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' To all whom it may concern :

UNITED STATES

.....

Patent OFFICE.

CASSIUS CLAY PALMER, OF OAKLAND, CALIFORNIA.
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SP:CIF.LCATIOI\I forming part of Lettels Patent No. 220,794, dated December 25 1883,
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Be it known that I, CAss1Us CLAY PALMER,
of Oakland, Alameda county, in the State of

- California, have invented a new and useful

Improvement in Refrigerating Apparatus, of |

which the following is a Specmcamon
Heretofore various methods for refrigerat-

~1ng air have been in use, with more or less

10

15

20

success, most prominent qmonﬂ' which may be
mentmned apparatus. -for ¢ir cuhtmﬂ* the air

in direct contact with ice; also, ftpp‘wa,tus for

circulating the air in contact with the exterior
of vessels or pipes containing a freezing-mix-

ture or brine; also, apparatus 5 for compr essnw
the air, eoollnﬂ* 1t in the compressed state, and
expmdmo‘ 1t; zﬂso apparatus for cir culatmg
the air in contact with the exterior of recep-

tacles containing expanded ammonia-gas. All
of these methods, however, are open to serious
objections which are very familiar to those

-acquainted with their use.

25

- My improvement consists, prlmarlly, In re-
frigerating air by the agency of chioride of
ethyl, which I have found to possess substan-
tial advantages, hereinafter referred to, over
any of the 1ef1:1ge1f1t11:1n* agents which’ have

~ heretofore been employed for the purpose.
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My improvement also consists in the con-
struction of certain apparatus by the opera-
tion of which great advantages are acquired.
in the mampulatmn of a Volatlle. fluid as an
agent for the refrigeration of the atmosphere.

‘\f[y improvement may be applied to the re-
frigeration of air for any purpose, such as
t he preservation of putrescible substances;
but I have ascertained that it has especial fea
tures of utility when employed for the refrig-
eration of the air contained within compart-
ments within which beer is placed for Storan‘e
or fermentation.

Figure 1 of the accompanying dlELWlH'D‘S
represents an elevation of a form of appara-

tus which I prefer to use in practicing my in-

vention. Fig. 2 represents a plan view. Kigs.

45 3 and 4 represent detailed views of the refrw-

‘erator and its connections, the cap a being rep-:

_'_'jlesellted n bOth 1ts 01)6116(1 and closed POSi-

'_tlons in Fig. 4

- My appmatuss may be divided mto five

| parts—namely, the refrigerator,the condenser, 50
the compressor, the pressure-blower, and the
chill-room.

The refrigerator may consist of any num-
ber of parts like that which I am about to de-
scribe, the number of such parts being regu- 55

Jated in accordance with the space required
to be cooled by the apparatus. In Figs.1land

21 bhave shown the refrigerator as containing
four of these parts. Fws 3 and 4 show the
construction of each of these parts. 60

A represents a cylinder, which I prefer to
construet of copper when ¢hloride of ethyl is
used as the refrigerating agent. This ¢ylin-
der is made sufficiently strong to withstand -

‘the atmospheric pressure upon its exterior 65
when in use, and 18 provided abt each of its
ends with a cap, a &', joined to the eylinder in

‘such away as to prevent the escape of the air,
which is forced through the apparatus by the

pressure-blower. These caps I also prefer to 70
construct of copper. Each of-these caps is
provided (preferably at its center) with a pipe,
bb', one for conducting air into the cylinder
and the other for eonductlnﬂ 1t out. |

Two perforated plates, ¢ ¢, are situated with- 43
in the c¢ylinder—one at each end—and in such
position that an air-space is left betieen each
perforated plate and the cap inclosing  it.
These perforated plates are so connected at
their edge with the interior of the cylinder as 8o
to prevent any communication between the air
~which is contained within the capsa ¢ and the
fluid which is contained between the perforated
plates. From one of these periforated plates -
to the other extend tubes d, which are fitted 85
at each end into the perfor ations of the plates

by tight joints, which tubes afford communi-
cation from the air- -space at one end of the cyl-
inder to the air-space at the other end of the |
cylinder. These tubes and the- pelfmated“gm
plates are also made, preferably, of copper
when chloride of ethyl is used. The pipe e

i serves to conduct the fluid into the space

around the tubes in the cylinder, this pipe be-

ing preferably located at the top and near one g3

end of the c¢ylinder. Another pipe, f,servesto
conduct the fluid in its expanded state away
from the cylinder, and is situated, preferably,

