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_ My invention relates to a radial gas compressor 
especially designed for compressing refrigerant 
gases. but which can also be used for compressing 
‘air and other gases. 
u One object of the invention is to produce an 
improved compressor of the type set forth. 

, ‘A, further object is to produce an electric motor 
driven radial compressor‘which can be built and 
installed at less cost than comparable apparatus; 
‘which can be built in any capacity; which will be 
light and compact; which will operate relatively ‘ 
quietly and with no objectionable vibration, and 
which is completely explosion-proof, . self-con 
tained and hermetically sealed, and which may be 
‘operated completely submerged in water if neces 
sary- . ‘ 

. A still further object is to produce a compressor 
inwhich the motor and the lubricant are effec 
tively cooled and in which all moving‘parts are 
?ooded with lubricant as long as the compressor 
isin operation. ‘ r 

A still further object is to produce a compressor 
which is direct-driven so that ‘no pulleys, belts, 
ldlers, gears, ?exible couplings or other extraneous 
connecting or driving devices are needed; which 
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has no packing glands or shaft seals; which re— ‘ 
quires no special foundation or supporting base, 
andwhich has no water jacket which‘ may freeze 
and burst or which may leak. ,. r ; , , 

compressor 
which may haveits volumetric capacity-modw 
lated from almost zero to substantially one hun 
dred per cent of capacity, and one whichoperates 

so 

at about ninety per cent volumetric efficiency at ‘ 
one hundred pounds per square. inch ‘gauge pres 
sure, and at about seventy-?ve per cent: volu 
metric eiiiciency at three hundred pounds per 
square inch gauge pressure. ‘ " I ' 

‘ -A‘ still further object is to produce a‘vradial, 
‘multiple cylinder compressor in which‘the cylin 

heads; in which no bolts and‘ nuts or other fasten 
ing devices are used on- any moving parts; in 
which all parts are easily and readily dismantled 
or assembled, and in which all moving ‘parts are 
‘symmetrical and interchangeable, whereby the 
cost of initial manufacture and the cost of servic 
ing inthe ?eld arev greatly-reduced, and whereby 
the’ skill required in servicing ‘the compressors is 
minimized. -‘ r “ = ‘ ‘ 

" A still further object is to produce a compressor 
inwhich the “number of‘moving parts and the 
friction factor are both minimized, thus e?ecting 
considerable saving in wear and in motive power. 
‘ These and other,‘ objects are attained, by my 
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invention asset forth in the following speci?ca 
tion and as illustrated in the accompanying draw‘ 
ings, in which: , 

Fig. l is a vertical section of a radial compressor 
embodying myinvention, looking in the direction 
of line l--l onFig. 2. , , s 

Fig. 2 is a top plan view of the compressor 
shown on Fig.1,certain parts being broken‘ away 
to show details of construction. , , 

Fig. 3 is a fragmentary top plan view showing 
the parts as they appear after the shaft has turned 
through an angle of ninety degrees from the posi 
tion shown in Fig. 2. r o r ‘ 

Fig. 4 is an enlarged vertical sectional view of 
the inner portion of one of the cylinders. I ‘ 

, In Fig. 1’, there is shown a vertically-disposed 
radial compressor with the base Ill thereof resting 
on a floor, platform or any other available sup 
port l2, the base being preferably ?rmly secured 
to the supDOrt by means of bolts passing through 
holes [4 and engaging the support l2.‘ Note that 
the compressor must be in a vertical position for 
it to operate satisfactorily. The compressor is 
housed in a casing l 6, the bottom end of which is 
provided with ‘a centering and sealing rim which 
rests upon a gasket placed in an annular recess 
,formed in'the top of the baselll, as at l8, and the 
casing is secured to the base by bolts l9. ‘ a ' “ 

The casing I6 is provided with external ribs for 
reinforcing the structure and for dissipating heat, 
and with spaced internal ribs or pads 22 to which 
the stator 24 of a‘polyphase‘ electric motor is se 
cured by bolts 25. Within the stator is the rotor 
26 which is keyed to a shaft 28 extending vertié 
cally through the casing. The shaft 28 is provided 
with a through bore 29, the upper end of which 
discharges into a crankcase 30 and the lower end 
of which communicates withxa chamber 32. A 
nut 33 helps support the rotor on the shaft. 

