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PATENT OFFICE
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AUTOMOTIVE INTERNAL COMBUSTION
ENGINE

Frank A. Howard, Elizabeth, N J. _
Application August 4, 1933, Serial No. 683,593 -

‘37 Claims.

My invention relates to improvements in in-
ternal combustion engines especially suitable for
motor vehicle propulsion. This application is a
? previously filed application Serial No. 650,018,
filed January 3,.1933, entitled -“Gyral engine”.
The invention will be fully understood from the
following description taken in connection with the
10 accompanying . drawings in which I have illus-

trated the engine itself and also the preferred
arrangement of the engine in combination with'
“a vehicle chassis.

In these drawings—

Fig. 1 is a longitudinal vertical sectional view
through & single cylinder engine, and Fig. 1a is
a cross section through the combustion chamber
of the engine taken along the line In—-Ia of Fig. 1;

Fig. 2 is a transverse sectional view taken along
the line II—II of Fig. 1;

Fig.3is a 1ongitud1nal sectional view of a com-
plete automotive internal combustion engine
showing a multiple cylinder engine;

‘Fig. 4 is an enlarged longitudinal sectiona.l view
of the engine of Fig. 3 drawn on the same'scale
as Figs. 1 and 2 and taken through the radial
working and’charge compression cylinders of the
automotive internal combustion engine of Fig. 3;

Fig. 5 is an enlarged sectional view taken along
the line V—V: of Fig. 3, showing the blower con-
struction;

_Fig. 6 is an enlarged fragmentary perspective
- view of the blower arm and its rock-shaft;
. Fig. 7 is a_diagrammatic layout of the control
system for the engine;
Fig. Ta is a transverse. sectfonal view through
" the fuel jet of the carbureter showing the arrange-
ment for use of a supplementary water jet.,
Referring particularly to the single cylinder-
construction shown in Figs. 1 and .2, reference
numeral | designates the crankease ‘which is of
the usual form. The cyllnder 2 associated with
the crankcase is of water cooled two-cycle design.
_The .cylinder 2-is provided with a pair of inlet
ports 3 on one side of the cylinder and with a
pair of exhaust ports # on the opposite side of
the cylinder. This constrtiction provides for large
port areas with four lands betweén the ports.
The cylinder 2 is provided with a piston § which
is rotatably connected to a crankpin 25 to be later
described. A combustion chamber 6 is provided
~at the top of cylinder 2 and is of crescent form
" and partly offset as shown in Figs. 1 and la. The
combustion chamber 6 receives a spark plug 1.
and charge admission valve 8.
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. division in part and continuation in part of my.

(Cl. 123—65) .
Charge admission valve

The charge admission valve 8 is made up of
four main parts as follows: First, a body 9 of the
size of & spark plug shell is screwed into-a thread- 5
ed hole in the cylinder 2, in the same manner as
‘a spark plug; second, a poppet type valve 10 is
seated on the inner end of the body 9; third, a
loading spring 11 is associated with the valve 10
holding the valve closed against pressure within
the body 9 up to a predetermined limit; fourth, a
cap 12 is threaded over the exposed end of the
body 9 and encloses the valve spring t{ to exclude
dirt and prevent leakage along the stem of the .
valve 18. A compressed charge which is admitted 15

_to the cylinder by the valve 10 reaches the cavity
in the valve body 9 through a drilled passage !4
in the cylinder casting 2. The passage 14 extends
the length of the cylinder 2 and passes through
the wall dividing the two exhaust ports 4. The
valve body 9.is grooved externally at 5 opposite
the end of the passage 14. A plurality of holes
16 through the body 9 deliver the charge from
the groove i5 into the cavity of the body 9 back

10

. of the head of the valve {0. By virtue of its

small size the valve 10 is capable of pperation at 25
very high speeds. The valve 10 is' constructed
with a seating area large in proportion to its
free area as shown in Fig. 1 and therefore re-
mains open under pressure less than the pressure
required to open the valve initially, For example, 30
the valve 10 may be loaded to open under a pres-
sure difference of two atmospheres and with a
seat ares greater than its free area the valve will
remain open until the pressure difference drops
below one atmosphere. 35

Charge compressor

On the open side of the crankcase | there is
mounted a charge compression cylinder 18 of a
displacement..very much smaller than that of
the working cylinder 2. The compressor {8 has -
s piston 19 which is driven through & connecting
rod 20 by means of an eccentric 21 mounted on
_a crankshaft 22. The eccentric 21 is set ahead
of the crankpin 25, for example 45° more or
less, the exact setting. being adjustable by loos-
ening cap screws 26. which latter pass through
arcuate slots in a driving flange 27 keyed to the
crankshaft 22. The compressor {8 is provided
with a delivery port 28 which opens directly into-
the passage 18 in the cylinder casting 2. By
means of this arrangement the volume of 'the .
delivery passages back of the valve 8 may be
kept to a small fraction of the displacement of g5
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the compressor, and the charge admission valve

-8 becomes the outlet valve of the compressor,
still permitting thieé compressor (8 to operate at-

fair - volumetric efficiency. The compressor (8
has a head 29 which is seated in the compressor
cylinder on a conical seat 30 having:spaced pack-
ing grooves 31.. A hard packing or ring gasket
is used in the inner groove and a soft packing in
the outer groove so that upon forcing the head
29 to its seat by a ring nut 32 there will be
formed a pressure-tight seal on -the inner pack-
ing. The outer packing is sufficiently tight to
prevent infiltration of air during the suction
stroke. ‘This latter requirement arises from the

use of the head as a suction connection by drill-

ing the head horizontally at 34 to communicate
with: an inlet port 35. An .inlet valve is pro-
vided for closing the port 35 and consists of a
flat spring or reed 36 which is disposed in a re~
cess in the inner face of the head 29 and is se-
cured at its extremity by a screw as illustrated in
Fig. 1.
minimum the clearance volume within the com-
pressor cylinder 18. It is possible for the piston
19 to practically contact the flat inner. face of
the head 29 at its upper position. The head 29
may be notched to register with the outlet port
28 and slightly increase the delivery port. area
at the top of the stroke of the piston 19. These
details of construction are described as indicative
of the necessity of avoiding unnecessary clearance

* volume in the compressor, which, although al-
~ ways good practice, becomes of especial impor-
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tance and difficulty in the present design in which
the outlet valve 8 of the compressor is located
at some distance from the compressor head 29

as required for its double functioning as a charge’

admission valve and a compressor outlet valve.

