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Patented May 27, 1941 2,243,541 

UNITED STATES PATENT OFFICE 
COMPOUND COMPRESSOR, 

Richard H. Swart, Beloit, Wis., assignor to Gen 
eral Refrigeration Corporation, Beloit, Wis., a. 
corporation of Delaware 
Application August 2, 1939, Serial No. 28,914 

(CI. 230-198) 8 Claims. 
The invention relates to refrigeration com 

preSSors and has reference more particularly to 
a compound compressor for compressing gaseous 
refrigerant and the like in two or more stages. 

In refrigerating systems where, the required 
evaporating temperatures are low as, for ex 
ample, below zero, on the Fahrenheit scale, diffi 
culties have always been encountered with the 
conventional Single stage compressor. In such 
compressors the compression ratio is high, and 
the effective displacement of the compressor is 
below that desired because of leakage and re 
expansion of the gas in the clearance spaces. 
The Over-all efficiency is therefore OW. In ad 
dition the discharge temperatures are always 
high, due to the high compression ratio and this 
is conducive to poor valve operation as well as 
decomposition of oil and refrigerant in Some 
cases. In large installations it is common prac 
tice to employ two compressors. However, in 
Small Systems using motCrs of from one-fourth 
to ten horse power the cost of installation and 
maintenance of tWO compressors is excessive, 
Accordingly, the invention contemplates lim 
provements to a standard ... multiple cylinder 
compressor to '-3', ie a compound unit. 
An object of the invention is to provide a com 

pound compressor as above described Wherein 
the compression ratio in all stages Will be low 
with correspondingly high volumetric displace 
ment and unusually low power consumption, and 
wherein the high pressure gas will be discharged 
at relatively low temperatures. 
Another object resides in the provision of a 

compound compressor Which will have particular 
application to low temperature systems and 
Which Will eliminate the difficulties heretofore 
encountered in maintaining a vacuum seal at 
the rotating shaft since the crank case pressure 
can be regulated to be above atmospheric at all 
times. 
Another object of the invention is to provide 

a multi-stage compressor wherein the gas from 
the first stage and which is at an intermediate 
pressure is cooled to improve the efficiency of 
the unit and Which also has the desired effect of 
lowering the temperature of the high pressure 
gas discharged from the Second stage. 
With these and various other objects in view, 

the invention may consist of certain novel fea 
tures of construction and operation as will be 
more fully described and particularly pointed 
out in the specification, drawings and claims 
appended hereto, : 
In the drawings which illustrate an embodi 
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ment of the device and wherein like reference 
characters are used to designate like parts 

Figure 1 is a sectional view of a compound 
compressor constructed in accordance with the 
present invention; 

Figure 2 is a fragmentary sectional view illus 
trating a modification embodying an oil return 
check valve; and 

Figure 3 is a fragmentary Sectional view illus 
trating the invention as applied to a compressor 
provided With pistons of the trunk type. 
In the drawings, particularly Figure. 1, the 

compound compressor 9 includes a crank case 
and a cylinder portion 2 which provides ver 

tically disposed cylinders 3 and 4. Said latter 
portion is provided on its exterior with heat 
radiating fins 5. Bearings 6 are located in the 
crank case for journalling the crankshaft in 
dicated in its entirety by numeral and which 
includes a crank portion 8 and a second crank 
portion 9 having a 180 degree relation there 
With. One end of the crank shaft terminates 
short of a fixed seal 20, whereas, said other end 
2, which projects beyond the removable plate 
22 of the crank case, is tapered for receiving the 
conventional fly wheel (not shown). Said end 
also receives the usual bellows seal 23 which 
Seals this end of the rotating crank shaft with 
respect to the compressor so as to prevent escape 
of refrigerant gas from the crank case and to 
also prevent the entrance of air into Said crank 
C3Se 

ihe crank portion 8 of the crank shaft is 
Operatively connected by the connecting rod 24 
With a piston 25 having reciprocating movement 
within cylinder 3 and which forms the low pres 
Sure stage of the present compound compressor. 
in a similar manner crank portion 9 connects 
with piston 26 by means of connecting rod 27, 
Said piston reciprocating within cylinder 4 and 
forming the high pressure stage of the present 
unit. The plate 28, which carries the inlet and . 
outlet valves, respectively, for each cylinder, is 
bolted to the cylinder portion of the compressor 
by bolts 29 which additionally hold in place the 
head 30 of the compressor. Said head is pro 
vided with an annular suction passage 3 which 
receives the low pressure or suction gas return 
ing from the evaporator. Having communication 
with this annular passage in the head are inlet 
Valves 32 for the low pressure cylinder 3 and 
inlet valves 33 for the high pressure cylinder 4. 
The outlet valve 34 for cylinder 3 is located 
within a chamber in the head 30 to which is 
connected the outlet pipe 35, Said pipe there 

