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COMPRESSOR 
Frank A. Halleek, Michigan City, Ind., assignor to 
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Massachusetts 

Application April 24, 1939, serial No. 269,610 
8 Claims. (CI. 230-26) 

My invention relates to fluid compressors, and 
more particularly to improvements in compound 
Compressors and in driving, cooling, and unload 
ing-means therefor. - 
An object of my invention is to provide an 

improved compressor. Another object of my 
invention is to provide an improved compound 
compressor that is exceedingly compact and 
highly efficient. A further object of my inven 
tion is to provide an improved compound com 
preSSOr having improved cooling means for the 
compressed fluid. Yet another object is to pro 
vide an improved compressor having improved 
cooling means for the lubricating fluid. Other 
objects and advantages of my invention will 
hereinafter more fully appear. 

In the accompanying drawings, in which seve 
eral embodiments of different aspects of my 
invention have been shown, " ..s . 

Fig. 1 is a front elevational view of a multi 
stage compressor in which one illustrative form 
of my invention is incorporated. - 

Fig. 2 is a side elevational view of the com 
pressor shown in Fig. 1. 

Fig. 6 is a plan view, partially in section, of 
the compressor shown in Fig.1. 

Fig. 4 is an enlarged horizontal sectional view 
through the crank case of the compressor shown 
in Fig. 1, the section being taken on the hori 
Zontal plane corresponding to the line 4-4 of 
Figs. 1 and 5. 

Fig. 5 is an enlarged view, partially in eleva 
tion and partially in vertical section, through 
the compressor shown in Fig.1. 

Fig. 6 is a sectional view on the planes of 
the line 6-6 of Fig. 5. 

Fig. 7 is an enlarged horizontal sectional view 
through an unloading control device and a portion 
of a high pressure cylinder, thesection being taken 
on the plane of the line 7-7 of Fig. 2. - 

Fig. 8 is a schematic diagram showing the 
compressor cylinders and the unloading control 
mechanism therefor. . . . . 

Fig. 9 is a sectional view similar to Fig. 5; 
showing a modification of the invention. 

Fig. 10 is a sectional view on the planes of 
the line O-O of Fig. 9. w -- 

Fig. 11 is a sectional view similar to Fig. 9; 
showing another modification of the invention. 

Fig. 12 is a sectional view on the planes of 
the line 12-2 of Fig.11. 
In the illustrative embodiment of the inven 

tion shown in Figs. 1 to 8 inclusive, there is 
shown a compound compressor having a base 

5 
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40 

of a vertical plane and approximately 60 from 
a horizontal plane, two low pressure. Cylinders 
2 and 3, and on a horizontal plane but extends 
ing from the base frame at an angle of 180 
apart, two high pressure cylinders 4 and 5. Fluid 
is supplied to the low pressure cylinders" from 
intake lines 6 and T. branching from a com 
mon intake line 8 and communicating with cast 
ings: 9 and 0, which: contain intake ciosure 
valves: for controlling the admission of fluid 
to the cylinders. Extending centrally through 
the intake closure valves are valve stems 2 
which are connected to pistons: 3 reciprocably 
mounted in cylinders 4 formed within the cas 
ings 9 and 40. The valves are normally held 
in Open position by springs 5, thereby permits 
ting fluid to flow freely through passages. 6 in 
connections f and 8 to inlet valves: 9 and 
20 in the head and crank ends of the low press 
sure cylinders. The intake closure valves are 
limited in their opening movement by adjustable 
stop members 2?, and are actuated to closed 
position by fluid pressure conducted to the cyl 
inders 4 through pipes 22 and 23. Fluid is 
CompreSSed in the low pressure cylinders and 
discharged through discharge valves 28 and 29 
and connections 30 and 3 to intercoolers. 32 
and 33, which are arranged in axial alinement 
in the same series of horizontal planes with the 
low pressure cylinders, and with their adjacent 
ends abutting each other and fastened together, 
as by bolts - 34. The intercoolers are identical 
in...construction and contain longitudinally ex 
tending tubes. 35 for conducting a cooling fluid, 
such as Water; and baffle plates 36 extending 
transversely to the tubes 35 direct the com 
pressed fluid in a circuitous path through the 
intercoolers and across the cooling tubes. . . . 
The compressed fluid" flows from the inter 

coolers through connections 37 and 38 to the 
high pressure cylinders 4 and 5, through inlet 
valves 39 and 40. The fluid is compressed again 
in the high pressure cylinders and discharged 
through discharge Valves. 4f and 42 to discharge 

