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UNITED STATES PATENT CFFICE.

EENEST F. NAUER, OF CHICAGO, ILLINOIS, ASSIGNOB

BY MESNE ASbIGNMENTﬁ TG

' ISKO, INCORPORATED, OF DETROIT, MICHIGAN, A CORPORATION OF MICHIGAN.

REFRIGER&’IIN G AI’PARATUS

1,199,486.

T .. ) Apphcatlon ﬁled June 5, 1913

.. Toall uhom it may concern:
Be it known that 1, Exxest F. T\TAUER a

120, in the county of Cook and State
of 1] mms, have invented certain new and
“.useful Improvements in Refrigerating Ap-
paratus and T do hereby. declave that the
“following is. a full, clear, and exact descrip-
. _tion thereof, reference being had to the ac-
" 16 ‘companying drawings, and to the letters of
. reference marked thereon, which form a part
‘of this specification.. .

“This invention relates’ to an 1mprox ement
o V-;.m refrigerating apparatus, and consists of
46-the maftters hereinafter deseribed and more
- particularly pomted out In the appendcd
claimis, . -

“The invention is of that type in which air’

- .is used. as the refrigerating medium, and in
20 which the d%lred low temperature 18 im-
o -.pazted to' the air by passing i through suc-
- cessive stages of compression, coolmor ex-

pansion and’ exhaustion, by means of suit-
. abledevices, designed to_promote % circula-
26 tion of air from the box or- compartment

" that. is to be refrigerated into and through

* the refrigerating appamtus and back to the
box again.

30. senfing a side elovation of my improved re-
friger atmg apparatus, the same being shown
as attached to the top .wall of the box or
compartment thdt is to be refrigerated—in
this case, to the top wall of an ordinary re-
nwerator Iig. 2-is a view representing a
sertlcal section through the apparatus in. &
plane indicated Ly the line 2-—2 thereof.
‘Fig. 8 is a view representing, on an enlarsed
scale, a section through the compressor and
the expansion engme, used m my improved
apparatus:« Figd 4, 5 and 6 are detail, sec-
tignal views on a stlll larger scale of the
valves used in the compressor showing said
valves in different positions. Fig. 7is a
dctul view in elevation, showing “the pott
openings in the cylmder heads.

Referring now to that embodiment of my
invention shown in the ‘drawings, 10 indi-
... cates the refrigerating appar abus 4 & w hole,
“80" which is attached to the top wall 11 of a
. refrigerator 12 that is of any familiar or
usual construction.

13:indicates a closed tank \\hl( h comprises
‘the base of the refrigeration apparatus, and
which acts to support 2 compressor and an

1 35 ‘
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Speexﬁcatxon of Letters Patent.

‘crank casing and base indicated at 14.

zen of t;he United States, and & resident tank 13 l’ms a top wall 15, a bottom wall 13-

Inithe drawings: I‘wure 1is a view repre- .
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alr expansion engine, whlch have & commou_ J

The

and an upright (,yhnducal side wall 17, the
latter being provided with suitable flanges
at the top and bottorm (17* and:17°, respec-
tively) for dttachment fo the top and bot-
tom walls. Within theé tank 13'is fixed @ cy-
findric partition wall 18, which divides the
tanik into two (,ompdmnents ‘that is't0 say,

“an inner central compartment 19 and- an |

outer annular <,un1pu'*ment 20, suj"oundmﬂ
said central compartment. A-- phurality’ of
openings 21 ure located at or near:the..
tom of the partition wall 18 to pro
communication betwéen th(, inuer andout
compartments of the tanks®
wall-18 is fixed at the top
groove 19* for med in £he’bottor
f(»p wall 15" of the $ank and. ha
tom annularly “arranged’
whichi depend bslow its:main biod
upon the bf)ttom wall 16

60

65

while there is a free I)JSSLXWG ‘at tlxe bottom E

between. the- innerand outt compartmults
19 and 20 of the tank; therd is nd- connection

within the tank l)ctwc.,n'saxd (,ompattments
at the top.. :

80

Withia the inner compartm(,nt 19° of thc[ ’

taxl is located a coil of pipe 93. The lower
or intake énd of swid ¢oil extends through
the side wall of the tank and through the
top wall i1 of the ufrumrdtor 12 -and is
therein coutiected to a per rforated inlet. pipe

or nozzle 24, located neir thie top of the

refrigerator. The upper delivery end of the
coil 23 is conndcted by a pipe 25, which ex-

85

90 °

tends through' the top wall. of uh_c tfml{, to. .

th inlet sulc of a4 compressor 26.

