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LUBWIG STOESLING, OF SAN FERNANDO, AND WILLIAM D. PEARSALL, OF HOLLYWOOD,
T CALIFORNIA S L

COMPRESSOR

© Application fled April 9, 1998. Serial No. 268,556,

Our invenmtion' relates to a novel mecha--

nism for wse 'i'n]-reciprocat;ingj'machinery;’and
finds ‘particalar utility in the gas compres-
sor, or internal combustion engine art.” The

% present invention is an improvement on an,
invention of Ludwig Steesling, filed August
9, 1927, Serial No. 210,062, entitled’ “Com-

pressors”, i which certain features disclosed.
i the present application are claimed. '

13 - Essentially our invention comprises & pair.
of cylinders, each cylinder having-a piston:

reciprocable therein. Suitable passages are

~ formed threvgh the cylinder walls, these pas- -
ssges conpnumicating between' the two ¢yl-
15 inders and being ‘aligned: with suitable ports

in the sides of the piston. The passages and

ports are so positioned that one piston and

cylinder cooperate to provide an intake and
exhaust mechanism for the other cylinder,
28 this other cylinder in turn cooperating with
its pisten to provide an intake and exhaust

_ meang for the first cylinder. ‘Thus, no ex-
ternal valves are needed. - Sueh a-eonstruc-:
tion is'cheaper to build, having far less mov-.

25 ing parts than the ordinary construction,
‘and preduces a-very simple valye mechanism,

Tt is an object of eur invertion to provide
a valve mechamism ineorporated in the cylin--

der walls and in a pistor reciprocated therein.
2% Another object-of our invention isto pro-

vide a ‘deviee having a pair of cylinders in ' S E L
. Figs. 9,10, 11, and 12 are diagrammatic .
‘views taken substantially on the line B—B.of

whiek a pair of pistens reeiprocates, one of

these cylinders and pistons being adapted to
act as a-valve means for the ‘other cylind‘er‘

&l and vice versa.

ating in cylindets; these pistons having ports

adapted fo register with passages through
&0 the piston walls in a inanner to utilize one-
cylinder and piston as a valve mechanism for -
the other, the speed of movement of the ¢yl-
inder ports relative to the:passages being:
“ tioms, the bearing blocks, and the yokes co-
. operate to-form a Scotch yoke mechanism |

_greatest at the instant the valve passages ate
5 opened- and closed. BRI

. Our invention is applicable to reoirprocat4:?f

(S}

" sers.: The meehanism’ disclosed mightalso

" A turther object of our invention is to
provide a pair of reciprocating pistons oper-

ing prime mevers such as internal combus-"
tion engimes, compressed’ gas engines;. étc.,
as well as being applicable to gas compres-
- primary -and secondary cylinders 22 and 23,
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be used for pumping p‘urpos'esr, but for the

purpose of definiteness we shall particularly-

describe our invention in the form of a com-
pressor, and shall 1hore particularly describe
it'in relation to a carbon-dioxide compressor-

5

applicable to domestic refrigeration plants. -
This choice is merely illustrative of one-util-- -

ity of our invention.. -

)

"It is an object of otr-invention to provide. -

a - compressor for - domiestic “refrigeration
plants which is very quiet and efficient in

““Another object of our’invention is'to pro-.
vide a multi-stage compressor having an-in-
tercooling’ space into which one stage :dis-
charges and from which the other stage in-

“takes.

en: v

“operation and which has no-external valves.

i H e

Further ebjects and advantageé bf“oﬁr‘in— o

vention will be made evident hereinafter.

" Referring to-the drawings,—

“Fig.1isa vertical view, partially sectioned,

of the compressor of our invention. . " .=
‘Fig: 2 is a view taken on the line 2—2 of
Fig. 1. . - e
Fig. 8s a view taken substantially on'the

line 3—38 of Fig. 2.