45 pipes. 43 and 44 that conduct the fluid to a re 
ceiver (not shown). Reciprocably mounted in 
the low pressure cylinders are pistons 45, and 
in the high pressure cylinders are pistons, 46. 
The pistons" 45 and 46 are connected by piston 
rods 47 to crossheads 48 reciprocably guided in 
crosshead guides 49 suitably supported in seats 
formed in the base frame" . Connecting rrods 
50 connect the crossheads to a common crank 
pin. 5 carried by a crankshaft 5 journaled 

frame on which are mounted at opposite sides 55 at one end in a bearing 52 carried by a plate 



2 
53 attached to the side of the base frame, and 
journaled at its other end in bearings 55 and 
56 supported by the base frame . Attached 
to the side of the base frame, beneath the allined 
intercoolers and in axial alinement with the 
crankshaft, is an electric motor 57 having its 
rotor 58 keyed to the end of the crankshaft 
for driving the crankshaft and through it the 
compressor pistons 45 and 46. 
Formed in the lower portion of the base frame 

is a chamber 59 containing oil for lubricating the 
moving parts of the compressor. A partition 60 
extending centrally across the chamber divides 
the chamber into spaces 6 and 62, and an open 
ing 63 in the partition 6 adjacent the bottom 
of the chamber provides for circulation of oil 
between the Spaces 6 and 62. A means is pro 
vided for cooling the oil in the chamber and com 
prises a pipe 64, shown arranged in the Space 62, 
for conducting a cooling fluid, such as Water. 
Baffle plates 65, and fins 66 formed integral with 
the base frame, direct the oil acroSS the cooling 
pipe 64 and through the opening 63 to the space 
6, whence it is dra Wn through a Strainer 67 and 
a pipe 68 and pumped by a Suitable lubricator I. 
through tubes not ShoWn to parts of the COm 
pressor to be lubricated. 

In this form of the invention, means is pro 
vided for effecting a step-by-step unloading of 
the compressor in accordance With compressor 
discharge or receiver pressure. This means Com 
prises pilot valves 69, 70, 7 and 72, which may 
be of any Suitable type, and Which are herein 
illustrated as so-called RC pilot Valves, arranged 
to control communication between the compres 

5 

O 

20 

sor discharge line or a receiver and pipes 13, 14, 
22 and 23, and between said pipes and the atmos 
phere. Pipe T3 communicates with pipes TT and 
78 connected to Suitable valve opening devices. 19 
and 80 for opening an inlet Valve in one end of 
the low pressure cylinder 2 and an inlet valve 
in one end of the high pressure cylinder 4. Pipe 
74 communicates with pipes 8 and 82 connected 
to inlet valve opening devices 83 and 84 in the 
low pressure cylinder 3 and the high pressure 
cylinder 5. Pipes 22 and 23 communicate re 
spectively, as explained above, with cylinders f4 
controlling the intake closure valves for the low 
pressure cylinders 2 and 3. 
With nothing more than the structure already 