In the ()utm .\nnular (mupdrtment 920 of
thg tank 13, there is located n cail 97, which
1S (onned,e(l at’ its iipper intake end by
means of o pipe 28 that extends thirough the
top wall of the tank to tlie discharge bld(, of:
the (un.pws&.m 26. The bottom (hs(h‘u%
encliof the cotl 97, extends tlidough the: sulc
wall 17 of the t“,m, (md 1s ((nm(‘(ted by 2
fitting 29 to an upright. 1”1‘“ 30, l(,ddlll"’
to the inlet side of an air expansion engine.
The fittiag 29 acts as-a trap Tor the water
of ((md(nm(mu and s pm\ldcd \\xth a pet-
cock 29% for drainage purposes. @2 indi-
cates a pipe leading i om the (\lmu\( side
of said engine.  Swid pipe_extends down-
wardly dlomfs_rd(, of but- without ‘the tank
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21

. 13, through the top wall 11.of the refrigera-

tor, and 1s connected to a perforated pipe
or nozzle 33 by means of which the air in
said pipe 32 is discharged into the refrigera-
tor.

Referring now to the circulation through

- the system thus described, it will be seen
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that the air in the refrigerator is drawn
through the perforated ‘inlet pipe 24 into
the coil 23, whence it passes through the
pipe 25 into the inlet side of the compressor
26. From the compressor %6, it 1s dis-
charged through the pipe 28 into the coil

27 and from thence it passes by means, of the

pipe 30 into the inlet side of the air ex-
pansion engine 31. From the exhaust side
of the expansion engine, it is conducted by
means of the pipe 32 to the perforated pipe

33, whence it is discharged into the refrig-

erator. Thus; there is maintained through
the system a continucus circulation of. the
alr from the refrigerator, through the re-

frigerating apparatus and back to the re--

frigerator. o

The tank 13, including both the inner and
outer chambers, is filled with ordinary eity
water. The tanks are connected at the top

by means of a pipe 34, which has an inlet

35%, depending through the top.wall of the
tank into the outer annular compartment 20
and a discharge pipe 36%, depending into the
inner central compartment 19 of the tanl.
The pipes 35 and 36* are preferably placed
at opposite sides of the respective compart-
ments inte which they depend.

37 indicates a pump which is adapted to
pump the water from the outer compart-
ment 20 and discharge it into the inner com-
partment 19. Thus with the conrnecting
passage 21 between the compartments 19
and 20 at the bottom, the pump produces a
continual interchange between the water in
the two compartments. )
_ The compressor 26 and air expansion en-
gine 31 have, as before stated, a common
crank casing 14 and a common base plate
142 which is ,securély attached to ‘the top
wall of the tank 10. . Both of these devices
are of the rotary valve type, and as shown
herein, are identical in construction, the
only difference being in the timing of their

‘valves ‘with relation to the movement of .

their respective pistons.

35 indicutes the eylinder of the compres-
sor, and 354, the cylinder of the sir expan-
sion engine. Said cylinders are arranged
with their longitudinal central axes at an
angle to cach other, and are bolted to the
crank casing 14, The cylinder 33 is pro-
vided in the head with a cireular valve
chamber 36, in whiclh is mounted a civeular
rotative valve plug 37. The circular wall
of the valve chamber 36, in which the rota-
tive valve has bearing. is made integral with
the cylinder. The lateral walls of said

1,160,486

valve chamber are provided, by means: of .

flanged plates 88, 39. One of these plates,
namely the plate 39, provides bearing for a,
shaft 40, fixed to the valve plug and having
attached to its end a sprocket wheel 41,
which is. connected by a sprocket chain 42
to the crank shaft of the compressor. The
valve plug 37 has an annular groove 37¢ in
its periphery, and, communicating with said
groove, a single port 43 in its face adjacent
the plate 39. The plate 39 has in its face
adjacent the valve plug a comparatively
long arcuate groove 44, adapted to com-
municate with the port 43 in the valve plug

70

73 .

in the course of the rotation of said valve 8¢

piug, which constitutes the inlet of the com-
pressor, and an additional comparatively

short arcuate groove 45, which constitutes -

the discharge port of the compressor. The
plate 39 has a passage 46, connecting the
arcuate groove 44 with the pipe 25 that

88

leads from the inlet coil 23 and a passage .

