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This invention relates generally to two stroke 
internal combustion engines of the compression 
ignition type generally known as Diesel engines 
and more particularly to such engines which 
are adapted to operate at high speeds Suitable 
for use in automobiles and aircraft. 

Heretofore internal combustion engines of this 
type have been successfully operated at com 
paratively low speeds for industrial purposes, 
but such engines have not been capable of oper 
ation at the high speeds required for engines 
in aircraft and automobiles. The most impor 
tant limiting features which prevent the use of 
Such engines as have heretofore been known, for 
automotive purposes, are the fuel injection sys 
ten and the distribution mechanism. In a two 
stroke cycle engine, power output and the spe 
cific fuel consumption are principally depend 
ent upon the efficacy of scavenging of the cylin 
ders. The scavenging must be accomplished in 
a relatively short time, during the short part 
of the stroke of the piston that the exhaust 
ports remain open, and this cannot be thor 
oughly accomplished by the methods hereto 
fore employed in slow and medium speed en 
gines. The prior distribution mechanisms and 
Scavenging systems have not provided a sufi 
cient section for the passage of the exhaust 
gases and the admission of the scavenging air, 
furthermore, the relative location of the inlet 
and outlet ports have caused the scavenging air 
to mix to some extent with the exhaust gases, 
and, Consequently, on the next succeeding cycle 
the cylinder is partly filled with burned gases, 
So that efficient operation and complete com 
bustion are impossible. 
The object of this invention is, as generally 

stated, to provide a two-stroke internal combus 
tion engine of the compression ignition type 
which is capable of operation at high speeds. 
Another object of this invention is to pro 

vide a rotary sleeve valve mechanism for a two 
stroke internal combustion engine which shall 
be operated at a speed less than the crankshaft 
speed of the engine. 
A more specific object of this invention is to 

provide a valve mechanism which shall have a 
minimum number of moving parts. 
Other objects of this invention will become 

apparent to those skilled in the art when the 
following description is read in connection with 
the accompanying drawings, in which:-- 

Figure. 1 is a view in side elevation, shown 
partly in section to reveal the operating parts 

of an internal combustion engine constructed 
in accordance with this invention; 

Figure 2 is a sectional view, taken along the 
line 2-2 of Figure l; 

Figure 3 is a view in side elevation showing 
particularly the manner of driving the sleeve 
valves, of this invention; 

Figure 4 is a perspective view of a valve ele 
ment employed in accordance with this inven 
tion; 

Figure 5 is a detail view in end elevation of 
an element for connecting the valve sleeve with 
its drive shaft; and 

Figure 6 is a detail view in side elevation of 
the connecting element shown in Figure 5. 
In accordance with this invention, a two 

stroke internal combustion engine of the com 
pression ignition type-that is an engine in 
which ignition takes place by the injection of 
a quantity of fuel into a chamber in which a 
definite volume of air has been highly com 
pressed so that the temperature is Sufficient to 
ignite the fuel-is provided with a rotary sleeve 
valve operating in a solid housing and at a Speed 
less than the speed of the crank shaft of the 
engine and preferably at a speed equal to one 
half of the crank shaft speed. If Operated at 
half of the crank shaft speed, the valve is pro 
vided with diametrically opposite ports, which 
open upon each receding stroke of the piston 
to admit to the cylinder a quantity of slightly 
compressed air for removing the fumes from 
the cylinder and which operation is known as 
scavenging. As is customary in usual practice, 
the one piece valve housing and the rotary 
sleeve valve extend along over the head of the 
several cylinders of the engine, which necessi 
tates the use of a very long-valve in case of a 
multi-cylinder-in-line engine. In addition to 
the inherent difficulty of accurately machining 
such a long sleeve, experience has shown that 
in such a long valve housing and valve, slight 
distortions are caused by the uneven distribu 
tion of the heat to effect uneven expansion and 
contraction. These distortions may be of Such 
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extent as to slightly bend the valve or the hous 
ing and cause the valve to freeze in its housing 
by undue increase of local pressure between the 
valve and its housing. 
The sleeve valve arrangement which is con 