The inlet passage 34 of the compressor head
29 registers with a suction passage 38 connected

to a carbureter 39. The carbureter 39 is of usual
design constructed to maintain & constant ratio of
fuel to air with variable delivery, butf in addition
is provided with means for opening the fuel jet
to increase very greatly this ratio. The details
of suitable arrangements for this purpose will be
later descnbed

Air blower

On the side of the crankcase i opposite the
compressor 18 there is located a blower of the
type described in my previously filed application
Serial No. 650,018, filed January 3, 1933, entitled
“Gyral engine”, which supplies air for scaveng-
ing, internal cooling and for combustion. The

blower comprises a housing 42 and two moving’
" parts in addition to the crankshaft 22, namely a

. gyror 43 and a rockshaft 44. The housing 42

60
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comprises a cylindrical casing having a connected

extension 45 at its upper side. The extension
45 is provided with a port 47 in its face adjacent
the cylinder 2 which .registers with the inlet
ports 3 of the cylinder. A fixed sleeve 48 extends

through the housing 42 from one face of the hous-

ing to the other and serves as & bearing for the

_ rockshaft 44. 'The rockshaft 44 is slotted in its
~ center at 49 to form a slide bearing and seal for

- 70
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an arm 50 of the gyror 43, and the sleeve 48 is
likewise slotted with a wider slot 52 of the same
length to permit of the passage and oscillation
of the gyror arm 50. The gyror arm 50 is car-
ried by a drum shaped gyror 43 which is the dis-
placing member of the blower. - The side faces 52
and 53 of the gyror 43 have 3 sliding fit against
the inner faces of the casing 42 while the cylin-

The design is such as to reduce to a
later described.

2,087,619 ,
drical surface 54 of the gyror 43 has a minimum

working clearance with. the inner cylindrical
surface of the casing 42. The gyror is driven
through a bearing 55 from an eccentric 56 keyed
tothe crankshaft 22 in the same angular position
as the crankpin 25.. The admission port of the
blower is constituted by a hole 57 in the side of
the housing extension 45. A tight fitting bal-
anced valve of the butterfly type designated 58
is carried on a shaft parallel with the rockshaft
44 and is adapted to control by-passing of air
over the top of the arm 50 and thence back to
the suction side ‘of the blower.

The engine ‘construction shown in Figs. 1 and
2 is completed by an ‘exhaust pipe 60 which reg-
isters with the exhaust ports 4 and carries at its
outer end & loaded valve 61 by means of which a
regulated back pressure may be put upon the ex-
haust for purposes of supercharging. The valve
61 is' preferably dampened to prevent chattering
by means of a dash pot 62. Details of means for
regulating the loading of such a valve will be

Enyme operatwfn,

The engine as-described operates as follows
Upon rotation of the crankshaft 22 a charge of

10

20

combustible mixture is drawn into the- com- .

préssor 18 and its compréssion is begun by re-
turn movement of the compressor piston 19. At
or about the time the working piston 5 has over-
run the exhaust ports 4 on its compression stroke,
the compressor piston 19, which is for. example
now at 105° past bottom dead center, will have
built up a pressure sufficient to overcome the
loading of the valve 9 and the compressed charge

will be delivered into the combustion chamber 6
This de- .

progressively as the rotation continues.

30

livery will end only when the compressor piston -

19 has reached top dead center.
sion of the charge in the compressor aids in its
vaporization, and the delivery of this charge
under substantial pressure difference through the
valve 8 atomizes unvaporized fuel. The. expan-
sion through the valve 8 cools this valve, the
combustion chamber 6 and ‘more especially the
spark plug 7 which may be located as shown in
the path of the expanding charge and close to

- the valve 8. The compressor piston 19 may be

timed to reach .its outer dead center before or
shortly  after ignition occurs,”

Following ignition, the charge burns and ex-
pands in the usual way to-deliver power through
the working piston 5. When the working piston
§ approaches bottom dead center it uncovers the
exhaust ports 4 and the residual pressure is re-
lieved throughi the ports 4 at or-before the time

_ the inlet ports 3 are uncovered. Assuming that

the blower by-pass valve is not too far open,
the opening of the inlet ports will permit the
compressed air in the blower housing to deliver
through the inlet ports 3. In part this. air will
be deflected upwardly to scavenge out the exhaust
gas and in part it will pass directly across the
piston 5 cooling the latter and emerging with
the scavenged exhaust gases. In the engine il-
lustrated the displacement of the blower is three
times that of the working cylinder 2. There is
therefore a large excess of air available and while
it has been considered that scavenging air which

" by-passed directly through the cylinder -without

pushing out its quota of exhaust gas was wasted,

the present design definitely contemplates a sub-
-stantial “percentage of such by-passing for the:

express purpose of cooling the piston head § over

.The compres-.
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which the air flow in question occurs with the.

present simpiified design.

The design further contemplates the retention -

. of a substantial proportion of unscavenged ex-
s haust gas in the combustion chamber 8, for the
purpose of aiding vaporization, improving igni-
{ion, and smoothing pressure rise during combus-
tion. . This retention is affected. by the partly
pocketed form of the offset combustion cham-
10 ber 8. The loss of power from this retention of
exhaust gas is capable of being offset by keep-
ing a small back pressure on the exhaust gases
by the valve $i. o
By further increasing this back pressure it is

15 possible to aobtain a considerable super-charging
effect. ¥For example if the valve 61 be loaded to
‘maintain a pressure of one atmosphere (gauge)

on the exhaust, then the bléwer will deliver at

that pressure one and one-half displacement vol-
20 umes of air, sufficient to give substantially com-
plete scavenging with an excess, available for
cooling purposes by direct flow across the top of
the piston, leaving the cylinder substantially filled
with air at a pressure of two atmospheres abso-
98 Jute st the time of closing of the exhaust ports 4.
If this be assumed to be the maximum blower
super-charging efféct desired, there is then the
additional super-charging effect of the charge

compressor §8. I prefer to proportion the com- .

39 pressor {8 for & delivery (allowing for volumetric
loss from suction and clearance volume) between
109% and 25% of the engine displacement. This
smount of additional super-charging will there-
fore take place during the compression stroke and

38 constitutes the second stage of super-charging.