47 which connects the short

, groove 45 with
the outlet pipe 28, ‘

48 indicates the piston of the compréssor., ;

49, the pitman of same, 50, the crank pin
and §1, the crank arm, the latter being fixed
on u crank shaft 52, common to the com-
pressor and fo the air expansion engine
alike. In the plate 38 is secured a set screw
53, which is adapted to maintain the rotative
valve plug in proper bearing engagement
against the opposite plate 39, A port 54 con-
nects the valve chamber with the cylinder.

In the operation of the compressor, air is
drawn into the cylinder while the valve plug’
is rotating with its single-port 43 in reg
ister with the arcuate groove 44, this being
the condition throughout practically the en-
tive intake stroke of the piston. On the re-
turn stroke, the air which has been drawr
into the cylinder, being incapable of eseape,
is compressed until the port 43 in the valve
pliug comes to register with the short groove
45 1n the plate 39 when said air under high
pressure is expelled through the port 47 into
the pipe 28. '

The different parts in the air expauosion
engine are similarly constructed to those
just deseribed, the like parts being indieated
hy the same numerals with the letter “a” as a
superscript.  The timing of the valve, how-
ever, in thie case of the air expansion engine,
is reversed. the short groove 43¢ in this case
constituting the inlet, while the longer arcu-
ate groove 44 constitutes the outlet. - Thus,
when the port 43° in the rotative valve plug
of the air expansion engine registers with
the groove £5% the charge of air under high

9%
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pressive is taken in from the pipe 30, at thew125

time the piston is at the end of its ontward
stroke. This high pressure air taken into
the eylinder drives the piston on its inward
stroke and then when the supply is cut off,
which occurs when tllxe piston has traveled

130
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-about: one-third ef its course, expands, and
is-finally,.when the -piston is.on ifs.return

strole toward the head of the cylinder, ex-

hausted through the groove 44* in the plug
39 1nto the pipe 32.- -

. The crank shaft 52 is driven by a motor

55, mounted on the top of the tank 13., Said
motoer i5 preferably an electric motor. The

~pump 37 is driven by.said crank shaft by

10

20

an.-eccentric ring 56, mounted on. said shaft.
- The sprocket chaim 42, which drives the ro- -
tative valves of the cofipressor and air ex-.
pansion engine,-is wonnécted to a -sprocket

wheel 42 on the:crarfk shaft.:

-The operation of my ixan'O\'ed-appztratué 7

is as follows: The pipe 24 being located near
the: top of the refrigerator,the sairmer air
therein is drawn into thelrefrigerating ap-
paratus. through® the ‘action of .the:com-

‘pressor. The air will usually be about 38

degrees F. and- will be comparatively dry.
As this comparatively. cold air :passes

- thirough the coil 23 in the inner compart-

25

30.

-water.
“through the coil 23 will absorb heat and thus
/its temperature will be raised. When this

ment of the tank 13, it will absorb hieat from
the comparatively warmer water in said
tank, thus lowering the temperature of said
At the same time the. air passing

dir is acted upon by the compressor 20, its
pressure will be changed from that of the

" atimospheric pressure, that is to say, the

36
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pressure in the refrigerator, to . a much
higher pressure, say for example, 60 pournds
bl y

pressure. Its temperature will be raised.

At this pressure and temperature produced

in the compressor, the air will pass through-

the pipe 28 into the coil 27 in the outer com-
partment 20 of the tank 13. It has been
found in practice that the air, when it
reaches the coil 27, is much below the tem-
peratire which 1t should theoretically have

at the pressure to which it has been raised.

by the compressor, that is, 60 pounds as sup-
posed herein. Instead of having i teimpera-
ture of 400°, the theoretical temperature cor-
responding to a préssuve of 60 pounds, the
air when entering the coil 27 has only a
temperature of from 125° to 140°, the full in
temperature being due apparently to radia-
tion and also probably to the condensation of
the moisture 1n the air, which collects n thie
trap 29 and which must he drawn off at

- periodic intervals through the cocl 29% In

passing. through the coil 27, the air loses a
further part of its heat to the water in the
said compartment 20, thus lowering its own
temperature and increasing the temperature
of the water in swid compartment.

It will be apparent that the actiou of the

air from the refrigerntor in passing through

the coil 23 will be to coal the water in the
inner compartment 19.of the tunk, while the
action of the air in passing through the coil
97 will be to heat the water in the outer cot-

pariment 20. Thus, while the water in the
wer, compartment s comparatively. cool,

8

that in the outer compartment is compara-

tively warm.
to conduct the warm water from the outer
tank and mix it with the water in the inner

tank, so that the continunous circulation be-.

