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This invention relates to two-stroke cycle in-
ternal combustion engines of the kind wherein

_ at least g substantial portion of the burnt gases

leaves the cylinder at a speed much higher than
5 that obtaining when a flow resulting from an

adiabatic expansion only is involved, and in such

a short interval of time that it is discharged as

& mass leaving a depression behind it which is

utilised in introducing a fresh charge into the
10 cylinder, by opening the inlet orifice with the re-
quired delay after the opening of the exhaust
orifice to ensure that the burnt gases are then
moving outwardly through the exhaust orifice ot
duct and that a suction effect is exerted at the
inlet orifice as a consequence of the exit of the
said mass.

Mpore particularly the invention relates to en-
gines of this kind wherein during normal running
the fresh charge is admitted to the engine di-
20 rectly from the atmosphere and in which for

starting purposes air under pressure is supplied
to the engine cylinder from a compressor.
In arrangements of this kind and in which the

“crank case of the engine functions as the start-
25 ing compressor in combination with the working

‘piston, it is known to arrange for the compressor

to draw its charge from the atmosphere through

a non-return valve which may, for example, also

control the orifice which during normal running
30 serves for the admission of atmospheric air di-
rectly to the cylinder.

Such non-return valves in general are fragile
and have a short life when they operate at high
speeds. In addition, when these non-return
valves are placed on the atmospheric inlet to the
cylinder they require to be of very large dimen-
sions, in order to allow the passage of the larger
quantity of air required by the engine during
normal running.

40 The object of the invention is to avoid these

- objections to the use of non-return valves for the

purpose indicated above.
According to the invention a passage communi-
cating with the atmosphere and leading to the

1

o

35

45 cylinder and compressor, or to the compressor, is

controlled during the starting of the engine by
a non-return valve, and means are provided for
rendering the non-return valve inoperative at
normal running speeds when the working charge
50 of the engine is aspirated directly from the at-
mosphere to the cylinder, these means being such
that the air aspirated to the engine during nor-
mal running speeds does not have to pass through
the non-return valve when the latter has been

§5 rendered inoperative.

(Cl, 123—85)
For example the non-return valve may be so

. arranged or mounted that it can be moved bodily

out of the path of the flow of air through the

duct that it controls during starting. Or during

normal running the communication may be cut §
off between the non-return valve and the com-
pressor or the compressor and cylinder, and in
this case a communication will be opened be-
tween the cylinder and the atmosphere. Or a
passage to the atmosphere may be opened during
normal running which provides an easier path to
the cylinder than that which is provided through
the non-return valve. In this case the non-re-
turn valve will be rendéred inoperative by ‘the
pressure equalisation established on both sides of
the valve by the opening of the separate com-
munication to the atmosphere and the connec-
tion between the compressor and the cylinder
may be shut off during normal running, if de-
sired. " 20

The compressor employed need not be the
crank case of the engine and any suitable form
of compressor or the equivalent may be employed.

When the arrangement is such that the com-
pressor would continue to function during nor-
mal running, in spite of the fact that the non-
return valve has been rendered inoperative and it
is desired to render the compressor inoperative
also, this may be effected separately or by the
provision of a single controlling device which is
so arranged that it stops the compressor or ren-
ders the compressor inoperative at the same time
as the non-return valve is rendered inoperative.

Reference will now be made to the accompany-
ing drawings in which some embodiments of the
invention are illustrated by way of example only,
and in which:

Figure 1 is a two-stroke cycle internal com-
bustion engine of the kind referred to taken
partly in section on the line {—I{ of Figure 2. o

Figure 2 is a cross-section of the engine ac-
cording to Figure 1 on the line 2—2 of Pigure 1.

Figures 3, 4, 5 and 6 are fragmentary cross-
sections of other engines of the kind referred to
incorporating further embodiments of the in-
vention. '

Referring to Pigures 1 and 2, {0 is the engine
cylinder in which moves 2 piston {{ connected
to the usual connecting rod and crank shaft (not
shown). An exhaust port 2 in the cylinder
head is governed by a poppet valve {3 which is
controlied from cam I4 by push rod I5 and
rocker mechanism 16.

The inlet orifices 17 situated towards the bot-
tom of the cylinder are surrounded by an air belt gg
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which may be connected through valve chamber
i3 o the aimosphere via air inlet silencer 18 or,
alternaﬂvely, to-crank case compressor 20 (shown
only in part) vis passage 24. ) :

The valve chamber 18 houses an oscillatory
valve 22 having cut away portions 23, 31, mask-
ing portior 24 and & poriion 28 carrying noa-
return valves 26 conirclling openings 27. The

mosition of vaive 22 is conirolled by lever arm 28,

In the position shown, & connection is established
between the crank case compressor 20 and the

inlet oriflces i7.