_ The final effect may therefore be super-charging
up to an equivalent volumetric efficiency of the
working cylinder of over 200% corresponding to a
brake mean effective pressure-of over 200 pounds

40 per square inch as compared with about 50 pounds

per square inch for a normal two cycle engine

with 'crankesse compression. Such high brake
mean effective pressures put low limits on the
permissible compression ritio unless there be
used fuels of most exceptional anti-detonation
value or unless the cooling be exceptional. In
the engine ‘of this invention the blower super-
charging is arranged to effect intensive cooling of
the piston head 5 which without this cooling is
the principal contributing cause for detonation,
and the use of a pre-compressor {8 for the charge
with expansion injection through the valve § di-
rectly into the combustion chamber 6 and in
proximity to the spark plug T avoids true pre-
ignition. To the extent that exhaust gas is re-

45
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tained in the combustion chamber 6 it is a further.

factor in preventing detonation, the retained heat
thereof being -of less importance than its heat
adsorptive capacity during combustion of the
fuel. .
1f the net delivery of the charge compressor
18 be as small as 10% of the displacement of the
working cylinder §, it is possible to operate it at
constant volumetric efficiency, that is without &
throttle valve since this is the approximate
minimum charge volume required for idling con-
ditions. During idling the blower by-pass valve
- 58 will therefore remain wide open, the entire
air supply as well as the fuel being delivered by
the compressor i8. This results in exceptionally
smooth and reliable low speed idling. The ex-
haust back pressure valve 61 will, of course, also
be open and unloaded under such conditions.
_To increase the power output of the engine, the
by-pass valve 88 is partly closed. This results

80
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with consequent flow of air through the poris'3
into the working cylinder. 'The carbureter 39

in building up a pressure in the blower housing

must now supply fuel in proportion not alone to ’

the air flowing through it, but in proportion also.
- to that delivered by the blower.

This result is
obtained by increasing the fuel-to-air ratio of
the carbureter proportionately to the closing of
the by-pass valve 58. Changes in total air
supply per minute resulting from changes in

engine speed without change of setting of the by-,

pass valve 58 will be taken care of by the meter-
ing characteristics of the carbureter as in normal
practice. Preferably the by-pass valve 58 will be
fully closed before the exhaust back pressure
valve 61 ‘is loaded. The engine will therefore
operate up to an equivalent volumetric efficiency
in excess of 100% (neglecting the .capacity lost
through late closing of the exhaust) without ex-
haust back pressure, and under these conditions
will deliver up to two displacement volumes of
cooling air through the cylinder and especially
over the piston head 5 at each cycle. Where the
ratio of surface to volume of the combustion

‘chamber is high, as for example upwards of 1.5

to.1, corresponding to the small cylinders espe-
cially useful in automotive work this internal
cooling is efficient in the sense that the air used
picks up heat in important amounts from the
combustion chamber walls. As the surface to
volume ratic falls the efficiency of utilization of
the excess air for cooling of the walls also drops,
and in large engines of the slow speed type is
practically negligible. The operation described
is therefore especially the desirable condition for,
high speed engines in which the heat liberation in
unit time and consequent required rate of heat
flow through the walls of the working chamber

156
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is high. Without adequate internal cooling the .

rate of heat flow in a two cycle engine operating
at high speeds and high brake mean effective

. pressure becomes excessive with consequent un-

controllable pre-ignition or detonation and fail-
ure of cylinder lubrication. ) )

On the other hand relative average rate of
heat liberation and heat flow through the walls
at low speeds even at high brake mean effective
pressure is low, and-it is possible to reduce the
required internal cooling. The excess blower
capacity employed for internal cooling of small
engines at high speeds is therefore available and
may be used for super-charging at low speeds to
level off the speed-power curve of the engine to

cause it to approach the variable cut-off re-.

ciprocating steam engine or the series wound
electric motor. . :
-These unusual performance - characteristics
render the engine of the present invention espe-
cially suitoble for vehicle propulsion. For such
service, however, there is required in addition the
maximum attainable degree of- continuity of
torque, which comes only with multiplicity of
working chambers or cylinders even where the
two stroke instead of the four stroke cycle is
employed. There is further required compactness
of design, licht weight, absence of vibration and
easy accessibility “of parts requiring frequent
service attention. In adapting the engine of the
present invention to this service in the manner
here shown and described it has been possible to
meet these conditions. .

Radial engine

. Referring to the construction shown in Figs. 3 .

to 7 inclusive, the ten radial cylinders which
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£ may be for example 2%’’ bore by 2'’ stroke are
: preferably cast integrally within a smooth annu-
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. bearing 83.

lar water jacket 70. The common annular water
jacket 10 surrounding all of the cylinders is so
large that thermo-siphon or evaporation cooling
is adequate for the engine, thus dispensing with
a water circulating pump. Each of the ten

radial cylinders is of the construction previously .

described in connection with Figs. 1, 1a, and 2.
I prefer to use an articulated connecting rod for
the ten pistons, the master rod being designated
13 and one of the nine link rods being designated
T4. The crankshaft 15 is divided, the crankpin
being formed integrally with the loaded end of
the crankshaft and secured in the crankthrow of
the unloaded end of ithe crankshaft. The big-

‘end bearing may thus be a one-piece bushed

bearing. - The main bearings 18 of the crank-
shaft are shown as ball bearings. The engine
kcrankcase is designated 79.

Radial compressor

The compressor, like the engine itself, is pref-
erably formed as a single casting, designated 80,
and carrying ten radial compressor cylinders
preferably aligned with the respective engine

cylinders which they serve. 'The compressor cast- .

ing 80 fastens directly against the face of the
engine casting .70 and forms the support for the
adjoining main bearing 18 as in the construction
illustrated in Fig. 1. The compressor pistons 81
are driven by articulated connecting rods 82, the
big-end bearing of the master rod being a ball
The stroke of the compressor pis-
tons is so short that they may be conveniently
operated by an eccentric. 84 which is keyed to
the crankshaft 75. Because of the compact ar-
rangement of the parts as shown in Fig. 4, it
is practical to consider the eccentric 84 as an
over-hung load on the adjoining main bearing
18. A cocmpressor counterweight 86 may be locked
against the face of the eccentric 84 by a retain-
ing nut 87 which secures the eccentric 84 in
position. The compressor eccentric 84 is set
ahead of the engine crankpin 16 by 45° more

.or less as previously described. In addition to

the counterweight 86 the .adjacent crankthrow
of the crankshaft 75 is formed to complete the
balancing of the compressor thus avoiding the
interposition of a counterweight between the com-

. pressor eccentric 84 and the main bearing -78.

60

7%

By virtue of perforations 89 in the compressor

casting 80, the crankcase 9! of the compressor -

opens freely into the engine crankcase 19. The
engine crankcase 19 is flared outwardly at a
small angle to form a cone frustrum with its
larger -end opening to the compressor Both
centrifugal force and. gravity thus operate to
divert oil from the engine crankcase 19 into the
compressor, where "it may collect in the dead

space around the lowermost cylinder and be:

drained off to a sump tank'to-be later described.
’ Fuel distributor ’

The outer face of the compressor crankcase

9] is closed by a charge distributor housing 92
which encases a distributor impeller 93 keyed
to the crankshaft 15. The housing 92 is drilled
axially at its inner periphery to form openings
95 which register with compressor inlet ports 86.
The central portion of the cover plate of the
distributor housing 92 has a port 91 ‘for the ad-
mission of carburetted air which is delivered from

2 carbureter 98 through an intake pipe 99 which -
extends downwardly from a heater chamber 100

1.
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carried by an exhaust collector ring 101. The
exhaust collector ring 10! communicates with the

exhaust' ports 4 through exhatst passages 102..

