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~ To all whom it may CONCern :
Be it known that I, MATHIAS J. KLEI\I of

the city, county, and btate of New York, have_

invented an Improvement in Puenmatic Re-

frlgeratlu#-Machmes, of which ﬂne following -

is a specification.

This invention relatt,&, to that L]afs.‘:s of pneu--
matic refrigeratin W-mfwhm 3 in whiceh the cold

18 1)rcduced by tl:e alfernate compression and
expansion of one and the same body of atmos-
pherie air.
fore been produced, however, the minimuam
pressure of the air which produces the cold lias
been one atmosphere or less, Such ma@hmeb,

‘however, liave the drawbacks of being of large
oreat pﬂrer to run.
them,and are, furthermore, more orless subject

dimensions and requiring

to dlﬁlcult', on account of the moisture of tlm
atmospheric air.

The object of this inv ention is to ¢ overcome
these various objections; and my invention
consists in the producti0n of cold by the alter-
nate compression and expansion of a confined
body of purified and dry atmospheric air, which
I call ¢ working-air,” under a minimuin press-

ure always higher than ond atmospliere. The
waste throufrh the stuffing-boxes and other
leakages of this inclosed workin o-air on its cir-
cular course is supplied by other at...zmsphem,'

air, which I call ¢ feed-air.”
My invention consists, also, in a new methosl

of drying this feed-air peri&ctlv without the

use of chemicals, before it enters into and be-

comes part of the W ovkmg-alr.

My invention .consists, further, in the com -
bination of parts designed to reduce the motive
power required for the production of the cold
te small limits-as compared tothe requirements

~of other pneumatic refrigerating-machines.
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My invention consists, fm*t]:umi in purifying
the feed-air, and in the automatic regulat‘mn of
the minimum and mazimum pressure of the in-
closed working-air, which produoces the cold.

By means of these several improvements L

am able to produce a pneninatic refrigerating-.

machine of comparatively small dimensious,

and which shall be serviceable within extended

limits. Moreover, the internal parts of such

a machine remain uninjured by the purified;

dry working-air, and remal 11 free from dust,
dirt, snow, and hoar-frost.
tage Qf such ama@hme 18 fhat mmpamhveli

In such machines as have h&rem* :'

©of the pipes L and M.

little pawer 18 reqmred to ran 1t an{l that 1t

works economieally. - |
My several improvements are niore mlh

shown inthe accompanying drawings, in which
like 18tters indicate like parts, and in which—
Figure I, Sheet 1, is a front elevation of a

puemnatm col{l-pmdncuw apparatus with my
improvements, Fig. Il is a plan of the same.

Fig. 11l, Sheet 2, is a'vertical section of the
same.

nuarifier.

Upon u ammbie frame, X, 15 mounted the

steam.- .cylinder S, which may ‘e of any snita-
able constmctmn the eompressor U, and the

expander E, whicl latter is provided with a-

variable cut-off. The small gompressor (/—

the air-feeder—is attached to the evlinder E,
The piston-rods of the eylinders S C E ( are
connected to the horizorital beam T, which has
a perpendicular reciprocuting motion in ways

in the upper frame, as shown. By means of
two suitable pitmen, G G/, this b am T drives
the two Hy-wheels ' IV on the muain shaft B,

. which rests npon bearings in the fraine X, as

shown.” The exmnsmn-cylmder Ii and steam-
cylinder S haveslide and cat-off va]veq which
are all put.in motion by the eccéntric Z, which

rests o shaft B, Thetwo sl:de-valves receive

their motion from the -shaft B’ and’ the two
cut-off valves from the shaft 33 The com-
pressors C and ¢’ are sarrounded by jackets,

through which cooling-water is circelated by

means of the supply-pipes ¢ ¢ and discharge-
pipes ¢ ¢. The expander E nas a surround-

Fw IVisa vertical section of the air-

6o
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8s.

ing-jacket, through whkich, by means of the

supply-pipe ¢ and discharge-pipe ¢/, a non-con-

-gealing liquid, or the water which i3 ultimately
to be frozen, is allowed to circulate.

The air-cooler K is a surface-cooler, which
may be of any suitable construction, and is
gonnected with the valve-bDoxes V. V! of the
compressor O and with expander E. by means
It is provided with
supply aud discharge pipes & ¥/, for the circa-
lation of the caolmn' medmm whlch 1t usually
water.