8

" via passsge 21 and cut away poriion 23 of rotary -
" valve 22,

40
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"When the lever arm is moved o the position
indicated ot 28, the conneciion between the crank
case compressor 20 and the inlet orifices 17 is
cué off by the masking portion 24 and s straight
through connection iz established between the
=aid iniet orifices {7 and the atmosphere via cut
away portions 23, 3{, orifice 38, and air inlet
silencer {9.

The operation of this emhodimem of the in-
vention is as iollows:

When it is desired to start the engine, oscll-
Jatory valve 22 Is adjusted to the position shown
in PFigures 1 and 2 by means of the lever arin

28 angd air under pressure is supplied t0 the en--

gine cylinder 19 from crank case compressor 20

‘The non-return valves 28 prevent the
eseape of alr under pressure from the compressor
o the atmosphere.

It will ke understood that
opening of the inlet orifices 17 by the piston 1
in relation to the timing of the opening of the
exhaust valve {3 will be as hereinbefore specified.

&As the engine geins speed the suction eifect
exerted in the cylinder and at the inlet orifices
17 by the mass exit of the burnt gases is suili-
cient to open the non-return valves 26, and io

“draw air from the atmosphere via the inlet silenc-

er 18 and orificg 30 through cpenings 27 into the
engine cylinder to supplement the air delivered
by the crank case compressor. .

When the engine has attained its normal run-
ning speed the supply of air under pressure be-
comes no longer necessary and the valve 22 is
oscillated by the lever arm 28 until the latter

takes up the position indicated at 28. In this

- position the member 25 is moved out of the pas-

50
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sage 30 leading to the air silencer I8 and the
masking member 24 closes the passage 2{ to
the crank case compressor 20. 'A free passage is
thus provided from the atmosphere to the engine
‘cylinder vie the air silencer 19, ‘orifice 30, cut
away portions 31 and 23 of rotary valve 22 and

. air inlet orifices {7.

70

Referring to Figure 3 of the drawings, 52 de~

notes an engine cylinder in which moves a piston.

33 driving crank 34 through the connec»ing rod
35.

Air inlet orifices 36 are provided in the lower
part of the walls of the cylinder and lead to air
belt 87. Passage 38 leads from the air belt 37

‘via oscillatory valve 39, to air inlet silencer 40,

and further passages 41 in the wall 42 of the air

belt- also lead to the air inlet silencer 40.and are .

controlled by non-return valves 43 opening in
the direction of the air belt 37.. The oscillatory
valve 3§ is controlled by lever arm 44.

‘When the lever arm 44 is in the position shown,

" connection is established between the atmos-

({]

phere and the engine cylinder via air inlet silenc-
er 40, passages 45 in valve 39, passage 38 air
belt 37 and air inlet orifices 36. .

~ 'When the lever arm 44 is moved to the posi-

the timing of the.

2,808,032

jion 45 the direet passage between fhe alr imlet
silencer 48 and the alr belt 37 is cut off by clo-

- gure member 47 and o connection ls established

between the gir Pelt 37 and a crank case com-
pressor 48 vie passages 45 and » passage 45,

The oscillatory velve 88 is moved to the last
mentioned position when it is desired to start
the engine, =0 that air under pressure is fed o
the engine cyiinder irom the crank case com-
pressor 48 via passages 48, 88, sir belt 37 and
inlet orifices 8. :
- Yhen the suction at the inlet orifices due io
the mass exit of the burni gases exceeds the
outpub of the crank case compressor at any par-
ticular moment the non-return vaives 48 open
and allow air to be drawn in direct from the at-
mosphere via oriflces 81,

During normal running the arm 44 is moved
to the position shown in the drawings, cutting
off the connection ketween the air beit 36 and
the crank case compressor 48, and air is drawn
into the cylinder freely Irom the atmosphere via
air.inleé silencer 49, passages 45 in valve 39, pas-
sage 38, air belt 87 and inlet orifices 36.

In this case the non-veturn valves 43 will be
rendered inoperative by the pressure equaliza-~
tion established on both sides thereof by the
opening of the passages 45 to the atmosphere.

In hoth the embodiments deseribed the non-
return valves, 26 and 43 respectively, may serve
as the inlet valves to the compressors.