described, the high pressure cylinders would, so 
long as any way available, take in fluid from their 
respective intercoolers to the ends of the cylin 
ders, where the inlet valves are allowed to operate 
in a normal manner, after the intake closure 
valves are closed. Thus, if there were any leak 
age past the intake closure valves fluid might 
be drawn into the high preSSure cylinders at quite 
low pressure. Any fluid taken in during unloaded 
operation would certainly be at a lower pressure 
than when the compressor operates loaded, and 
its compression to receiver preSSure would result 
in an increased generation of heat. To avoid 
this, means are provided for automatically vent 
ing the ends of the high pressure cylinders to 
atmosphere When a partial vacuum exists in the 
intercoolers. Automatic vent control devices 9 
and 9 are attached to the sides of the high 
pressure cylinders 4 and 5, and as shown in Fig. 7, 
in the Sectional view of the control device 9 at 
tached to the high pressure cylinder 5, there is 
formed within the device a diaphragm chamber 
92 having a diaphragm 93 therein. A space 94 
within the chamber at One side of the diaphragm 
is open to atmosphere through an opening 95, 
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2,312,335 
and a space 96 in the chamber at the other side 
of the diaphragm is connected to the intercooler 
33 through a pipe connection. 97. Formed in the 
Walls of the high pressure cylinder are cham 
bers 98 and 99 connected together by a passage 
00. Supported in the chambers 98 and 99 at 

the ends of the high pressure cylinder are plates 
0 and 102 provided with small passages 03 

and 04 opening into the cylinder bore and con 
trolled by check valve mechanisms a 5 and 06. 
In the passage 00 is a valve guard of support 
ing a spring 108 that acts to hold a valve 9 in 
position to close a passage to opening through 
a plate attached to the wall of the cylinder. 
A rod 2 clamped to the diaphragm 93 extends 
through an opening 3 in the device 9 and the 
paSSage O to unseat the valve 09 against the 
pressure of the Spring 68 when the diaphragm 
93 moves to decrease the size of chamber 96. A 
chamber 4 in the device 9 is open to atmos 
phere through a pipe connection 5 and com 
municates with the valve controlled passage 0. 
The mode of operation of this form of the in 

Vention is as follows. 
ASSuming that the receiver pressure is low and 

the compressor is operating fully loaded, air will 
be taken into the low pressure cylinders 2 and 3 
through intake connections 6 and 7, and be com 
pressed and discharged to the intercoolers 32 and 
33. The compressed air is taken from the inter 
coolers 32 and 33, passing across the tubes 35 and 
through discharge connections 37 and 38 to the 
high pressure cylinders 4 and 5. The air is com 
pressed again in the high pressure cylinders and 
discharged through discharge connections 43 and 
44 to a receiver (not shown). If the demand for 
air is low and the pressure in the receiver attains 
a predetermined value, the pilot valve 69 operates 
to admit pressure fluid to the pipe 73 and through 
pipes 7 and 78 to the inlet valve opening devices 
T9 and 80 in the low pressure cylinder 2 and the 
high pressure cylinder 4, thereby effecting the 
first Step of unloading. If the receiver pressure 
continues to increase, it will, at a predetermined 
higher pressure, operate the pilot valve 7 to 
Supply pressure fluid through pipe 22 to the cylin 
der 4 and close the intake closure valve in the 
low pressure cylinder 2. On a still higher in 
crease in receiver pressure, the pilot valve 70 
Operates to admit pressure fluid to the inlet valve 
Opening devices 83 and 84 in the low pressure 
Cylinder 3 and the high pressure cylinder 5, there 
by effecting a three-quarter unloading of the 
compressor. On a still higher increase in receiver 
pressure, the pilot valve 72 operates to admit 
pressure fluid to the cylinder f4 in the casing O 
to move the intake closure valve in the low pres 
Sure cylinder 3 to its closed position and com 
pletely unload the compressor. As soon as a 
partial vacuum is created in the intercoolers by 
the pumping of fluid in the not-directly-un 
loaded ends of the high pressure cylinders after 
the intake closure valves are closed, the vent 
control devices 90 and 91 operate in the following 
manner to vent the ends of the high pressure 
cylinders. Considering the control device 9, it 
Will be noted that a partial vacuum will exist in 
the Space 96 due to its connection with the inter 
cooler 33 through pipe 97, and the higher preS 
Sure in the Space 94 will move the diaphragm 
93 against the reduced pressure in the space 96 
to open the valve 109 and connect the paSSage 
00 to atmosphere through the passage O, 
chamber 4 and atmospheric connection 5. 
Any material compression of air in the high preS 
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sure cylinder-5 will then; ppen the valves 105 and; 
06 to connect the ends of the high-pressure 

cylinder: through;the chambers, 98, and 99 and 
the: age. Oosto, atmosphere. : 

