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-(Nu muﬂel.)-

To all whom it may concern -
Be it known that I, CASSIUS OLAY PALMER,
of Oakland, Alameda county, in the State of
California, hcwe invented a new and useful
Improvement in Refrigerating Apparatus, of

which the following is a specification.

Heretofore various methods for refrigerat-
ing air have been in use with more or less
suceess, most prominent among which may be
mentioned apparatus for CllCLﬂ&tlnﬂ‘ the air in
direct contact with ice; also, a,ppamtus for ¢ir-
culating the air in contfwt with the exterior
of Vessels or pipes containing a freezing-mix-
ture or brine; also, apparatus for compressing
the air, coolma it in the compressed state, and
E‘Xpﬂlldll}ﬂ 163 d]SO apparatus for cuculatmﬂ*
the air in eontacb with the exterior of recep-
tacles containing expanded ammonia- gas. All
of these methods, however, are open to serious
ohjections which are ver y tamiliar to those

acqualnted with their use.

My improvement consists, primar 1ly in re-
frigerating air by the agency of chloride of

~ethyl, which I have found to possess substan-

25

30

tial advantm es, hereinafter referred to, over
any of the 1(-*f110611t]11g agents which have
heretofore been employed for the purpose.

My improvement also consists in the con- |
~ struction of certain apparatus, by the opera-

tion of which great advantages are acquired
in the 111&111pl111t1011 of a Volf,\.}tﬂe flnid as an
agent for the refrigeration of the atmosphere.

1\i[y 1111131'0‘57"6]1161]13 may be applied to the re-

_ frigeration of air for any purpose, such as the

35

preservation of putrescible substfmce& but L
have ascertained that it has especial foatur es

of utility when employed for the refrigeration :

of the air contained within compar tments with-

~_in which beer is placed for storage or fer-

4.0

mentation.

Figure 1 of the accompanying drawi Ings rep-

| 1’*esents an elevation of a form of apparatus

45
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which I prefer to use in practicing my inven-
tion. KFig. 2 represents a plan view. Figs.

3 and 4 represent detailed views of the refrig-
erator and 1ts connections, the cap « being
represented 1n both its opehed and closed po-
sitions 1n Fig. 4.

My apparatus may be divided into five

parts—namely, the refrigerator, the condens-
er, the compressor, the pr essme blower, and
the chill-room.

- The refrigerator may consist of any number

of parts like that which I am about to de- !

-perforated plates.
rated plates to the other extend tubes d, which

lated in accordance with the space- 1equ11ed
to be cooled by the apparatus..

In Figs. 1 and 2 I have shown the refmgel-
ator as contmmmﬂ' four of these parts. Figs.
3 and 4 show the constl uction of each of these
parts.

- A represents a ¢y lmdel which I prefer to
construct of copper when chloude of ethyl is
used as therefrigerating agent. This eylinder
1s made sufficienfly smonﬂ to withstand the

‘atmospheric pressure upon its exterior when

in use, aud 1s provided at each of its ends with
a cap, « «, joined to the cylinder in such a
way as to prevent the escape of the air, which
18 forced throuwh the apparatus by the press-
ure-blower. These caps I also prefer to con-
struct of copper. Iach of these caps is pro-
vided (preferably at its center) with a pipe,
b b', one for conducting air into the cyhndel
and the othel fm conduetmn 1t out

W1thm the CYIIH(]GI-—OHG at each eud—-———-and in
such position that an air-space is left between
each perforated plate and the cap inclosing it.
These perforated plates are. so connected at
their edge with the interior of the eylinder as
to plevent any communication between the
air which is contained within the caps a «
and the fluid which 1s contained between the
From one of these. perfo-

are fitted at each end into the pelfomtlons of
the plates by tight joints, which tubes afford

communication from the air-space at one end

of the cylinder to the air-space at the other
end of the cylinder. These tubes and the per-
forated plates arealso made, prefer ably, of COp-
per when chloride of ethyl is used. The pipe
¢ serves to conduct the fluid into the space

T SCllbe the number of such parts being 1egu- 55
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around the tubes in the cylinder, this pipe be- gy

i ing preferably located at the top and near one

end of the cylinder. Another pipe, f, servesto
conduct the tluid in its expanded state away
from the cylinder, and is situated, preferably,
near the other end of the cylmdel at 1ts top,
the second pipe being somewhat larger than_