75

‘Fig. 41is a view taken S}l‘xi_sta;nti’allyv' on the ;

line 4—4 of Fig. 2. -
Figs. 5, 6,7, and
taken approximately on the line A—A. of

Fig. 2. -1

Referring:to these drsmings,- we ‘ifllﬁétf;té

8 are diagrammatic:views. -

8o

85

a compressor 10 having a body 11 adapted to- -
journal a. crank shaft 12. - This crank shaft .~

centric. relative to end-bearing portions 15 :
which are journalled in the body 11..- - ..
Bearing blocks 16-and- 16* surround .the .

“has bearing.portions 18 and 14 which are ec- -

.90

bearing portions 18 and 14, these blocks being -

slidable in yokes 17 and 18.. The bearing por-

well-known. in the art. -~
Secured respectively to the

:"y'o’ké\s' 18 and ™

17 are primary and secondary pistons 20 and -

91 which are adapted to be reciprocated:in . -

104:
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These cylinders are formed in an inner mem-
ber 24 having circular end-members 25 which
engage the inner walls of a cylinder casing 26.
This cylinder casing is suitably secured to the
body 11 as by bolts 27, the opposite end of the
body being closed by a cover plate 27* suit-
ably secured thereto.

Due to the Scotch yoke connection between
the pistons and the crank shaft, these pistons
move in the cylinders with simple harmonic

motion. The bearing portion 13 is disposed

90° ahead of the bearing portion 14 so that
the primary and secondary pistons recipro-
cate in their respective cylinders out of phase
with each other, the secondary piston 21 lead-
ing the primary pis.on 20 by a phase displace-
ment of 90° on the crank shaft.

The central portion of the inner member
24 has parallel walls 28 and 29 which define
spaces 30 and 31 between these walls and the
inner wall of the cylinder casing 26. The
spaces 30 and 31 are connected by means of
annular chambers 32 formed between the end-
members 25. The annular chambers 32 and
the spaces 30 and 31 cooperate to form an in-
tercooling chamber 83, this chamber being
adapted to receive the gases exhausted from
the primary cylinder 22, and to supply in-
take gas to the secondary cylinder 23 in a
manner to be described. Suitable fins 34 ex-
tend outward from the cylinder casing 26 and
from a head 35 closing the end of the cylin-
der casing. These fins have large surfaces ex-

osed to the air and act as a cooling means

or the gas in the intercooling chamber 33. It
is, of course, well-known that better results
are obtained from a multi-stage compressor
when intercooling means is provided for the
gases between stages.

No external valves are utilized in our com-
pressor, the valve action taking place through
the cooperation of the pistons and the cyhn-
ders. Briefly stated, we utilize the primary
cylinder and piston as a valve means for the
secondary piston and cylinder, and vice versa.

In accomplishing this result, we provide
four passages through the inner member 24,
these passages communicating between the
primary and secondary cylinders 22 and 23.
These passages are adapted to successively
register with certain ports formed on the pri-
mary and secondary pistons. For the purpose

- of clearness, these ports and passages have

55

50

R5

been divided into two groups, passages 40
and 41 forming a portion of a main group 42,
and passages 44 and 45 forming a portion of
an auxiliary group 43. Hereinafter we shall
particularly designate the passages 40 and 41
as being intake and exhaust passages of the
main group. Similarly, passages 44 and 45
will hereinafter be designated as intake and
exhaust passages of the auxiliary group. The
passages 40 and 44 are disposed vertically
above the passages 41 and 45, but for pur-

1,818,198

poses of clearness the passages 41 and 45 have
been shown slightly curved in Fig. 2.

The secondary piston 21 has a valve port 50
therein, this port forming a portion of the
auxiliary group so as to successively register
with the intake and exhaust ports 44 and 45
when the secondary piston is reciprocated in
the secondary cylinder. The valve port 50 is
also adapted to come into registration with a
passage 52 during the time that this port is
in communication with the intake passage 44,
This passage 52 is in communication with a
low pressure intake passage 53 which ex-
tends outward through the inner member 24
and is in communication with an intake pipe
line 54 extending from the head 35.