  

  



2 
fore receives the compressed gas from the first 
stage of the present compressor. The outlet 
valve 36 for cylinder 4 is located within a similar 
chamber having connection with pipe 37 which 
receives the high pressure gas, or, in other Words, 
the gas which has been compressed to con 
densing preSSure, 

In accordance with the invention the refrig 
erant gas flowing through pipe 35 is cooled either 
by water, air, or both. Therefore, a part of this 
pipe is provided with cooling fins 38 and a jacket 
40 may also be located in asSociation. With Said 
pipe for conducting water in contact with the 
same to further cool the compressed gas flowing 
through said pipe. As shown in Figure 1, Said 
gas is delivered to the interior of the crank 
case at . 
The gas within the crank case can eScape only 

through the passage 42 located in the Wall of 
cylinder 4 and which passage extends a Short 
distance above the top of piston 26 when Said 
piston is in its lowermost position. When the 
piston is located in its lowermost position the gaS 
in the crank case will flow into cylinder 4 and 
as a result of upward movement of Said piston 
the gas is further compressed, to be eventually 
discharged at a high pressure through the out 
let valve 36 into the tube 3:. At the end of tube 
37 a condenser indicated in its entirety by nu 
meral 43 is provided for condensing the refrig 
erant gas into its liquid form which is eventually 
delivered to the receiver 44. 

In the compound compressor of Figure l it 
Will be observed that refrigerant gas at Suction 
pressure is drawn in by both cylinders as the 
pistons of said cylinders move downwardly since 
each cylinder is provided with an inlet valve for 
said low pressure gas. In cylinder 3 this low 
pressure gas is compressed and delivered by the 
outlet valve 34 to the inter-cooler comprising the : 
fins 38, which cool the gas by dissipating the heat 
to the air, and the Water jacket 49 which removes 
heat from the gas by bringing relatively cool 
water in contact with pipe 35. In this form of 
the invention the gas from the cylinder 3, which 
is at an intermediate pressure, is supplied to the 
crank case of the compressor and periodically 
removed therefrom by the pumping action of the 
high pressure stage comprising piston 25 operat 
ing Within cylinder 4. The gas Within the crank 
case is therefore above atmospheric preSStre at 
all times, which eliminates difficulties heretofore 
encountered in maintaining a vacuum seal be 
tween the rotating crank shaft and its com 
pressor. Due to the pressure within the crank 
case no air will be drawn in and the coinventional 
shaft seal 23 will also prevent escape of refrig 
"erant gas along the rotating crank shaft . 
When the piston 26 reaches the limit of its 

Stroke in a down Ward direction the passage 42 
is uncovered and gas at internediate pressure 
Will flow into the cylinder 4. As described, said 
piston has already drawn into the cylinder a 
charge of low pressure gas through the inlet valve 
33. This low pressure gas is accordingly com 
pressed to intermediate pressure and which com 
pression is done at the expenditure of no me 
chanical work, thereby effecting a very important 
gain in over-all efficiency. On the upward stroke 
of the piston 23 the gas within cylinder 4 is 
further compressed and discharged through valve 
36 to the condenser as described. 
An important feature of the present compound 

compressor is that the compression ratio for both 
stages is relatively low. In the first stage the 
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2,243,541 
gas at Suction preSSure is coni pressed to an inter 
mediate pressure. The relatively Small differ 
ence between the Suction and discharge pressures 
of this first stage produces a high Volumetric dis 
placement therefor and Which is at a relatively 
low temperature. The inter-cooler removes suf 
ficient heat from the gas So as to prevent over 
heating of the compressor and as described seri 
ous difficulties at the Seal are eliminated by main 
taining the crank case at a pressure above at 
mospheric. The compression ratio of the Second 
stage is also low since the gas is compressed from 
an intermediate pressure to a condensing pres 
Sure. There is also a mechanical gain in this 
Stage as a result of the admission to the cylinder 
of said intermediate pressure gas, Which raises 
the charge in the cylinder to said interimediate 
pressure, and the temperature of the gas When 
discharged is relatively low as a result of the 
inter-cooler Which renoves considerable heat 
from the gas following its compression in the 
first Stage. 