-----
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near the other end of the eylinder, at ils top,
the second pipe being somewhat larger than
the first pipe, so as t0 provide for the differ-

ence in volume of the fluid ecaused by its ex-
pansion In the cylinder. The mnozzle of the
pipe o', which conducts the air away from the
cylmdel 1s made, preferably, smaller than the
pipe D, which condnets the air to the cylinder,

S0 as 0 assistthe pressure-blowerinkeeping up
a certain amount of pressure of air within the
tubes d in the cylinder, and thereby causing the
alr within the tubes throughout their whole

length to be kept in intimate contact with the

Jnterlor ofthetubes. The eylinders A are each
surrounded by a masonry 11101051]1 e, which isso
built as to leave the caps « « pr Q]GCt]l]G out-
side, and so astoleave a space around outside
each cylinder A on all sides. This space is
divided by a longitudinal partition, %, (shown
1n dotted lines, 1*10 1,) connecting the bottom
of the evhndel Wlth the floor; fmd the air
which is to pass through the 161’11001 ator be-
fore entering the pipe b I8 conducted by the
pipe ¢ into the melosed space around the eyl-

inder A on one side of the partition 2, and
passes around the cylinder to enter the pipe
b, which connects with the inelosed space on
the other side of the partition A, as shown.

The object of thus conducting the air taken
from the chill-room around the exterior of the

~cylinder before 1t is passed through the tubes

d 1s for economy, because the air received from
the chill-room 1s colder than atmospheric air,
and thus presents a barrier to the entrance of
heat from the atmosphere into the refrigerator.

© Another objectis to causethe air to lemre CON-

siderable of 1ts moisture condensed on the cold
exterior of the cylinder A before it enters the

- tubes d.

40

50

As means of access o the interior of the
pipes d, the caps a a’ are preferably each con-

structed in two equal parts, «” «, Fig. 4,
said parts being hinged at s, and When closed

- meeting together, 8o as to make a tight joint
45

around the pipes 0§ and with each other.
When closed, they may be secured together
by bolts or i1n any other suitable manner.
IKach of the pipes f connects with the eylin-
der or pipe f/,which 18 in turn connected with

the compressor by the pipej. The pipe f'is .

preferably somewhat larger in area than the
combined area of all the pipes f, for the pur-

~pose of distributing the suction of the com-

53

60

The compressmn of the chloride of ethyl re-.

pressor equally to all the cylinders and pre-
venting the beats orstrokes of the compressor
being felt in the e¢ylinder A. The compressor
is represented in Figs. 1 and 2, the com-
pression - cylinder being lettered B and the
steam-cylinder C. No detailed description of
this compressor 1S necessary, since it is con-
structed similar to pumps for compressing
oases, which have been heretofore in use.

quires a power of only about fifteen pounds.
The refrigerating-fluid, in an expanded con-
dition, is drawn from the refrigerator to the

|

]

|
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eompresSion-pump through the exhaust-pipes

S, f'y and j, and from the compressing-pump
the fluid, in a compressed state, is conducted

through the pipe % to the condenser, where it
is converted from a gas to a liquid.