1CO

the first pipe, so as t0 provide for the differ-

ence 1n volume of the fluid caused by its ex-
pansion in the cylinder. The nozzle of the
pipe &', which conducts the air away from the.
cylinder, 1s made, preferably, smaller than the
pipe b, which conducts the air to the cylinder,
SO as to assist the pressure- blOWBl in keeping

105
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up a certain amount of pressure of air within

the tubes d in the cylinder, and thereby caus-
ing the air within the tubes, throughout their
whole length, to be kept in llltllll’LtG contact
with the interior of the tubes. The cylinders
A are each surrounded by a masonry inclos-
ure, which is so built as to leave the caps ¢ «
prQ]ectlng outside, and so as to leave a space
around outside each cylinder A on all sides.
This space is divided by a longitadinal parti-

tion, /i, (shown in dotted lines, Fig.1,) connect-

ts

20
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of distributing the suction of the compressor |

45

50

55

ing the bottom of the cylinder with thefloor,and
the air which 1s to pass through the refriger-
ator before entering the pipe b is conducted
by the pipe 4 into the inclosed space around
the cylinder A, on one side of the partition A,
and passes around the cylinder to enter the
pipe b, which connects with the inclosed space
on the other side of the partition 2, as shown.
The object of thus conducting the air faken
from the chill-room around the exterior of the
cylinder before it 13 passed through the tubes
d is for economy, because the airr ecelved from

-the chill-room is colder than atmospheric air,

and thus presents a barrier to the entrance of
heat from the atmosphere into the refrigerator.
Another object is to cause the air to leave con-

siderable of its moisture condensed on the cold |

exterior of the cylinder A before it enters the
tubes d.

As means of access to the interior of the |

pipes d, the caps a ¢’ are preferably each con-
structed in two equal parts, ¢” ¢, Fig. 4, said
parts being hinged at s, and when closed meet-

ing together soas to maLe a tight joint around
the pipes b ¥ and with each other. When
closed, they may be secured together by bolts,
or In any other suitable manner. HKach of the
pipes f connects with the cylinder or pipe f7
which is in turn connected with the com-

pressor by the pipe j. The pipe f’ is prefer-
ably somewhat larger in area than the com-

bined area of all the pipes /, for the purpose

equally to all the cylinders and preventing
the beats or strokes of the compressor being
felt in the cylinders A. The compressor is
represented in IFigs. 1 and 2, the compression-
cylinder being lettered B and the steam-cyl-
inder C. No detailed deseription of this com-
pressor 1S necessary, since it 18 constructed
similar to pumpsfor compressing gases which
have been heretofore in use. The- compres-
sion of the chloride of ethyl requires a power
of only about fifteen pounds. Therefrigerat-
ing-fluid, in an expanded condition, is drawn

from the 1efrwe1 ator to the compr ession- pump

60

‘through the exhausb-pipes 1, f',and j,and from

the compressing - pump the flnid, in a com-
pressed state, 18 conducted through the pipe &
to the condenser, where 1t 1s converted {rom a
cgas to a liquid.

The condenser consists of a tanlk, D to con-

| tain a cooling-liquid, (generally W‘Lte]i' of ordi-~
nary temper atm e, ywithin which are immersed

the coil of pipes /, through which the refrig-
eratmg ﬂmd p’ts*ses after 1emf1n0 the compress-

200,793

ing-pump, for the purpose of having its tem-
perature reduced and being converted from -
the gaseous to theliquid state, preparatory to 7o
' being returned to the refrigeratorthrough the
pipe m. Of course, the condenser may be va-
ried in many wmys and the cooling agent by
which the condenser-pipes are Surrounded
may be varied in many ways, in accordance 75
with the amount of cold which 1t is desired to .
secure. |
The chill-room may be a beer-cellar in a
brewery, or it may be the chamber of a pro-
vision-refrigerator. It is constructed, prefer- 8o
ably, with non-conducting walls K, and con-
tains a system of distributing-pipes, n, con-
nected with the air-pipes 0, containing open-
ings o, arranged at various points in the chill-
room, 80 that the cold air may be equably dis- 83
tributed to all parts of the chill-room or wher-
ever required. In the drawings these open-
ings are shown as located between the rows of
tubs P, which are supposed to contain fer-
menting beer, about on alevel with their tops, go
thoubh of com%e? it might be discharged at
other pomts if required. ¢ isthe plpethl ough
which the air is drawn out of the chill-room,
which may be connected with distributing
openings, as shown. 05
In the fermenting-room of a brewery, when