If the demand for air, increases; and the re. 
ceiver pressure drops to, a predetermined press. 
sure, the pilot valve.2. operates: to, vent, pres 
sure::from the cylinder: 4 associated with the 
cylinder. 3, and the intake closure valves icone 
trolling admission of: air...to the low pressure. 10 
cylinder, 3 opens. Air is then taken into the lowct 
pressure cylinder:3 to be compressed intone, endi 
and discharged to the intercooler 33. The in 
creased pressure in the intercooler causes a 'cor 
responding increase in pressure; in the space 15 
within the control device 9, which moves thei 
diaphraga: 93, against the atmospheric;pressure 
in the space: 94, and; the 'valve fo9'closes to:cut: 
of the gonnection; of passaged 00s to, atmosphere;is 
The compressed; airin&the high pressure::cylini. 20 
der-5, passes; through the Eppenings O3:and iO4;inis 
the plates: Oland 02:..t schambers: 98sands: 
99.8 and passage 300 untily the pressure: in the g 
chambers and passage is sufficient to maintain: 
the valve-mechanism 05:and 06:closed and pre-.23 
vent;communication between the cylinder-5 and; 
the chambers 98 and 993. Air is then compressed; 
in one end of the low pressure-cylinder-3 and ind 
one end of the high pressure cylinder 5 and disci, 
charged to, the receiver. At a lower predeters. 
mined pressure in the receiver, the pilot valve Oa 
operates:to-vent pressure fluid: from the inlet.i. 
valveopening devices. 83, and 84, thereby pelimit, 
ting theinlet valves in the ends...of the low press. 
sure cylinder:3 and the high pressure cylinder 5,335 
to-operate in a normal manner. If the receiver. 
pressure drops to a still lower: pressure, the piloti 
valve 7 operates to vent pressure from the cylin 
der 4, and the intake closure valve for the low, 
pressure cylinder 2 opens. Air... is... compressed. 40. 
again in one end of the low pressure cylinder-2, 
and if the venting device 90 for the high press, 
sure cylinder 4 had previously operated to vent} 
the cylinder to atmosphere, it Will, On: .an int. 

5. 

a pair; of angle-compound machines, each driven: 
from a single crankpin; and yet said compressors: 
are Soarranged that unbalance in driving load is: 
never very great, due to the unloading. Sequerage 
provided. Each of the two constituent compres: 
sors has an advantageous 'intercooler, arrangee: 
ment both for itself, and for the machinegaSaa. 
whole. An effectiye lubricant-cooling System is: 
provided. An...extremely compact arrangement, 
considering: the air output,...is presented; Thes 
driving motor may be kept within the projection: 
on a horizontal plane. Of the:machine as a Whole, 
and, being...Supported by the main frane, requires. 
no special outside foundations. By the relatiyerii; 
ly-upright, arrangement of the low pressure-cyli. 
inders, the overall height of the machine and the: 
height of the crankshaft, above: the Supporting: 
surface for the machine...may be kept at...a mini: 
mum. Condensate from: the: air undergoings 
compression may be more advantageously:hane. 
dled by this arrangement, moreover, since: they 
discharges for the condensate;are arranged at: 
the points C, towards which the air inflowings 
through the intercoolers...towards... the, intake itG 
the high pressure cylinderS. tends to entraia: the 
water and any other liquid condensed out-of the: 
air. It will be noted, further, that the Valves: 
will be more conveniently accessible, both.sinlet 
and discharge valves and loading and unloading: 
controlling valves. 