An exhaust pipe 103 lea,ds from the. exha.ust col-
lector ring 101.

Lubrzcatmg oil feed

is formed as a unit. with a pump housing dand oil

sump designated {05. Within the housing {05

there is. mounted an oscillating cylinder lubri-
cating oil pump {06. The bearing for the os-
cillating cylinder is a hollow trunnion 108 which.
carries the pump foot valve 108. The pump (06
is driven by an eccentric 110 mounted on the
crankshaft 715 and delivers the oil pumped
through holes [#{ in the bearing surface of the
eccentric 10 to an oil duct 112 in the crank-
shaft 76 from whence the oil is fed in. the usual
way to the crankpin bearing as shown and to
any other crankshaft bearing if desired. Oil col-
lecting around the lowermost compressor cylin-
der-drains by gravity through drainage ducts 113
to the sump 105 in which the oil suction valve
108 is located.

Preferably the front end of the crankshaft
15 is coupled directly to the shaft 114 of a gen-
erator (15, as shown in Fig. 3. The generator
115 is secured to the cover plate of the oil pump
housing. 105. The generator shaft 114 and its
bearings therefore serve to support the free end
of the crankshaft 75. The front end of the
generator shaft (i4 carries a cooling fan 1186,
(see Pigs. 8 and- 9), which is thus located oppo-
site the central portion of a cooling radiator
The cooling radiator (17 is prefera.b]y in-
clined as shown in Figs. 8 and 9.

Twin blower »
_A blower casing 120 is attached to the back

.The cover plate of the distnbu.tor'.hous'ing 92 A

10
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40

face of the engine casting 70 as clearly seen in .-

Fig. 3, and forms a closure for' the rear end

‘'of the crankcase 79 and support for the rear

main bearing 18. The blower casing 120 is di-
vided by a central web 121 to form two blower
chambers both of which open at thet top into an
annular passage 123 which forms a mamfold de-

45

livering air to the ring of inlet.ports 3 of the .

engine. The passage 123 is blanked off by a web
1256 on the intake side of the blower casing 120

and opens to a by-pass 126 on the delivery side

of the casing §20. By-pass control valve 121
controls flow through the by-pass 126 from blow-
er outlet ports 128 to inlet ports 129, An air
inlet opening I30 is provided in the side of the
by-pass 126, as can be seén in Fig. 5. Gyrors 131
of the blowers are driven by eccentrics 132 set at
180° on a sleeve 133 keyed to the crankshaft 15

and are counter-weighted as indicated at 134..

Bach gyror ‘131 is provided with an arm (36
which passes through 2 slot in a rock-shaft 131,

as clearly shown in Figs. 5 and 6. The two rock- '
shafts 137 are assembled in end to end rela-'

tion in.a.common sleeve 138 which has wide

slots 189 to permit of the oscillation of the arms -

136. The sleeve 138 is supported at its ends
by the casing 120 and in the center by the par-
tition web 121. One of the two blower arms 136
carries a driving. rod 141 affixed to its end and
projecting through a slot 142 in the housing 120.
At its outer end the rod 141 has a bearing on a.
crank which is afiixed to an accessory shaft 143

mounted atop the blower housing (20 in a cas- .

ing 144, The accessory. drwe-shaft 143 is thus
coupled directly and positively. to’ the engme

-1
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crankshaft 75 and may therefore be employed
to drive timed accessories such as an electrical
ignition apparatus. The parts being of the pro-
portion shown in the drawings, the end of the
driving rod 181 describes a path so nearly a true
circle that the variations may be ignored for

practical purposes, the elasticity of the parts and -

the ordinary bearing clearances being sufficient

. to take up the microscopic deviations. The an-
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gular velocity ratio of crankshaft 15 and the ac-
cessory shaft 143 alsc deviates slightly from unity
but this deviation is small, constant and pre-
determinable for each angular position and may
therefore be compensated for in the design of
the timed accessory where necessary. As will

"be apparent from Figs. 8 and 9, the location of

the accessory drive-shaft is espeqially convenient,
giving maximum accessibility for service adjust-
ments of accessories driven thereby. .

Control system

Referring to Fig. 7 in which the control system
is shown in an enlarged dlagram, the manueal con-
trol rod by which the power output is regulated
is designated 166. The control rod 166 is mov-
able axially to the right, as shown in Fig. 7, to
increase power output, and to the left to decrease
the power output of the engine. At the front end
the control rod 166 is pinned to one end of a
floating link 168 supported by a hanging link 169
from & fixed point. The center of the link i68
is coupled by = link 168a to & crank-arm {70 on
a cam shaft {if: A cam {73 on the shaft {7{
moves a fuel valve
second arm 175 on the cam shaft {71 is coupled

by a link {76 with the carbureter throttle valve

177. The link 76 has a slotted end (78 within
which the pin of the arm (1§ may slide against
the resistance of & spring extending .the length
of the slot. :

A third arm 986 on the cam shaft {71 has
coupled theretc at its end a link {8{ which
through & bell crank {82 as shown operates the
blower by-pass valve (21 previously described.
The link 181 likewise has a slotted head 183 with
an axial spring, which spring however extends
only through half the length of the .slot, as
shown. The arin {80 carries an additionsl link
184, the slotted outer head 185 of which is pinned
to a bell crank {86, the other arm of which is
pinned fo & télescopic loading rod 87 fixed to the
exhaust back pressure valve 163 which has pre-
viously been describéd.” The exhaust back pres-
sure valve 165 has a'spring (88 fastened to it and
of sufficient strength to hold the valve {65 nor-

mally open and take up lost motion in the link-

age connected with the valve. The valve 166 is
coupled also to a dash pot 196 which prevents
chattering of the valve. The two ends of the
telescopic loading rod 187 are held in an extended
position by a valve loading spring {8f. The up-
per end of the bell crank 186 is coupled through
o link 192 having a slotted head and throvgh &
jever 182a to the end of a governor shaft 198.
A ball governor 194 is affixed to fhe governor shaft
{98 so that upon expanding by .centrifugal force
it is capable of drawing in the shaft 193 axially
against the resistance of a spring 185. Such re-
sistance, however, causes the governor 184 to first
retract, up. to limit of its moveiacnt, a shaft 186
on its other end. This shaft §96 is splined in &
driving-sleeve {97 of the governor $84. The driv-
ing sleeve 197 is indicated diagrammatically as
being driven by a belt 188 from the driving mem-

‘proximately 10%) the

178 of the carbureter 98. A

mixture delivered by the

. " 5
ber 150. The shaft 196 is coupled through a link
200 to the floating link 168.