The condenser consists of a tank, D, to con-
taln & cooling-liquid, (generally water of or-
dinary temperature,) within which are im-
mersed the coil of pipes I, through which the
referigerating-fluid passes after leaving the
compressing-pump. for the purpose of hzwmﬂ

1ts tempelfbtme reduced and being converted

from the gaseous to the liquid state prepara-
tory to being returned to the refrigerator
through the pipe m. Of course, the condenser
may be varied 1in many ways, and the cooling
agent by which the condenser-pipes are sur-
rounded may be varied in many ways, in ac-
cordance with the amount of cold which it is
desired to secure. .
The chill-room may be a beel 061]{11 in a
brewery, or it may be the chamber of a pro-
vision-refrigerator. Itisconstructed, prefera-
bly,with non-conducting walls E, and contains
a system of distributing-pipes, n, connected
with' the air-pipes ¥, contfumno openings o,
arranged at various pomts in the chill-room,
so that the cold air may be equably distribu-
ted to all parts of the chill- -T00m, Oor wherever
required. In the drawings these openings are
shown as located between the rows of beer-bar-
rels p, about on a level with their tops, though
of course it might be discharged at other
points, if requir ed g1sthe 131pethroughwhleh
the air 1s drawn out of the chill-room, which

may be connected with distributing-openings,

as shown.

In the fermentmg—romn of a brewery when
cooled by my apparatus, the open tubs of fer-
menting beer are stood in the positions ocecu-
pied by the barrels p in the drawings, and the
cold air, being thus discharged from the open-
ings o 1n the position shown, meets with and
absorbs the carboniec-acid gas flowing over the
edges of the tubs; but at the same time the
draft of air 1s so directed by the nozzles o as
to produce the lowest temperature at the bot-
toms of the tubs, whereby the beer atthe bot-
toms of the tubs 1s kept as cold as or colder
than the beer at the surface, so that the gas
which is thrown off by the fermentation of the
beer at the bottom of the tubs will not be re-
absorbed by the beer above in passing
through if.

The pressure-blower I is constructed like
the pressure-blowers heretofore in use—such
as the DBaker or Root blowers—and hence
need not be specifically described. Itisdriven
by a belt or other means of connection with
the engine. It draws the air from the chill-
room through the pipe g and forees it into the

refrigerator through the pipes » and <. Of

course other air-forcing apparatus might be

70
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125

used 1n lien of the pressure-blower, though 130

I think not to so great an fl,dv'mtage, The
connections of the pressure-blower might be
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reversed, so as to discharge the cold air from

.the pipe ¢ and exhaust it through the pipes z

n and openings o.

- By arranging valves in the pipes ¢ and ¥
and e and f connected with each of the cylin-
ders A, I can throw any one or more of the
cylinders into or out of operation at will, so

- that any one of them canbe cleaned or repaired

10

15

20

- ¢ylinder being thirty inches in diameter, and

- pressed. and expanded about once in every two

30

35

- any of those in operation require -cleaning or
~ repairs its valves can be closed, and the valves

40

50

59

60

by operating the compression-pump the airis

5 denser, where it is cooled and reduced to the

while the others are in operation, both the re-
frigerating-fluid and the air being diverted

from entering the cylinder for the time being.
The number and length of the tubes and the

frequency of compression and expansion of the
refrigerating-fluid for securing the proper de-
gree of cold will of course depend upon the
size of the chill-room and the influence of ex-
ternal heat and the amount of heat given off
by the contents of the chill-room: but for a
chill-room having ten thousand cubic feet ca-
pacity, with ordinary non-conducting walls,
and containing barrels of fermenting beer, T
havefoundthatatemperatureof38° Fahrenheit
could be secured by refrigerators containing
eighty-four tubes,each tube one and one-fourth
inch in diameter and seven feet long, the

the amount of chloride of ethyl in use being |
about eight hundred pounds, and being com-

or three hours, the condenser also containing
water at about 76° FFahrenheit temperature,
and the air in the chill-room being conducted
through the cooling-tubes about once every
hour. |
In operating my apparatus I prefer to have
at least one of the eylinders A all the timeidle
while ‘the others are in operation, so that if

of the idle cylinder can be opened, so that the
number of eylinders in operation will not be
reduced. In operating the apparatus shown
In Figs. 1 and 2, therefore, I open the valves
of three of the cylinders, leaving the valves of
the fourth one closed. I then start the oper-
ation of the pressure-blower and the compress-
ing-pump. Before introducing the chloride
of ethyl into theapparatus, the valve k, I'ig. 1,
1s closed and a pet-cock, %/, is opened. so that

exhausted from all parts of the apparatus in-
tended for the volatile fluid. 'The chloride of
ethyl,which under atmospheric pressure is in
the form of a liquid, is then allowed to flow
Into the'apparatus through the petcock , and,
expanding, fills the apparatus with its vapor,
and during the operation of the apparatus the
condenser and the space around the tubes d
and the connecting-pipes contain only the chlo-
ride of ethyl and its vapors. The petcock ¥
is next closed and the valve & is opened. The
exhaust-pipe of the compressor exhausts the
gas from the cylinder A, and the compressing-
pump compresses 1t and forces it into the con-.

