Oct. 21, 1952 A. SCHWARZ 2,614,546
o ' INTERNAL-COMBUSTION ENGINE

liled Jan. 22, 1948 . 8 Sheets—Sheet 1

™ 37
R
728 : ~
32 4
P07 3
: I3 4 L Sl
L o o o) o " o
T
[ — . ‘| :
044
14
1l

) » lN\)ENTOR
Atbed hurans
8Y

g{a«é % mAs &[fw;\"-ﬁmmi

ATTORNEYS




Oct. 21, 1952

A. SCHWARZ | 2,614,546

INTERNAL-COMBUSTION ENGINE
Filed Jan. 22, 1948

8 Sheets-—Sheet 2

N <] -
L AP
I7 7 TTZTTITTTTE 77 F i s A e O~
. ///I, Zz S ‘f’ill’,' ‘9\0\’:‘ \
., . =
IO Y
/‘_..I@I.@ .
! @ &) £
KN A '
g I 2
o) T 7
J v i/
) ; /
WY 2
I\“lx@l / "
-'¢I/ o
2 .,!""l:illl - 5 I///// ‘,\5}" e D
7777777 Illlle':‘g{ﬂ R *
74

6

INVENTOR
Abed Jehwariz

ATTORNEYS




A. SCHWARZ |
INTERNAL-COMBUSTION ENGINE

Oct. 21, 1952

2,614,546

vr3
77

’ o3

B X%

8 Sheets—-Sheet 3

Filed Jan. 22, 1948

iz

L

v/

R4 L d

3

.

- ——— —— = T T

LJj“ #

INVENTOR

64»4 j%a}uz

75 2

0y

Ms%% ¢ &Aws

ATTORNEYS

BY

o




614,546

»

2

A. SCHWARZ
INTERNAL-COMBUSTION ENGINE

Oct. 21, 1952

Filed Jan. 22, 1948

8 Sheets—-Sheet 4

G’/

& FNTbA TOHLNOO
NOISSTHINAD

NS
AN TN ==
MFLIYNGSY D=

Mz

HITLYM
24

INVENTOR

47&4’ Ml 2

il Dt~ Banronss

2

|

ATTORNEYS



Oct. 21, 1952

Filed Jan. 22, 1948

A. SCHWARZ
INTERNAL-COMBUSTION ENGINE

2,614,546

8 Sheets-Sheet 5

- Sy,
NE === 47—\
/59\ _____ — T /33N
|
0 |
= %
/;: ; 4
g -~ -
= 7 | 7=
- - ! - 739 /1 51:5
! V) m
[~ i -V 740 "a I‘ /";
- , -V A --V
- 3 z 744 - I ) -
- NI = T w4
- - | Z - %
T | -2 V- #7 | R iEE/ % %7
/— Poe ’ 0 N /__ -
< .7 4 2 4—-/9 _ =7
724 4&0 4.3 729 30 .
Figt, T,
59, 46 | I A3 734, 733
-\ BN \LIIII IV IV VIV V179474 3
N N S S L o o
T N z N il elptptops
}— 7 e AN N EDTZT oo oo
\1 AN e Nl
S \\\¢z A ‘
> 57! Z N
A\ [ N
7R 58e A N
3 s N
S\ NN R
(
8 S BE | a3 : A?&d Helivar
Fove : 2%2,;, Lt ods Mtst5.< Borronrs

ATTORNEYS




Oct. 21, 1952 A. SCHWARZ 2,614,546'
INTERNAL-COMBUSTION ENGINE

Filed Jan. 22, 1948 8 Sheets-Sheet 6
Jf’g’/j
{y'/.fa é/ .
/ 64 ) ©
/
65 ./%31
\ '3 O _
/W%
ngf/4$
Ty t4a, *] &
T 64
/1 S ‘}’/‘"‘//
7 74 B ]
63 53 N\ % Jg y
6 AN 7
61/ -
T 5, | 25 JZL‘%@-//N

%{'9.’/‘5&, JZ’\ ,/// g6l [

" INVENTOR.




Oct. 21, 1952

Filed Jan. 22, 1948

N
| \(Q"\ 780
P\ /
/
| /
1/
]
%
/]
/6/’4
/
/
?
%
601

85

Sy 19,

B4 a5 g

=

780 -

A. SCHWARZ
INTERNAL-COMBUSTION ENGINE

2,614,546

8 Sheets-Sheet 7

3
|
[ '
- %8
N &
57
788 | /‘é?
89 753 4
79 7 — N &
NN 725
' ]
764 &)
- i
el 1=
! 4
4 N
: 7 4
; /7 N
| 7 N
4 ; o
% V) N
’__/\
1764,
§§ ity :u§§ N
708 N AN N
N N Nr-{ £ N 17
NS N[ ‘ N _T/g
,’ < \l
'\17.9 7y ,'J N
N -
N\ B
\ \\/75 775 /& N
N S~__ NN
765
774 763
INVENTOR
V74 Db warr

' 2,“ Z‘Ms%w:‘ﬁm |

 ATTORNEYS




Oct. 21, 1952 A. SCHWARZ 2,614,546 |

INTERNAL-CQMBUSTION ENGINE

Filed Jan. 22, 1948 . 8 Sheots-Sheet 8
| A=
Ty 0, Ll Y ot LLL
200 4 Sa N\ s
4 2077 NeZ——====N%
= F R s
798 95 =
4 79771 T ; 22
az, 197021 2/—= = N
Fig?t - T A
3 a O 1A= ;%
== = Ny =& 2N}
F22 i =i /=N =\
__Z -] - - -l B N
- -z A - 7 ] U B I
Z N -
e IR 7 = 228 — “\\\.L.‘\ &
= g | Ve . M‘N\
7l - - §
Gy %, I 790 ﬁzg’!j 23 \\\\\\\\\)-

0.9

|i

2
P 209N 206
220 230 ; 220,21

OIS =\ A— < 1%

&
X

VI AT

Y

YUZZZZL IR,

AT I sZ g7

77,

I

|

N
N

7T s

-
Xz

A
29

> e
7
'”,”,/’,-//,”.”’1”_”’”

2222277

18 578 %

w7 229 § |
279 %‘lr’

r

Fdl
g
-

-212 ) T2/

INVENTOR

Al P2 st Selares
bl B — o Ynsiris B

> ? o ATTORNEYS




Patented Oct. 21, 1952

UNITED STATES PATENT OFFICE

2,614,546

2,614,546, ;
INTERNAL—GQMBUSTION’ ENGINE

Alfred Schwarz, New York, N. Y., assignor;, By
mesne assignments, of sixty per cent to. Sineclair
Research: Laboratories, Ing., Harvey, Iil., 3. cor-

poration: of Delaware

Application January 22, 1948, Serial No. 3,725

o 1

This invention relates to internal combustion
engines and is concerned more particularly with
2 novel internal combustion engine, which oper-
ates with greater fuel economy and is -capable
of produeing more power: than comparable prior
engines. _
engine iy obtained without special fuels-and the
engine can be run at low loads without severe
fuel’loss and at full load without detonation on
fuels which contain no expensive anti-knock
agents or else only small amounts thereof.