In the modification of the invention illustrated 
in FigS. 9 and 10, there is: shown a compounds? 
compressor having, a low pressures cylinders 93. 
and a high pressure cylinder 20 extending from: 
a base frame 2 at opposite sides of: a vertical, i. 
plane and approximately:45, from a horizontal, 
plane. Air is... compressed in...the low pressures 
cylinder and discharged to ans intercooler: 2 
Which is Supported by the base frame in the same: 

i. Series of horizontal planes- with the cylinderst. 
The compressed air flows:through; the ceinter-, 
cooler, about cooling tubes. 23, extending longi. 
tudinally of the intercooler, and passes through. 
a connection 24 and inlet valves. 25 and ; 26 to: 

grease in pressure in the intercooler 32, operates, 45 the high pressure cylinder, where the air-is.com 
to close the cylinder vent in the same manner as: 
the venting means for the high pressure cylin. 
der 5 explained above, and permit compression in 
gne end of the high pressure cylinder 4.2. On a y 
still further decrease in receiver pressure, the 50 
pilot valve 69 operates to vent pressure from the . 
inlet valve opening devices. 79 and 80 and permit: 
the inlet valves in the low and high pressure. 
gylinders 2 and 4 to operate in their normal: 
manner, and the compressor operates fully load-l. 5 
ed to compress air and discharge it to the re-- 
ceiver. 

Regarding this embodiment, of the invention, it; 
will be noted that each of the...four pistons 45, 45.3 
and 46,46 is connected through a separate con- 60 
necting rod...to accommon crankpin. Each cylin-...- 
der has: a crosshead guide. So...arranged: that the . 
thrusts of the several crossheads are taken With-. 
in the mainframe...of the machine. ... The four: 
cylinders are independently mounted on the main 65 
frame:and are subjected to no thrustS-growing a 
out of the operation. of the machine except lon-... 
gitudinally of the studs or holding bolts, which 
may be used to fix them to the frame. Since the 
several cylinders are: arranged.at. Substantially SO 
60° angles to; each; other, and since each cylin- - 
deris: double-acting and 'designed so that the . 
work done is::substantially the -same in - each." 
cylinder; a very uniform-driving-load is provided: 
There is provided, moreover, the equivalent of 75 

3. 

pressed again and discharged through: discharge, 
valves. 27 and 28 and a discharge connection: 
29 to a receiver (not shown). Reciprocably 
mounted in the low. and a high-pressure cyline, 

: ders are pistons 30 and 3. connected through: 
piston rods 32 to crossheads 33 guided in cross. 
head guides 34 formed in the base frames 2 ts: 
The crossheads are driven in their guides by con-... 
necting rods 35 connected to a common crank 
shaft 36 which is journaled at: one end in 
bearing 37 supported by a plate-38 attached to: 
the side of the base frame and journaled at its : 
other end in bearings, 39, and 40 supported by: 
the base frame. Extending from the side of the 
base frame beneath the intercooler and formed ! 
integral with the base frame is a support 4 on ; 
which a motor 42 is rigidly mounted, and the: 
motor's rotor 43 is keyed to the:end of the crank's 
shaft 36. As in the embodiment first described, 
it will be noted that the horizontal intercooler in 
the same horizontal planes with the low-prese'. 
sure cylinder, and the motor...beneath the inter-l. 
cooler, are employed, 
In the modification' of the invention illustrat". 

red in Figs. 11 and 12, a low pressure cylinder; fl.9 
and a high pressure cylinder 29 are supported: 
by a base frame 2 in the same manner as in is 
the modification illustrated in Figs' 9 and 10.: 
Air is a compressed in the low pressure: cylinder:w 
and discharged through:a: Connections 45 to a.a.s. 