liquid state, ready to be returned to the cyl-

inder A, and there caused to expand again by

the agency of the partial vacuum, which is re-
tained therein by the exhaust of the com-

pressor. IKrom the condenser the liquefied 7o

chloride of ethyl passes through the pipes m
and e into the cylinders A, where (the cylin-
ders containing a partial vacuum) it expands

mto a gas around the tubes d, thereby corre-

spondingly reducing its temperature, so as to

extract the heat from the pipes ¢ and the air
passing through them. Intheexpanded state

the chloride of ethyl is drawn by the exhaust

of the compressor through the pipes 1 7 back
to the cylinder B,where it is compressed, and
then goes through the same operation over
agaln. While the treatment of the chloride
of ethyl is progressing, as above desecribed,
the pressure-blower draws air out of the chill-
room and forces it under a slight pressure

through the pipes » and ¢ into the inclosed

spaces surrounding the cylinders A. Thence
the air, still under a slight pressure, passes
through the pipes b within the space between
the caps a and the perforated plates ¢, and
thence through the tubes dand intd the space
between the cap « and perforated plate ¢.
From this space the air is conducted through

the pipes " and ¢ back to the chill-room, into

which it is distributed by the pipes # from the
openings o. Inits turn thisair isagain drawn

Into the pipe ¢ and the same operation upon

1t 18 repeated. :
In making the excursion above described

the air is not finally cooled till it reaches the

tubes d; butasit passes through the tubes d the
difference in area between the pipes b and ¥, al-
ready mentioned, assists the pressure-blower
In keeping the air under a slight pressure,

which alds in bringing it into intimate con-.

tact with the interior of the tubes d, and its
heat is taken up by the pipes and given by
them to the chloride of ethyl surrounding

them, which carries it to the condenser and.

leaves it there, preparatory to returning to
take away the heat of any other air which
may be passing through the tubes, when it
returns to the cylinders A. Notonlyisthe air

in this manner deprived of its heat as it passes

through the tubes, but by reason of its Ioss of
heat it also loses its capacity to hold moisture,
and 1ts moisture is therefore deposited on the
interior of the tubes in the form of ice or snow,
the air in the chill-room being thus kept very
dry. Still another impurity which the air
leaves in the tubes in case the apparatus is
applied to refrigerating fermenting-rooms is
the carbonic-acid gas resulting from the fer-

75

30
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100
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mentation, which gas is very soluble in the

moisture held by the air when it enters the
tubes, but is very slightly soluble by the dry

air as 1t leaves the tubes. The gas is there--

fore dropped by the air and left in solution in

the snow or ice deposited in the tubes. So

marked i1s this result that termenting-rooms,

which,when refrigerated as heretofore, habit-

ually contained so much carbonic-acid gas that

125

130




a lamp could starcely be burned in them, }
when refrigerated by my apparatus, are kept |

4 | 290,794

Cpractically free from any carbonilc-acid gas

whatsoever. The presence of the gas in' the

snow or ice deposited in the tubes is shown

by the acid reaction it has upon littmus-paper.
- The moisture and impurities taken up by the
air in the chill-room being thus deposited on

* the interior of the tubes d, those tubes; after

10

long-continued operation,require to be cleaned.
out. To do this to the tubes in any cylinder,
T close the valves in the connecting-pipes of

that eylinder, and at the same time open the

valves in the eylinder which was previously |
idle. Ofthe cylinder thus cut off I open the
eaps « ¢ by swinging the two halves of each

~ cap back on their hinges. The tubes within
- the cylinder are thus exposed at both ends,