‘ On the lower portion of the shaft is mounted a 
rotary pump 34, which is keyed to the shaft at 35 
and which draws and. discharges through vertical 
ducts 36 and 37 which communicate, at their lower 
ends, with horizontal ducts 38 and 39, respectively. 
The inner ends of the ducts ‘38 and 39 lead to 
the chamber 32 and are closed by pivoted check 
valves. 40’ and 4|. The outer ends of the ducts 
38 and 39 lead into housings 42 and 43 disposed 
in a lubricant sump 44 formed in the- lower 
portion of the base 10. The housings 42 ‘and 43 
are provided with bottom inlet openings 45 which 
are closed by gravity-operated plate valves‘46. 
When the pump is rotated in one direction, pres 
sure develops in one of the ducts 36or 37. ‘This 
pressure forces one of the valves 40 or 4| to open 
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and the lubricant moved by the pump is forced 
up through the bore 29 of the shaft 28 into the 
crankcase 39. This action of the pump results in 
reduced pressure above the ‘plate valve 46 in one 
of the housings 42 or 43 and causes such valve to 
lift off ‘its seat, thus allowing lubricant from the 
sump 44 to be drawn in through the inlet opening 
45 of the particular housing 42 or 43. 
When the direction of the rotation is reversed," 

pressure will develop in the other of the ducts 36 
or 31 and the other of the valves 40 and 4|, and. 
the valve 46 closing the inlet opening 46 in the 
other of the housings 42 or '43 is opened. It will 
be understood that when one ofthe valves 40 or 
4| and its associated inlet valve 46 are open, the 
other of the valves 40 or 4| and its associated inlet 

10 

valve 46 will be closed. By this arrangement, the ‘ 
direction of rotation of the motor may, delibera 
ately or accidentally, be reversed and the appa 
ratus will, continue to be lubricated. Where a 
single directional lubricating pump is used, incor 
rectly wiring the motor‘will cause the compressor 
to operate without lubricant, and this condition 
‘may not be detected until the‘ apparatus has been 
seriously damaged or altogether destroyed. Test 
cocks (not shown) may be used for indicating the 
lubricant level in the sump 44. 1 
The casing 16 is provided with an inlet 41 

through which the gas to be compressed is ad- ‘ 
mitted. The gas admitted through the inlet 41 
?ows upwardly, through the spaces 49, provided 
between the ribs 22, to the suction ports of the 
cylinders, which will be described later. The 
gas, especially when it is a low pressure refrig 
erant gas withdrawn from the evaporator of a = : 
refrigerating apparatus, ?ows around, and ef 
fectively ‘cools the motor, and because it also 
flows past or through the return lubricant which 
over?ows from the crankcase 30 through one or 
more pipes‘BB, it also cools the lubricant. In this 1 
connection it is also pointed out that the contact 
of the low pressure refrigerant with the motor and 
the lubricant will, under most normal circum 
stances, insure complete evaporation of any 
liquid refrigerant which may have'entered the 
casing through the inlet 41. This guards against. 
large amounts of liquid entering the‘compression 
cylinders. - ' 

' The crankcase 30 is formed integral with a 
cylinder casting 5| secured to the upper endv of 
the casing [6 by bolts 52, and ‘a tight joint is pro 
duced by the means of a centering rim and a 
gasketed recess as shown at Illa. The casting 51 
also carries a radial and thrust ball bearing 63 
and a lubricant seal 53A which prevents lubri 
cant from ?owing onto the rotor 26. The only 
pressure against this lubricant seal is that caused 
by the height of the lubricant in-the crankcase 
39 as the gas pressure in the crankcase 36 and 
'the gas pressure in the motor casing l6 are the 
same. > . . - - 

The cylinder casting Si is cored to provide an 
inner, low pressure chamber 54 which houses the 
crankcase and communicates with the interior 
of the casing l6 and with the gas inlet 4'l through 
thepassages 49. Also cored into the cylinder 
casting 5| is a high pressure chamber 56, from 
which the compressed gas is discharged through 
an outlet 51. h . 

