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REFRIGERATING APPARATUS. 

1,199,486. 
Application filed June 5, 1913. Serial N. 771,812. 

... To all whom it may concern: 

10 
reference marked thereon, which form a part 

is 

Be it known that I, ERNEST F. NAUEk, a 
Chicago, in the county of Cook and State 

fillinois, have invented certain new and seful Improvements in Refrigerating Ap 
paratus; and I do hereby declare that the 
following is a full, clear, and exact descrip 
tion thereof, reference being had to the ac 
companying drawings, and to the letters of 
(of this specification. . . . . 
This invention relates to an improvement 

in refrigerating apparatus, and consists of 
the-matters hereinafter described and more 
particularly pointed out in the appended 

20 

clains. 
The invention is of that type in which air 

... is used as the refrigerating mediurn, and in 
which the desired low temperature is in 
parted to the air by passing it through suc 
cessive stages of compression, cooling, ex 

25 

pansion and exhaustion, by means of suit 
able devices, designed to promote a circula 
tion of air from the box or compartment 
that is to be refrigerated into and through 
the refrigerating apparatus and back to the 

30. 

35 frigerator. Fig. 2 is a view representing a 
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box again. 
Ithe drawings: Figure 1 is a view repre 

senting a side elevation of my improved re 
frigerating.apparatus, the same being shown 
as attached to the top wall of the box or 
compartment that is to be refrigerated-in 
this case, to the top wall of an ordinary re 
vertical section through the apparatus in a 
plane indicated by the line 2-2 thereof. 
Fig. 3 is a view representing, on an enlarged 
Scale, a section through the compressor and 
the expansion engine used in my improved 
apparatus." Figs' 4, 5 and 6 are detail, sec 
tional views on a still larger scale of the 
valves used in the compressor showing said 
valves in different positions. Fig. 7 is a 
detail view in elevation, showing the port 
openings in the cylinder heads. 

Referring now to that embodiment of my 
invention shown in the drawings, 10 indi 
cates the refrigerating apparatus as a whole, 
which is attached to the top wall 11 of a 
refrigerator 12 that is of any familiar or 
usual construction. m 

13.indicates a closed tank which comprises 
the base of the refrigeration apparatus, and 
which acts to support a compressor and an 

zen of the United States, and a resident 

an inner central compartment 19 and an 

specification of letters Patent. Patented Sept. 26, 1916. 

air expansion engine, which have a common 
crank casing and base indicated at 14. The 
tank 13 has a top wall 15, a bottom wall 15 
and an upright cylindrical side wall 17, the 
latter being provided with suitable flanges so 
at the top and bottom (17 and 17, respec 
tively) for attachment to the top and bot 
tornwalls. Within the tank 13 is fixed a cy 
lindric partition wall 18, which divides the 
tank into two compartments, that is to say, 
oute annular conpartment 20, surrounding 
said central compartment. A-plurality of 
openings 21 it relocated at or near-th 
torn of the partition wall 18 to pro 
colilmunication between the inner and out 
compartinents of the tank: The 
wall 18 is fixed at the top : 
groove 19 formed in the bottom facie of the 
top wall i5 of the tank and ha 
ton annularly arranged spa 
which depend below its maint 
up or the bottom wall 16 of the tank T. 
while there is a free passage at the bottom: 
between the inner and outer compartments 30 
19 and 20 of the tank, there is no connection 
within the tank between said coinpartments 
at the top. . . . . . . . . . . . . . . . . 
Within the inner counpartment 19 of the 

talk is located a coil of pipe 23. The lower 
or intake end of Said coil extends through 
the side wall of the tank and through the 
top wall i. 1 of the refrigerator 12 and is 
therein connected to a perforated inlet pipe 
or nozzle 24, located near the top of the 90 
refrigerator. The upper delivery end of the 
coil 23 is connected by a pipe 25, which ex 
tends through the top wall of the tank, to . . 

85 

the inlet side of a compressor 26. 
In the outer annular compartinent 20 of 

the tank 13, there is located a coil 27, which 
is connected at its upper intake end by 
tueans (if a pipe 28 that extends through the 
top wall of the tank to the discharge side of 
tile coil pressor. 26. The litton discharge 
end of the coil 27, extends through the side 
wall 17 of the tik, and is connected by it 
fitting 29 to an upright pile 30, leading 
to the inlet side of an air expansion engine. 
The fitting 29 acts as a tra for the water 
of coadci satio auct is provided witl : ct 
cock '29" for dritilage purposes. 32 incl 
cites a pipe leading from the exhaust side 
of Said engine. Said pipe extends down 
Wardly alongside of, but without the tank llo 
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13, through the top wall 11 of the refrigera- valve chamber are provided, by means of , 
tor, and is 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 

5 

20 

25 

30 

35 

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 26, it is dis 
charged through the pipe 28 into the coil 
2 and from thence it passes by means of the 
pipe 80 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 continuous circulation of the 
air from the refrigerator, through the re 
frigerating apparatus and back to the re 
frigerator. 
The tank. 13, including both the inner and 

outer chambers, is filled with ordinary city 
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 tank. 
The pipes 35 and 36 are preferably placed 
at opposite sides of the respective compart 
ments into which they depend. 