  



4. 
chamber 46 extending along the top of the in 
tercooler Section 47 of an intercooler-radiator, 
generally designated 48. An opening 49 is pro 
vided , along the bottom of the chamber 46 
through Which compressed air passes to tubes 
50 Supported in a vertical position, and through 

the tubes to a chamber 5 extending along the 
bottom of the intercooler section 47. A dis 
charge passage 53 conducts compressed air 
from the lower chamber 5 to the high pressure 
cylinder through inlet valves 25 and 26, where 
the air is compressed again and discharged 
through discharge valves 27 and 28 and a con 
nection 29 to a receiver (not shown). The in 
tercooler-radiator 48 is provided with a radi 
ator Section 55 through which a cooling fluid 
circulates from an upper chamber througi Ver 
tical tubes to a lower Chamber in the Saline man 
ner as in the Section through Which the con 
pressed air passes. Connected to the 
chamber in this radiator section is a pipe 55 
for conducting cooling fluid to a fluid pump 57 
that forces the cooling fuid thi'ougi) a pipe 53 
to a chamber 6 formed in the walls of tie low 
pressure cylinder. A pipe 6 
chamber 8) at its upper level to a point in a 
chamber 62 formed in the Walls of the high 
pressure cylinder, and a pipe 63 connects an 
upper point in the chamber 62 to the uppet' 
chamber of the radiator Section. 

Reciprocably mounted in the low pressure cyl 
inder and the high pressure cylinder are pistons 
3) and 3 connected by piston rods 32 to 
crossheads 33 recliprocably mounted in Cross 
head guides 34 formed within the base fiane. 
Connecting rods 35 connect, the crossheads to 
a common crank shaft f 36. The crank Shaft is 
journaled at one end in a bearing 37 carried by 
a plate 38 attached to the Side of the base 
frame, and is journaled at its other end in bear 
ings 39 and 40 Supported by the base frame. 
Keyed to the end of the crank shaft beneath the 
intercooler is a drive pulley 64 which may be 
driven from a source of power not shown. 
Attached to the Side of the intercooler-radia 

tor opposite the compressor is a frame 35 Silp- . 
porting cooling fans 66 and 37 on shafts 68. 
The cooling fans are driven by a pulley 0 
keyed to a reduced extension of the crank shaft 
36, through belts 7 and pulleys 2 keyed to 
the shafts 68 supporting the fans. A pulley T3 
driven from the pulley 7 through a belt 74 
drives the fluid pump 57. 
In the operation of this modification of the in 

vention, air is compressed in the low pressure 
cylinder and discharged to the chamber 46 in 
the air cooling section of the intercooler-radi 
ator. The air flows from the chamber 46 
through the vertically supported cooling tubes 
5 to the chamber 5 extending along the bot 
tom of the air cooling section of the intercooler 
radiator, and from the chamber 5 through 
passage 53 to the high pressure cylinder, where 
it is compressed again and discharged through 
the discharge pipe 29. Cooling Water is pumped 
from the bottom of the radiator Section 55 
through pipe 56, pump 57 and pipe 58 to the 
chamber 60 in the low pressure Cylinder, and 
from chamber 60 through pipe 6 to the cham 
ber 62 in the high pressure cylinder, then 
through pipe 63 to the top of the radiator Sec 
tion and through the vertical cooling tubes and 
back to the bottom chamber. Air is forced over 
the cooling tubes in the intercooler-radiator 
and over the low and high pressure cylinders by 
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2,312,335 
the fans 66 and 67 driven from the pulley 70 
through belts 7. 
The presence of certain features common to 

the embodiments previously described, together 
With certain features individual to this particu 
lar embodiment, Will be apparent. 
While there are in this application specifical 

ly described several forms which the invention 
may aSSume in practice, it will be understood 
that these forms of the same are shown for pur 
poses of illustration and that the invention may 
be further modified and embodied in various 
other forms without departing from its Spirit or 
the scope of the appended claims. 
What I claim as new and desire to Secure by 