In Figure 2 the internediate preSSure gas from 
the inter-cooler is delivered by the connection 45 
and passage 66 directly to the high preSSure cyl 
inder 4 instead of being first delivered to the 
crank case of the compressor. This is desirable 
due to the fact that Some compreSSOrS operate 
With a high oil level and with the design shown 
in Figure considerable oil may be carried along 
with the gas into the high pressure cylinder. 
he modification of Figure 2 additionally in 

cludes an oil return check valve comprising a 
tubular body portion. A having a valve seat 48 
adapted to be closed by the ball valve 49. Said 
ball valve when not in contact with its seat will 
rest on the perforated plate 59 yieldingly held 
against a stop shoulder by the coil. Spring 5. 
The oil return check valve allows an intermediate 
pieSSure to prevail. Within the crank case of the 
compressor, and also permits oil removed from 
the intermediate pressure gas to be returned to 
said crank case. However, even though the oil 
may be highly agitated in the crank case, it is 
impossible for any oil to Work past the check 
valve during operation of the compressor, and 
also upon starting up of the compressor, oil will 
be held Within the crank case Since the crank 
preSSure is reduced very gradually due to the fact 
that the check valve will close immediately upon 
the Suction pressure being reduced. 

In Figure 3 the features of the present inven 
tion have been applied to a compressor having 
pistons of the trunk type. In this type of com 
preSSOr the crank case has the usual cylinder 
portion 2 providing a cylinder 3 forming a 
low pressure stage and a cylinder 4 for the high 
pressure stage. The outlet valve f34 for the cyl 
inder 3 is located within a chamber in the head 
30 of the compreSSOr, which chamber has con 
nection with outlet tube 35, which receives the 
gas that has been compressed to an intermediate 
preSSure. The structure is similar for the outlet 
valve 36 for cylinder 4 which is located. Within 
a chamber in the head 30 of the compressor 
connecting with pipe 3 receiving the high pres 
Sure gas, or, in other words, the gas that has 
been CompreSSed to condensing pressure. 

In this form of the invention the low pressure 
Suction gas is admitted to the cylinders by valves 
located in the respective pistons. The tube con 
ducting the low pressure or suction gas from the 
evaporator and delivering the same to the com 
pressor is indicated at 3 f and it will be observed 
that said tube has connection so as to deliver 
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the gas to cylinder 3 and also cylinder f4. 
The trunk type pistons 25 and 26 for both 
stages are similar, each piston journalling a 
crank pin f33 for operatively connecting thereto 
its respective connecting rod. In piston 25, 
which reciprocates within cylinder 3, inlet 
valves f32 are provided and similar valves 33 are 
located in piston 28 for the high pressure cyl 
inder 4. It will be observed that both pistons 
are SO constructed as to be in communication at 
all times with the suction gas supply tubes i3 . 
Accordingly, as said pistons move downwardly 
Within their cylinder their respective inlet valves 
Will be caused to admit a Supply of suction gas 
Which is drawn in to fill the cylinders. 
In cylinder 3 the suction gas is compressed 

to an intermediate pressure, and which is dis 
charged through outlet valve 34 to tube 35. 
The intercooler including the fins 38 and the 
Water jacket 4 lowers the temperature of this 
intermediate pressure gas flowing through 35 
and as shown in Figure 3 said cool gas is de 
livered to the high pressure cylinder as at 55. 
This auxiliary inlet port is uncovered when the 
piston 26 approximately reaches the limit of 
its stroke in a downward direction and the 
charge of low pressure gas within said cylinder 
is thereupon initially compressed by the gas at 
intermediate pressure, which flows into and fills 
the cylinder, raising the pressure to that of said : 
intermediate gas. This is a clear gain in energy 
and is an important factor in over-all efficiency 
of the present compound compressor. On the 
return Stroke of the piston the charge is con 
preSSed to a condensing or discharge pressure 
and forced through outlet valves 36, to be 
eventually delivered to the condenser and re 
ceiver for the liquid refrigerant. 