cooled by nmy apparatus, the open tubs of fer-
menting beer are stood 1n the positions occu-
pied by the tubs > in the drawings, and the
~cold air, being thus discharged from the open- 100
ings o in the position shown, meets with and
absorbs the carbonic-acid gas flowing over the
edges of the tubs; but at the same time the
“draft of air is so directed by the nozzles o as

- to produce the lowest temperature at the bot- 105
toms of the tubs, whereby the beer at the bot-
toms of the tubs is kept as cold as or colder
than the beer at the surface, so that the gas
which is thrown off by the fermentatlon of the
‘beer at the bottom of the tubs will not be re- 110
absorbed by the beerabovein pagsmﬂ* through
1.

The pressure-blower I' is constructed like
the pressure-blowers heretofore in use, such
as the Baker or Root blowers, and henceneed 115
-not be specifically described. It isdriven by
a belt or other means of conunection with the
engine. It draws the air from the chill-room
through the pipe ¢ and forces it into the re-
frigerator through the pipesrand i. Of course, 120
other air-forcing apparatus might be used 1n
lien of the pressure-blower, though I think
not to sogreat an advantage. 'Theconnections
of the pressure-blower might be reversed, so
as to discharge the cold air from the pipe ¢ 125
. and exhaust 1t thr Omh the pipes nn and open- :
Ings o.

By arranging valves in the pipes i and 3’
and ¢ and f connected with each of the cylin-
ders A, I can throw any one or more of the 130
cylinders into or out of operation at will, so
that any one of them can be cleaned or re-
paired while the others are in operation, both

‘the refrigerating-fluid and the air belnﬂ' di-
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velted from entering the cylinder for the time | state the chloride of ethyl is drawn Dby the ex-
being. -
and_the frequency of compression and expan-
sion of the refrigerating-fluid for securing the

- The number and length of the tubes

proper degree of cold w 111 of course depend
upon the size of the chill-room and the influ-
ence of external heat and the amount of heat

- given off by the contents of the chill-room;

~ but for a chill-room having ten thousand cubic

IO

feet capacity, with ordinary non-conducting

walls, and containing barrels of fermenting

beer, I have found that a temperature of 38°

- Fahrenheit could be secured by refrigerators

L5

20

containing ecighty-four tubes, each tube one
and one-quarter inch in diameter and seven
feet long, the cylinder being thirty inches in
diameter, and the amount of chloride of ethyl
In use bemﬂ' about eight hundred pounds,
and being eompressed “and expanded about
once 1n every two or three hours, the con-
denser also containing water at about 76°

Fahrenheit temperature, and the air in the |

- chill-room being conducted through the (3001

25
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ing-tubes 'lbout once every hour.
Tn operating my apparatus I prefer to have
at least one of the cylinders A all the time

-idle while the others are in operation, so that

if any ot those in operation require cleaning
or repairs its valves can be closed and the
valves of the idle cylinder can be opened, s
that the number of ¢ylinders in operation will
not be reduced. In operating the apparatus
shown in Ifigs. 1 and 2, therefore, I open the
valves of three of the cylinders, leaving the
valves of the fourth one closed.
the operation of the pressure-blower and the
compressing-pump. Before introducing the

 chloride of ethyl into the apparatus, the valve

40

45

k, Fig. 1, is closed, and a peteock, £/, is opened,

so that by operating the compression-pump

the air is exhausted from all parts of the ap-

paratus intended 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 thr ouﬂ‘h the
peteock e, and, expanding, fills the apparatus
with 1ts vapor, ‘and during the operation of the

~apparatus the condenser and the space around

50

the tubes d and the connecting-pipes contain

only the chloride of ethyl and its vapors.