The primary piston 20 is provided with a
piston port 55 which communicates with: the
compression space of the primary cylinder 22
through an opening extending longitudinally

in the primary piston. The piston port 55 has.

a shoulder 56 which closes the exhaust port
45 when the primary piston is in the retracted
half of its stroke. This piston port 55 is
sufliciently long so that it never covers the
intake port 44. ,

During the time that the valve port 50 is
in communication with the exhaust passage
45 this port is also in communication with an
intermediate exhaust passage 57 which also
communicates with the intercooling chamber
33.

The cooperation between the ports and pas-
sages of the auxiliary group may best be un-
derstood by reference to Figs. 5 to 8 inclusive,
these figures diagrammatically illustrating
the piston and auxiliary valve group positions
for each 90° of rotation of the crank shaft,
Thus, Fig. 7 illustrates the primary piston 20
in its extreme advanced position, while the
secondary piston 21 is in an intermediate po-
sition moving at its maximum speed in the
direction indicated by the arrow. At this in-
stant the valve port 50 is just coming into
communication with the intake passage 44,
this passage being in communication with the
port 55. Thus, as the primary piston is mov-
ing toward a position indicated in Fig. 8, gas
is drawn through the low pressure intake pas-
sage 53 and the passage 52, this gas passing
through the valve port 50 and the intake pas-
sage 44 reaching the port 55 whence it is con-
ducted to the primary cylinder.

When the mechanism is in the position
shown in Fig. 8, the secondary piston 21 is in
its retracted position, and the primary pis-
ton is in a mid-position. When the primary
and secondary pistons reach a position indi-
cated in Fig. 5, the primary cylinder will
have received a full charge of gas, this charge
being stopped when the valve port 50 closes
the intake passage 44 at the instant indicated
in Fig. 5. The primary piston at this instant
is in its extreme retracted position and the
primary cylinder is completely filled with gas.
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- As the primary ;ﬁle ton advances, this gas is
the

- compressed until the pistons reach a position

“indicated in Fig. 6. In this figure, the pri-

mary piston: has reached a mid-position and

5. is travelling at its maximum speed while the:
*secondary pistor 'is in ‘its extreme advamced
position. At this instant: the shoulder 56 of:

the piston port. 55 uncovers the exhaust pas-
sage 45, allowing the gas, compressed to sub-
1. stantially twice its normal pressure, to.escape

" threugh: the exhaust passage 45, through the-
port 50 now in communieation with this pas--

sage, and through the intake and exhaust pas-

sage 57 whence this gas reaches the inter-
15. cooling chamber 33.  Fhe piston.port. 55 re- .
mains in registration with the exhaust pas-

sage 45 throughout the remainder of -the
stroke of the primary piston so that all the
" compressed gas therein is pushed outward
20 inta the intercooling chamber 33.
' - Thé main group of ports and passages, to-

gether with the cooperation therebetween will-
now be described. This main greup includes.

a-pair of longitudinally aligned ports 60 and
25 61 formed on the primary piston 20, these
ports being -adapted to successively register

with: intake and exhaust ports 40 and 41 and"

being termed intake and exhaust valve-ports
respectively for purposes-of identification.
- 20 The intake valve-port 60-also comes into reg-
istration with an intermediate intake passage
63 which communicates with the intercool-

ing chamber 83.  This registration. of the in-'

take-valve-port 60 and the intermediate: in-

35 take passage 63 takes place when the primary:

piston is'in a relatively advanced position as
will be explained. . The: gases entering:the

intermediate intake passage 63 and passing

through the intake valve-port 60-and intake
40, passage 40:are conducted tothe secondary cyl-

inder 23 by a port. 65 which is in communi-
cation with this cylinder through an open-:

=) . .
ary piston 21.

ing extending longitudinally in the second-
~‘This- port: has & shoulder 66 which is

45

adapted to close the exhaust passage 41 until .
- the secondary piston reaches its mid-position .
at-which time the compressed gases may es-
cape through the passage 41 and into the-