The new engine may be. constructed to operate.
on: either the Otto or diesel cycles oron either a
two stroke or a four stroke cycle, and it may have
2 single piston, which may be. either single or
double acting, or opposed pistons operating with-
inthe cylinder. The engine can be operated with
all the fuel iatroduced into the -combustion
chamber or cylinder by solid injection, with the.
majer part of the fuel introduced by injection
and & minor part introduced with air by induc-
- tiom, or with -all the fuel introduced in the form
of a fuel-air mixture by induction. The air may

be supplied by induction at sub-atmospheric or.

atmospheric pressures through the: usual throt-
tling range and, when high power output is re~
quired, the cylinder may be supercharged by the
introduetion of cold compressed air., As a fur-
ther means of increasing the ‘power outpuf, @
fluid that is inert and does not take part in the
combustion, may be introduced intd the eylinder
in ‘small quantities after - combustion has been
completed and the burned gases have begun to
expand. Sueh g fluid absorbs heat :and is €x-
panded and its expansion adds to:the power.
The superior performance of the engine of the
invention is obtained in part by the provision
of means, by which the compression ratio ‘may
be varied under the control of the operator and
while the engine is running and this makes it
possible to keep the eompression pressure within
desirable limits at all times.. Thus, during idling,
the compression ratio may be relatively high bui

the compression pressure is not excessive because.

of the.  sub-atmospheric charging produced by
throftling. At full throttle and on supercharge,
the compression ratio-is correspondingly -lower,
so that the compression pressure is kept below a
value that would ‘promote detonation: To
achieve the desired result, the engine is so=con-
structed that the end elearance, that is, the space

occupied by the charge when it is under-maxi-.

mum compression, has a variable effective. vol-
ume, whieh is controllable -and ‘may:-be altered
during operation. *i- 1 ST AT I

“The increased power output’ of the new

3 Claims. (CL 123~—43)
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The. end clearance:of a conventional engine is
of constant volume and is defined in part by the
walls, of the combustion chamber and a.surface
of the displacement member, when thelatter is
in g particular position. - Thus; in-a-simple recipr.
roeating piston. engine, the end clearance is:the
space. above the piston at the. top of:ifs stroke:
and, in an oppesed piston engine, the.end: clear~
ance is the space between: the faces of the pis~
tons when they most nearly approach each obher:
In the new engine, the end clearance is divided
into & plurality of spaces, one of which: is g space-
of fixed volume, as defined above, which. will-be:
termed the “basic end clearance.” The remain-.
der of the end elearance is made up.of-ohg OF
more chambers, which can he connected:.as de~
sired to the basic end clearance to vary the total
end clearance volume effective at any time. Rref~
erably, one of the:ghambers is continuously con-.
nected to the basic end clearance and: fuel-is in-.
jeeted into- and; ignited in this chamber, which, -
will, aecordingly, be-designated. the -‘Drimary
compustion ehamber.” When the. engine ope:
ates ot low load and with the supply of air th
tled, the tetal effective end clearance.may consist:
of the basic end ¢learanee plus the primary.com-.
pustion chamber and, as the weight of the charge:
is increased,-additional chambers or-chambers.of
lgrger size-are eannected to.the basie end: clear
ance to increase the total effective end clearance,--
until meximum-charge is reached;.- With.an-in- '

crease in the-total effeetive. end. clearance,.the -

compression ratio decreases .and thus.may he
varied inversely with the charge. The cutting
in and out of the ehambers is under the control

" of the operator throughengine control means,

40:

45

590

such as the accelerator pedal, and, in a. preferred.
construction, the control means is constructed to.
coordinate the eompression ratio, and. thus.-the

compression pressure, with-.the weight. of the, - .-

charge. e
- The agdvantage of -so constructing: the -engine: .
that: it. has a variakle effective-end clearance may.
be made clear as follows. In. a- conventional:
engine -operating on. the Otto cyele and supplied
with-a fuel-air mixture by the carburetor, the:
compression- ratio -is constant, beeause:- of -the: -
fixed end clearance, andthe compressien,v-pressure;
then depends on the weight of the eharge; which:
in furn-depends-on the. setting of the butterfly.
valve.of the earburetor. - Such.an engine is:de- .
signed ‘to have a. compression ratio- appropriate
for the fuel, on-which ‘the engine is to: operates
and; if for-example, the desired compression ratlo:

-85 is:6:1 and the piston: displacement is about-500:
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cc., the end clearance will.-be about 100 cc. As-
suming that the engine operates at perfect volu-
metric efficiency, then, when the engine is on full
throttle, the charge taken into the cylinder on
each suction stroke will be 600 cc. at, atmospheric
pressure, and the pressure of the charge com-
pressed into.the end clearance on each com-
pression stroke will be 6 atmospheres, disre-
garding the increase in pressure that results from
the heating of the gas. - When the throttle is par-
tially closed for a reduced power output, the
charge enters the cylinder at sub-atmospheric
pressure and may be only such as to fill only
one-quarter of the eylinder at atmospheric pres-
sure. It is obvious that, when such a charge is
compressed into the end clearance, the compres-
sion pressure will be much less than in the first
instance, when the charge was supplied at full
throttle: It is well known that an internal com-
"bustion engine operating with a low compression
pressure ‘requires a high fuel-air ratio and the
fuel consumption’of such an engine, which may
bé 0.5 to 0.6 pound per horse power hour under
normal -full throttle operation; may rise to as
much as 4 pounds per horse power hour, when
the engine is operating with the low compression
pressure--resulting - from = throttled operation.
Since-the end clearance and compression ratio
of such a conventional engine are fixed, and the
compression pressure depends:on -the throttle
setting, it will be’evident that such an engine
must operate with poor economy under partial
load; since any attempt to improve that economy
will result in the development of compression
pressures - at higher loads; which ‘will produce
detonation. ; S
In the engine '6f the invention, in which the
compression ratio may be changed during op-
- eration by changing the effective volume of the
end -clearance, the compression ratio may be
varied inversely with the weight of the charge
~and the compression pressure may thus be kept
substantially constant throughout-the range of
operation. As'aresult, it is not necessary during
idling at part throttle, as in conventional engines,
to use excessively rich mixtures because of the
low compression pressure. and, at the same time,
the compression pressure is not so high as to cause
detonation, when the engine is operating at full
load. - :
"'The subdivision of the total end clearance in

the new engine into a plurality of separate spaces -

or chambers serves another useful purpose, in
that the walls of the chambers provide additional
surface area, through which heat may he dissi-