G

o3

The refrigerator R, w hmh Inay be of con-

struetion similar to the cooler K, is conrected -
- with the compressor C and the small surtace-
- cooler H by means of the pines  and O, and
A further advan.

is provided with sapply and discharge pipes
Y and #, for the circulation ot the non-congeal-

100
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abile Hoaid, or whatlever sthor mediam may be

chosen for transferring the eold. The ar-

feeder OF is connected with the feed-air purl-

fier'A and the feed-air reservelr ¥ by means

¢ of the pipes « and U, as shown. The small

_. o)

sucface-cocler H, with the water-vessel H? and
pressure-redaocing valve J on s Top, is con-

nected with the airreservoir ¥ Ly the pipe
T3, with the expander B by the pipe N, aml

with the refrigerator. ik by the vipe Q.
P is a pump designad o seb in circulution

the non-congealing lguid, or the water whicl

5

the ice-making apparatus.
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v Y T2 K2 B and the porie 2w __
air. The feed-aivisin this way, betore ot g

is designed to congeal, and is connected at one

side with the jacket of cylinder 3, as shown,

aud 2t the otherside, by meana of pipe p, with.

F

(Notshown in the
ficure.) - . S |
T"the exhander I, therefrigerator It the sm all
cuoler T, the pump P, the pipes N OQr W
g1, A17 Gl covored with non-conductors of hieat,
Poe purified dry working-air, which nroduoes
tho cold, id contained M N HORQ O L KM
1 I, and during its civcular course thierein is

compressed by the compressor O to its wmaxi-
. gmun pressure, and expanded by the expander

I to its minimom pressure. This inclosedl
working-air s delivered and sipplied by the
air-feeder €/, whieb
atinosnhere and

£
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cdnets 16 throupi o A a U

. .
1{- by - N S LA a T
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fied, compressed, and dried.

Thefeed-air purificy A~ sy
provided at its bottom-with an grifies, o,
entrance of the atmospheric aiy, ana 18 e
vided with a zigzeg channel, forned throngh
it from @ to ¢ by means of the series of hovi-
zontal partitions d d,as shown,

iy - - "
R LS YR T B L
L L-i: IATHL RS R

LR AL

.‘

Vv ater is ad-
mitted through apipe, b,at thetop of the cham-
ber, and flows through the channel and eseanes

at 2 The atmospheric or fesd aiv therefore

enters at z and passes along the said channel

to a, and delivers its dust and other impuritics
to the water with which it comes in contaclin
the ehamber, and being tlins parified and im-

pregoated with water it passes into the air

feeder €/, in which it 18 compressed to the

0
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winimurn pressure of ihe worktn o-air, O To
higher degree of pressure, as Wy be dasived.
The warmth generated duving tinseomwp rosail
ie partially absorbed m the evaporation of fua
water carsied aleug from the purifier A, w nieh
has neunsly the same effect as a spray of conling-
water thrown infe the compressing-eyitndes
{f during the compressiot of (e feed-air. A
further portion of this warmth is removed DY
thecirculation of the cooling araterinthgjacked
of the evlinder €', Thig water-impregnated
foad.air renders UnRNECESSRLY ALY jabrieation
of the piston of the eylinder U, W il the side-

: ~
e . ? '-_l fonl 4 t‘l .
% R Y i’fs‘.r bt &

apd pisions of the eitinders Band
ol ‘he dry woriling-alr Suicns,
mast ho perfectly lubriealed Yrom O this
vory weh feed-air, Wineis pow in & eompressed

state and o little keatled, passes througlh the

LI

Y oy - s Lmm T P
VIS waiol Only

aipe U, the stop-valve U’ beiog cpen, into the |

s gm g N -{“‘r" : T e u *‘1""1 ! -- t L b
cakes the fexd-aiv Irom 10¢

= Al s, - Al T W W Y Sl -

weeit-air voservoir ¥, On the large surface
of ihis vesorvoeir the compressed feed-air will
cool off to nearly the temperature of the sur-

rounding atmosphere, and therefore a part of
its moisture will be condensed in this reser-

voir and go with the feed-air through the dis-

charge-pipe U2, thestop-valve in U?being open,

inte the vessel H2,  If the feed-air is not cool

70
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encugh upon entering H?, the pipe U? may be .

increased in length, and cooled by & stream

of cooling-water. The upright tube H/ is sur-

it L - T}

D aansteneed waler and snow,
. . = af . :u H - e - -‘ - I I "#.i = -*‘-:: 1
by x @ to the course ot the M arkivg alv, 700 |

el

iy

Ampenliery  wa— -1

3 . .--ﬂ:'l KW !-i F'y ol -- a i | b
ing seli-aciing valve,

ibe top.
| of aswelght, J%, and lever J/, as shown. If th

rounded by the dry working-air, which, coming
direetly from the expander K, is at its lowest