50 port- 61 -of the. primary cylinder.. At this
time this port 61 is in commaunication with

an, outlet passage 67, this passage commu- .

nicating with a high pressure: exhaust line
68 by means of a high pressure exhaust pas-
_ sarsage 69. . TS R e
The operation of the main group of ports
and passages is thus as follows:: o

-Referring particularly to Fig. 10, the see- .
“ondary piston is shown in an advanced. po-
- chamber may be utilized without departing -
“from the spirit of our invention. In fact,no
intermediate chamber need be used where -
“both . ‘pistons “are acting independently - te
‘each produce the maximum pressure in the.. . .

: ‘ e 130

‘7 sition” while the primary piston 20 is in a
mid:-position and moving at its fastest speed.

At this instant. the intake valve-port 60 un--
covers the intermediate intake passdge 63,

allowing the gas in the intereooling chamber

6533 to reach the port.60. - Also at this instant..

& shoulder 770 ‘of: the port 60 is just opening

the intake passage 40 so that this gas may

_communicate with the secondary:-cylinder
through the intake passage 40 and the port

65.  Gas is thus drawn into the secondary

70

cylinder during the time that the secondary

piston is moving into retracted position.

- Fig. 11 illustrates a- mid-position of the.'
secondary piston 21, the primary. piston 20

-at this instant being in an extreme advanced

position, at which time the port 60 still reg- -

isters with the intake port 40 to allow gas
to enter the secondary cylinder 23.- ‘
When the primary piston 20 reaches this
mid-position, the shoulder 70 closes the in-
{ake passage 40, the secondary piston at this
time being in extreme retracted position.

The pistons then move toward their position:
indicated in Fig. 9, the secondary piston com-

pressing the gas until this piston reaches its

85

mid-position, at ‘which time the shoulder 66- .

‘of theport 65 uncovers the exhaust passage 41.

The exhaust valve-port 61 at this time-is in-

-communica‘ion with the exhaust passage 41.

and also with the passage 67 so that the com-

pressed ‘gas is forced outward through the
high pressure line 68 as the secondary piston :
‘continues to move into an advanced position. -
When in this advanced position, a shoulder-

73 of the exhaust valve-port 61 closes the
exhaust passage 41 at.the same instant that
the shoulder 70 opens the intage passage 40.. ..

95

. Tt should thus be clear that we utilize one .

piston and cylinder as a valve mechanism for-
the other, and vice versa, at the same time
-achieving the normal compression from each
-of these cylinders. e :

100

- Tt should; of course, be ‘tmde'rstbfodvtha‘t*a.

we are not lmited to a.two-stagé .compressor.. 'm
105

Each of the pistons and cylinders might act

to independently supply a compressed gas..

to a high pressure exhaust line, utilizing the

cooperation between one piston and its cyl-

irider as a valve means for the other.

Tt should further be understood that we
are not limited to the valves opening at the .

110 -

particular instant described. A compression. -

to a-half-stroke has been found advantageous

different placement of the ports and. passages

‘so that compression over a greater or lesser

portion of the stroke is accomplished: .

- The intercooling chamber-33 acts both as a.
reservoir between the two stages and alsoas

in compressing the sulphur dioxide for use -
-in ‘domestic refrigeration plants, but- other

115
_installations will possibly require a slightly -

an intercooler for cooling gas before this gas-

is further compressed in the succeeding:
stage.. ‘Any or no method of cooling this

exhaust line.
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We are furthermore not limited to a two-
stage compressor. It should be obvious that
our idea may be incorporated in a compres-
sor or engine having any number of stages
or cylinders.

We claim as our invention :

1. In a device of the class described, the
combination of: walls forming primary and
secondary cylinders; a primary piston recip-
rocable in said primary cylinder; and a sec-
ondary piston reciprocable in said secondary
cylinder; said primary piston and said walls
of said primary cylinder providing co-acting
means forming an intake and exhaust means
for said secondary cylinder, and said second-
ary piston and said walls of said secondary
cylinder providing co-acting means forming
an intake and exhaust means for said pri-
mary cylinder.