Operation of the control linkage
The sequence of obera,t-ion of the control ﬁnk-

age just described is as follows: Initial opening -

movement of the control rod 166 rocks the cam
shaft (7! to open the throttle 177 progressively
up to the full open position without effecting any
other motions, except that as the speed of the
engine increases the governor retracts the shaft
{96 and thus offsets the opening movement of

“the rod {66 by moving the lower end of the float-

ing link (68 to the left, as viewed in Fig.7. This
control action of the governor 194 is optional,
and is intended only to prevent the engine from
tending to race at low throttle openings when
unioaded. The throttle {77 is also optional. If
the compressor displacement be limited to the

charge volume required for idling the engine, the

throttle {71 may be omitted, permitting the com-
pressor to operate at full volumetric efficiency at
all times. 1If it be desired to employ the compres-
sor for super-charging beyond this low limit (ap-
compressor must be of
larger displacement and in such case requires the
thirottle §T7 for control of the engine at. low

loads, as described. In the event the throttle 177

is omitted there will be no ,
between the arm £80 and the link 181.

lost motion provided
Initial

movement of the control rod 166 will therefore

begin to close the by-pass valve 121, thus creat-
ing s pressure in the blower. delivery duct 128
which will result in the delivery of air through
the inlet ports 3 of the engine when the latter
are exposed by the pistons. The air entering the
ports 3 will displace exhaust gas through the op-
posite ports 4. -Each cylinder will therefore con-
tain & mixture of exhaust gas and air when the
piston over-runs the exhaust port 4 on its out-
ward stroke. The mixture supplied by the carbu-
reter $6 must now contain sufficient fuel to burn
not only the air passing through the carbureter
88, thence through the compressor to the engine,
but in addition fuel for the alr supplied by the
blower. This result is obtained by enriching the
carbureter 98 to the
compressor proportionately to the - delivery of
blower air to the engine. I employ the cam: 113
for this purpose, forming the surface of the cam
to cooperate with the head of the fuel valve i74
to open the valve as the shaft 111 is turned.
Progressive cpening movement of the rod 166
therefore either first opens ‘the throttle i11 to
full open position without affecting any other
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controls, and subsequently progressively closes .

the by-pass valve 127, simultaneously opening
the fuel valve 14, or if the throttle 171 be omit-
ted, causes the immediate progressive closing of
the by-pass valve 127 with simultaneous opening
of the fuel valve {74. In either case the lost
motion connection formed
of the link §84 prevents the exhaust back pres-
sure valve 165 from being affected until' the by-
pass valve (27 has been fully closed. After the
closing of the by-pass valve 127 further move-

by the slotted head .

65

ment of the control rod 166 causes the bell crank .

186 to rock in counter clockwise direction to

compress the spring 184 and thus force the valve

165 to its seat against the resistance of the
spring 188 which has been holding the valve 163
in the full open position. The slotted ‘head of
the link 192 permits this motion without inter-
ference from the governor if the lathe is in a
low speed position. There is thus created a pres-
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. . effect on the control system, and the engine con-

%

6 .
sure within the exhaust pipe 103, and as a re-
sult the final pressure in the cylinder itself rises
so that the mass of gas retained in the cylinder
on the closing of the exhaust port 4 is increased.
As heretofore stated, the displacement of the
blower is in excess of that of the engine, for

example 150 to 300% of the engine displacement.

So long as the exhaust system is free to dis-
charge directly to the atmosphere, it results that
on complete closing of the by-pass valve 127 the

-blower delivers a quantity of air in excess of .
“that required to displace the combustion gases,

the excess blowing directly out, mainly across the
top of the pistons, for cooling the latter. Until
the exhaust back pressure valve 165 is loaded
therefore the excess blower capacity is used for
internal cooling of the engine.
165 is loaded by the spring 191, however, the
volume (but not the mass) of the blower deliv-
ery decreases proportionately, and the engine
cylinder is charged with air at superatmospheric
pressure, that is super-charged. If for exam-
ple the net delivery of the blower per revolution,
measured at atmospheric pressure, is two dis-
placement volumes of the engine, the valve 165
may be loaded by the spring 18¢ to hold a pres-
sure of one atmosphere gauge on the exhaust
system. The volume of the blower delivery un-
der these conditions is approximately equal to
the displacement volume of the engine, so that
the combustion gases are displaced against a
pressure of one atmosphere (gauge) by an equal
volume of air at the same pressure, leaving the
cylinder filled with twice the normal mass of
air at the beginning of the compression stroke.
This increased mass of air requires additional
fuel for combustion, which is provided as before
by further enrichment of the mixture in the
carbureter 98 resulting from the progressive
opening of the fuel valve by the same control
motion which loads the exhaust control valve
[65. Under conditions of maximum super-
charging the carbureter 98 may deliver a mix-
ture so rich that relatively little vaporization oc-
curs in the induction or'intake pipe 98. For
that reason it is especially desirable to employ
a down draft carbureter with heater and induc-
tion pipe arranged for continuous downward
flow, as shown, and to deliver from the induc-
tion pipe 99 against a rotary charge distributor
93 through which the unvaporized fuel is.deliv-
ered in equal proportions to each of the com-
pressor cylinders. A -
Assuming the control rod 166 to be in the
fully advanced position, operation under super-
charging conditions continues until the engine
attains a speed sufficient to overcome the tension
of the governor springs, for example 1,000 ‘to
1,500 R. P. M. Beyond this speed the governor

"shaft 193 begins to be retracted, the lost motion

is taken up in the end of link 192 and through
the linkage shown the governor forcibly moves
the entire control linkage backward, thus pro-
gressively unloading the spring 191 and reliev-
ing the back pressure on the exhaust system,
until at a speed of, for example, 2,500 R. P, M.
the governor reaches the limit of its.gction. ‘At
this point the valve 165 is completely unloaded
and is refurned to its open position by the spring
188. Further increase of engine speed has no

tinues to operate at full volumetric efficiency,
but without blower super-charging and without

- exhaust back pressure, up to its maximum speed

of, for example, 5,000 R. P. M. During such

‘When the valve
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operation the excess blower capacity. is usefully

- employed in internal cooling of the engine, serv-’

ing to prevent excessive temperature rise of the
combustion chamber surfaces, especially the pis-
ton head. Super-charging to the extent of the
net delivery of the compressor continues un-
changed throughout the speed range of the en-
gine, the increase of power from this super-
charging being sufficient to offses the weight of
the compressor. To a considerable extent also
the compressor super-charging exerts a cooling:
action offsetting the tendency toward detona-
tion. The primary cooling effect is from the loss
of heat during compression, with resultant tem-
perature of the charge as injected through the
valve 8 below that of the compressed gas in the
engine. A secondary cooling effect is obtained

by the absorption of -heat by vaporization of the

fuel after the closing of the compressor intake
valve, that is during compression and injection.