‘degree of temperatare and at the minimeum

pressure. It enters at the top ot H and escapes
at 0. From H? this now partially-dry feed-anr
passes up in the tube H’, and, through the
horts @ 4, mingles with the working-air; but
in the meantime it bas Leen cooled off by the
snid working-air, which is passing downward
in Lhe jacket, between the tubes I H’, to the
same or nearly the same temperature with
itself—that is to say, the lowest temperature
which exists in the machine. Now, since the
feed-air in the tube HY has the miplmum press-
nve of the working-air, or @ higher pressure,

and boesese of the cooling above mentioned

in this tube 117, nearly all the moisture still

rarndning in the said feed-air 1s condensedd
wart dinan inle the vessel H? in the form of

The water.in 1?
sy e femovad by a stop-cock or by a float-

m. as shown in the figare,
or 1 auy other way. The feed-air at the time
of mingling with the working-air, and in con-

seanence the working-air itself, is perfectly

dry—that is to say, it is in such a degree or

eondition of dryness that not the least portion

Se
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of the very small quautity of water- vapor

whieli it still contains ean become condensed
into waterorsnow at any point upon its course;
and it is quite obvious that this dry workiug-
air remains. in the same dry state, no matter
how long the work of the machine1s continued.

The ports x z in H' will be regulated by the

pressare - reducing valve J, which may be of
any snitable constraction. 'Lhe working -air
piesses against the diaphrag of said press-
are-reducing valve, which closes the tube H on
Qaid dizphragm is balanced by means

minimuam pressure of the working-air 18 fall-

weight J? presses the diaphragm down-
ward, and.also the valvesing &' 2 ,and opens

TSP N )
l'.!lg.‘:‘ﬁ '.'..J;L?r

- thie several ports @ &, near the top of tube H/,

and the dry reed-air is allowed to escape by
sai ports-and combine itself there with the
worklug-air. Theminimum pressureof the lat-
cor is now rising and will continue to rise un-
(i1 ihe correct minimum pressure of the work-
' reachied, and thus will be relative to

1 ?l:t. E‘ * :’:L-lt 3.1 } E

the positicn of the weight J* ‘When this mini-

qians pressure is attrined, the weight J%, to-
cevber with toe disnphragm, goes upward and
ploses the ports © . |
now coming from the air-feeder O/ must re-
main in the reservoiv Y, and 1n cousequence

The {eed - air which ¥ -

110
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regulated. Said minimom
varied by shifting the
~ J* upon- the lever J,

i0

1§

BEG,BIG

the pressure of the air in Y rises. By sue con-
tinual escape of the working-air through staff.

ing-boxes and.other leakages the pressure of
the working-air decreases. This canses the
pressure-redncing valve to open the poris z
and new feed-air to enter inte the workin g-air,
It is obvious that by these ineans the minimum
pressure of the working-air ig automatically
In pressure may be
position of the weight

The proportion of the
maximuam pressure to.the minimum pressure

of the working-air is relative to the proportion

of the volume of the compressor G %o that of

the expandeér B and the position of the cat-off
of the latter. If said cat-off he variable, the

‘8aid proportion will be variable. The greater

a
-

25

the ratio of said proportion, the lower will be

the temperature reached by the machine.

ner, to wit: The necessary power for driving
the machine may be delivered from the steam.

used in cylinder S or from auy other motor.
When' the machine is started, the pressure of.

the air in tlhe several parts of the machine is, of
course, one atmosphere—that is, abont fifteen

-pounds per squareinoh. The stop-vaive U’is

- air-feeder C’ first fills the reservoir Y with pu- |

30

opened and the stop-valve U? is elosad. The

rified compressed atmospheric air until the

‘pressure therein is a certain degree higherthan

35

the required minimum pressure of the working-
air, and then the 'stop-valve U2 is gradually

operied. Thus all the meisture of the feed-air |
has time to condense in the tube H’ before this |

feed-air enters into the working-air.. Having

40

thus filled the machine with parified and per-

fectly-dry -working-air, and the required min-

‘imum pressure of the. working-air being

reached, the minimum and maximam pressure

~of the working-air will remain constant, and

wiil be automatically regulated by means of

The machine operates in the followin gman-

i

the air-feeder C/, the feed-air reservoir Y, and

pressure-reducing valve J, as abovedeseribed.