The petcock &' is next closed and the valve
k is cpened. The exhaust-pipe of the com-

- pressor exhausts the gas from the cylinder A,

55

60

and the compressing pump compresses it and
forces it into the condenser, where 1t is cooled
and reduced to the 1iq_uic1 state, ready to be

returned to the c¢ylinder A, and there caused.

to expand again by the agency of the partial

vacuum, which is retained therein by the ex-

haust of the compressor.. Ifrom the condenser

the liquefied chloride of ethel passes through
the pipesm and e into the cylinders A, where
(the cylinders containing a partial Vaeuum)_
it expands into a gas around the tubesd, there-

by eorrespoudmﬂ‘ly reducing its tempemmre,-
so as to extract the heat from the pipes d and
the air passing through them. Intheexpanded

I then start

d

haust of the compressor through the pipes 14
back to the eylinderB, where it is compressed,
and then goes through the same operation over
again.
of ethyl is progressing, as above deseribed,
the pl"essure-blower draws air out of the chill-
room and forces i, under a slight pressure
through the pipes » and 7 into the inclosed.

70

\Vhlle the tlefttlnent of the chloride

E

spaces surrounding the cylinders A. Thence

the air, still under a slight pressure, passes

through the pipes b, within the space between
the caps ¢ and the perforated plates ¢, and

thence through the tubes d and into the space

30

between the caps ¢’ and the perforated plates

!

¢. From this space the air is conducted

through the pipes o’ and ¢ back to the chill-
room, into which it is distributed by the pipes
n from the openings o. In its turn this air is

again drawn into the pipe ¢, and the same op-

eration upon it is repeated.

In making the excursion above described

the air is not finally cooled till it reaches the
tubes d; but as 1t passes through the tubes d

Qo -

the difference in area between the pipesband

V', already mentioned, assists the pressure-
blower in keeping the air under a slight press-

ure, which aids in. bringing it into intimate

contact with the interior of* the tubes d, and
1ts 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 re-
turns to the cylinders A. Notonly is the air
in this manner deprived cof its heat as it
passes through the tubes, but by reason of its
loss of heat 1t also loses its capacity to hold
moisture, and its moisture 1s therefore depos-
ited 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

95

100

105

ITO

apparatus 1s applied to refrigerating ferment- -

ing-rooms 18 the carbomnic-acid gas resulting
from the fermentation, which gasis very solu-
ble in the moisture held by the air when it
enters the tubes, but is very slightly soluble
by the dry air as it leaves the tubes. The
gas 1s therefore dropped by the air and left
in solution 1n the snow or ice deposited in the
tubes. So marked is this result that ferment-
ing-rooms, which, when refrigerated as here-
totme habitually contained SO “much carbonic-
acid gas that a lamp could scarcely be burned

115

I20

in them, when refrigerated by my apparatus, -

are kept practically free from any carbonic-
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 litmus-
paper.
up by the airin the chill-rcom being thus de-
posited on the. interior of the tubes d, those

125

The moisture and impurities taken

130

tubes, after long-continued operation, require

to be cleaned out. _
any cylinder I close the valves in the connect-

To do this to the tubesin -



~‘was previonsly idle.
off, T open the caps « ¢’ by swinging the two

4 | | o RIY,7Do

ing-pipes of that cylinder, and at the same |

time open the valves 1n the c¢ylinder which
Of the cylinder thus cut

halves of each cap back on their hmmes The

- tubes within the cylinder are thus ez:posed atb

10

15

20

both ends, and to clean them out I cause wa- |

ter of the ordinary temperature or steam or
other comparatively temperate fluid, to flow
through themn.

The cans of the cylinder

beput into operation again whenever needed.
In this manner I am enabled, without inter-

fering with the operation of the apparatus, to

keep. St free from obstructions.

- Inordertoproduceatemperature below the
~ boiling-point of the refrigerating-fluid used,

(whlch for chlorideof ethyl 18 52 ,) it is neces-

- sary that the capacity of the compressing-pump

25

3('}
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and the relativeareasof the pipes ledemﬂ from
the compressor to and from the 1‘*efrmelator
should be so regulated that 1n oljemtion a
partial vacuum is continually preserved
around the tubes d within the cylinders A,
The extent of vacuum required will depend
upon the lowness of the tempemtme {]eﬁall"bd

for the air.