- pated.” The amount of heat that must be re-

moved from the combustion zone of an internal
combustion engine is in proportion to the weight
of the charge and, since, in the new engine, the
total effective end clearance is varied directly with
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the weight of the charge, the total heat dissipat- )

ing surface is also varied directly with the weight
of ‘the charge. " The compression temperature
may, accordingly, be kept within desirable limits
and better economy and power output obtained.
The desired results are further promoted by the
provision of separate cooling systems for the com-
Bustion and expansion zones of the engine, in

order that the circulation. of the coclants to re--

move heat from the two zones may be at different
rates selected vo provide sufficient cooling of the

combustion zone to prevent detonation and to:

avoid over-cooling ‘'of the expansion:zone with
subsequent loss of power. Inthe combustion zone
in.an ‘internal combustion engine, the tempera-
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ture is likely to exceed 4,000° F'. immediately after
the fuel is burned, while the temperature in the
expansion zone, that is, the cylinder barrel, may
be about 2,000° F. It is obvious, therefore, that
the expansion zone does not ‘require and should
not have as much ccoling as the combustion zone
and, in the new engine, proper cooling of the
two zones is achieved. -

The  provision. of the primary combustion
chamber, into which the major part of the fuel
is injected, contributes greatly to the fuel econ-
omy of the engine, particularly at low loads, in
that a fuel mixture sufficiently rich to be read-
ily ignited may be produced .in this chamber,
the air for complete combusticn of the fuel then
being contained within the basic end clearance
and in the other chambers, when they are used.
In a conventional engine, in which the fuel-air
mixture is drawn into the cylinder and com-
pressed into a fixed end clearance, it is necessary,
when operating on throttle and at low power out-
put, to employ an over-rich mixture to insure.
ignition at the low compression pressure ‘and
much. of the fuel is unconsumed, because. suffi~
cient air for complete combustion is not available.
In the new engine operating with the major part
of the fuel supplied by injection, the injection
preferably takes place during the compression
stroke. so that the richest mixture fills the pri-.
mary combustion chamber only, instead of the
total end clearance volume, and the mixture in
the basic end clearance is very lean. The total
amount of air available is then such as to in-

sure that little, if any, of the fuel will leave the

cylinder unburned. . :

A further feature of the new engine, which
contributes to its performance, is the provision’
of conftrol means, by which the operation of the
different parts.of the engine may be coordinated
to produce optimum results. During operation,
the total effective end clearance should be varied
in aceordance with the weight of the charge, and .
that weight depends on the amount of fuel in-
Jected, on the throttle setting, which determines
the amount of air induced into the eylinder, and
on the amount. of supercharge, when the latter
is used. The weight of fuel supplied should be
correlated with the weight of air charge, whether
by induction- alone or by induction plus super-
charge, Similarly, the amount of inert fluid in-
jected -should: he correlated to.the weight of the
fuel being burned. In order to coordinate these
various factors, the engine is provided with a
single control means, which may conveniently
take the form of a shaft carrying g plurality of
cams. The cams operate devices for controlling,
for example, the interconnection of the basic
end clearance with the additional chambers to
vary the total effective end clearance, the weight
of fuel injected, the weight of air supplied to the
cylinder- by induction, the weight of super-
charged air, the amount of inert fluid injected,
and the advance of the spark. The cams are
formed on the basis of dynamometer tests to ad-
just the control devices to' give best results
throughout the range of operation and the oper-
ator may thus control the engine merely by rota--
tion of the control cam shaft.

The new engine includes various other features
of novelty, which will be apparent from the fol-
lowing detailed description, when considered in
connection with the accompanying drawings. -In
the drawings . : )

- Fig. 1 is a view in side elevation of a six cylin-
der engine embodying the invention;
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- Plg. 2 iz arplan view -of the engine shown: in:
- Figs: 3-and 4 are sectional views: om the: lines:
3—3 and 4—4 of Fig. 1, respectively

- Fig.5is aplan view on the line §—F§ of Fig. 4;

"Fig. 6 is a’ sectiomal view on-the line 66 of
. Fig. T.is @ view in perspeetive of a control
mechanism for-operating the engine of Fig. 1;.

- Pig-§is a diagrammatic view similar to Fig.. 1,
showing eirculation through the cooling: systems;

-Pig, 9.is'@ view in'vertical section on the: line:
9-—4 of Fig. 11, of & nodified. form: of engine
construched: in aceordance with: the invention;

-Figs. 10:-and. It -are sectional views on the:-lines
L0—10 and: 1 i—F1, respeetively, of Fig. 9;.

. -Fig.-12 is & sectional view om the line: 1 &—12
of Fig. 11; : :

. Fig. 13 is:a-seetional view on the line $3—I3
of. Fig..4;

-Fig: ¥Bads as transverse-seetional view:througl
g retary valve i the pesition that the valve oc-
eupies. i Fig. 13;

Figs. 14, 15, and 16 are views similar to Fig.-

- 13;showing the rotary valve in different operative
positions; : ]

‘Figs, -14@, 15, and-16a are sectional views
similar to:Fig. 13e, shewing the- rotary valve in
the positions, in-which it-is shewn in Pigs. 14, 15,
and 16, respectively; Ce

Fig. 17.is- a developed.-view of the rofary valve
showing -the-ports therein; :

Fig. 18 is a. vertical sectional view of 2 "o~
fied form.-of the new-engine; S : o

Fig.19.is-a sectional view oun the line-{9—I19
of Fig. 18;. .

. Fig. 90-is.a.vertical:sectional view of a modified
form..of-the new engine;, : ‘

. Fig. 21 is.asectional view on -the- line-2{—24
of Fig. 20;- . :

. -Hig, 22 'is- ai-diagramnmatic-vertieal - sectional
view of .8 form. of the new engine provided. with:
opposed pistons;: C .

-Fig. 2% is a-sectional view; on an- enlarged scale,
on: the line.23—23 of Fig.-22; - and.

-Pigs. 24 and 25 are: sectional views. on the: lines-

2424 and 25—25, respectively, of Fig. 23. -
The new engine may be of any of the standard
constructions. but, for thre purpoese.of: simplifying
the explanation, twomain forms of the engineare:
illustrated, one. being of the-simple- reciprocating
piston type and the other. including oppoesed. pis—
tons. The engine illustrated in Figs. 1 to 6 is of
the first. type and it includes a jacketed eylinder
bloek. 20 containing cylinders 2, in: each of which
there is-a mavable piston. 22 connected by a con-
necting rod-23, to the:usuak erank on the main
crank shaft of the engine. The cylinder ‘block
is.elosed at.its. upper-end by a cylinder head: 24,
which eontains a valvecavity 25 for eack eylinder,
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the major portion of the cavity lying offset from: -

the cylinder -at. one side thereof. The- blockis
formed with 2. pait of valve seats-26-at the bottom:
of each: eavity for-an imlet: valve 21 and am ex-
haust valve: 28, respectively. A passage 28 in the
block leads to each inlet valve and: the inlet pas-
sages. are connected to- pranches 80 of an inmlet
manifold 8%, the ends of the branches being eon-
neeted to-the hleek in the-usual manner. Similar
passages.lead:from: the.exhaust.valves to-branches
32 of an exhaust manifold33. In-successive cav-
ities along-the. block, the positiens: of-the inlet
and. exhaust valves:are reversed,-so-that branclies
30, of the. inlet manifeld lead to. passages: for a.