In this form of the invention the intermediate 
preSSure gas from the intercooler is also con 
ducted to the crank case of the compressor for 
the purpose of maintaining within the crank 
Case a pressure which Will be above atmospheric. 
The connection f36 includes the oil return check 
valve 5 embodying the same internal structure 
as the check valve disclosed in connection with 
Figure 2. The purpose of the oil return check 
Valve is to permit an intermediate pressure to 
prevail within the crank case of the compressor 
and also perinit oil removed from the interme 
diate pressure gas to be returned to the crank 
case. Also the check valve prevents oil from 
foaming out of the crank case and into the high 
pressure cylinder whenever the compressor is 
started. 
The Several advantages of the form of con 

pressor shown in Figure 1 are likewise attained 
by the compound unit of Figure 3. Both cylinders 
operate on a relatively low ratio of compression 
and the Volumetric displacement is therefore 
high. By cooling the gas at intermediate pres 
Sure Sufficient heat is abstracted therefrom So as 
to maintain the high pressure gas at a relatively 
low discharge temperature. Aiso as a result of 
the connection to the crank case of the com 
pressor a pressure is maintained in said crank 
case which is at all times above atmospheric, 
and any oil removed from the intermediate pres 
sure gas can be returned although oil from the 
crank case is effectively prevented from flowing 
in an opposite direction, 
The invention is not to be limited to or by 

details of construction of the particular en 
bodiment thereof illustrated by the drawings aS 
various other forms of the device will of course 
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3 
be apparent to those skilled in the art without 
departing from the spirit of the invention or the 
scope of the claims. - 
What is claimed is: 
1. In a multi-stage compressor, a pair of cyl 

inders disposed side" by side and each having a 
piston operating therein, one cylinder compris 
ing the low pressure stage of the compressor 
and operating to compress low pressure gas to 
an intermediate pressure, the other cylinder 
Comprising the high pressure stage and having 
an inlet valve for said low-pressure gas and an 
auxiliary inlet port for admitting thereto said 
intermediate pressure gas, whereby both gases 
are compressed by said other cylinder to a high 
discharge pressure, said auxiliairy inlet port con 
prising a passage in the wall of said cylinder 
communicating with the crank case at its lower 
end and having its upper end positioned so that 
the port is uncovered at the end of the suction 
diate pressure gas to the crank case of the com 
Stroke, and means for conducting said interime 
preSSO. 

2. In a multi-stage compressor, a pair of cyl 
inders disposed side by side and each having a 
piston operating therein, one cylinder comprising 
the low pressure stage of the compressor and 
Operating to compress low pressure gas to an in 
termediate pressure, the other cylinder compris 
ing the high pressure stage and having an inlet 
Valve for Said low pressure gas and an auxiliary 
inlet port for admitting thereto said intermediate 
preSSure gas, whereby both said gases are com 
pressed by said other cylinder to a high discharge 
pressure, said auxiliary inlet port comprising a 
passage in the wall of said cylinder communicat 
ing With the crank case at its lower end and hav 
ing its upper end positioned so that the port is 
uncovered at the end of the suction stroke, means 
for conducting said intermediate pressure gas to 
the crank case of the compressor, and other 
means a SSociated therewith for cooling said gas. 

3. In a multi-stage compressor, a low pressure 
Cylinder and a high pressure cylinder each hav 
ing pistons operating therein, an inlet valve for 
each cylinder for admitting low pressure gas to 
each cylinder during the suction stroke of the 
piston operating therein and which is compressed 
to an intermediate pressure in said low pressure 
Cylinder, Outlet valves for the cylinders respec 
tively, an auxiliary inlet port located in the high 
preSSure cylinder and positioned so that the said 
port is uncovered at the end of the suction stroke, 
means Conducting Said intermediate pressure gas 
to Said inlet port whereby said intermediate pres 
Sure gas is Supplied to the high pressure cylinder 
after the same has drawn in a charge of low 
preSSure gas, and Whereby both charges are fur 
ther compressed to a high pressure, means cool 
ing said intermediate pressure gas, and means 
using said last mentioned gas to maintain a pres 
Sure within the crank case of the compressor. 

4. In a compound compressor, a pair of cylin 
ders each having a piston operating therein, an 
inlet port for each cylinder having communica 
tion With a source of low pressure gas for admit 
ting Said low pressure gas to its respective cylin 
der during the suction stroke of the piston Oper 
ating therein, an outlet valve for each Cylinder, 
the Said outlet valve for one of said cylinders dis. 
charging said gas at an intermediate pressure, an 
auxiliary inlet port located in the other cylinder 
and positioned so that the port is uncovered when 
the piston of its cylinder reaches the limit of its 
Suction stroke, and means connecting the outlet 



4. 
valve of said first mentioned cylinder with said 
inlet port whereby gas at an intermediate pres 
Sure is supplied by said inlet port to the other 
cylinder and is compressed thereby along with 
the charge of low pressure gas. 