In practice 1 have found that w hen the air

~being delivered into the chill-room showed
a tempemture of 40° Fahrenheii a vacuum-
cage connected with the interior of the cyl-

inder A registered about fifteen inches, and
when the air being delivered to the chill-room
was at about 28° KFahrenhelt the vacuum-
oage stood at twenty inches, though the
racuum-gage in these instances would have
register ed less 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 1eferred to being
passed through the tubes d once every 110111"
In order to provide for producing this par-
tial vacuum within the eylinders A, I place in
the branch pipes leading from the pipe e to
each refrigerator a check-valve, €, near the
point where each branch pipe empties into
ity refrigerator, by partially closing which I
am enabled to so impede the passage of the
fluid from the condenser to the retfrigerator as
to prevent its being supplied to the refriger-
ator sufficiently tast to tully supply the place
of the gas which is exhausted trom the re-
{riger ator by the compressing-pump. Thus
the extent of vacuum pr Oduced within the re-
frigerator, and consequently the temperature
communicated to the air passing through the
tubes d, may be regulated at will by sunply
Varymn the pOSlthll of the cheek-valve ¢, and
the fluid does not begin to vaporize, practi-
cally, until after it has passed the valve ¢.
I have described the apparatus which I pre-

varied in many features without depal‘tmﬂ
from the scope of my mventlon

This water thaws the snow
and ice deposited in the tubes and washes |
~them all out clean.
are then closed, and the cylinder is ready to

the engineer.
cleaned of any moisture frozen in them which

them.

pressed fiuid.

So far as I know, previous to my invention
no apparatus was known practically adapted
for the application of chloride of ethyl as a re-
frigerating agent to the refrigeration of air,

‘and I believe myself to be the first one to re

frigerate air by means of chloride of eth31
I furthermore believe that my apparatus con-
tains certain novel features which might be

-used to advantage in refrigerating w 1th other
~agents than chloude of ethﬂ |

“Some of the advantages of my method are
the following: Very. little pressure is required

to compress The chloride of ethyl, thus requir-

ing little power or strength of machinery,

“and producing little wear of machinery, and
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little liability of breakage, leakage, and loss

of the fluid. The chlorideof ethyl 1s neutral,
and attacks no metal; therefore any metal can
be used in the construction of the machine,
and Iam 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 make 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-
mtus traversed by the refrigerating-fluid may
be in the machine-room, 1"ef1.dﬂy accessible 1o
The tubes d can be readily

tends to impair their conductivity or obstruct
Access to the apparatus does not re-
quire the chill-room to be opened. The at-
mosphere of the chill-room 1s deprived of car-
bonic-acid gas and other impurities. Chlo-
ride of ethyl when expanded so as to produce
cold, deposits crystals on any substance w 1th
which it may be in contact, which crystals
accumulate so as to have the appearance of
frost or snow. It also expands slowly when
volatilized.

I am aware that attempts have heretofore
been made to use chloride of ethyl for freez-
ing liquids; but L do not know of any attempts

prior to my invention in this direction which

were practicaily successful.
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 the ex:pwusmn of the chloride of

ethyl took place in a passage of restricted sec-

tional area—in fact, of a sectional area not
oreater than the supply-pipe for the com-
When expanded in such a pas-
sage, the tendency of the gas to form the erys-
tals referred to and the slowness of its expan-
sion form unsurmountable obstacles toits suc-
cessful use, because the formation of the crys-

tals quickly fills up the area of the passage
where the gas first begins to expand and pre-

- vents further' circulation, and the slowness of
the expansion of the gas prevents its being
fer to use in practicing my invention; but it |
will be apparent that the apparatus may be

diffused quickly throughout the remote end

of the expansion-passage, and thereby pre-

vents a uniform distribution of cold. In my

~method and apparatus provision 18 made- tor
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imtroducing the fluid to be expanded within a | method 1110%1)able of mceomphshmo the lesults

chamber of large sectional area in compari-
son with the sectional area of the supply-pipe,
30 that whatever crystals may be created with-

1n the chamber and deposited therein will oc-

cupy so small a space in comparison with the
sectional area of the expanding passage or

chamber as not to materially obstruct the pas- |

sage of the expanded gas through the same.