‘Should the air-feeder O’ furnish more feed-air
- than required to counterbalance the loss Ly

-escape from the stuffing-boxes and other leak-

-§0

55

ages, the sarplus will remain in the reservoir
Y, the pressure in the same in the meantime
rising and coutinuing to rise until a safety-

valve (not shown in the figure) upon said res-

ervoir Y is opened and a portion of the con-
fined air allowed toescape into theatmosphere.
The same result may be attained Ly stopping
the air-feeder €’ from time to time, similarly

- to the feed-water pump upon a steam-engine,

6o

~and the feed-air remaining. in the reservoir Y
‘may be stored for filling the machine for its

or the amount of feed-air delivered may be
reduced by enlarging the amount of waste
space of the air-feeder, or Ly reducing its
stroke,"or by preasing its suction-valves by
means of springs and screws, or in any other
way. By stopping the machine for several
hours the two stop-valves U’ U?may beelosed,

next running. The purified and perfeetly-dry

working-air, which is in the minimum nresspra.

F

+

state n the refrigerator R, passes through the
pipe { to the comprassor C. It:i5 here com-
pressed {o the maximum pressure and conse-
quently heated. It next passes through the
pipeL,and entersthesurface cooler K, in which,
by the aid of cooling water, air, or both, its
temperatureisreduced. It then passesth rongh
the pipe M to the expander K, in which it is
expanded from its then maximum to the mini.
mum pressure, and, as s resultant, cold and
power are preduced. -The latter is utilized in
compressing the working-air in (\.}, atil at the
same fime affords very great assistance to-the
Steam-cylinder 8. The working-gir, as it ema-
nates from the expander E through the pipe
N, has reached its lowest degree of cold, and is
in the minimum pressure state. It next passes

into the upper portion of the jacket, between
the tubes H and I/,

cools off the fead-air contained in the tube H’
to its own temperature, as already described.
From said jacket the eold working-air passes
throngh the pipe O to the refrigerator R, in
which it acts upon and refrigerates a non-con-

| gealing liquid, or air, or water, or fréezes water

to ice, the working-air in the meantime rising
In temperature.  From the refrigerator R said
working-air passes throagh the pipe Q to the

compressor , where it is again compressed

from the minimam to the maximum pressure,
and repeats the cireunit
This operatjon is continuous. .

The more perfect the expansion of the work-

amount of powerrequired to drive the machine,
and also the greater the cold produced. In‘or-

| der to obLtain a perfeet expansion in the ex-

pander E through the different fillings of the
latter, the capacity of the compressor C must
be variable. This may easily be attained by
‘varying its waste ‘space. To effect this, two

smali eylinders, D D, are attached at the side

of eylinder C, each of which has an air-tight
movable piston, f, with a regulating-serew, as
shown in the figure. The same effect may be
obtained by other means. The motive power

for driving the inachine will also be reduced

by cirenlating thé non-congealing liquid, or the
water which is designed to freeze toice, in the
Jacket and cylinder-heads of the expanding-
cylinder E. - If the design be to use the re-
frigerating capacity of the machine forthe pro-
(uction of ice, the water intended to be frozen
will be allowed to cirenlate in the said jacket,
where it is cooled off to nearly its freezing-

3

thence downward, and

.already described.

70
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ing-air in E, the greater the reduction in the

105
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point, and then it is allowed to escape into cans

i the ice-producing apparatus. Said eans are
immersed in the non-congealable liquid, which
1s circulated in said ice-producing apparatus

+and the refrigerator Rby meansof the punp .

It the machine be not designed for the pro-
duction of ice, the non-congealable lignid is al-
lowed, in lien of water, to circulate in the
jacket of the cylinder E. Having here been
cooled off to a certain degree, it is passed
through "the pipe W into the refrigerator R,
where 1t isstill further reduced in temperature.