pair of-cylinders and certain of the branches 32

75

6
of the exhaust manifold are also connected to
passages: leading from:a pair of cylinders. ‘Each
inlet-and exhaust valve has a stem 34 passing
through a-guide: 35 in the wall of its passage: and,

- at its lower end, the valve stem has a cam follower

36 acted on by a cam. 31 on the engine cam
shaft 38. ‘A spring 39 encircling the valve stem
acts at one end against the outer wall of the pas~
sage and; at the other, against: a collar 40 on the.
valve stem to hold the valve-on its seat, until it
is raised by the-cam. :

The head 24 is secured to the top of the block
by bolts: with the usual gasket 4f between the
head and the block. The head is hollow. and if

. is closed at its top by & cover 42 bolted to the head

with.a sasket 43 between. The head is formed
with s hoss 44 extending along the upper surface:
of the lower wall of the head from end io -end’
thereof and, above each cylinder, there is:a ver-
tieal extension: from the boss containing a cham-
ber45. The end of the extension projects.through
the cover 82 and has a:threaded top: opening, in
which is inserted a spark plug 46. A collar 41 is
threaded on the outside of the pertion of the
extension exposed above cover 42 and the-collar
has a hollow lateral projection. 41a, in which
is inserted an atomizing nozzle 48.  The nozzle
extends through an opening-in the wall of cham-
ber 4% and is held in plaee by & collar 49 thread~
ed on the outside of extension 47a; The nozzle
is connected by a line 98 to one cylinder of a fuel
pump 51 provided with a eomtrol rod sta.

The boss £4 has.a. lengthwise cavity eecupied.
by “a rotary valve §2 of rod form.. The valve
has a plurality of main channels 83 in its surface
extending nearly completely eireumferentially of
the valve, and a.passage 54 leads from: the:bot-
tom. of esch chamber 45 to register with a.chan-

‘nel.  Branch channels 58, 56, .51,.and 88 are also’

formed in thesurface of the valve to connect
with-each main channel 53. A passage 60 leads
through: the bass to the top: of each cylinder, each
passage 60 heing aligned with a. channel 53.

The boss 44 is formed. with & pair of auxiliary

 end clearance chanthers 8§, 82 for-each cylinder,

and passages 63, 64 lead from the:inner-ends of
the: respeetive chambers to .the surface of the
rotary valve: 52. 'The ehannels 58, 56,-57, and 58
in: the:surface: of the valve are formed toconnect
passages 83, 64 for each of chambers &1, 82 to &
passage 60 in different arrangements, depending
on: -the -angular pesition of the -rotary -valve.
Thus, when the valve is in the position shown in
Pigs. 13 and 13a, the main channels 53 in the
surfaee of the- valve:-connect-ail the passages 54
to their respective passages 69, so that each
chamber 45 is in communicabion with its eylinder.
At the-same time, ail-passages: 63, 64 are closed.
When valve 52 is turned angularly to:the pesition
shown in Pigs. 14 and 14a, each chamber-45 re-
mains connected through ity passage b4, its main
channel 53, and its passage §&to its eylinder.. Also,
the chamber 61 for each cylinder is connected
through its passage: 63, s branch chennel 59, its

. miain channel 83, and its passage §0: to. the cyl-

inder, so-that both chambers 4%-and 61 are effec-
tive. When the valve is in the position shown
in Figs. 15 and 15a, each chamber 45 is con~
nected; as previously “described, *to the interior

- of its cylinder and-the associated chamber 62 is

conneeted: through its passage 64, its branch
channet §6, its'main chanhel 53, and its passage
60 to the interior. of ‘the cylinder; so that Hoth
chamberg 4% and 62 gre effective. ~“When ‘the-
valve has the position stiown in Figs. 16 and 164,
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chamber 45 is connected to its cylinder as above
described and both chambers 61 and 62 for each
cylinder are connected through  their branch
channels 57 and 58 and their main channel 53
to the interior of the cylinder.

The wall 24a of the head lies inwardly from
the outer ends of chambers 61, 62 and has an
outwardly extending flange spaced from the top
of that part of the boss 44, in which the cham-
bers are formed. Each chamber 61, 62 is closed
at its outer end by a threaded plug 65, which can
be moved into or out of the chamber to vary the
volume thereof. The plug used may be solid
or hollow, the substitution of one type for the
other making possible a further variation in the
volume of the chamber. A cap plate 66 is secured
by bolts 67 to the head to overlie the ends of the
plugs, and the plate bears along its lower edge
against the head and block and along its upper
edge against the edge of the flange extending
irom wall 24a of the head. The interior of the
cap plate is open to the interior of the head
through the space between the lower end of wall
24g and the top of that part of the boss 44q con-
taining chambers 61, 62.

The space between the face of each piston at
the top of its stroke and the lower surface of the
head 24, plus the space within the cavity 25 in
the head for the cylinder constitute the basic end
clearance, which is ordinarily supplemented by
the volume of chamber 25 and may also be sup-
plemented by the volume of chamber 61 or cham-
ber 62 or the combined volumes of the two cham-
bers, by adjustment of the rotary valve 52. The
total effective end clearance of the engine may,
accordingly, be varied in accordance with the
requirements of different conditions of ‘opera-
tion and the range of variation may be increased
by changing the positions of plugs 65 or by re-
placing solid plugs with hollow ones. The in-
terior of the head 24 is connected by lines: 68,
69 to a radiator 78, and a coolant is circulated
through the interior of the head and the radiator
by a pump T{. When chambers 6f and 62 are cut

. off from the cylinder, there is less transmission of
heat through their walls to the coolant than when
they are connected to the interior of the cylinder.
Accordingly, when either or both chambers are
connected to the cylinder, the effect is both to
increase the total end clearance of the engine and
also to increase the surface, through which heat
may be conducted to the coolant flowing through
the head. .

The inlet manifold 31 may be provided with a
throttle valve (not shown) and be open beyond

the throttle valve to the air, so that only air is

drawn into the cylinder by the downward move-
ment of the piston on the suction stroke, but
preferably, the intake manifold is connected to
a carburetor 72 through a vaporizer 73. The
vaporizer includes a plurality of sections 14, each
having upper and lower walls 75 and hot exhaust
gases are supplied to the interior of the sections
by inlet pipes T6a and led away through outlet
pipes 76b. A plurality of tubes 71 extend through
each vaporizer section, each tube having an en-
larged end 78 terminating flush with the top wall
15 of its section and a lower end 79 of diminished
size, which projects into the enlarged upper end
of a tube 77T in the next lower section. With this
arrangement, as the fuel-air mixture leaving the
carburetor passes into the vaporizer section, it is
drawn through tubes 77, slightly compressed, as
it passes through the small end 79 of each tube,
and then expanded. Any droplets of fuel thaf
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leave the carburetor are broken up by passage
through the vaporizer, and complete vaporization
of the fuel is effected by the hot gases by the
time the fuel leaves the vaporizer.

