and the exit from
the chamber being through the pipe 6 if all
the gas is not absorbed in the chamber 1t 1s

‘taken up as it flows through the pipe or by
the colder water in the still, into which 1t 1s

discharged from the end of the pipe 6.

By maintaining the vacuum in the upper
part of the still, which can only be done by
preventing the gas from rising above the sur-
face of the spent liquor, the liquor is held up
in the still and chamber and pressure from
the weight of the water, against the check-
valve in the pipeleading into the chamber, is
relieved, whereby resistance to the escape of
the expanded gas in the refrigerator-pipes is
practically done away with, and thereby the
expansion of the gas is greatly facilitated,
back pressure in the refrigerator-pipes pre-

- vented, and the generation of heat therein
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~ turned to that still to raise the body of aqua- |

65

virtually made impossible.

When by the decrease of anhydrous liquor
in the receiver, as indicated by the glass gage,
afresh supplyisrequired, the still Sis brought

into operation by setting the heater H going.

The same circulation of the liquor through
the chamber 3 and between the chamber V and
still S1is set up as heretofore described in con-
nection with still 8’, and when the distillation
has proceeded as far as beforestated and the
pressure has reached the proper height, as in-
dicated by the pressure-gage, the valve 53 in
pipe 14 is opened and the gas allowed to en-
ter the condenser-coil, from which the anhy-
drous liquor is driven to the receiver R, as
heretofore described. When the distillation
has proceeded far enough to reduce the body

of weak liquor in still S to the level indicated

in still ', the valve 53 is closed and the valves
57 58 in pipes 9 10 opened, so that the water

~will flow through the chamber V to cool the
spent liquor therein and in the still to form
the vacuum preparatory to the return of the
expanded gas from the refrigerator-pipes to

the spent liquor and its reliquefaction and

reabsorption therein, as heretofore described.
It is intended that the stills shall after

every distillation be recharged with liquor of
the original strength. Hence when the gage
on one of the stills indicates that the proper
quantity of the expanded gas has been re-

ammonia therein to the original volume valve
60 in the pipe leading to the chamber connect-
ed with that still is closed to stop the further

),

seribed a constant circulation of the refrig-

erant is obtained from the original bodies of

liquor put into the two stills by operating first
one and then the other.

For convenience of description the top of
the liquor in still 8'is shown at the line =,
which is the point at which distillation is in-
tended to reduce it in both stills before the
return of the expanded gas to the still last

used. When the distillation takes place in.

still S, the liquor in that still will be reduced

to the height of the line z,while the liquorin
| still S’ will be up to the level of that shown

in still S. Thereceiver R will contain nearly
the amount taken from one or the other of

the stills, the difference between the quantity

in the receiver and that taken from the stills
being accounted for by the amount contained
in the pipes, either those leading to the re-
ceiver or those between the receiver and one
or the other of the chambers V V'.

The regulation of the heat under the stills
is brought about in the following manner:
As heretofore stated, the passages 37 in the
valve-chambers 34 and 35 communicate with
the inside of the respective stills. Supposing
the heat to be under still S when the pressure
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in that still reaches, say, ninety pounds, (or 953

more,) at which point it may be desired to
check the distillation, the valve mechanism
in chambers 54 and 35 being set accordingly,
the pressure raises the valve 38 against the
force of the spring in the chamber a, and
thereby the lever 32 is operated and through

the rod 30, which connects with the arm on
‘the valve 28, partly closes the valve 35, checks

the flow of oil to heater H, and thereby re-
duces the heat under the still S. When the
valve 38 is lifted, the valve 41 is at the same
time moved up against the partition D and

‘closes the opening through the same and pre-

vents the gasin chamber b from passing into
the chamber ¢; but when the pressure de-
creases the valve 38 is forced down on its seat
by the spring, and valve 41, being moved
away from partition d, passes up through the

‘opening in the partition and enters the cham-

ber o, from which it passes into pipes 42, and
is led thereby to the pipe 22, (see F'ig. 2,) and
thence into the chamber V', where 1t 1s re-
liquefied and taken up by the body of weak
liquor. This descriptionof the operation of
the heat-checking mechanism under still S
presupposes that the liquor in chamber V'
and still §' is being cooled, while the liquor in
still S and chamber V is being distilled. It
will be understood, of course, that when still
S' is being heated the valve mechanism 1n
valve-chamber 35 operates the same as the
mechanism in valve 34 to check the heat
under still 8’ when the pressure reaches the
same point and that the gas whichisled into
chamber ¢ when the pressure decreases and
valve 38 closes passes by the pipe 43 into the
pipe 21, and thence into chamber V. -

In the above description ammonia has been

~ influx of the gas. Thus by the process de- | referred to as the refrigerating agent; but it
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1s to be understood that the process is not
limited in its application to the use of that

material, as I desire Lo claim the process when

used for the circulation of any refrigerating
agent which is recoverable after doing its
work in the refrigerating-chamber by being
reliquefied by the residue of the liquor from
which it was originally distilled or generated.