The cylinder casting 5| is also provided‘ with a 
plurality of chambers 68 for accommodating the 
compression cylinders. In the present instance, 
there are six such chambers, only one of which 
is shown in detail in Fig. 2. Each chamber 68 is 
provided with an annular seat 59 for ‘engaging 
the inner end ‘of a sep‘arable'sleeve or cylinder 
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liner 60, and with an annular shoulder 62 for en 
gaging a correspondingly shouldered annular 
portion 63 near the outer end of the cylinder 
liner. The outer end 64 of the chamber 58 is 
closed by a head plate 65 which is secured in 

j position by bolts 66. . 
The outer portion of each cylinder‘lin‘er is pro 

vided with a suction port 68 which is controlled 
by a ring type suction valve 10, and which com 
municates with the low pressure chamber 54, and 

_,with the interior of the casing 16, through the 
passages 49. The suction valve 10 is seated in a. 
recess formed in an annular member 12, the in 
ner face of‘ which forms a continuation of the 
outerend of the cylinder liner 6!]. If desired, 
each cylinder may have a plurality of suction 
‘parts all of which will be controlled by the suc 
tion valve 16. Each of the cylinders is also pro— 
vided ‘with one or more discharge outlets which 
are?controlled by a ring type valve 69 seatedin a 
recess formed in a'valve plate 14 which abuts 
the annular member 12. I _ . ' j 

The ring-type discharge valve shown requires 
a seat to limit its movement in the ‘direction of 
the piston. If a ‘seat is provided in-the usual 
manner, there will be a clearance-between the, 
outer face of the piston and the inner face of the 
valve, which clearance results in reduced voll 
umetric efficiency. To overcome, this difficulty,v I 
secure to the inner side of the plate 14 a rounded 
member 16. Conveniently, a bolt‘having a rela 
tively large round head is used and is so disposed 
that the outer ?at periphery >11 of the bolt head 
16 serves as seat for the inner periphery of the 
valve 69, the outer periphery of the discharge 
valve 69 being adapted to seat against the ad 
jacent outer face 19 of the annulus 12. When the 
piston is at the end of its compression stroke, the 
round head 16 of the bolt ?ts snugly in a recess 
formed in the outer end of the piston. By this 
construction the space or clearance left between 
the outer face of the piston and‘ the inner face 
of the plate 14 issosmall that, when thecomé 
pressor is operating at one hundred pounds gauge 
pressure, its volumetric ei?ciency will be about 
ninety per cent, and when the compressor voper 
ates at three hundred pounds gauge pressure, 
the volumetric veiiiciency will be about'seventyi 
five per cent. I ‘ 'Y »- l “ 

Thev dischargervalve plate 14 also serves 'as a 
false head for the cylinder and is backed by-“a 
spring 80 con?ned between this valve. plate and 
the outer head 65. e The spring so is strong 
enough to seat :the valve plate 14, firmly- against 
the annulus l2, and is weak enough to yield. under 
impact .so as to avoid injury to the. parts. _-.For 
example, if one of the. valvereeds-should break; 
or if some other solid matter orpa slug of liquid 
refrigerant. should . lodge between ‘the. piston-.18 
andthe discharge valve 69, or between the piston 
and the round surface ofthe bolthead: 16, th? 
spring,“ will yield‘ and will thus prevent; serious 
injury. ‘The round head of the bolt" also. Iacils 
itates ejection, of solid or liquid matter since 
such matter under impact will tend, to glance 
off, the round surface of the bolt-head towardthe 
ringyvalve, 69, to be discharged into thechamber 
56, where it can do no harm. _ H - y _: » 4 
Each piston is’ provided'with a‘ ,piston'r'od 2 

which is, in turn, secured to a head 84’ _by__-p1n 
~96, the design beingv generally the same as that 
of an airplane radial engine, andithie'irodf'of ‘one 
of the pistons is'secured'by ‘two pins '86, .as'siibw'ii 
in'Fig. 3;v ' The head 84 is carried ‘by 'a' 'pin'ias'; 
‘which extends from a counterbalancing"segment 
88 carried‘ by'th‘e‘upper‘endof'v the shaft 28. 
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When the shaft 28 is‘ rotatedjthe‘v-headiid rotates 
relative to theupin B5‘and'also describes -‘a>' circle 

concentric withithe axis ‘eithe’shaft 28. , ‘ " ‘*‘By connecting» one"of1 the piston .Lrods ‘ to the 

head 84 by means ‘of. tWoipins‘BG ‘instead'of ‘one 
such pin, the vibration of" the parts which would 
otherwise occul‘is eliminated or. at least mini 
mized.“ it . . , ._ 