Letters Patent is: 
1. In combination, in a pump, a crankcase ro 

tatably supporting a horizontal crankshaft hav 
ing a single crankpin, a low pressure cylinder 
Supported by said crankcase in a position with 
its axis making a substantial angle with the hor 
izontal, a low pressure piston in Said low pres 
Sure cylinder Operatively connected With said 
Crankpin, a high pressure cylinder supported by 
Said Crankcase With its axis making a substan 
tial angle with the plane which includes the axis 
of rotation of Said crankshaft and the axis of 
the low preSSure cylinder, a high pressure piston 
in Said high pressure cylinder operatively con 
nected With Said crankpin, and an intercooler 
Supported by Said cylinders and including a cas 
ing extending horizontally and substantially 
wholly in horizontal planes above the lowermost 
point in Said low pressure cylinder whereby a 
driving motor for said crankshaft may have its 
Casing Supported by Said crankcase above the 
bottom of the latter and below said intercooler. 

2. In combination, in a pump, a crankcase ro 
tatably Supporting a horizontal crankshaft hav 
ing a single crankpin, a pair of low pressure cyl 
inderS Supported by Said crankcase in positions 
Such that their axes make at least substantially 
equal angles with the vertical plane in which the 
axis of rotation of the crankshaft lies, a pair of 
high pressure cylinders supported by said crank 
case in positions such that their axes make at 
least Substantially equal angles, different from 
the angles made by said low pressure cylinders. 
With the vertical plane in which the axis of ro 
tation of Said crankshaft lies, pistons one in each 
of Said cylinders and each operatively connect 
ed With Said Crankpin, said several cylinders fur 
ther So disposed that a single plane to which the 
axis of rotation of said crankshaft is perpendic 
ular intersects each of said cylinders, and inter 
Coolers, One for the cylinders at each side of said 
vertical plane, receiving the discharges from the 
low pressure cylinders and delivering fluid to 
Said high pressure cylinders. 

3. In combination, in a pump, a crankcase ro 
tatably supporting a horizontal crankshaft hav 
ing a Single crankpin, a pair of low pressure cyl 
inderS Supported by said crankcase in positions 
Such that their axes make acute angles with the 
Vertical plane in which the axis of rotation of 
the crankshaft lies, a pair of high pressure cyl 
inders supported by said crankcase in positions 
such that their axes make at least substantially 
equal angles with the vertical plane in which the 
axis of rotation of said crankshaft lies, the last 
mentioned angles greater than the acute angles 
made by the axes of said low pressure cylinders 
with Said vertical plane, pistons one in each of 
Said several cylinders and each operatively con 
nected with said crankpin, said several cylinders 
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further so disposed that at least one plane to 
Which the axis of rotation of said crankshaft is 
perpendicular intersects each of said cylinders, 
and intercoolers, one for the cylinders at each 
side of said vertical plane, receiving the dis 
charges from the low pressure cylinders and 
delivering fluid to said high pressure cylinders, 
said intercoolers arranged in line With each other. 

4. In combination, in a pump, a crankcase ro 
tatably supporting a horizontal crankshaft have 
ing a single crankpin, a pair of low pressure cyl 
inders supported by said crankcase in positions 
such that their axes make acute angles with the 
vertical plane in which the axis of rotation of the 
Crankshaft lies, a pair of high pressure cylinders 
supported by said Crankcase in positions such 
that their axes make at least Substantially equal 
angles with the vertical plane in which the axis 
of rotation of said crankshaft lies, the last men 
tioned angles greater than the acute angles made 
by the axes of said low pressure cylinders with 
said vertical plane, pistons one in each of said 
several cylinders and each operatively connected 
with said Crankpin, said several cylinders further 
so disposed that at least one plane to which the 
axis of rotation of said crankshaft is perpen 
dicular intersects each of said cylinders, and in 
tercoolers, one for the cylinders at each side of 
said vertical plane, receiving the discharges from 
the low pressure cylinders and delivering fluid to 
said high pressure cylinders, said intercoolers 
arranged in line with each other and at least 
largely in substantially the same series of hori 
ZOntal planes with said low pressure cylinders. 