9. In a device of the class described, the
combination of : walls forming primary and
secondary cylinders; a primary piston recip-
rocable in said primary cylinder; a second-
ary piston reciprocable in said secondary cyl-
inder; and means for reciprocating said pri-
mary and said secondary pistons with a con-
stant phase displacement therebetween, said
primary piston and said walls of said pri-
mary cylinder providing coacting means
forming an intake and exhasust means for
said secondary eylinder, and said secondary
piston and said walls of said secondary cyl-
ider providing co-acting means forming an
mn‘ake and exhaust means for said primary
cylinder.

3. In a device of the class described, the
combination of : walls forming primary and
secondary cylinders, said walls having pas-
sages therein communicating with said cyl-
inders; a primary piston reciprocable in said
primary cylinder and having ports in the
sides thereof adapted to register with cer-
tain of said passages during said reciproca-
tion; a secondary piston reciprocable in said
secondary cylinder and having ports in the
sides thereoi adapted to register with certain
of said passages during said reciprocation;
and means for reciprocating said pistons in a
manner to align the ports of cne piston with
certain of said passages to form an intake
and exhaust means for the other piston, and
vice versa.

4. In a device of the class described, the
combination of: walls forming primary and
secondary cylinders, said walls having pas-
sages therein communicating with said eyl-
inders; a primary piston reciprocable in said
primary cylinder: and a secondary piston re-
ciprocable in said secondary cylinder, said
primary and said secondary pistons having
ports therein, said ports and said passages
being disposed in two groups, the ports and
passages of one group coming into registra-
tion to permit intake to and exhaust from
one of said cylinders, and the ports and pas-

1,818,158

sages of the other group coming into regis-
tration to permit the intake to and exhaust
from the other of said cylinders.

5. A combination as defined in claim 4 in
which said ports and passages are positioned
to come into registration when the speed of
szid secondary piston is a maximum,

6. A combination as defined in claim 4 in
which each of said groups includes an intake
and an exhaust passage adapted to come into
registration with ports on both of said pis-
tons forming a part of said groups.

7. A combination as defined in claim 3 in
which one port on said primary and on said
secondary pistons communicates respectively
with said primary and secondary cylinders
through said pistons.

8. A combination as defined in claim 4 in
which each of said groups includes an intake
and an exhaust passage, and in which one
port on said secondary piston practically si-
multaneously opens and closes intake and ex-
haust passages respectively of one of said
groups, and in which said primary piston in-
cludes a pair of ports which practically si-
multaneously open and close intake and ex-
haust passages respectively of the other of
said groups.

9. A combination as defined in claim 1 in-

cluding means for reciprocating said pistons -

with a phase displacement of ninety degrees.

10. In a device of the class described, the
combination of: a cylinder casing; an inner
member in said cylinder casing and provid-
ing primary and secondary cylinders, there
being an intercooling chamber between said
casing and said inner member; primary and
secondary pistons reciprocable in said pri-
mary and secondary cylinders; walls form-
ing a passage for conducting the exhaust
gases from said primary cylinder into said
intercooling space; and walls forming a pas-
sage for conducting gas in said intercooling
space into said secondary cylinder.

11. In a device of the class described, the
combination of: a cylinder; a piston recip-
rocable in said cylinder to define a variable-
volume compression space, said piston pro-
viding a passage communicating with said
compression space and through which gases
entering and leaving said compression space
must flow; a valve means for controlling the
gas supplied to and discharged through said
passage; and means for moving said piston
and said valve means.