- If it is desired to operate thecompressor at 
less‘ than full ‘volumetric capacity, one or more, 
ports spaced inwardlytfrom the intakavalve 10, 
may be provided in the cylinder linings 60, so as 
to permit‘some of the gas drawn into the cylinder 
on the suction stroke to \by-‘passfback‘ into the 
chamber‘54 as thepiston moves outwardly on the 
compression stroke. ‘ It will beseen that the 
bigger such holes are, the greater their number, 
and the’ nearerthey are to the valve ‘Ill, the less 
the volumetric capacity of the cylinder. will be. 
For example, if the holes are provided ‘at 89, the 
volumetric capacity of the unit will be reduced to 
an extent measured by the volumetric capacity 
of the cylinder to the left of ‘said hole asshown 
in Fig; ‘1. ‘By this means, theivolumetric capacity 
can be varied. from full .towsubstantially izero 
without changing any other part of the Loom 
pressor or its speed. Also note that insteadof 
using, suction ports such as 68‘. and a suction valve 
10, asia means of drawing gas ‘into the cylinders, 
ports 89., located in the walls of the cylinder 
liner 60, may be used. If thisis done, the annular 
members 12 would be merely. a filler ring or would 
be eliminated altogether by..extending.the ‘cyl 
ind‘er liner 60 to the present; position‘ of .‘outer 
edge of theannulal membersw'lz. :1 , . ‘ 

l‘ Inorder to insure su?‘lcient heat dissipation, 
the stator. is provided ‘with. vertically, disposed 
ribs 92 which are made of copper or other good 
heat conducting material and which project into 
the passages 49 so as to be in the path of the 
lubricant ?owing downwardly from the crank 
case 30 through the pipes 50. I 
The casing 16 is also provided with an inlet 

conduit 54 which leads from a thermostatically 
controlled source of liquid refrigerant into the 
interior of the casing whereby, in response to 
temperature of a predetermined value, a small 
amount of liquid refrigerant is admitted for direct 
expansion inside the casing to cool the latter 
and the lubricant circulating therein. The evap 
oration of liquid refrigerant inside of the casing 
I6 is only resorted to when the cooling capacity 
of the low pressure refrigerant drawn through 
the inlet 41 is insufficient to maintain the tem 
perature of the compressor at the desired value. 

Operation 

When in use, the compressor is connected at 
I‘! to the evaporator or low pressure side of a 
refrigerating system, and is connected at 51 to 
the condenser or the high pressure side of such 
system, and the motor is started. The motor op 
erates the lubricant circulating pump and the 
radial pistons and, as above pointed out, it does 
not matter in which direction the motor runs 
because, by provision of the valves 40 and 4! and 
the valves 46 in the housings 42 and 43, the pump 
will circulate the lubricant whether the motor 
runs in one direction or the other. The action 
of the pistons creates reduced pressure within 
the casing i6 and thus exerts suction, through the 
inlet 41, on the evaporator so as to draw the 
evaporated refrigerant and such refrigerant as 
may still be in the liquid state, from the evap 
orator into the casing l6 of the compressor. The 
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refrigerant. gas = inoww ?ows i'iiupwardly Yidto v the 
chamber 54, and through the intake" ports» 80 
(or '89 if; a suction valve 10 isinot' used), ‘past 
the ‘now unseatedvalve 10 ‘into the cylinders 
whose pistonsare moving‘through their‘suction' 
strokes. The gas compressed by the pistons is 
discharged past the valves 69 into thethigh pres 
sure-chamber 5B and throughlithe outlet ‘51 to 
the condenser to be cooled and lique?ed‘ and -_rei 
turned to the evaporator.‘ As stated,‘ the volu 
metric capacity can be more or- less decreasedby 
providing one or more holes located at- 89 Oral: 
other. points along the . length or the cylinder 
liner 609-? " " T ' '91 

‘The lubricant propelled. by the pump travels 
upwardly through‘ the bore 29 in the shaft ‘28 into 
the crankcase 301:0 ?ll “the latter so as to insure 
that all movingparts‘are at all times bathedin 
lubricant. From the crankcase,‘ the {lubricant 
overflows throughthe .pipe 50, ‘overzthestator; 
to cool the latter-,‘iand down throughthei passages 
49 into ‘the sump 44‘ in the‘ lowerportion of the 
compressor. It will be noted ‘that by this ar 
rangement and by provision of‘the“ seal ‘53A, the 
lubricant does not reach the rotor- or the gap 
between the stator and the rotor; :10- I I' - ‘ 1‘ 

‘ Sincethe lubricant'?ows downwardly through 
the passages-“through which‘rthe lowipressure; 
low temperature refrigerant?ows upwardly, there 
will be heat transfer ‘betweerifthe-j lubricant and 
the refrigerant which‘ results‘ in cooling the-'1“ 
bricant and in evaporating any liquid "refrigerant 
that may ‘have been drawn in from the evapoe 
rator. As stated, the cooling action ‘of the‘ low 
pressure refrigerant ‘‘ normally“ drawn ‘ "from the 
evaporator, if not sufficient, can be'supple'mented 
by delivery of the required amount of liquidree 
frigerant to‘ be ‘directly evaporated or expanded 
inside the compressor. 