The crank shaft 80 of the engine carries a
gear 81 connected by a chain 82 to a gear 83
on the shaft 84 carrying the valve cams. A sec-
ond gear 85 on the cam shaft is connected by a
chain 86 to a gear 8T on the shaft 88 of the fuel
pump 5{. Between gears 83 and 85, the cam
shaft is connected through skewed gearing 89
to a shaft 90 running at its lower end in a thrust
bearing 91 and connected at its upper end through
gearing 92 to a shaft 93, the purpose of which
will later be described. The chain drives are en-
closed within casings and the cam shaft 84 ex-
tends forwardly and, on its exposed end, carries
a pulley 94 connected by a belt 95 to a pulley 96
on the shaft 87 of a pump 98, attached to a
housing 89 secured to the front end of the head
24. Pump Tl may be mounted on top of pump
98 with belt 95 driving a pulley Tla on the shaft
of pump 7. Shaft 97 carries a fan 100 on its
forward end. The intake of pump 98 is connected

- by a duet 19} to the interior of the jacket of the

cylinder block 20, and the pump outlet is con-
nected by a line 102 to the top of a radiator 103
beneath radiator 70. The bottom of radiator
108 is connected by a line 104 to the lower part
of the jacket of the eylinder block.

The lower wall of the head 24 is provided with
a pair of bosses 105, 106 extending lengthwise
thereof and lying above the cavities 25 for the
cylinders. Boss 195 is hollow  and contains a
rotary valve {87 in the form'.of a tube having
an opening 108 for each cylinder, the openings
being offset angularly about the valve in the order
in which the cylinders are fired. A passage 109
leads through the lower wall of the boss from
the surface of valve 107 to the interior. of each
cavity 25 above a cylinder. 'The shaft 93 extends
through the front wall of the head 24 ‘into the
forward end of valve 107 and is connected there-
to, and the driving connections, through ‘which
valve 187 is rotated from the engine crank shaft,
are such that each cylinder is connected through
its cavity 25, passage 189, and opening {08 to
the interior of valve 107 once per cycle. At the
rear end of the engine, the end of 2 line 10 ex-
tends through a gland iil into the interior of
valve 107. The line may be connected to a source
of air under pressure, which may be contained
in a tank 112 at relatively high pressure, the tank
being connected through a reducing valve ({3
to line 110, so that the air entering the valve (07
is at a pressure of twenty pounds, for example.
If desired, the pressure within the tank {12 may
be maintained by a pump driven by the engine,
the output of the pump passing through a cooler
to the tank, so that the latter contains cold com-
pressed air. :

The boss 1086 is hollow and it contains a rotary
valve 114 in the form of a tube having an open-
ing 116 for each cylinder. Passages 116 lead
through the wall of boss 10§ from the several
cavities 28 to the surface of valve 114 in registry
with the respective openings {1{5. The openings
i{5 are offset circumferentially about the valve
{14, and the arrangement is such that, as the
valve is rotated, the cavities 25 of the cylinders
are connected once per cycle through passages
116 and openings 115 to the inferior of the valve
114, At the forward end of the engine, a shaft
117 extends through the wall of the head into
the end of valve 114 and is connected thereto,



Shaft. (471 is conmected to shaft 93 hy gearing 118,
At the zear-end of the: head, the end of a line
149 extends through a gland 20 into the interior
of valve {44. Line 119 may be connected through
a control valve 121 to-asupply of inert fluid under
pressure. 'The eonstruction and operation -of
valve 114 is such that a small quantity of the
inert flwid is supplied by the valve to-the interjior
of each cylinder on each firing stroke affer:com-
‘bustion is-complete. -

The engine may be ccontrolled-by a. .control cam
shaft 122 mounted. for rofation in suitahle bear-
ings and operable hy a crank 23, a pedal, or
ather suitable means. The shaff carries a plu-
rality -of cams 124, and levers 425, provided .with
ecam  follower rollers engaging the respective
cams, are mounted for swinging movement on
p.rod 126 extending paralle] to shaft 122. Each
lever 126 is mcted-on by a spring 127 $o hold its

roller in:contact with its.cam. The levers 125 are

cennected fo the -various conirol devices en the
engine, as, for-example, one of the levers may be
conneeted. to air eontrol valve 113, the second to
the inert fiuid .control valve (24, the third o the

lever 12a.centrolling the: butterﬂy valve of car-

buretor 12, -and the fourth to the .control rod
5ia .of the fuel pump 51. The lever 125 associ-
-ated with the fifth cam may be employed £0 con-
Irol the advance of the:spark and the:sixth lever
may be wtilized to vary the-angular pesition -of
the rotary wvalve 82. For the latter purpose, the
lever -may be connected to arm 128 fixed on a
short shaft 52a extending-into .one end of valve
52 and secured therefo. 'The forms.of cams 124

are determined by dynamometer tests, so thal .

as cam-shaft 122 is swung to different positions,
the cams will cause the several control devices
to.be -adjusted. for eptimum performance of the
engine under varying.conditions.

_ 'The engine illustrated in Figs. 9 to 12, inclu-
sive, is similar to that -above described, -except
that it contains no rotary valves similar to walves
405 and 114, The water jacketed cylinder block
129 contains:a plurality of cylinders 130, each.eon-
taining a piston 134 .connected by.a.connecting rod
132 of a erank on the.main grank shaft. Block
129 is provided with a head 433, the top of which
is closed by a cover {34. The bottam wall of the
head is formed with a plurality of ¥alve cavities
188, one for each gylinder, -each .cavity partially
‘overlying the cylinder -at one side thereof. The
block is formed with & pair -of wvalve seats 136
‘heneath each cavity and -an -exhaust valve 431
cooperates with .one seat-and an inlet valve 138
cooperates with the other. " A passage 139 leads
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The nozzle extends through an opemn_g in the
of t.he ch,a,mber l53 w1th1n the exten.smn The
nozzle is connected to one cylinder of a fuel pump‘
by o line 154a.

A passage 154 leads through the wall of: i?he
boss 145 from the bottom .of eagh chamber. 453
fo the suriace of a rotary valve 146, The mtary
valve has a plurality -of circumferential channels
155 registering: with the passages 154 and- with
respective passages £ 56 leadmg through the boss
to -the tops-of the cylinders. The rotary valve
is provided with channels corresponding to chan-
nels 53 and 55-58, inc., of valve 52 (Fig. 17). and
it projects beyond one end oi-head. 133.and ‘car-
riés an arm 151 by which it may be placed in-dif-
ferent angular positions.