I claim— |

1. In a refrigerating apparatus the combi-
nation of a still and an auxiliary chamber,
forming receptacles for the liquor, pipes con-
necting the receptacles together at top and
bottom, and a return gas-pipe that delivers
into the auxiliary chamber, the receptacles

‘being arranged to permit an uninterrupted

circulation of the liquor through the pipes

~ and receptacles by gravity alone, to facilitate

20

and hasten the absorption of the gas, and pre-

vent the accumulation of pressure in the re-

ceptacles, substantially as specified.

2. In apparatus for artificial refrigeration .

- the combination of a still and an auxiliary

.30
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chamber forming receptacles for the ammo-
macal liquor, a return gas-pipe delivering
Into the auxiliary chamber and pipesleading

from the top and bottom of the auxiliary

chamber to the still—one entering the still

~near its bottom and the other entering it at a

point above the auxiliary chamber the recep-

tacles being so placed with relation to each

other as to permit an uninterrupted gravity

circulation between the bodies of liquor in
the still and auxiliary chamber respectively

through the pipes, substantially as specified.

5. In apparatus for artificial refrigeration
the combination of a still and an auxiliary
chamber as receptacles for the ammoniacal
liquor, a return gas-pipe delivering into the
auxiliary chamber pipes leading from the top
and bottom of the auxiliary chamber to the
still—one entering the still near its bottom
and the other entering it at a point above the
auxiliary chamber—the receptacles being so
placed with relation to each other as to per-
mit an uninterrupted gravity circulation and
circulation between the bodies of liquor in
the still and auxiliary chamber respectively
through the pipes, a receiver for the anhy-
drous liquor, a condenser interposed between
the still and the receiver and a refrigerator-
coll connected by pipesprovided with suitable
valves with the receiver and the auxiliary
chamber, substantially as and for the purpose
described. |

4. In apparatus for artificial refrigeration
the combination of two stills, and two auxil-
iary chambers forming receptacles for the
ammoniacal liquor, return gas-pipes deliver-
inginto each of the auxiliary chambers, pipes

| leading from the top and bottom of each aux-

1liary chamber toastill—one entering the still
near 1ts bottom and the other entering it at
a point above the top of the auxiliary cham-
ber—each of the stills and its auxiliary cham-

as to permit of an uninterrupted gravity cir-
culation between them through the pipes, a

1 recelver, pipes that lead from the receiver to

each of the auxiliary chambers, and a con-
denser connected with both stills and with the
recelver by suitable pipes whereby the opera-
tion of distilling the gas and recharging the
spent liquor can be carried on without inter-
ruption, the vacuum maintained in one of the
stills, and the distillation can be carried on
in the other when the receiver needs replen-
ishing, substantially as described.

5. The combination, in a still, of a recepta-
cle for the liquor, a combustion-chamber and
pipe leading therefrom, a circulation-cham-
ber placed in the pipe and combustion-cham-
ber, and siphon-pipes leading from the circu-
lation-chamber out into the receptacle for the
liquor, substantially as described.

6. The combination, with the heating appa-
ratus of the stills, of an oil-tank Ieading there-
from to branches that connect with the burn-
ers under the respective stills, a valve in the
sald pipe to regulate the flow of oil to the
burners, upper and lower valves, mounted on
valve-rods, inclosed in casings on the stills
(the valve-chambers communicating with the
interiors of the respective stills), the said
valve-rods connected with levers which in

turn are connected with the valves in the

branch pipes leading to the burners, cham-
bers above the upper valves in the casings,
and pipes leading from each of these cham-
berstothe auxiliary chambers connected with
the twostills, the pipes leading from the cham-
ber in the casing on one still leading to the
auxiliary chamber connected with the other
still, whereby, when the pressure in one still
reaches the required height the supply of oil
1s automatically shut off and the burner ex-
tinguished, and the gas, which enters the
valve-chamber in the casing, and is shut in
there by the closing of the lower valve, is con-
ducted back into the auxiliary chamber con-
nected with the other still without waste, sub-
stantially as specified. |

In testimony that I claim the invention
above set forth I affix my signature in pres-
ence of two witnesses. |

EDWARD WELLS HOWELL.

Witnesses:
FREDK. HAYNES,
MintoN C. DORNE.
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