125
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. Next it is allowed to pass thvongh the pipe r ' “dient shown in the drawings. The several
" to the apparatus or apartment where its cold | parts of the machine may beé arranged i any
i to be-utilized. Having perforined its re- | other position thant that shown; and myime
~ frigerating function, it next goes back to the vention is, furthérmore, not confined to the 7o

- g pamp, P, to rapeat the circuit deseribed. - | specialkindof constructionsof the severaltparts -

-

7 " If the wachine be designed to produce cold ghown in the drawings. Any kind of a dou-
*water for any purpose, cemmon water, in liea | ble or single acting air-compresser, of a dou-
~ of anon-congealable Jiquid, is allowed tomake | ble or o single acting air-expaunder, any kind
~ the cireunit just describeid, and it may be used | of a surface-cooler, refrigerator, air-purifier,or 75,
o over and over again or not. In thelatter case | pressure-redueing valve, and any kind of an
- acontinual stream of fresh water is allowerd to | air - feeder, may be used. The compressor C
~ ecirculate through the jacketof ‘the-evlinder E. -and expandet 15 may aiso be used'in one eyl
~ The effect of said jacket in E will be ircreased | inder,inoneend of 'ﬁthich;t:hewa,rkfing-:ail‘ﬁﬂ?hﬁw -
~if the liquid circulating through the samealso- e compressed, and in the other end of which 80
- 13 circulate through the piston of cylinder E: | it _3]1.5_.1-11.'be'expanded’;_ and in licu of one snch-

: of | eylinder two or more may be eniploged. K
1 “1nstead of one cooler, K, and one refriger-
ator, R, two or more ot each may be used.. The

' and in the same manner the cooling effect
~ the jacket in ‘the- compresser € will be in-
" ereased if the cooling-water is also allowed to | at VO _ BENNE
- girculate through the piston of the same. 4 refrigerator R may serve for several purposes 85

20 'The feed-air in  drying, as <bove described, | at the same time, ~ One part of 1t may bensed =
" s cooled off in H’ to, or nearly to, the lowest. | for the.production of ice, and another for the -
~ degree of cold which exists in the machine by | production of cold air, &e. . -~ -
~ the direct operation of the cold working-air. | In lien of the feed-air purifier A, an equiva-
~ Mhe same effect may algp be attained in H’ by | lent apparatus may be employed in which the go .
neans of a nou-congealable liquid. In order feed-air must pass thirongh a bedy or a spray:
the cold working-air is allowed to of water, or through a8 mass of cotton orother o
' fibrous material which is kept constantly im-
pregnated with fresh water, &c. | o

- - .

- pass from expander. E first to a sm all surface
cooler of any suitable constraction, in ‘which
it reduces said non-congealable liguid to, or
30 nea.iyto,itsown degree of cold, and goes then
" directly into. the refrigerator R and not into

~ H. Saidnon.congealablelignid goesfrom the
 small surface cooler. just mentioned into the

The air-feeder C’ may be a donble or a sin- g5 -
gle acting wir-compressor. 1t may consist of
ane compressor, in whi¢h the feed-air is com-
pressed from the atmosphericiressare directly, =
to the minimum preasure of the working-airor

jacket between the tubes Han AdH/, and inthe | a hi gher pressure; oF it muy eonsist of {woor. 100"
35 Same manner reduces the temperature of the | more compressors in which the feed-airis first .
foed-air which is passing upward in tube H'. | compregzed fromn the atmospheric pressare to .
The non-congealable liquid, 1ts temperafure | a meditun pressure, and then farther until the

having, in the meantime, become slightly-| pressare required in the air- reservoir Y i8 |

raised, returns to said small _surface-cooler,| reached. - . T 108
10 where it is cooled off again by the cold work- As an equivalent apparatas for the air-

ing - air, an¢ then it repeats the circuit de- | féeder €/, there may be substituted a palsom-

seribed. If this modification be usedl, the up- | eter, an injector, or any other apparatus or.

per portion of the jacket, between the tubes | arrangement which 18 able to furnish cor:-

H H’, where the feed-air passes the ports ¥ «, pressetd air of Iy desired degree of pressure; 110
15 mwust be separated from its lower portion Ly | also, several of the apparatnsesjnst mentioned

an air-tight partition. From the said ports z | inay be employed at the same time. For in-

x a pipe conducts said feed-air to pipe N or to | stance, the feed-air may be first compressed by

any other flace where the working-air circu- | & pulsometer, and then further compressed by

lates. - If it be designed that the feed-air, af- | means of o piston-compressor to the required TI§
gc ter passing the ports x &, shall enter into the | minimum pressure of the working-air or &
" working-air at any point where it is in its | higher pressure. The air-feeder may also be

maximum pressare state,.the air-feeder (' | driven by a separato motor. In tbis case the

must, in this cage, compress the feed-air to the | air-reservoir Y may be filled with compressed

said maximum or o bigher pressure, and then | air of the required pressure before the whole 120
55 the maximum pressure of the working-air will | machine is started. S ' _

be directly and auntomatieally regulated. What I claim as my invention, and desire