Baoss 145.is provided with g pair of hollow 1at-
eral extensions defining chambers 158, 159 above
each .cylinder, -chamber 188 being somewhad
smaller than chamber 159. The chambers have
passages 158a; 159¢ leading therefrom to the sye-
face of rotary valve f48, The formation of the

" channpels on the surface .of the rotary walve is
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leading into the top. of the eylinder.

b5

from each valve, the inlet .and the-exhaust pas-

.sages being connected to branches of .an inlef
manifold. and an exhaust manifold, respectively.

_Each valve has a.stem 140 extending through-a.

guide in the wall .of its passage .and having .a
roller 441 at its lower end, which engages.a cam
142 on a cam shaft 143, A spring {44 encircling
the stem acts to hold the valve on 1ts seat, unfil
it is raised therefrom by its cam.

The lower wall of the head is fqrmed with a
boss 145 extending lengthwise thereof, and the
boss is hollow and .contains a rotary valve .146.
The boss. is formed with a hollow vertical exten-
sion 441 above each cylinder, the -extension pro-
decting -out -of the top .of the head -and being
closed at its upper -end by a spark plug 448. A
collar 149 is threaded -on. the projecting -end.of
+the .extension, the .collar having a lateral neck
150, in which is:mpunted .an.atemizing nozzle 481
‘held in place by a nut 152 on-the-end-of the Aneck,
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chambers. 488,

sueh that, in all angylar positions.of adjustment
of valve 148, each chamber 153 is .connected
through a channel in the surface of the valve
to . its cylinder. In..gne position of wvalve 148,
189 are both cut off from thelr
eylinder, while, in.other positions of valve. 148,

chamber 158 or chamber 159 or both chambers
are connected to their.cylinder, :

The engine illustrated in Pigs. 18 and 19 in~
cludes a water jacketed cylinder {160 containing
a piston 164 and clesed af its top by & head 162
formed with a cavity 163 above -the seats for
valves 164, 165. The head is formed with adon-

gitudinal hollow hoss 166. eontaining :a. chamber

187 above each cylinder. The top of the head
is clesed by a cover A§8. and.the wall of the

chamber projects through the cover, A collar

189 is threaded en the projecting end pf. the
chamber and the collar has a lateral extension
118, in which.is mounted a fuel atomizing.nozzle
(11, the nozzle extending. through an opening in
the wall .of the chamber. At its upper end, the
chamber is closed by a spark plug 172 threaded
in place.

A passage 1713 leads through boss 166 fmm ithe
bottom of chamber .i87 to the surface of a ro-
tary wvalve 1714 within the hollow interior .of
‘the boss. ‘Beyond the valve, there is a passage 1T5
The boss
166 has a lateral extension 116 defining g ¢ham-
‘ber 178, and a passage 1771 leads from the inner

end of the chamber fo.the ;suriace o,f; valve 174,

‘to the 1nter10r of the cylmder, wlnle, 1n a e\c-
ond position, chamher 161 ‘alone is. cqnnected to

“the cylinder. .

A piston 179 is mounted in. chamber 1718 and

‘has .2 rod 180 which projects through a cap 181

closing the outer end of the chiamper. A spring
182 encircling the rod bears st one end. against
the cap and, at the other end, against.a disc 183
fast on the rod, the spring tending to move the
piston toward the outer -end .of ehamber 118.
shaft 184 is mounted beyond fhe.outer end.of, md
180 and the shaft carries ' .cam .i85.heari
against the outer end.of the rod. By anguly ad-
Justment. of the sbaft and.cam, the piston 19
may be moved inwardly .of the cylmder ,agamst
the resistance of spring 182.

~The bottom wall.of the.head IBZ is. formedfwmh
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& longitudinal boss 186, which is hollow and con-
tains a hollow rotary valve 187. The valve has a
port 188 for each cylinder, the port lying in posi-
tion to be brought into registry with a passage
{89 leading through the boss into the top of the
cavity 163 of the cylinder. Cold compressed air or
other fluid may be supplied to the interior of
valve (87 and the ports 188 in the valve are so
positioned and the valve is rotated in such timed
relation to the crank shaft of the engine that,
once per cycle and at the desired time in the cycle,
the fluid contained within the valve is supplied to
each cylinder.

The operation of a single cylinder of the engine
shown in Figs. 1-6, inclusive, may be as follows.
Under a light load, the primary combustion
chamber 45 is connected through valve 52 to the
‘cylinder, and the auxiliary end clearance cham-
bers 6! and 62 are cut off. The carburetor sup-
plies a very lean mixture to the cylinder and, if
desired, the fuel supply to the carburetor may be
cut off; so that only air is supplied. The charge
of air or lean mixture drawn into the cylinder on
the suction stroke is compressed on the compres-
sion stroke and a part of the charge enters the
primary combustion chamber 45. During the
compression stroke, the injecetion of fuel through
nozzle 48 and chamber 45 starts at about 35° ABC
and continues to about 90° ABC. The fuel is
vaporized in chamber 45 and the fuel-air mixture
in the chamber is ignited by spark plug 46 a few
degrees before TDC. The mixture in the primary
combustion chamber is sufficiently rich to be
readily ignited, but the chamber contains insuffi-
cient air for complete combustion of the fuel.
Sufficient additional air for complete combustion
of the fuel is, however, contained in the basie end
clearance made up of the space above the top of
the piston at- the upper end of its stroke, such

space including the cavity 25 for the cylinder. ¢

The burning mixture, accordingly, travels
through passage 54, channel 53 in valve 52, and
passage 60 into the cylinder, where its combustion
is completed. Af this stage of operation, the en-
gine is operating at o compression ratio depend-
ing on the relative volumes of the piston dis-
placement and the total end clearance, which
consists of the basic end clearance plus the vol-
ume of chamber 45.

As the load on the englne increases, control
cam shaft 122 is moved angularly so that the fuel
pump cam thereon causes additional fuel to be
‘supplied to the primary combustion chamber by
the pump. Additional air is required to effect
complete combustion of such fuel and the air is
‘supplied through the carburetor by adjustment of
the butterfly valve thereof by its cam on shaft 122.
With the charging of additional fuel and air, the
compression pressure increases and, if no change
‘were made in the setting of the rotary valve 52,
the compression pressure might, in time, reach
‘such a value that detonation would occur. The
cam on shaft 122 controlling valve 52 is so
formed, however, that, when the compression
‘reaches a selected value, valve 51 is shifted to con-
nect chamber 61 to the cylinder. The total effec-
tive end clearance is thereby increased by the vol-
ume of chamber 61 and the compression ratio is
decreased accordingly. As the charge is further
increased to meet the requirements of the engine,
‘valve 52 is adjusted: by its cam so that at the
proper time, chamber 81 is'cut out and chamber
62, which is larger than chamber 61, is connected
to the cylinder.