Supplementary internal water cooling

- If desired, additional cooling may also be ef-
fected most conveniently by the compressor by
installing an additional nozzle 203 and valve 204
in the carbureter 98 as indicated in Fig. 7a, and
supplying the nozzle 203 from a separate flodt
chamber, connected to a water supply. This
water valve 204 operates in precisely the same
way as the fuel valve save that it remains closed
until the control linkage reaches an open posi-
tion requiring supplementary cooling by water
after which it opens progressively. When using
compression ratios or super-charging pressures
requiring supplementary internal water cooling,

it is desirable to insulate the heater chamber:

100 from the exhaust pipe 101 so that there will
be no substantial vaporization of the water in
the induction system and therefore no substan-
tial effect on the air volume inspired by the
compressor cylinders or loss of heat absorption
power of the water. Vaporization of the water
during compression in the compressor reduces
the temperature of the charge prior to injection,
while vaporization occurring as or after the
charge is injected into the combustion chamber
6 through the valve 8 directly cools the combus-
tion chamber contents. In both cases the heat
absorption attendant upon the vaporization of
the water does not reduce volumetric efficiency.
Preferably the compression ratio of the engine
as used for general motor vehicle service is such
that supplementary water cooling is either un-
necessary or is limited to the condition of blower
super-charging. The occasions for such blower

_ super-charging in vehicle service are so rare and

short of duration that the water requirement
may be taken from the engine water cooling sys-
tem without material enlargement of its reservoir
capacity:. -~ .- - B

It. will be understood from the foregoing speci-
fication that .there is provided by the present
invention an engihe design of unique perform-
ance capabilities which fit it especially for service
in vehicle propulsion, and that its mechanical
embodiment is such that when combined as shown

with & conventional vehicle chassis it produces.

an automotive vehicle of materially simplified
construction. I am aware that various elements

~of this complete construction are old in similar

general combinations, but I believe the combina-

“tion of the present invention to be inventive, new
.and useful as a combination, and I have there-

fore claimed the same in the appended claims.
I have also claimed various elements and sub-
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combinations which are novel ahd usefu! inde-

- pendently or in combinations other than those
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shown. It is my intention to claim all novelty
inherent in thé subject matter herein shown and
described as broadly as is permissible in view of

_the prior art.

I claim: .

1. A positive displacement two cycle internal
combustion engine having an air blower driven
by .the engine and of a capacity substantially
in excess of the engine displacement, means for
supplying the air delivered by the blower to the
intake ports of the engine during the period in
which the exhaust ports are likewise open, where-
by the excess air 'passes through the engine for

internal cooling of the combustion chamber walls, .

mesans for regulating the air supply to reduce.it
below the engine displacement for reduction of
engine torque below full normal forque, means
for applying a regulated back pressure to- the
exhaust ports of the engine to retain an air
volume in excess of the engine displacement vol-
ume, and independent means for supplying to
the engine carbureted air under pressure after
compression has been initiated. o
2. An engine according to claim 1 in which
means is provided for progressively limiting the
back pressure which may be applied to the ex-
haust as the speed of the engine increases.

3. In combination with a positive displacement -

" internal combustion engine, an air compressor of

35

relatively small displacement as. compared with

the engine, means for synchronously driving the
compressor by the engine with at ieast the latter
portion of the compression phase of the com-

- pressor coinciding with a part of the compres-
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slon phase of the engine, means:for supplying

Y

water to the compressor during its suction phase,
and means for delivering comprcssed air carry-

ing the water so supplied o the engine for re-

ducing the temperature attained on combustior:.

4. A combhination according to claim 3, means
for supplying fuel as well as water to the com-
presser during its suction phase.

5. Tn combination with an internal combus-
tion engine, a blower for supplying air thereto
comprising & casing of cylindrical form, a drum
shaped rotor of less diameter than the casing
and of the same axial length rotatively and ec-
centricglly mounted in the casing substantially
in contact on the projected radius of the ec-
centric throw, means for rotating the eccentric
mounting means of the rotor on the axis of the
casing, o radial arm extending from the rotor,
a rocking member journaled in the casing par-
slel with the axis thereof and having a sliding

- seal with the arm, means for ‘preventing air from

60

passing from one side of the arm and rocking

member to the other side, means for admitting ' irayy mounted on one face of the engine and

drivenr by the crankshaft thereof, a multi-cylin-

air to the casing in proximity to the side

arm which lies in the direction of rotation :
means for delivering air to the engine from‘the
casing in proximity. to thé other side of the arm.
_ 6. A combination sccording to claim 5 in which
the blower is synchronously driven by thé engine
and the arm. is extended through the rocking

‘meniber and rotatably connected to a crankpin,

and an accessory driveshaft is mounted paraliel

_ with the casing axis and carries the crank for
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said crankpin, whereby the blower serves to drive

the accessory shaft synchronously with the en-

gine. ’ . -

7. In combination with an internal combustion

engine, an eccentric synchronously driven by the

crankshafi thereof, a driving member rotatably
‘.

mounted on the eccenfric and having a sliding
fit with a spaced rocking member mounted par-
allel with the eccentric shaft, an accessory shaft
journaled for rotation on a parallel axis in the
plane of the eccentric and rocking member axes

and equally spaced, and a crank on the acces-.

sory shaft operatively connected with the said
driving member whereby the crankshaft drives
the accessory shaft synchronously. '

8. A combination as described in claim 5 in
which the engine has a multiplicity of combus-

tion chambers operating at approximately equal

angular intervals, and the blower is in duplicate
with the two gyrors at 180° with respect to one

_another. .

9. In comhination with a multi-chambered in-
ternal combustion engine, a radial charge com-~
pressor mounted on.-the engine shaft and having
an equal number of compression chambers, a sta-
tionary housing surrounding the shaft adjacent
the compressor, an impeller secured to the shaft
and turning therewith in the housing, means for
supplying liquid and gas to the housing in the
path of the impelier, means for supplying liquid
and gas distributed by the impeller from the pe-

riphery of the housing separately to each cham-

ber of the compressor, and means for supplying
the compressed mixture from each compression
chamber to a connected engine chamber.