It will be understoed that the invention ex-
tends broadly to the rendering of the non-return
valves inoperative ai normal working speeds,
while providing a pessage for the aspiration of
alr freely from the atmosphere to the engine
cylinder, and the invention is therefore not to be
limited to the details of construction hereinbe-
fore given by way of illustration and which may
be varied to suit any practical requirements that
may have to be fulfilled. Figure 4 shows an
example in which the oscillatory valve 22 of Fig-
ures 1 and 2 is replaced by a disc or plate vaive 50
of the “butterfly type” which is adapted fo be
oscillated, by means of a lever 51 for example,
to-close off the communiication between air inlet
silencer 19 and the inlet orifices 17 in one posi-
tion or to.be moved into a position in which it
les substantially parallel to the directlon of
flow of the iricoming air.

In this example the non-return valves 52 are
carried by the disc valve 50 and control orifices
53 therein, to open said orifices only in the di-
rection of the inlet orifices (7. Also, the con-
nection 54 to the compressor is located between

10
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the said valve 50 and the inlet orifices 17, and

the compressor may ke rendered inoperative dur-

ing normal running, for example, by cutting off '

the connection between the compressor and the
cylinder by a separate control valve 55,. the
control lever 56 of which may be connected to
the control lever 51 of the butterfly valve 50 by
link 57 so that when the butterfly valve 50 is open
the connection to the compressor is closed and
vice versa.

It will be clear, in this embodiment of the
invention, that when the butterfly valve 50 is in
closed position air is drawn through the non-
return valve 52 vis the passage 54 and valve 55,
into the crank case 20, during the inward stroke
of the engine piston, while on the outward stroke

- of the engine piston air under pressure-is de-

livered to the inlet orifices #7 and. fdows into the

engine cylinder, as it cannot escape through the
non-return valve 52.
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The present invention is not lmited to the
use of crank case compressors. For example such
compressors may be substituted by separate
compressors as illustrated in Figure 5 which
shows an arrangement similar to Figure 4 but
having a separate compressor §8. The driving
shaft 89 of this compressor 38 is shown taken
via a clutch 80 which is controlled by a link and
lever mechanism 61 connected to the operating
lever 51 of the valve 50 so that the starting
compressor is rendered inoperative when the os-
cillatory valve 58 is open directly to the atmos-
phere.

In this example the valve §5 may be provided if

. deslred.

p 4]

2]

In ancther alternative construction illus-
trated in Figure 6 the non-return valves 2§ and
orifices 27 of the oscillatory valve 22 of the embod-
iment illustrated in Figures 1 and 2 of the draw-
ings are carried by an end face §2 of the valve 22,
and the member 25 simply serves to close off the’
orifice 30 during starting, During normal run-
ning the non-return valves 26 would be rendered

substantially inoperative by the pressure egual-
#¢ ization set up on both sides of the valves.

Yet again, the actuation of the various oscil-
latory valves may be controlled by the engine
governor or other tachometrical device, if de-
sired.

We claim:

- 1. In a two-stroke cycle internal combustion
englne of the kind wherein at least a substantial
portion of the burnt gases leaves the cylinder at
& Speed much higher than that obtalning when
2 flow resulting from an adiabatic expansion only
is involved, and in such s short interval of time
that it is discharged as s mass leaving & depres-
slon behind it which is utilised in introduclng a
fresh charge into the cylinder, by opening the
inlet orifice with the required delay after the
opening of the exhaust orifice to ensure that the
burnt gases are then moving outwardly through
the exhaust orifice or duct and that a suction
effect is exerted at the inlet orifice as a conse-

., Quence of the exit of the said mass, & conduit
" leading from the atmosphere and connected o

18

the inlet crifice, a compressor connected to said
conduit, a two position oscillatory valve in saig
cenduit adapted in one position to connect the
compressor to the inlet orifice of the cylinder,
and in a second position o cut off the connection
between the compressor and the inlet orifice and
to connect the inlet orifice ireely to the atmos-
phere, and » non-return valve in said oscillatory
valve =0 arvenged as to provide One-way com-
munication hetween the atmosphere and said in-
let orifice and so located that it does not affect
the flow of air from the compressor to the cyl-
inder. )

2. A two-stroke cycle internal combustion en-
gine as claimed in claim 1 wherein said one-way
connection between the aimosphere and the in-
let orifice is nrovided only when said oscillatory
valve is in its first mentioned position.