12. In a device of the class described, the
combination of: walls defining an intercool-
ing chamber ; walls defining primary and sec-
ondary cylinders; primary and secondary
pistons respectively reciprocable in said pri-
mary and secondary cylinders; walls defining
a low pressure intake passage communicat-
ing with said secondary cylinder; walls de-
fining an intermediate exhaust passage com-
municating between said secondary cylinder
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isind said intercooling chamber; ‘walls defin-
- g mein fand auxiliary groups. of passages

0B

copmiunicating between said ‘primary and

secondary cylmders; ewch;group comprising
amintake and an exhaust passage; walls de-
fining a-valve port-on said secondary piston

- and adapted to'interconnect said intake pas-

 gage-of said auxiliary sgroup. and said low

10

15

20

30

40

-pressure ntake passagesand to subsequently

interconnect  said ‘exhaust jpassage of said

auxiliary  group and said intermediate ex-
st passage; walls defining .2 piston ‘port
o said primary piston ‘communicating with
the compression space-of 'said primary ¢yl-

dner, said piston port coming imto registry

withsaid intake and exhaust passages of said
auxiliary group when said primary -piston
is reciprocated; walls defining an intermedi-
ate’ intake passage communicating between
said intercooling chamber and said primary
cylinder ; walls defining an intake valve-port
formed on said primary piston and adapted
to interconnect said. intake passage of said
main- group and said intermediate intake
passage during the reciprocation of said
primary piston; walls defining an outlet pas-
sage communicating with said primary cyl-
inder; walls defining an exhaust valve-port
formed on said primary piston and adapted
to interconnect said exhaust passage of said
main group and said outlet passage during
the reciprocation of said primary piston;

walls defining a piston port on said secondary .

piston adapted to register with said intake
and exhaust passages of said main group
during the reciprocation of said secondary
piston, said piston port communicating with
the compression space of said secondary cyl-
inder; and means for reciprocating said pis-
tons in said cylinders, .- . R
13, In a device of the class described, the
combination of: walls forming primary and
secondary cylinders, said walls including

"inter-communicating means communicating

48

B0

with said cylinders; a primary piston recip-
rocable in said primary cylinder; and a sec-

“ondary piston reciprocable in said secondary

cylinder and including a port adapted to reg-
ister. with said inter-communicating means
and through which both the intake and ex-
haust gas of said primary cylinder passes.

14. In a device of the class described, the
combination of : walls defining primary and

- secondary. cylinders; ‘walls forming intake

~haust means communicating - with said . sec- -
ondary cylinder; a primary piston recipro-

60

‘ b 15

said cylinders; walls forming intake and ex-

cable in said primary cylinder and cooper-
ating therewith in defining a compression
space communicable with said intake and

exhaust passages; and a secondary piston re--
ciprocable in said secondary cylinder -and-
providing a port positioned to inter-connect .

said intake passage and said intake means

and exhaust passages communicating between -

-

«during one portion of the ‘stroke of said pri-
‘mary piston and to inter-connect. said ex-.
“hamst passage ‘and said ‘exhaust -means dur-

‘img another portion of said stroke,

-15. In a device of the class described, the

70

eombination of: walls ferming primaryand . -

-secondary cylinders inter-cormected by pas-

‘sages; a primary piston insaid primary eyl- '

inder and ‘cooperating therewith in proved-
-ing = compression space, said primary piston
ineloding @ pisten porticommunicating with

said compression space and positioned to -

register with said passages; a secondary pis-
“ton in said secondary cylmder and providing

a valve port positioned to successively regis-

80

ter with said passages to control the flow of

gas therethrough ; and means for moving said

waltve port inte successive registration with -

said passages during the registration there- -

with off 'satd pistom port.

16, In 5 device of the .clfiz's_s de'scrib‘ed, the

_combination of : ‘walls: forming ‘a primary

‘cylinder; walls forming intake and exhawst

passages communicating with said eylinder; -

2. piston reciprocable m said cylinder and
cooperating therewith in providing a vom-

20

pression space; said piston including-a port -

communicating with said scompression space

and positioned to register with waid intake

-amd exhaust passages -during the movernent

of said piston; and valve means for supply-
imig gas to satd intake passage at-a time when

f95

said port s dn registration with said intake

passage ‘and for conducting was from said
exhaust passage at a titwe when said port is
inregistration with said exhaust passage.