20

and to clean them out I cause water of the or-
dinary temperature, or steam or other com-
. paratively-temperate fluid, to flow through

them. This water thaws the snow and 1ce

deposited in the tubes and washes them all
out clean. The caps of the cylinder are then
closed, and the cylinder is ready to be put
into operation again whenever needed. In
this manner I am enabled,without interfering

- with the operation of the apparatus, to kcep

40

50

53

60

it free from obstructions. . I

In order to produce a temperature below
the boiling - point of the refrigerating-fluid,
(which for chloride of ethyl is 52%,) 16 1s nec-

‘essary that the capacily of the COmMpPressing-

pump and the relative areas of the pipes lead-
ing from the compressor to and from the re-
frigerator should Dbe so regulated that in op-
eration a partial vacaum 1s continually pre-
served around the tubes d within the cylin-
ders A. The extent of vacuum required will
depend upon the lowness of the temperature
desired for the air.

In practice I have found that when the air
being delivered into the chill-room showed a
temperature of 40° Ifahrenheit a vacuum-
ogage connected with the interior of the cylin-
der A registered ebout fifteen inches, and
when the air being delivered to the chill-room
was at about 28° Fahrenheilt the vacuum-gage
stood at twenty inches, though the vacuum-
oage in these instances would have registered
Jess if the air from the chill-room had been
passed more frequently through the pipes d
than it was in fact, the air in the chill-room
in the examples referred to being passed
through thetubes d once every hour. In order
to provide for producing this partial vacuum
within the cylinders A, I place in the branch
pipes leading from the pipe ¢ to each refrig-
erator check-valves ¢ near the point where
each branch pipe empties into its refriger-
ator, by partially closing which I am enabled
toso impede the passage of the fluid from the
condenser to the refrigerator as to preventits
being supplied to the refrigerator sufficiently
fast to fully supply the place of the gas which

pressing-pump. Thus the extent of vacuum
‘produced within the refrigerator, and conse-
“quently the temperature communicated tothe
70

‘air passing through the tubes d, may be regu-
Jated at will by simply varying the position of
| the check-valve ¢, and the fluid does not be-
‘gin to vaporize practically until after it has

passed the valve ¢’. -

T have described the appamtuswmeh I pre-

fer to use in practicing my invention; but it

will be apparent that the apparatus may be

So far as I know, previous to my invention

tains certain novel features which might be

agents than chloride of cthyl.

~ Some of the advantages of my methott are
the following: Very little pressare isrequired

to compress the chloride of ethyl, thus requir-
ing little power or strength of machinery, and

producing little wear of machinery and little

liability of breakage, leakage, and loss of the

fluid. The chloride of ethyl is neutral, and

“varied in many features without departing
from the scope of my invention. |
' 30
no apparatus was known practically adapted
for the application of chloride of ethyl as are-
frigerating agent to the refrigeration of air,
and I believe myself to be the first one to re-
{rigerate air by means of chloride of ethyl. 1
furthermore believe that” my apparatus con-

used to advantage in refrigerating with other

QO

95

attacks no metal; therefore any metal can be

used in the construction of the machine, and

| T am enabled to use copper for the tubes d,

(one of the best conductors of heat,) while
with some other fluids only iron can be used,
which is one of the poorest conductors, and
does not malke tight joints, as does copper.
Chloride of ethyl is not noxious to the smell
or injurious to the health.

In my machine all of the parts of the appa-
ratus traversed by the refrigerating-iluld may
be in the machine-room, readily accessible to
the engineer. 'The tubes d can be readily
cleaned of any moisture frozen in them which
tends to impair their conductivity or obstruct
them. Access to the apparatus does not re-
quire the chill-room to be opened. The atmos-
phere of the chill-room is deprived of car-
bonic-acid gas and other impurities. Chloride
of ethyl, when expanded so as to produce cold,
deposits crystals on any substance with which
it may be in contact, which crystals accumu-
late so as to have the appearance of frost or
snow. Italsoexpandsslowly when volatilized.