3. In a two-stroke cycle infernal combustion
engine of the kind wherein at least a substantial
portion of the burnt gases leaves the cylinder at
a speed much higher than that obtaining when
a flow resulting from an adiabatic expansion only

1s Involved, and in such a short interval of time

that it is discharged as a mass leaving a depres-
sion behind it which is utilised in introducing a
fresh charge into the cylinder, by opening the
inlet orifice with the required delay after the
opening cf the exhaust orifice to ensure that the
burnt gases are then moving outwardly through

3
the exhaust orifice or duct and that a suction
effect is exerted at the inlet orifice as a conse-
Quence of the exit of the said mass, a conduit
leading from the atmosphere and connected -to
the inlet orifice, a compressor connected to said
conduit, a two position oscillatory valve in said

" conduit between sald compressor connection and

~he atmosphere adapted in one position to con-
nect the inlet orifice frecly to the atmosphere,
and in a second position to interpose.a non-re-
turn valve in the path between the atmosphere
and the inlet orifice so as to provide one-way
communication only between the atmosphere and
said inlet orifice, ' '

4. In a two-stroke cycle internal combustion:

engine as claimeq in cldim 3, means for closing
off the connection between the compressor and
the cylinder when the oscillatory valve is in its
first mentioned position. .

5. In a two-stroke eycle Internal . combustion
engine of the kind wherein ot lesst a substantial
bortion of the burnt gases leaves the cylinder at
& speed much higher than that obtaining when
a flow resulting from en adiabatic expansion only
is involved, and in such a short interval of time
that it is discharged as & mass leaving a depres-
sion behind it which is utilised in introdueing a
fresh charge ints the cyiinder, by opening the
inlet orifice. with the required relay afier the
opening of the exhaust orifice to ensure thst the
burnt gases are then moving outwardly through
the exhaust orifice or duet and that a suction
eflect is exerted ot the inlet orifice a8 8 conse-
quence of the exit of the s2id mass, & conduit

leading from the aimoesphere and connected to @

the inlet orifice, 3 compressor connected to said
conduit, a two- position oscillatory valve in said
conduit. adapied in one position to connect the
compressor io. the inlet orifice of the cylinder,
and in a second position to cut off the connection
between the compressor and the inlet orifice and
o connect the inlet orifice freely to the atmos-
phere, a by-pass connection in said conduit about
said oscillatory valve and g non-return valve in
said by-pass so arranged as to provide at all times

. one-way connection between the atmosphere and
- sald inlet orifice. : ’

6. A two-stroke cycle Internsl combustion. en~
gine as claimed in claim 3 and having g crank
cage compressor wherein said non-return valve

also funciions as the inlet valve fo the com- -

pressor,

7. In a two-stroke cycle internsl combustion
engine of the kind wherein ai least a substantial
portion of the burnt gases leaves the cylinder at
a speed much higher than thag obtaining when

& flow resulting from an adiahatic expansion only

is involved, and in such a short interval of time
that it is discharged as a mass leaving & depres-
slon behind it which is utilised in introducing g
fresh charge into the cylinder, by opening the
inlet orifice with the required delay after the
opening of the exhaust orifice to ensure that the

burnt gages are then moving outwardly through-

the exhaust orifice or duct and that a suction
effect is exerted at the inlet eorifice ag 8 conse-
quence of the exit of the said mass, a conduit
leading from the atmosphere and connected fo
the inlet orifice, & compressor connected to seid
orifice to supply air under pressuve to the engine
cylinder during starting, a non-return valve in
said conduit clear of the path between sald com-
bressor and said inlet orifice, and oscilistable
means providing a passage between the almos-

Phere and said inlet orifice at normal running’
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speeds of the engine go that-the alr aspireted
from the aimos; phene to the engine o6 such speeds
thay our‘h the non-return
valve,

8. A two-stroke cvclc interns! combustion en-
gine as claimed in claim 7 serain said cscil-
latable means moves the non-return. vaive bedily
oub of the path of the flow of air through seid
conduii.

9. 4 - two-stroke cycle internal combu;hcs&
engine as claired in claim 7 whevein sald oscil-
latable means causes sald non-return valve te ke
by-passed,

10, A iwo-siroke cycle initsrnal combustion
engine as claimed in claim 7 wherein sald oscil-
latable means moves said non-return velve into
o, position substantislly parallel to the direction
of flow of incoming air
-~ 11, In 2 two-streke cycle internal combustion
engine of the kind wherein at least g substaniial
portion of the burni gases leaves the cylinder
at a speed much higher than thet obiaining
when s fow resulting from an adishatic ex-
pansion only is invoived, and in such & short
interval of time that it is discharged as a mass
leaving g depressicn behind it which is utilised
in introducing o fresh charge into the cylinder,

by opening the inlet orifice with the required .