It is not necessary to cool the feed-air befoi 2 | 10 secure by Letters Patent, 18— -

it enters into the vessel H2 The whole cool- | 1. Ina pneumatic _refﬁgerating-machine,'tlw

ing of the feed-air coald be done in H’ alone’ | continnous use of & coqﬁne{l body of atmos- 12y
6c by the cold working -air-or by said non - con- { phericair, called * working-air,” which is alter- =

realable liquid; but in suci case, as 1413 easy nately compressed and expanfleﬂ, and the

to see, a part of tae colid produced by the ma- minimmuon pressure of vwhishis bigher than one

cliine would be wasted, and therefore it is pref- | atmosphere, substantially as and for the pur-

orable to cool the feed-air, as ahove deseribed, | pose deseribed. * - 130
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hefore it enters into vessel H-.

My inventionisnotrestrieted to the

2 In a pneumatic refrigerating-machiue, the

qArrange- l combination of a small air-compressor or an



(G

phere, substﬂr‘tnlly as

240,830

-equivalent apparatus, which serves as an air-
feeder,'with an air-compressor and an air-ex-

pander in which the inclosed working-air op-
erates, designed {o maintain the wor king-air

at a higher minimum pressure than one Atmos-

and for the purpose
described.

3. Inapneamatic cold-pmduunn appamtub
or refrigerating-machiune, the air-feeder ¢’

its eqmvalent in combination with the com-

- presser C, cocler:K, expander I, and refriger-

'15

ator I3, ‘-‘llbﬁtﬂ‘ltl‘l]lj' as and fﬂr the purpose
described.

4. The air-purifier A or its equn alent de-
signed to purily the feed-air and impreg nate
it Wlth water, in combination with the air-
feeder C’ or its equivalent, subf:t'mt ally as

described.
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5. The combination of the air-feeder €/ ¢ or its
equivalent, the small surface-cooler I or an
eqmvalent appamtus, and the vessel H?2, de-

‘signed, In conjunction with the cold working-

alr or a non-congealable liguid, to redunce the
feed-air, while in its compresaed state, to, or
nearly to, the lowest temperature which exists
1n the maehine, and by these means to dry the
feed-air perfectlv, substantlally as descmbed
6. The method of drying the feed-air, con-

sisting in compressing the same before it en-

ters 111!:0 the circrlar course of the inclosed
working-air to the minimum pressure of the
latter or a- higher pressure,and then cooling
it off, while In this condiiion to,:or nearly. to,

the lowest -temperature which exists in the

machine, and by this means, so far as possible.
to ccndeuse all the water-vapor contained in
he said feed alr to water or to water and

|
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SNO W, an'l remove the bmm, substantia]hf as
set 1 forth. :
. Ina mmumat" refrigerating- mftchme theﬂm ;
compressor £, in combination with the smal].,_.:, “
cyiinders D 1y, having air-tight 111st0ne> 1
with 1em1mtmw SCTews or then‘ equivalent,

| '-‘:nhata,ntmlly as.and for the purpose tlﬁ'nbf'lb&[]

‘8. Ina pueumatic refrigerating-machine, the 45
et]nnder E,in combination with a mchet Pro--
vided with sapply and discharge pipes, de-
signed to circulate the non.congealable Ilthd
or the water fo be congealed, stbs tmtlall) as
and for the pur POse G lescribed, |

9. “Lhe air-feeder C or its equivalent, in COml-

Dbination with the feed-air reservoir Y :and

pressure-_educing valve J, designed to regu-
late ammmtlml]v the minumum or maximum -
pressure of the inclosed “«O“LII]“‘HII", in the §3
mannier specified.

10. In a. pneumatic refrigerating- mflchme
the combination of the air- feeder C/ or 1ts
equivalent, the feed-air purifier A or its equiv-
alent, the feed-air reservoir Y, the smail sur-
face- cooler H orits eqmmlenf the vessel H?,
the pressure-reducing valve J, the. Lmnpressor
C. the cooler K, the expander E and refriger-
ator 1 dewmed and arranged to operate sub-
b-.:lﬂtl".]]‘&' as and in-the manner and for the
purpose seb forth | -

In testimony that I claim the f01eﬂ‘0mﬂ I

have hercunto set my liand tlns 2d day of Jn]y
1880,
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MATHIAS J. KLEIN._
‘Witnesses: o

1.OUIS MAYER,

MAX. STRENCH.
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