I am aware that attempts have herctofore
been made to use chloride of ethyl for freez-
ing liquids; but I do not know ot any attempts
prior to myinventions in this direction which
were practically successtul.

One of the principal reasons why the appa-
ratuses before known could not be used with
practical advantage with chloride of ethyl has
been because thé expansion of the chloride of
ethyl took place in a passage of restricted
sectional area—in fact of a sectional area not

is exhausted from the refrigerator by the com- | greater than the supply - pipe for the com-
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pressed fluid. When expanded in such a pas-
~sage, thetendency of the gas to form the crys-

- tals referred to and the slcm ness of its expan-

sion form unsurmountable obstacles to its suc-
cesstul use, because the formation of the crys-

tals qmeLly fills up the area of the passage
when the gas first begins to expand and pre-

- vents further cir culation and the slowness of

IO

the expansion of the gas prevents its being

diffused quickly thr oughout the remote end
of the expansion - passage, and thereby pre-
vents a uniform distribution of cold. In my
method and apparatus provision is made for

introducing the fluid to be expanded within

a chamber of large sectional area in compari-
son ‘with the sectlmnl area of thesupply-pipe,

so that whatever crystals may be ereated with-

in the chamber and deposited therein will oc-

20

25

30

39

40

cupy so small a space in comparison with the
sectional area of the expanding passage or
chamber as not to materially obstruet the pas-
sage of the expanded gas through the same.
These crystals Spontaneously volatilize when

exposed to a temperature higher than the tem-

perature at which they are formed, so that

whenever the apparatus is stopped any accu-

mulation of them which has been formed in
the expansion-chamber will spontaneously dis-
appear. DBy having the expansion-chamber
oflargesectional area, my method is also adapt-
ed for the slowness with which the fluid ex-
pands, and the gas is diffused throughout all
portions of the chambel with sufficient rap-

1dity.

It will be noticed that the bottom of the con-
denser is above the level of the bottom of the
refrigerator, so that in the relationship of the
apparatus shown in the drawings the chloride
of ethyl would exist throughout the greater
part of the condenser in a gaseous (‘011(11131011
which will be converted into a liquid as it be~
comes cool, and will collect in a liquid form

~ to a comparatively small extent at the bottom

S
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of the condenser. Thisliquid,running through

> the connecting-pipe into the Tefri iger abor will

collect therein to a considerable depth, where
a3 it gradually absorbsheat fromtheair- tubes,
i5 will be converted into a gas, which accumu-

lates in the upper portion of the refrigera-

tor. Thisgas apparently is generated in vari-
ous portions of the liquid, where it comes in
contact with the heating - surfaces, and as it
bubbles up through the liquid chloride of
ethyl from the points at which it is generated
1 readily escapes from the large area of ex-

posed surface, and the gas produces a beiling
effect in the 1ef11'n erator.

The apparatus T have described may be lo--

cated outside the chill-room with pipes con-
necting therewith, or it may be-located with-
in the chill- -room, or partly inside and partly

outside.
1 bhave made an application of even date

herewith for certain features of the above in-
‘vention; and I therefore do not claim those

- features in this application.

- T am aware of the patent oranted to Charles

Telher dated January 5, 1869 and numbered,
85,719, and do not make claim to fmythmg
therem described. That patentstatesthatitis 7o
necessary in coolmﬂ air by the Tellier method

| not to -allow the air to be cooled below the

freezing-point in the apparatus. This would
not reduce the temperature of a chill-room
sufficiently for practical purposes, and to- 75
gether with other features renders the Tellier
method incapable of aecomphshmﬂ the results
for which mine-is adapted.

T am dlso aware of the patent to J: G Wolf, -
dated March 9, 1879, No. 213,487, and make 8o
no claim to ’lDVﬂllI]ﬂ 'shown Lhelem

I claim—

- 1. The method or 1:)1 0CE S8, subst'mtlally as
described,. of cooling air, which consists in |
compr essmn chloride of ethyl cooling 1t when 85
compressed volatilizing 1t In a chambel of
sufficient area wherein to deposit its crystals
without obstructing the passage of gas, and
causing the Vohtlllzed oas to circulate 1n con-
tact with a conductor of heat, on the opposite go
side of which conductor the air circulates,
whereby the heat communicated by the air to
said conductor is carried off by the gas.