Dismantling, assembly and servicing 

In order to have access to the pins 86, the 
crankpin 84, the counterbalance 88, or other ad 
jacent parts, it is merely necessary to disengage 
the bolts 90 and remove the cap 92a. ' 
To have access to any of the cylinders, their 

valves and their pistons, it is merely necessary 
to disengage the bolts 66 and remove the heads 65. 

It will be noted that, except for the exterior 
fastening bolts 66 and an, no bolts or nuts are used 
and that all the moving parts and their bearings 
have a ?oating fit, one with the other. For ex 
ample, if the head 65 is removed, the cylinder 
liner 60, together with all other parts between it 
and the head 65, may be installed 'or removed. 
Also, by virtue of the ?oating ?t, the parts are 
capable of adjusting or locating themselves, there 
by providing a ?exible assembly which adapts 
itself to change in temperature and to a reason 
able amount of wear. 

Servicing of a unit such as that described is also 
rendered very easy and inexpensive. For ex 
ample, if one of the valves 69 or 10 should need 
replacement, or if a piston ring should break, 
etc., the service man in the ?eld need only shut 
the compressor oif from the refrigerating system, 
remove the head 55, the spring 80 and the plate 
14. This will give him access to the cylinder 
liner, to the piston, to the annular member ‘I! 
and to both of the valves, so that any or all of 
these parts can now be repaired or replaced. 
Such an operation does not require much skill 
or time and can be carried out without an assort 
ment of especially designed tools. By making the 
parts standard, they become interchangeable, and 
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mass .productlonand assembly of compressors is 
madepossible._ : . . a. . 

.iBy vremovinguthe bottom platev 95 .the rotary 
pump L3‘: and th'evalves 40 and M may be serv 
ioed.1and after the pump 34 and its key 35 have 
been removed, the compressor base In can be 
dropped by loosening ‘bolts, I9. ,This will give 
access ‘to, the housings 42 and 43, to thestator 
lliandrotor 26. , . , . V l 

.13)’ removing the rotor nut 33 and the bolts 25 
thestatorandrotor can beslipped out of the 
casing ‘Hi. 1. a ,. . ~ 

2.10 detach the casting -.5i from the casing l-?, 
the bolts 52 are disengaged, and assuming that 
the plate 92a. has already been removed and'the 
pins 86 :pulled out, the shaft 28 and the bearing 
53 can be taken out.‘ This leaves the compressor 
completely dise'assembled and any worn parts can 
bjereplaced. Because all parts which are subject 
to wear are inserted into, rather than built into 
the -;frame,pieces, a complete overhauling of the 
compressor takes a very short time, as standard 
parts can be ordered- .from a ‘warehouse thereby 
eliminating extensive and costly machine work. 
v~‘What I claim. is new ‘and desire to secure by 

Letters Patent: . , a a . , a 

. Argus compressor-comprising a casing, a head 
detachably secured to'the upper end of said cas 
lm, said‘ head beinggcored to provide a crank 
essence a ?rst chamber for receiving compressed 
gas, said head, in cooperation with the upper end 
of said casing, also forming a second chamber for 
receiving low, pressure gas, a plurality of cylinders 
mtrriedv by saidivhead‘ and having intake valves 
communicating with ,said second chamber and 
discharge ‘valves leading to said first. chamber, 
pistons for said cylinders, driving means in said 

case tor-‘actuating said pistons, ‘a motor 
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8; 
in said casing, a hollow shaft driven by said mo 
tor and operatively connected to said driving 
means, said shaft extending iromnear the bob 
tom of said casing into said crank case, there 
being passages formed betweenv said motor and 
said casing. a pump located in said casing, and 
operatedhy said shaft .for conveying lubricant 
from said casing, through said shaft, into said 
crank case, ‘a spout :iorreturning lubricant from 
said crank case, through said second chamber, 
to the upper ends of said ‘passages, means ‘101' 
conveying low pressure gas ‘into said second 
chamber, and means for conveying compressed 
gas from said ?rst chamber. . , 

JOSEPH F. WINKLER; 
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