--The adjustments of valve 52 as described make
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it possible to operate the engine with four differ-
ent compression ratios and to maintain the com-
pression pressure under different conditions.of op-
eration within such limits as to prevent detona-
tion.. The sizes of the chambers relative to one
another and to the combined volumes of the basic
end clearance and chamber 45 will depend upon
the detonation characteristics of the fuel, with
which the engine is to be operated. While it is
desirable, in order to obtain the best power out-
put, to use a relatively high compression ratio, a
ratio appropriate for uise with a high octane fuel
would be too high for a low octane fuel. When
conditions demand, the volumes of chambers 61,
62 may be increased or decreased by adjustment
of the plugs 65 in the ends thereof or use of plugs
of different types.

‘When the engine is running at full throttle, an
increase in power may be obtained by supplying
cold compressed air to the cylinder during early
part of each compression stroke. For this pur-
pose, valve 113 is opened at the proper time by its
cam on the control cam shaft 122 and the air
enters the rotary valve 1687. The valve 107 ro-
tates at cam shaft speed, so that the port 108
therein is open to passage 109 leading to cavity
295 once per cycle and at the desired point in the
compression stroke. - "The cold compressed air
may be introduced into the cylinder through any
part of the operating range of the engine, but
will ordinarily not be used except at full throttle.

At any time in the operation of the engine,
valve 12{ may be opened so that inert fluid, such
as water, is supplied under pressure to rotary
valve 114, Like valve 107, valve 1i4 rotates at
cam shaft speed, so that once per cycle, the port
{15 is open to passage 116 and a small quantity
of inert fluid is supplied to the cylinder through
cavity 25. The fiuid is injected on the power
stroke after combustion is completed.  The fluid
apsorbs heat and its expansion so adds to the
power output.

The inert fluids that may be injected through
rotary valve {14 may be water or gaseous knock
suppressors, such as- cold exhaust gas, but the
valve may also be employed for the introduction

-of secondary fuels, such as alcohol and alcohol-

water mixtures.

In the foregoing, the new engine has been de-
scribed as being supplied with fuel injected into
the primary combustion chamber and air, either
alone or in the form of a thin fuel-air mixture,
supplied to the cylinder by induction. So oper-
ated, the engine provides the best economy, par-

‘ticularly when-idling, since, under such condi-

tions, only the primary combustion chamber is
supplied with g fuel-air mixture sufficiently rich
to be easily ignited. Some of the advantages of
the new engine, however, are made available,
when it is operated with all the fuel supplied by
the carburetor and no fuel supplied by injection.
The provision of the auxiliary end clearance
chambers 61, 62 makes it possible to operate the
engine during idling with a compression ratio,
which would be undesirably high at full throttle
operation. The high compression ratio improves
the efficiency of the engine but does not produce
excessive compression pressures,” because the
fuel-air mixture is supplied at subatmospheric
pressure in the lower part of the throitle range.
As the operation of the engine approaches full
throttle operation, the total effective end clear-
ance is increased by means of the auxiliary end

clearance chambers, so that the compression
‘ratio does not produce a compression pressure at
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f1ll throttle, which woiid be likely to produce-

deftonation, .

The proviston of the means in the new engine
for varying the compression Tatio also adapts
‘the engine for operation by means of producer
gas, - Operation of an engine with: that fuel.re-
quires & compression ratio between 10 and .15
to 1 as compared with the usual compression
ratios of 6 or 7 to 1 for operation with ordinary
fuels. By proper formation and control-of the
auxiliary end clearance chambers, the engine
may be started on gasoline with a suitable com-
pression ratio and then switched -over:to opera=
tion on producer gas at the necessarily higher
compression ratios.. This shift may be readily
accomplished by proper formation of the rotary
valve centrolling the -chambers so that, in one

position .of the valve, both chambers are effec-.

tive gnd, in another position, both chambers are

cut out. The operation -of the rotary valve as

deseribed ‘may be accomplished by means of a
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cam of proper form on the control cam. shaft. -

The engine shown in Figs. 9 and 10 is similar

in its mode of operation to that shown in Figs. 1.

to 6, inclusive, but includes no means for intro-

25

ducing fuids, such as cold compressed air, ‘water, -
& gaseous anti-knock agent, etc., into the cylinder :

during operation. The engine, however, includes

the chambers 158, 159, which may be used for

varying the compression ratio and. maintaining
the ' compression pressure within a desirable
range. These chambers are utilized for this pur-

30

pose. in.the same manner as chambers 61, 62 in-

the engine of Figs. 1 to 6, inclusive. -~ = -
The engine shown in“Figs. 18, 19 includes a

85

primary combustion champer 187 for each cylin- -

der and also a single:auxiliary -chamber 78 for
each cylinder, which may be used-fo increase the
total effective end clearance volume for the pur-
poses above. described. . The chamber 118 is of
variable effective volume as’ determined by the

position.of the piston {19 therein and shaft 184"

with its cam 185 may be used to move the piston
within the chamber, as desired. With the piston

in the position illustrated, the volume of cham-

per 118 may be such that, when it is-used, the
engine has a compression ratio of approximately
6 to 1. This ratio may be increased by moving
the piston farther into the.chamber by means ‘of
the shaft and cam and, depending upon the
shape of the cam, the piston ‘in’ its innermast
position may s0.reduce. the effective volume. of
chamber {18 that the compression ratio of the
-engine may reach. 19 .or more, :

An engine of the type shown in Fig, 18:may be 54

advantageously employed for operation with both
ordinary fuels and with - producer: gas. The
engine may be started on'an ordinary fuel‘such
as gasoline, and with the-piston near the outer
end of the chamber 178, so that the compression
“ratio-is appropriate for gasoline operation and
lies between 6 and 7 to 1, for:example. ‘When
the changeover to producer gas operation is to be
made, a much higher compression ratio of 10 or
more to 1 is necessary and, accordingly, shaft 184
is moved angularly, so that cam 85 moves the
piston to its innermost position. In an engine,
which is to be operated alternately with gasoline
and producer gas,
on a contro! shaft, such as shaft 122, or shaft
{84 may be actuated from the control cam shaft.
The cams on the control cam shaft for such. an
engine will then be shaped so that, on movement
of the cam shaft. as described, the various con-
trol devices on the engine will be actuated ap-

the cam (85 may be mounted.