37 indicates a pump which is adapted to 
pump the water from the outer compart 
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ment 20 and discharge it into the inner conn 
partment 19. Thus with the connecting 
passage 21 between the compartments 19 
and 20 at the bottorn, 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 
14, which is securely attached to the top 
wall of the tank O. 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 indicates the cylinder of the compres 
sor, and 35", the cylinder of the air expan 
sion engine. Said cylinders are arrange 
with their longit clinal central axes at a 
angle to each other, and are bolted to the 
crank casing 14. The cylinder 35 is pro 
vided in the head with a circular valve 
chainer 30, in which is no inted a circa lar 
rotative valve plug 37. The circular wall 
of the valve chanber 36, in which the rota 
tive valve has bearing, is made integra with 
the cylinder. The lateral walls of said 

flanged plates 3S, 39. One of these plates, . 
ilamely the plate 89, provides bearing for a 
shaft 40, fixed to the valve plug and having 
attached to its end a sprocket wheel 4i, to 
which is connected by a sprocket chain 43 
to the crankshaft of the compressor. The 
valve plug 87 has an annular groove 3 in 
its periphery, and, communicating with said 
groove, a single port 43 in its face adjacent 73 
the plate 39. The plate 39 has in its face 
adjacent the valve plug a comparatively 
long arcuate groove 44, adapted to coni 
nunicate with the port 43 in the valve plug 
in the course of the rotation of said valve so 
plug, 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 89 has a passage 46, connecting the 88 
arcuate groove 44 with the pipe 25 that 
leads from the inlet coil 23 and a passage . 
47 which connects the short groove 45 with 
the outlet pipe 28. w . . . 
48 indicates the piston of the compressor, SS 

49, the pitman of same, 50, the crank pin 
and 51, the crank arm, the latter being fixed 
on 1 crank shaft. 52, common to the con pressor and to the air expansion engine 
alike. In the plate 38 is secured a set screw 95 
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 100 
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 
tie intRestroke of the piston. On the re- 105 
turn stroke, the air which has been drawn 
into the cylinder, being incapable of escape. 
is compressed until the port 43 in the valve 
pig coines to register with the short groove 
45 in the plate 39 when said air under high lic 
pressure is expelled through the port 47 into 
the pipe 28. 
The different parts in the air expansion 

engine are similarly constructed to those 
just described, the like parts being indicated 115 
by the same namerals with the letter 'a' as a 
superscript. The timing of the valve, how 
ever, in the case of the air expansion engine, 
is reversed, the short groove 45" in this case 
constituting the inlet, while the longer arcu-2S 
ate groove 44 constitutes the outlet. Thus, 
when the port i3 in the rotative valve plug 
(of the air expansion engine registers with 
the groove 45", the charge of air under high 
pressure is taken in from the pipe 30, at the l2 
time the piston is at the end of its outward 
stroke. This high pressure air taken into 
the cylinder drives the piston on its inward 
stroke and then when the supply is cut off, 
which occurs when the piston has traveled 10 



1, 99,486 

: about one-third of its course, expands, and 
is finally, when the piston is on its return 
stroke toward the head of the cylinder, ex 
hausted through the groove 44, in the plug 
39 into the pipe 32. w 
The crank shaft 52 is driven by a motor 

55, mounted on the top of the tank 13. Said 
motor is preferably an electric motor. The 
pump 37 is driven by said crankshaft by 

10 

20 

an eccentric ring 56, mounted on said shaft. 
The sprocket chain 42,yhich drives the ro tative valves of the cofipressor, and air ex 
pansion engine, is connected to a sprocket 
wheel 42 on the crankshaft. *The operation of my improved apparatus 
is as follows: The pipe 24 being located near 
the top of the refrigerator, the warmer air 
therein is drawn into the refrigerating 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 
through the coil 23 in the inner, compart 

2 

80. 

atmospheric pressure, that is to say, the 

36 

O 
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- Water. 
through the coil 23 will absorb heat and thus 
its temperature will be raised. When this 

56 

ment of the tank 3, it will absorb heat from 
the comparatively warmer water in Said 
tank, thus lowering the temperature of Said 

At the same time the air passing 

air is acted upon by the compressor 26, its 
pressure will be changed from that of the 
pressure in the refrigerator, to a much 
higher pressure, say for example, 60 pounds 
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 ten 
perature which it should theoretically have 
at the pressure to which it has been raised. 
by the compressor, that is, 60 pounds as Slip 
posed herein. Instead of having a teipera 
ture of 400°, the theoretical temperature coi'- 
responding to a pressure of 60 ponds, the 
air when entering the coil 27 has only a 
temperature of from 125° to 140, the fall in 
temperature being due apparently to adia 
tion and also probably to the condensation of 
the moisture in the air, which collects in thic 
trap 29 and which mist le drawn of at 
periodic intervals through the cock 99". In 
nassing through the coil 27, the air loses a 
further part of its heat to the water in the 
said compartment 20, this lowering its own 
temperature and increasing the ten perittire 
of the water in suid compartinent. 