delay after the opening of the exhausé orifice
to ensure that the burnt gases are then moving
outwardly through the exhaust orifice or duch
and thai a suction effect is exerted at the inles
orifice as a consequence of the exit of the said
mass, & compressor connected to said inlet orifice
to supply air under pressure to the engine cyl-
inder during starting, a conduit leading from the
atmosphere and connected o said iniet orifice,
2 non-return valve in said conduit clear of the
path between said compressor and said inlet
orifice, 8 second condult leading from the af-
mosphere and connected o said inlet ovifice, a
controlled valve in said second conduit, and
means for opening said contrelled valve during
normal running speeds of the engine.

12. In a two-stroke cycle internal combustion
engine of the kind wherein at least a substantial
portion of the burnt gases ieaves the cylinder at
a speed much higher than that obfaining when
& flow resulting from an adiabatic expansion only
is involved, and in such a short interval of time
that it is discharged as a mass leaving a de~

~ pression behind it which is utilised in introducing

55
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a fresh charge into the cylinder, by opening the
inlet orifice with the required delay after the
opening of the exhaust orifice to ensure that the
burnt gases are then moving outwardly through
the exhaust orifice or duct and that a suction
effect is exerted at the inlet orifice as a con-
sequence of the exit of the said mass, a con-
duit leading from the atmosphere and connected
to the inlet orifice, & crank case compressor con-
nected to said conduit, a two position oscillatory
valve in said conduit adapted in one-position to
connect the compressor to the inlet orifice of
the cylinder, and in a second position to cut off
the connection between the compressor and the
inlet orifice and to connect the inlet orifice free~

ly to the atmosphere, and a non-return valve in .

;) ~ | 7,396,688

sedd osellletory valve so grranged ag to provide
ore-way communication betwesn the nimosphere

and said iniet orifice and also between the ab-

mosphere and said compressor when gald oseli-
latory valve is in its flest mentioned position

13, In & two-stroke cyecle internal combustion
engine ¢f the kind whersln at least o substantial
portion of the burnt gases leaves the eylinder af
a spzed much higher than that obteln
o fdw resulting from an adisbslic e
only is Involved, and in sunb frort

u;e"w el

of time that it iz discharged &8 a ¥ s lesving '

2 depression bkehind i which is ubis
trodueing o fresh cherge inbc the eylinder, by
opening the inlet orifice with the required delay
after the opening of the exhaust orifice to ensure
that the burnti.gases are then moving cubwardly
through the exhaust orifice o duch end thet o
suction effect i$ exerted 2% the inlet orifice &s a
consequence of the exit of the seid mass, & CoL~
duit leading from the atinosphere angd connected
to the inlet orifice, a crank case cCompressor con-
nected to said conduit, & two position oscillatory
valve in said conduit adapted in one posifion fo
connect the compressor to the inleb orifice of the
cylinder, and in & second position to cul off the
connection between the compressor and the iniet
orifice and to connect the inlet orifice freely to
the atmosphere, a by-pass connection in said
conduit about said oscillatory valve abid a non-
return valve in said by-pass so.arranged as to
provide at_ all .times one-way connection be-
tween the atmosphere and said inlet orifice and
to provide -one way connection between: the at-
mosphere and said compressor when sald oscil-
latory valve is in its first mentioned position.
14. In a two-stroke cycle infernal combustion

"engine of the kind wherein at least & substantial

portion of the burnt gases leaves the cylinder

at a speed much higher than that obtairing when

a flow resulting from an adiabatic expansion

- only is involved, and in such & short interval of
- time that it is discharged as a mass leaving &

depression behind it which is utilised in intro-

_ ducing a fresh charge into thé cylinder, by open-

ing the inlet orifice with the required delay

‘after the opening of the exhaust orifice to ensure

that the burnt gases are then moving outwardly
through the exhaust orifice or duct and that a

suction effect is exerted at the inlet orifice as a

consequence of the exit of the said mass, a
conduit leading from the atmosphere and con-
nected to the inlet- orifice, a compressor con-
nected to said conduit, means for driving said

compressor, a two position oscillatory valve in |

said conduit between said compressor connection
and- the atmosphere adapted in one position to
connect the inlet orifice freely to the atmos-

ed [ ime

30

phere, and in a second position to inferpose

a non-return valve in the path between the at-
mosphere and the inlet orifice so as to provide
one-way communication. only between the at-
mosphere and said inlet orifice and means for
disconnecting the compressor driving means
when the valve is in its first mentioned position.
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