- changed.
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propriately for producer gas operation.  Thus,
for example, the confrol cam shaft may :carry a
cam, which will be effective, when the changeover
from liquid-to gaseous fuel is made, to put the
fuel pump. out. -of operation. The ‘new- engine
may, accordingly, be operated either on ordinary
fuels or producer <gas with the changeover

effected by a single simple .adjustment of the

main control means. R X

The engine shown in Figs. 20, 21 includes:a
water jacketed cylinder {99 -containing: a piston
184, the cylinder being closed at its top by a head
183, - The head is formed with a chamber 193
connected to the cylinder through a passage 184
end containing @ pisten 185 having a rod: 196,
which ‘extends through the removable.end wall
187 of the chamber. The rod carries a.roller 98
&t its outer end, which bears against a cam 199
on o control cam shaft 208, so that, by rotationof

-the shaft, the piston can be moved fo different

positions ‘within chamber 198. The wall of the .
chamber Has ‘@ tapped opening, in which. is in-
serted a spark plug 281 -and the wall is provided
with another opening, in which is inserted.a fuel
nozzle 202, the nozzle being held in place by &
collar 2038 threaded 'on a boss 208, through ‘which
the nozzle extends. o

In the engine shown in Figs. 20, 21, the total
effective end ¢learance consists of the space:above
the face of the piston at the top.of its:stroke, in-
cluding the valve:-cavity 205, plus the volume of
passage 194 and the space in chamber 193. . The
volume of chamber {93 available for end «clear-
arnee purposes varies with the position of piston
195 in the chamber, so that the totaleffective end

' clearance:volume is variable-and: the compression

ratio -of the ergine may be correspondingly
The engine shown in Figs. 22 to 25, inclusive, IS
of the opposed piston type and-it:includes a cyl- -

4nder 206, in which reciprocate pistons 207, :208.

Piston 207 hasia rod 209 connected to a shaft 210,
which is, in turn, connected by -side.rods 211 to
rods 212 connected to. cranks 248 of a crank-shait
2{4. Piston 288 has a vod 215 connected by a rod

‘46 to a crank 21T on. shaft 214 lying between

 céranks 213. The cylinder wall is:formed with a
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row of inlet perts-218 leading into the cylinder
from an inlet manifold 29 and a row of exhaust
ports 228 leading from the cylinder into an ex-
haust manifold 221,

The engine -of Figs. 22, 23 is of .the two cycle
type and, as the pistons move apart.onthe back
stroke, piston 207 -uncovers the exhaust ports:220,
so that the exhaust gases. may pass into manifold
221, after which piston -208: uncovers ‘inlet ports
218 to permit a fresh charge to beintroduced. As

_the pistons approach each other, the exhaust

ports and the inlet ports are closed in that order
and the charge is compressed in the space 222
within the eylinder between the faces of the pis-
tons when they approach each other most closely.
Thespace 222 is, therefore, the end clearanceand,
whereas, in a simple single piston engine, the.end
clearance:is defined in part by the face of the
piston and in part by a stationary wall, namely,
the cylinder head, in an opposed piston engine,

vvphe end. clearance may be considered as defined
-in part by the face of a piston and the surface of

a movable wall, which is the face of the other
piston. In a conventional opposed piston engine,
the space 222 constitutes the total end clearance

" and it is of constant volume.

76

The pylinder of the new engine, in the form
shown in Figs. 22-25, inclusive, is provided with
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At ‘outwdrd extension 223 from its wall opposite
the space -222 and the extension has a vertical
‘portion containing a cnambﬂl 224, The chamber
has an outlet passage 225 at its lower end lead-
ing to a surface of a valve 226 mounted for rotary
‘movement . in-a passage in the extension. Out-
wardly from: the cylinder beyond valve 226, the
extension 223 is formed with a pair of chambers
2217, 228 of different size and having outlets lead-~
ing to the surface of valve 226. Valve 226 .is
formed with channels in its surface; so that it is
of the same general censtruction as valve 52, and
can be moved to different positions to. connect
chambers 224, 227, and 228 to a passage 229 in the
extension leading to space 282 within the cylin-
der. A spark plug 230 is mounted in the outer end
of chamber 224 and a fuel nozzle 251 connected to
a fuel pump is mounted in the wall of chamber
224 near its outer end in position to inject fuel
into the chamber. :
In-the engine described, the space 222 is the
basic end clearance, and, in the cperation of the

engine, ‘chamber 224 is at all times connected to

the basic end clearance through valve 225. At
the proper time in the eycle, fuel is injected into
chamber 224 and ignited and the burning fuel
issuing from chamber 224 is completely constumed
because of the air available in the basic end clear-
ance and in chambers 227 and 238, when they are
used.” When fhe engine is idling, or operating
under low load, the primary combustion chamber
224 is the only one of the chambers connected to
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inder head having a first pdssage  connecting
said rotary valve with said cylinder, an exten-

‘sion member integral with and. extending up-

wardly from said boss and defining a primary
combustion chamber connected to said cylinder
through said rotary valve and said first passage,
charge igniting means positioned in said exten-
sion member, fuel injection means positioned in
said extension member, said cylinder head hav-
ing auxiliary end clearance chambers communi=
cating with said rotary valve, means responsive
to throttle setting operably connected to said
rotatry valve for additively connecting said aux-
iliary end clearance chambers to said eylinder
as the throttle setting is increased thereby re-
ducing - the compression ralio, a second boss
formed in the cylinder head; a first rotary tube

-positioned within said second boss and having

an opening. therein, said cylinder head having
a second passage therein connecting said tube
with said cylinder, tube rotating means for rotat-
ing said tube, and ‘means for supplying fluid
medium to said tube for delivery to said. cylinder
during the combustion phase.

- 2. In an internal combustion engine as de‘”med
in. claim 1 and including & third boss formed in.

-~ sald eylinder hesd, a second rotary tube posi-
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the basic end clearance but, as the weight of the

charge is increased because of an increase in the
load, it is desirable tc reduce the compression
ratio. . For this purpose, valve 228 is rotated to a
position, in which it connsets both chambers 224
and 227 to the basic end clearance,  'When a fur-
ther reduction in compression ratio.is desireq;
valve 228 is moved to another position, in which
chambers 224 and 228, which are larger than
chamber 227, are connected to the basicerd clear-
ance and chamber 227 is.cut offy 'For the fnal
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reduction in compression ratio, valve 228 is moved

to a position, in which all three chambers 224,
227, and 228 are connected to the basic end clear-
ance. -The engine thus functions in the same
manner as the engines previously described and,
if. desired, may be construeted to ineclude means
for supercharging and for the injection of an
inert fluid.

‘The engine illustrated and described cperates
on the Otto cycle with the charge ignited by a
spark plug. It will be apparent that the new
engine may be of the diesel tvpe, in which case
auto-ignition of the charge occurs because of the
compression pressure develonad.

I claim:

1. In an internal combustion engine having a
cylinder block containing a cylinder, a piston
movably mounted in said cylinder ang a throttle
control means, the improvement which com-
prises a cylinder head mounied on said block
over said cylinder, said cylinder head having a
first boss positioned over said cylinder, a rotary
valve positioned within said first: bos.:, said cyl-
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ticned  within said third boss and having an
opening therein, said cylinder having a° third
passage ‘connecting said ‘second tube with said
cylinder, means for rotating said second tube,
and means for supplying fluid medium to -said
second tube for delivery to said -cylinder during
the combustion phase.

3. In an internal combustion engine as defined
in claim ‘1 wherein' the throttle control means
is operably connected to said tube rotating means
ior coordinating the operation of said tube ro-
tating’ means -and: said throttle control means
ina predetermined manner in accordance with
thmt ie setting.

SALFRED. SCHWARZ.
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