5. In a compound compressor, a pair of cylin 
ders each having a piston operating therein, an 
inlet valve for each cylinder having communica 
tion. With a Source of low pressure gas for ad 
mitting said low pressure gas to its respective 
cylinder during the suction stroke of the piston 
operating therein, an outlet valve for each cylin 
der, the outlet valve for One cylinder delivering 
said gas at an intermediate pressure, an auxiliary 
inlet port located in said other cylinder and posi 
tioned so that the port is uncovered when the 
piston of its cylinder reaches the limit of its suc 
tion stroke, means connecting the said inlet port 
with the outlet valve of the first mentioned cyl 
inder whereby gas at an intermediate pressure 
is Supplied by said inlet port to said other cylin 
der and is compressed along With a charge of low 
pressure gas, and other means for cooling the 
intermediate pressure gas while the same is being 
conducted from its outlet valve to the inlet port. 

6. In a multi-stage compressor, a pair of cylin 
ders disposed side by side and each having a pis 
ton operating therein, one cylinder comprising 
the low pressure stage of the compressor and hav 
ing an inlet valve for admitting low pressure gas 
and an outlet Valve for discharging said gas at 
an intermediate pressure, the other cylinder com 
prising the high pressure stage and also having 
an inlet valve for admitting low pressure gas and 
an outlet Valve for delivering gas at the final dis 
charge pressure, an auxiliary inlet port associat 
ed with said high pressure cylinder for admitting 
to said cylinder at the end of the suction stroke 
the intermediate pressure gas from said low pres 
Sure cylinder, whereby a charge of low pressure 
gas and a charge of said intermediate pressure 
gas are compressed in the high pressure cylinder 
to the final discharge pressure of the compressor, 
and means for cooling the intermediate pressure 
gas before the same is delivered to said high pres 
sure cylinder. 

7. In a multi-stage compressor, a pair of cylin 
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2,243,541. 
ders disposed side by side and each having a pis 
ton operating therein, one cylinder comprising 
the low pressure stage of the compressor and 
having an inlet valve for admitting low pressure 
gas and an outlet valve for discharging said gas 
at an intermediate pressure, the other cylinder 
comprising the high pressure stage and also hav 
ing an inlet valve for admitting low pressure gas 
and an outlet Valve for delivering gas at the final 
discharge pressure, an auxiliary inlet port associ 
ated with said high pressure cylinder for ad 
mitting to Said cylinder at the end of the suction 
Stroke the intermediate pressure gas from said 
loW preSSure cylinder, Whereby a charge of low 
preSSure gas and a charge of said intermediate 
preSSure gas are compressed in the high pressure 
cylinder to the final discharge pressure of the 
compreSSOr, and means constructed and arranged 
to maintain a pressure within the crank case of 
the compressor approximating said intermediate 
pressure. 

8. In a multi-stage compressor, a pair of cylin 
ders disposed side by side and each having a pis 
ton Operating therein, one cylinder comprising 
the low pressure stage of the compressor and 
having an inlet port for admitting low pressure 
gas and an outlet valve for discharging said gas 
at an intermediate pressure, the other cylinder 
comprising the high pressure stage and also hav 
ing an inlet valve for admitting low pressure gas 
and an outlet valve for delivering gas at the final 
discharge pressure, an auxiliary inlet port associ 
ated With Said high pressure cylinder for admit 
ting to Said cylinder at the end of the suction 
Stroke the intermediate pressure gas from said 
low pressure cylinder, whereby a charge of low 
preSSure gaS and a charge of said intermediate 
pressure gas are compressed in the high pressure 
cylinder to the final discharge pressure of the 
compressor, a connection from said inlet port to 
the interior of the crankcase of the compressor 
Whereby oil in Said intermediate gas may drain to 
the crankcase, and a check valve in said connec 
tion permitting the oil to flow to the crankcase 
but preventing flow of oil in an opposite direction. 

RICHARD H. SWAR.T. 



CERTIFICATE OF CORRECTION. 
Patent No. 2, 243,54l. May 27, 1911. 

RICHARD H. SWART. 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page 3, sec 
Ond column, line 22, claiml, strike out the words and syllable "stroke, and 
means for conducting said interme-" and insert the same after the word "suc 
tion" in line 20, same claim; and that the said Letters Patent should be read 
with this correction therein that the same may conform to the record of the 
case in the Patent Office 

Signed and sealed this 8th day of July, A. D. 194l. 

Henry Van Arsdale, 
(Seal) Acting Commissioner of Patents. 