10. In combination a multi-cylinder radial in-
ternal combustion engine, a radial charge com-
pressor of an egual number of cylinders mounted

-
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on one face of the engine and driven by the .

crankshaft thereof, a charge distributor housing
on the othér face 6f the compressor and having

ports in its periphery connected respectively with*

the compressor cylinders, an impeller secured to
the crankshaft and operating in the housing,
means for supplying liquid and gas to the housing
in the path of the impeller for distribution there-
by to the ring of peripheral ports, and means for
supplying the compressed mixture from: each
compressor cylinder to a connecting engine cyl-

“inder. : .

il. In combination a multi-cylinder radial in
ternal combustion engine, a circular housing
mounted on one face of the engine having an in-
take -and an outlet, a displacement member
mounted on the crankshaft and operating in the
housing to displace air under pressure, means for
by-passing a portion of the air to the intake side
of the housing, an outer circular conduit sur-
rounding and. forming a part of the housing,
means for supplying air under pressure from the
housing to.the conduit, and means for delivering

_the air so supplied through the side face of the

conduit directly to the cylinders of the engine.

12. In combination, a multi-cylinder radial in-

ternal combustion engine, a rotary blower cen-

der rgdigl compressor centrally mounted on the
other face of the engine and likewise driven by
the crankshaft thereof, means for'delivering the
blower discharge in parallel to the engine cylin-
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ders, and means for delivering the compressor .

cylinder charge to & single connected cylinder of.

the engine, ;. _
13. A combination as described in claim~ .12

having in addition a circular housing adjacent

.the compressor and from the periphery of which

lead individual suction ducts for the compres-
sor cylinders, an impeller on the crankshaft with-

‘in the housing, and -means for delivering liquid

and gas to the housing in the path of the im-
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peller for dlstributmn thereby to the nng of
suction . dicts.

14. In combination, a recxproca.ting single act-:

ing internal combustion engine, means for sup-
plying its main air requirement in advance of the
compression stroke of the piston, means for sup-
plying additional air during the compression
stroke comprising a reciprocating single acting
compressor mounted -beside the engine cylinder
and driven from the crankshaft, means for sup-
plying water as well as air to the compressor
for delivery thereby to the engine, and a single
valve interposed between the compressor cylin-
der and the engine cylinder and constituting the

_outlet valve of the compressor and the means

for admitting the air and water delivered there-
by into the engine cylinder,

15. In combination, a reciprocating single act-
ing internal combustion engine, means for sup-
plying its main air requirement in advance of the
compression stroke of the piston, means for sup-
plying -additional air ‘during the compression
stroke comprising a ‘reciprocating single acting
compressor mounted beside the engine cylinder
and driven from the crankshaft, means for sup-
plying fuel and water as well as air to the com-
pressor for delivery thereby to the engine, and
a single valve interposed between the compres-
sor cylinder and the engine cylinder and con-
stituting the outlet valve of the compressor and
the means for admitting the air delivered thereby
into the engine cylinder.

16. A variable torque high speed positive dis-
placement internal combustion engine having a

combustion chamber of high surface to volume °
ratio operating on the two-stroke cycle, an air -

blower driven by the engine of capacity substan-~
tially in excess of the engine displacement, inlet
and exhaust ports for the engine controlled by the
piston, means for supplying the air delivered by
the blower to the intake ports of the engine dur-
ing the period of its cycle in which the exhaust
ports are likewise open, whereby the excess de-
livery of the blower passes through the engine for
substantial internal cooling of its combustion
chamber walls, means for regulating such air
supply whereby the air volume admitted per cycle
may be reduced below the engine displacement
for reduction of engine torque below full normal
torque, means for delivering fuel to the combus-
tion chamber after the closing of the exhaust
port, means for applying & regulated back pres-
sure to the exhaust port, and means responsive
to the speed of the.engine for progressively lim-
iting the back pressure which may be applied to
the exhaust as the engine speed increases.
. 17. A variable torque high speed positive dis-
placement internal .combustion engine having a
combustion chamber of high surface to volume
ratio operating on the two-stroke cycle, an air
blower driven by the engine and of capacity sub-
stantially in excess of the engine- displacement,
inlet and exhaust ports for the engine controlled
by the piston, means for supplying the air deliv-
ered by the blowser to the intake ports of the
engine, means governed by the speed of the en-
gine for recycling through the -blower a portion
of the air of the blower for regulating such air
supply whereby the air volume admitted per cycle
may be reduced bhelow the engine displacement
for reduction of engme torque below full normal
torque.

18. An engine accordmg ‘to claim 17 in which

. means are provided for applying a regulated back
%

pressure to the exhaust port of the engine to re-

2,087,619

tain therein an air volume in excess of the engine
displacement volume and increase the torque
above the full normal torque. -

19. An engine according to claim 17 in which
a loaded valve is provided on the discharge outlet

of the exhaust port for applying a regulated back -

pressure to the exhaust port of the engine to re-
tain an air volume therein in excess of the engine
displacement volume and to increase the torque
above the full normal torque.

20. A positive displacement two-cycle internal
combustion engine having an air blower driven
by the engine and of a capacity substantially in

_excess of the engine displacement, means for sup-

plying the air delivered by the blower to the intake
ports of the engine, means for regulating the
air supply to reduce it below the engine displace-
ment for reduction of engine torque below full
normal torque, and means for applying a regu-

- lated back pressure to the exhaust ports of the

engine to retain an air volume in excess of the
engine displacement volume.

21. An engine according to claim 20 in which
means are provided for progressively limiting the
back pressure which may be applied to the ex-
haust as the speed of the engine increases.

22. In an internal combustion engine, a work-

ing cylinder and a piston therein, a combustion

head lying above the outer limit of the piston

stroke and forming a chamber of crescent form.?
the arc of which is centered on a point offset.
from the cylinder axis, of maximum depth at its’

point of maximum width and of gradually di-
minishing depth toward the points of the crescent,
means for adding fuel through a valve into the
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.chamber, an ignition plug located in the central:

portion of the chamber, and inlet and. exhaust’_j‘-:;‘
ports in the lower end of the cylinder whereby the *.

charge is passed .through the valve and is con-
ducted through the working cylinder to the ex-
haust port.

23. A two-cycle recxprocatmg internal combus-
tion engine combined with a reciprocating com-
pressor of relatively small displacement synchro-
nously driven by the engine, means for supplying
water as well as fuel and air to the compressor
and for delivering the same from the compressor
to the engine, and a rotary blower of displace~
ment not substantially less than that of the'en-
gine, driven thereby for supply of the main re-
quirement of the engine.

24. In combination, a reciprocating single act-»
ing internal combustion engine, means for supplys=
ing its main air requirement, means for supplying’
additional air comprising a reciprocating single
acting compressor mounted beside the engine cyl-
inder and driven from the crank-shaft, means for
supplying water as well as air to the compressor
for delivery thereby to the engine, and a single
valve interposed between the compressor cylinder
and the engine cylinder and constituting the out-
Iet valve of the compressor and the means for
admitting the air and water delivered thereby mto
the engine cylinder. .