" 17, In e device of the eclass ‘deseribed, the -

combination ‘of: ‘walls: forthing a primary

cylinder; walls' forming intake and exhaust

passages communicating with said

operating therewith in providing a coinpres-

ston space, said piston including a relatively -

a piston reciprocable in said ¢ylinder and co-’

Jong port communicating with said compres-- -

ston ‘space, said port being long enough to 11

registor with both of said passages when said

piston is in an advanced position and provid-

ing a shoulder moving into cloging relation-
ship with'said exhaust passage when said pis-
ton is moving toward 1ts advanced position ;

and valve means operated with a constant

phase displacement with respect to said.pis-

115

ton for controlling the gas passing through

said: passage. oo e T
:18: In & device of the elass described, the
combination: ‘of: walls forming & pri

and a secondary: cylinder ; walls forming in<

take and exhaust pagsages communicating be-
tween said eylinders; walls forming intake

and exhaust fmeans communicating with said -

primary cylinder; a secondaty piston in said
‘secondary  cylinder and coepcrating. there-

with in forfhing ‘a compression space, said -

1800

secondary piston including a piston port

adapted to tegister with said passages during

-
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a movement of said secondary piston and
communicating with said compression space;
and a piston in said primary cylinder and
providing a pair of valve ports so disposed
that one of said valve ports inter-connects
said intake passage and said intake means
during the movement of said secondary pis-
ton in one direction, and the other of said
valve ports inter-connects said exhaust pas-
sage and said exhaust means during a move-
ment of said secondary piston in an opposite
direction.

19. In a device of the class described, the
combination of: primary and secondary cyl-
inder walls defining primary and secondary
cylinders; a primary pisten in said primary
cylinder; a secondary piston in said second-
ary cylinder; walls defining an inter-cooling
space adjacent said cylinders; walls defining
a gas supply means communicating with said
secondary cylinder, there being means formed
on said secondary cylinder walls and said
secondary piston for conducting gas from said
gas supply means to said primary cylinder
where it is compressed, there being means
formed on said secondary cylinder walls and
sald secondary piston for conducting the
compressed gas to said intercooling space;
walls forming an intermediate intake pas-
sage communicating with said inter-cooling
space and with said primary cylinder, there
being means formed on said primary cylin-
der walls and said primary piston for con-
ducting the compressed gas flowing through
said intermediate intake passage to said sec-
ondary cylinder where it is further com-
pressed, there being means formed on said
primary cylinder walls and said primary pis-
ton for conducting said further compressed
gas from said device.

20. In a device of the class described, the
combination of : walls defining a primary and
and a secondary cylinder; walls forming an
Inter-communicating means opening on said
cylinders and through which gas is supplied
to and exhausted from said primary cylinder ;
walls forming an intake and ‘exhaust
means communicating with said primary
cylinder; a primary piston reciprocable
in said primary cylinder and providing a pis-
ton port positioned to register with said inter-
communicating means during the stroke of
said primary piston, said piston port com-
municating with a compression space bound-
ed by the walls of said primary cylinder and
said primary piston; a secondary piston re-
ciprocable in said secondary cylinder and
providing a valve port successively connect-
ing said intake and said exhaust means to

-said inter-communicating means; and means

for maintaining the phase displacement of
sald primary and secondary pistons constant.

21. In a device of the class described, the
combination of: walls forming a primary
cylinder; walls forming an intake and an
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exhaust passage communicating with said
primary cylinder; a piston in said eylinder
and cooperating therewith in providing a
compression space, said piston providing a
port communicating with said compression
space, said port registering with said pas-
sages and being sufficiently long to never cover
one of said passages but providing a shoul-
der adapted to cover the other of said pas-
sages during a portion of the stroke of said
piston; and valve means for controlling the
supply of gas to said one of said passages,
sald shoulder controlling the flow through the
other of said passages.

In testimony whereof, we have hereunto
set our hands at Los Angeles, California, this
5th day of April, 1928.

LUDWIG STOESLING.
WILLIAM D. PEARSATLL.
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