2. The method or process, substantially as-
described, of cooling air, which consists of g3
compr essmﬂ chloride of ethyl cooling it when
eompxessed volatilizing 1t in a chamber of
sufficient area wherein to deposit its crystals
without obstructing the passage of gas, and
causing the air to circulate through a passage 100
adjoining the passage through whieh said vol-
atilized chloude of ethyl is passed -

3. The improvement in the art of coohng
air by the agency of a volatile fluid which 18
compressed and cooled and volatilized insuch .155

| manner as to absorb the heat from the air,

which improvement comnsists in volatilizing
chloride of ethyl within a closed chamber of
sufficient sectional area to prevent the passage
of volatilized fluid through the same being 110
obstructed by the erystals which may be de-
posited upon the wall of the chamber by the
fluid undergoing volatilization.

4. The process of refrigerating by means of
chloride of ethyl, which consists of compress-
mg and condellsmg it and then allowing it to
V&IJOI‘IZG within a receptacle, constructed sub-

stantially as described, whereby sufficlent area
of surface of the llqueﬁed 1uid is exposed to.
permit the gas which is formed therein to es- 120
cape Ireely iuto the upper portion of the re-
ceptacle.

5. The improvement in the art of cooling
air by the agency of a volatile fluid, which
consists in subjecting the air as 113 passes
through tubes tothe coolmcr action of the fluid
Volatlllzed within a vessel surrounding said

TI5
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tubes by theagency of a partial vacuum, sub-

stantially as desecribed.
- 6. In a refrigerator, the combination of the

cylinder A, the‘ tubes fl, opening into air-spaces

130

Lat each end, inlet and outlet air-passages b
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and &', connecting Sald air-spaces withthechill- | condenser, and preserving in said chamber a

room, the pressure-blower connected with the
pipe b for drivingthe air through the tubes d
under pressure, and suitable conueetlons for
conducting the volatile fluid to and from the
cylinder A, substantially as described.

7. In combination with the pressure-blower,
the vessel A,having the air-tubes ¢ and inlet
and outlet air-passages to and from said tubes,
the area of the outlet-passage being less than

- the area of the inlet-passage, substantially as

and for the purpose described.

8. In combination, a refrigerator pr 0V1ded'

- with tubes for the passane of__..m] and a closed
15

—
ot
1.

chamber surrounding said tubes, constructed
to hold a volatile finid, 1nlet and outlet pipes
connecting said air- tubes with the chill- -TO0IN,

pipes conneotmn the closed chamber with a

Compressor eonstructed to draw the volatilized
fluid from said closed chamber, and a con-
denser for cooling the same when compl essed,

substantially as desm 1bed.

9. The process of keeping the air of a chill-
room at a temperature beiow H0° Ifahrenheit
for preserving purposes, which consists 1n
passing the same through tubes adjoining a
chamber connected with a gas compressor and

partial vacunum, thus causing a volatile fluid
to volatilize therein at a low temperature.

10. In combination, the tubes for the pas-
sage of the air being cooled, the adjoining vol-

i atilizing-chamber, the fluid-compressor hav-

1ng exhaust and pressure passages connecting
the compressor with the volatilizing-chamber
sald passages being provided with means for

“making the pressure-passage of less area than

the exhaust-passage, whereby the compressor
may produce a partial vacuum within the vol-
atilizing-chamber for volatilizing the fluid.
11. Thechill-room, the air-cooling tubes con-
nected by inlet and outlet ailr-passages with
the chill-room, the air-forecing apparatus for
forcing the alr over and over again through
the air-cooling tubes, the volatilizing-chamber
surrounding the air-cooling tubes, and con-
nected with the exhaust and pressure
of the compressor, and means for regulating
the relative areas of said .passages, all com-
bined substantially as described.
CASSIUS CLAY PAL"\IER
Wilnesses:
DANT:
W. F.

oL H. DRIscoOLL,
HAPGOOD.
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