It will be apparent that the action of the 
air from the refrigerator in passing through 
the coil 23 will be to cool the water if the 
inner compartinent 19 of the tank, while the 
action of the air in passing through the coil 
27 will be to heat the water in the Outer cot1. - 

8. 

partment 20. Thus, while the water in the 
itaine' compartment is comparatively cool, 
that in the outer coapartment is compara 
tively wain. 
to conduct the warm water froan the outer 
tank and mix it with the water in the inner 
tank, so that the continuous circulation be-, 

The pump 37, however, acts 
7c. 

tween the two tanks tends to maintain the 
same temperature in the two tanks, with 
the result, that heat will be 
air which is at atmospheric pressure, as it 
passes towai'd the connpressor and heat will 
be lost by the air which is at the much higher pressure as it passes from the compressor. 
When the air, which passes from the coil 27, 
is conducted by the pipe 30 to the air ex 
pansion engine 31, it is at subs 
same pressure but at a lower-temperature. 

acquired by the 75. 

80. 
antially, the . . 

as compared with its condition when it left 
the compressor. This couparatively cold 
engine and in oper 
tofore described, is expande lowinto. at 
mospheric pressure, the rel 

V. : 

ing its temperature, so that it is exhausted 
from the air expansion engine at a very low 
temperature, substantially in the neighbor 
hood of 0 degrees F. or below. This cold 
air is led by the pipe 32 to the discharge noz 
zle 33, and escaping therefrom, drops to the 
botton of the refrigerator. 
frigerating apparatus withdraws the warm 
air from the refrigerator, and, after passing 
it through the refrigerating apparatus, re 
tiris it to the refrigerator as cold air, main 
taining a continuous circulation of cold air 
in the refrigerator and keeping it down to 
the desired tenuperatire. . . . . . 

In cesigning the compressor, air expan 
sion engine and motor for driving the com 
pressor and pump, the parts are calculated 
so that the air expansion engine will act to, 
at least, take care of the friction of the parts, 
the notor taking care of the is rest of the 
poys recessary to drive the apparatus, 
Wiie in describing my invention, I have 

referred to certain details of mechanical con 
strictions and arragement, it is to be un 
derstood that iy invention is in no way 
inited the rely, except as pointed out in the 
appended clais. 

| claii as inly invention :- 
i. in a refrigerating a paratus, in com 

bination witl a box to be refrigerated, a 
cooling tank, a wing a partition wall divid 
ing said tink into two corpartments, one ill 
cooling collartnet it and one: heating coil 

it itinent, as inlet coil in sail cooling coul 
partite it, adapted to receive the air froin 
s: it lo N. : 1 (ittlet y in said heating civil 
); it eit. : corest interposed betweeil 
said it let inci (tet, cils. an aii' ('N: insion 
et grine city tected witi said titlet coil, : (oil 

it for tischarging the exit tist fron said 
air expansion eigii ( to said inox to be re 

85. 
high pressure air enters the air expansion 

itting said engine, as here 

reatly reduc 
9. 

laus, the re 
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1. 

cooling compartment and one a heating.com 
10 p. 

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 a partition wall divid 
ing said tank into two compartments, one a 
artment, an inlet coil in said cooling com 

partment, adapted to receive the air from 
said box, an outlet coil in said heating com partment, a compressorinterposed 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 

discharging the exhaust from said air ex 

1,199,486 

said tank into two compartments, one a cool-25 
ing compartment and one aheating com 
partment, an inlet coil in said cooling.com 
partment adapted to receive the airfr 
said box, an outlet coil in said heating con 
partment, a compressor interppsed between 30 
said inlet and outlet coils, an air expansion. 
engine connected with said outlet coil, said air expansion-engine being adapted to assist 
in driving said compressor, a conduit for 

35 
pansion engine to said box to be refriger 
ated, a motor for driving said compressor 
and means for forcing the water from said 
heating compartment of the cooling tank 
into said cooling compartment. 
In testimony, that I, claim the foregoing 

as my invention I affix my signature in the 
presence of two witnesses, this 29th day of 
May A. D. 1913. 

ERNEST F. NAUER. Witnesses: 
T. H. ALFREDs, 

R. WILKINs. 

  