5. In combination, in a pump, a crankcase ro 
tatably supporting a horizontal Crankshaft have 
ing a single crankpin, a pair of low pressure cyl 
inders supported by said crankcase in positions 
such that their axes make acute angles with the 
plane perpendicular to the base of said crank 
shaft in which the axis of rotation of the Crank 
shaft lies, a pair of high pressure cylinders sup 
ported by said crankcase in positions such that 
their axes make at least substantially equal 
angles with the aforesaid plane in which the axis 
of rotation of said Crankshaft lies, the last men 
tioned angles greater than the acute angles made 
by the axes of said low pressure cylinders with 
Said plane, pistons one in each of said cylinders 
and each operatively connected with said Crank 
pin, said several cylinders further so disposed 
that at least one plane to which the axis of rota 
tion of said crankshaft is perpendicular inter 
sects each of said cylinders, and intercoolers, One 
for the cylinders at each side of said vertical 
plane, receiving the discharges from the low 
pressure cylinders and delivering fluid to said 
high pressure cylinders, said intercoolers ar 
ranged in line with each other and disposed sub 
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stantially parallel to the axes of the high pres 
Sure cylinders and at least largely in Substan 
tially the same series of horizontal planes with 
said low pressure cylinders. 

6. In combination, in a pump, a crankcase ro 
tatably supporting a horizontal crankshaft hav 
ing a single crankpin, a low pressure cylinder 
supported by said crankcase in a position with 
its axis making a Substantial angle with the hori 
ZOntal and also making a substantial angle with 
the vertical, a low pressure piston in said low 
pressure cylinder operatively connected with said 
crankpin, a high pressure cylinder supported by 
said Crankcase with its axis making a substantial 
angle with the plane which includes the axis of 
rotation of said crankshaft and the axis of the 
low pressure cylinder, a high pressure piston in 
said high pressure cylinder operatively connected 
With said crankpin, and an intercooler supported 
by said cylinders and including a casing extend 
ing horizontally and at least mainly in horizontal 
planes above the lowermost point in said low 
pressure cylinder whereby space is provided for 
the disposition of a driving motor for said crank 
shaft beneath said intercooler with the driving 
shaft of said motor operatively connected with 
Said crankshaft. 

7. In a fluid compressor, in combination, a 
base frame, a crank shaft journaled on said base 
frame, cylinders mounted on said base frame 
and having pistons reciprocable therein, a cool 
ing system for said compressor comprising a cool 
ing device supported between said cylinders, said 
cooling device having a portion for conducting 
compressed fluid and another portion for con 
duccting a cooling fluid, means for forcing the 
COOling fluid from said cooling fluid conducting 
portion through said cylinders, cooling fans ar 
ranged at the side of said cooling device opposite 
Said cylinders for forcing cooling air over the 
portions of said cooling device and over said cyl 
inders, and means attached to the end of said 
Crank shaft under said cooling device for driving 
said cooling fans. 

8. In a fluid compressor, in combination, a 
base frame, a crank shaft journaled on said base 
frame, cylinders mounted on said base frame 
and having pistons reciprocable therein, a cool 
ing System for said compressor comprising a cool 
ing device Supported between said cylinders and 
having an intercooler portion and a radiator 
portion, means for conducting compressed fluid 
through the intercooler portion, means for con 
ducting a cooling fluid from the radiator portion 
through said cylinders, and means for effecting 
a flow of cooling air through said cooling device 
and Over said cylinders. 

FRANK. A. HALLECK. 



. . . CERTIFICATE OF CORRECTION. . . . . 

Patent No. 2,312,335. - March 2, 1945. 
FRANK. A. HALLECK. - 

It is hereby certified that error appears in the printed specification 
of the above numbered patent requiring correction as follows: Page l, first 
column, line 25, for "Fig. 6" read --Fig. 3-; page 2, first column, line 52, 
for "way" read --was--; page 5, second column, line 35-36, for "conduccting" 
read -- conducting--; and that the said Letters Patent should be read with 
this correction there in that the same may conform to the record of the case 
in the Patent Office. -, . . 

Signed and sealed this 29th day of June, A. D. 1943. 

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