25. In combination, a reciprocating single act-
ing internal combustion engine, means for sup-
plying its main air requirement, means for sup-
plying additional air comprising a reciprocating
single acting compressor mounted beside the en-
gine cylinder and driven from-the crank-shaft,
means for supplying fuel and water as well as
air to the compressor for delivery thereby to the
engine, and a single valve interposed between the
compressor cylinder and the engine cylinder and
constituting the outlet valve of the compressor
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ai\d the means for admitting the air delivered
thereby into the engine cylinder. . -
. 26." A varlable torque high speed positive dis-

- placement internal combustion engine having a
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combustion chamber of high surface to volume
ratio operating on the two-stroke cycle, an air
blower driven by the engine of capacity substan-
tially in excess of the engine displacement, inlet
and exhaust ports for the engine controlled by
the piston, means for supplying the air delivered
by the blower to the intake ports of the engine,
means for regulating such air supply whereby
the air volume admitted per cycle may be reduced
below the engine displacement for reduction of
engine torque below full normal torque, means

for delivering fuel to the combustion chamber

after the closing of the exhaust port, means for
applying a regulated back pressure to the exhaust

port, and means responsive to the speed of the.

engine for progressively limiting the back pres-
sure which may be applied to the. exhaust as the
engine speed increases.

27. In a positive .displacement two-cycle in-

ternal combustion engine having an air blower -

driven by the engine and of capacity substantial-
ly in excess of the engine displacement, means
for supplying the air delivered by the blower to
the intake ports of the engine during the period
in which the “exhaust ports are likewise open
whereby the excess air passes through the engine
for inlernal cooling of the combustion chamber
walls, means for regulating the air supply to re-
duce it below the engine displacement for reduc-
tion of engine torque below full normal torque,
and means for applying a regulated back pressure
to the exhaust port of the engine to retain an
air volume in excess of the engine disp]acement
volume.’

28. In combinatmn with an internal combus-
tion engine, an eccentric synchronously driven by
the crank-shaft thereof, a driving member ro-
tatably mounted on the eccentric and having a
sliding fit with a spaced rocking member, an ac-
cessory shaft journaled for rotation, and a crank
on the accessory shaft operatively connected with

the driving ...ember whereby the crank-shaft .

drives the accessory shaft synchronously.

29. In combination, a multi cylinder radial in-
ternal cocmbustion engine, a housing associated
with the engine and having an intake and an out-
let, a displacement member mounted on the
crank-shaft and operating in the housing to dis-
place air under pressure, means for by-passing a
portion of the air to the intake side of the housing,
a conduit, means for supplying air under pres-

sure from the housing to the conduit, and means-

for delivering the air so supplied through the
conduit directly to the cylinders of the engine.

30. In combination, a multi cylinder radial in-
ternal combustion engine, a blower driven by the
crank-shaft of the engine, a compressor driven
by the crank-shaft, means for successively deliv-
ering the blower discharge to the engine cylinders,
and means for delivering the compressor dis-
charge to a single connected cylinder of the en-
gine. :

31. In combination, a muiti cylmder radial in-
ternal combustion engine, a blower driven by the
crank-shaft of the engine, a compressor driven
by the crank-shaft, means for successively de-

livering the blower discharge to the engine cyl- . -
.inders, means for applying a regulated back pres-

sure to the exhaust of the engine cylinders, and
means for delivering the compressor discharge
to a single connected cylinder of the engine,

32. In an internal combustion engine having a
drive shaft and having an exhaust pipe, a valve
for the exhaust pipe, a governor, means opera-
tively. connected with the drive shaft for driving
the governor at a speed proportional to the speed
of the drive shaft, and means connected to the

valve and controlled by the governor for varying

the position of the valve to progressively limit the

‘back pressure applied to the exhaust as the speed

of the engine increases.
- 33. In an internal combustion engine having a
drive shaft and having an exhaust pipe, a valve
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for the exhaust pipe, a governor, and means

driven by the drive shaft and connected to the
valve for altering the position of the valve pro-
portionately to the speed of rotation of the shaft
for progressively limiting the back pressure which
may be applied to the exhaust as the speed of
the engine increases. :

34. In an internal combustion engine having a
drive shaft and having an exhaust pipe, a. weight-
ed valve for thé exhatust pipe, a governor, and
means driven by the drive shaft and connected
to the valve for altering the position of the valve
proportionately to the speed of rotation of the
shaft for progressively limiting the back pres-
sure which may be applied to the exhaust as the
speed of the engine increases.

35. A variable torque high speed positlve dis-
placement internal combustion engine having a
combustion chamber of high surface to volume
ratio operating on the two-stroke cycle, an air
blower driven by the engine and of capacity sub-
stantially in excess of the engine displacement,
means for supplying the air dehvered by the
blower to the intake ports of .the engine, means
for recycling through the blower a portion of the
air of the blower for regulating such air supply
whereby the air volume admitted per cycle may
be sreduced below the engine displacement for
reduction of engine torque below full normal
torque and means for applying a regulated back
pressure to the exhaust port of the engine to
retain therein an air volume in excess of the
engine displacement volume and increase the
torque above the full normal torque.

36. A variable torque high speed positive dis-
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placement internal combustion engine having -

- & combustion chamber of high surface to volume

ratio operating on the two-stroke cycle, an air
blower driven by the engine and of capacity sub-
stantially in excess of the engine displacement,
means for supplying the air delivered by the

Jblower to the intake ports of the engine, means

for recycling through the blower a portion of
the air of the blower for regulating such air
supply whereby the air volume admitted. per

[
[3;3

cycle may be reduced below the engine displace- .

ment for reduction of engine torque below full

normal torque and means for applying a regu-

lated back pressure to the exhaust port of the
engine to retain therein an air volume in ex-
cess of the engine displacement volume and in-

" crease the torque above the full normal torque

and a loaded valve on the discharge outlet of
the exhaust port for applying a regulated back
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pressure to the exhaust port of the engine to .~

retain an air volume therein in excess of the
engine displacement volume and to increase the
torque above the full normal torque.

37. A variable torque high speed positive dis-
placernent internal combustion engine having a
combustion chamber of high surface to volume
ratio operating on the two-stroke cycle, an air
blower driven by the engine and of capacity sub-

70

7




10

stantially in excess of the engine displacement,

means for supplying the air delivered by the’

blower to the intake ports of the.engine, means
for recycling through the blower g.portion of
the air of the blower for regulating such air
supply whereby the air volume admitted per
cycle may be reduced below the engine displace~
ment for reduction of engine torque below full
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normal torque, and means operatively connected
to the engine and governed by the speed of the
engine for supplying a regulated back pressure
to the exhaust port of the engine to retain there-
in an air volume in excess of the engine displace-
ment volume and increase the torque above full
normal torque.
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