The pump 37, however, acts

56

tween the two tanks tends to maintain the

sdme temperature iu-the two tanks, with
the vesult that heat will be
air which is at atmospheric. pressure .as it
passes toward the compressor and.heat. will
be lost by the aiv which isat the much higher

When the air, which passes fiom the ¢oil 27,
is conducted -hy the pipe 30-to; the air ex-
pansion engine 31, it-is at subs
saine  pressure but _at.a lewer- temperature,

acquived by the.

pressure- as it passes. frony-the compressor.,

18 -

80 -

antially the

as_compared with its condition when 1t left .

the .compressor. -This comparatively cold

engine and in-oper
tofore described, 18 expande
mospheric pressure, thiereby
ing 1its temperature, so that 1t'is exhausted

lown .to. at-

“from the air expansion engine at a very low
temperature, substantially in the neighbor-

hood of 0 degrees T", or below. . This-cold
air is led by the pipe 32 to the.discharge noz-
zle 33, and escaping therefrom, drops-to the
bottom of the refrigerator: : ‘

frigerating apparatus withdraws the warm
air from the refrigerator, and, after passing
it through the refrigerating apparatus, re-
turns it tothe refrigerator as cold air, main-
taining a- contintious’ circulation of cold air
in the refrigerator and- keeping it down to

the desired temperature: R
Tn designing the compressor, air expan-
sion engine and motor for driving the com-
pressor and pump, the parts ave calculated
so that the air expansion engine will act to,
at- least, take cave of the friction of the parts,
the moter taking care of theorest of the
power neeessary to drive the apparatus.
Winle in deserihing my thvention, 1 have

referved to certain details of mechanical con--

strictions and arrangement, it s to be un-
derstood that my invention® i1s7in no way
linuited thereby, except as pointed out in the
appended claims, ’ :

T claim as my imvention:— ]

1. In a rvefrigerating apparatus; m com-
hination with a hox to be refrigerited, a
cooling tank, having u partition wall divid-
g said tank inte two compartments. one 4
cooling compartment and one @ heating com-
partient, an inlet coil in said cooling com-
partiuent; adapued to veecive the wie from
satd hox, an outlet ('(*‘ in =atd heating com-
prartinent. a compresfor interposed hetween
said et sud ontlet cotls. an air expansion
engine connected with said outlet cotl, a con-
dait for discharging the exhaust from said
air expansion engine (o said hox to be re-

) . 86
high pressure air enters. the aw expansion -
ating sald éngine, as here-

greatly reduc-

90

'L

hus;the re-: -

100

100
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126
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a

~ cooling compartment 'and one a heating.com--
‘partment, an-inlet coil in said cooling com-

1q

frigerated, a motor for driving said com-
pressor and means providing for the inter-
changing of the water in the said two com-
partments. - :

2. In a refrigerating apparatus, in com-
bination with a box to be refrigerated; a
cooling ‘tank, having apartition wall divid-
ing said tank into two compartments, one a

. partment, adapted to receive thé air from

said box, an outlet, coil in said heating com-
partment, a compressor interposed between

said inlet and outlet coils, an air expansion
engine connected with said outlet coil, a con-
duit for discharging the exhaust from said
air expansion engine to said box to be re-
frigerated, a motor for driving said com-
‘pressor and means for forcing the water
from said heating compartment of the cool-
ing tank into said cooling compartment.

3. In a refrigerating apparatus, in combi-
nation with a box to be refrigerated, a cool-

ing tank, having.a partition wall dividing

- 71,199,488

said tank into two compartments, one a col-’

ing compartment and one a heating ¢
partment, an.inlet coil in said cooling ¢
partment adapted to -receive the air f
said box, an outlet coil in said heating ¢
partment, a compressor intérposed betw:

alr expansion-enginé being.adapted to assist

in driving said compressor, a. :conquit * for-
~discharging the exhaust from ‘said air ex::

pansion engine to. said box to be refriger-

25

.30
said inlet and outlet coils, an air expansion
ex}gine connected with said outlet coil; §aid-

35

ated, a motor for driving said compressor

and means for forcing the watér from said |

heating compartment of the cooling tank
into said cooling compartment. ' .
In testimony, that I, claim the foregoing
presence of two witnesses, this 29th day of
May A.D.1913. - e
, ERNEST F. NAUER.
Witnesses : .

T. H. Avrreps, .
R VVILKINS.‘

. as my invention I affix my signature in the