These crystals spantaneously volamhze 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. By hdving the expansion-chamber of
large sectional area, my method is also adapted
for 1 the slowness with which the fluid expands,

~ and the gas is diffused throughout all por tions

20
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~comes cool, and will eollect in a

of the chamber with sufficient rapidity.

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 10 the drawings the chloride
of ethyl would exist thrOUfrhout the. greater
part of the condenser in a gaseous condltmn
which will be converted into a liquid as it be-
liquid form
to a compmatwely small extent at the bottom

ofthecondenser. Thisliquid, running through

the connecting-pipe into the refrig eratm will
collect therein to a considerable depth Where
as 1t gradually absorbs heat from the air- tubes
1t will be converted into a gas, which aceumu-
lates 1n the upper portlon of the refrweratm
This gas apparently is generated in various

| pm.tlons of the liquid where it comes in con-
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tact with the heating-surfaces, and as it bub-

bles up through the liquid chloride of ethyl

from the points at which it is generated, it
readily escapes from thelarge area of e:aposed
surface, and the gas produces a boiling effect
1n the reifrigerator.

The apparatus I have described may be lo-
cated outside the chill-room, with pipes con-
necting therewith; or it may “be located within

the chill-room, or partly inside and partly out-

side.
I have 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, and some of the
features shown herein and not claimed are
shown and claimed in another application
dated August 15, 1883, Serial No. 103,827, for
another form of appm ‘atus.

I am aware o1 the patent granted to Charles

- Tellier, dated January 5, 1869, and numbered

60

85,719, and do not make claim to Emythmn

therein described. That patent states that it

is mecessary in cooling air by the Tellier

“method not to allow the airto be cooled below

the freezing - point in the apparatus. This

would not reduce the temperature of a chill-
room sutficiently for practical purposes, and,to-
gether with other features, renders the Tellier |

for which mine is adapted.

I claim—-

1. In a 1efr10*erator the vesqel A, having
one or both of its ends formed in two parts,
and constructed to be secured in a closed po-
sition, substantially as described.

2. The process of purifying the air of a fer-

consists in forcing said air into contact with a
cold surface, w hereon to deposit its moisture
and carbonic-acid gas, and returning said air
thus purified to S‘le TOOm again, substantmlly
as described.

- 3. The refrigerator contfumnﬂ two or more

air- cooling chambms each chamber having
1ndependent inlet and outlet air -passages con-
necting with a chill-room and independent

70

~menting-room from carbonic-acid gas, which 75

30

mechanism for cutting off the circulation of 83

the air, sothat the air being cooled may be cut
off from one chamber while continuing to cir-
culate through another, as set forth.

4, The combination, with the fluid-com-
pressor, of two ormore air-refrigerating cham-
bers connected with a chill-room by air-con-
duits and means for connecting and discon-

90

necting the fluid-compressor with any one or -

more of said 1ef11fremt11w chambers inde-
pendently of the others substantnlly as de-
scribed.

95

5. In combination, the air-pipes d, the in- -

closing-vessel A, and the inclosure ¢, having

inlet and outlet air- -passages and inclosing an
-alr-space around the vessel A,substantially as
“described.

6. In combination, the air-tubes d, the ves-
sel A, the pipe b, and the movable caps a” ¢
for inclosing the air-space between the pipe
and the tubes, substantially as described.

7. The air-tubes,in combination with the in-
closing-vessel provlded with air-passages con-

neetmn with the interior of the air-tubes, and

“other passages connecting the chamber sur-

rounding the tubes with the oas-compressor,
and mechanism whereby access may be had
to the interior of the air-tubes for removing
the moisture frozen therein. |

3. In combination with the pipe for con-
ducting the volatile fluid in a liquid state
away irom the condenser,
pansion-chamber connected therewith, and the
check-valve located in said pipe, whereby the
flow of the volatile fluid to said chamber is
regulated, substantially as and for the pur-
pose set forth. | -

9. Inarefrigerator, the vessel A,containing
alr-tubes d, opening at each end of said ves-
sel, and having removable caps a, each made

adapted to embracethe air ‘piped,when closed

‘substantially as described.

CASSIUS CLAY PALMER.

© Witnesses:
DANIEL H. DRISCOLI,
W. I, HAPGOOD.
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in two parts, hmn*ed to the vessel A, andgiesg
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