templated by this invention involves a plurality 
of sleeve sections having a uniform rotary move 
ment in a 'Solid' housing, which acts as a bear 
ing for the same. The sleeve sections are driven 
by a single slightly flexible drive shaft coaxial 
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therewith, through couplings centered in the 
bore of the valve elements and so mounted as to 
eliminate the possibility of so-called freezing be 
tween the valve elements and the housing with 
in which they rotate. It will be apparent that 
by the division of the sleeve valve into a plural 
ity of Sections, relative movement between the 
Sections is possible, So that no binding occurs 
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incident to uneven expansion and contraction 
of the housing. As hereinbefore stated the cyl 
indrical valve sleeves rotate in a solid housing. 
By the term "solid' housing it will be under 
stood that the housing includes an integral cyl 
indrical bore and that no special mechanical de 
vices are used to control the running clearance 
between the valve and the housing at the vari 
ous operating temperatures of the engine. The 
necessity for such mechanical devices is elim 
inated by this invention wherein use is made of 
especially selected metals for the construction 
of the rotary sleeve valve and its housing. 

Referring now to the drawings, an internal 
combustion engine of the compression ignition 
type is shown in inverted position, in which 
position it is preferably operated in aircraft. 
The engine of this invention comprises a block 

having a plurality of cylinders , 0, etc., and 
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within each cylinder is slidably mounted a pis 
ton 2 in a manner well known in the art. AS 
hereinbefore stated, the cylinders are in aligned 
relation within a cylinder block 3 So that the 
pistons 2 in each cylinder may transmit a power 
stroke to a common crank shaft. A head 4 is 
provided for closing the end of the cylinders , 
O, etc., and is formed of a single casting ex 

tending across the entire block 3. Within the 
head 4, an integral cylindrical bore 5, extending 
longitudinally thereof, is formed so that the 
'solid' housing, 
mains. The cylindrical housing 5 communi 
cates with each of the cylinders , 0, etc., 
through ports 6, 60, etc., which extend through 
the Wall of the head 4 so as to provide a paSSage 
between the sleeve and the cylinder. . The head 
4 and the block 3 are each provided with jackets 
having spaces T, for the circulation of the cooling 
medium. 
A slightly flexible shaft 8 is disposed coaxially 

within the bore 5 and is supported by a Suitable 
bearing cap 9. It will be observed that the bear 
ing cap 9 forms a closure for one end of the 
valve housing 5. A bevel gear f is secured to 
the shaft 8 at the end thereof outside the cap 
9. Abeyel gear 2 is mounted upon the end of 
a shaft 3 for cooperation with the bevel gear 

to drive the shaft 8 by power from the crank 
shaft of the engine, which may be delivered to 
the shaft 3 through any suitable power-trans 
mitting mechanism. It may be here pointed out 
that the power-transmitting mechanism em 
ployed with the embodiment illustrated in the 
drawings is such that the shaft 8 rotates at a 
speed equal to one-half of the speed of the crank 
shaft of the engine. 
Within the cylindrical housing 5, a plurality 

of valve elements 4, 5, 6, are disposed each 
of which is adapted to serve a pair of adjacent 
cylinders, such as and 0. For the purpose of 
illustration, these valve elements are provided 
three in number, since the engine illustrated is 
of the six cylinder type. Each of the valve ele 
ments 4, 5, and 6, is mounted for a close 
running fit within the cylindrical housing 5, so 
that rotation of the element within the housing 
is possible. As is clearly illustrated in Figures 1 . 

hereinbefore mentioned, re 

2,064,196 
and 4, the valve element 4 is provided with a 
pair of diametrically opposite openings 7 and 
8 through the wall thereof, which are disposed 

directly above the port 6 through the wall of 
the cylinder head 4, and it will be clearly ap 
parent that upon rotation of the valve element 
4, the openings 7 and 8 will alternately come 

into such a position that a passage is opened 
between the inside of the valve element 4 and 
the. cylinder f. Since the valve element 4 
Serves two cylinders of the engine, another pair 
of diametrically opposite openings such as 9 is 
provided directly above the adjacent cylinder 0, 
which upon rotation of the element 4 will be 
come disposed opposite the port 60 of the cylin 
der O to open a passage thereto at the proper 
time during the operating cycle of the cylinder 
0. 
Referring now particularly to Figure 4, it will 

be seen that the valve element 4 is provided 
about its circumference with a plurality of cir 
cumferentially extending grooves 20, 2 and 22, 
located symmetrically on each Side of the ports 
f7, 8 and 9. It will be noted that the grooves 
20 are provided with angular extensions, Such 
as 23, exterading from the groove toward the 
openings of the valve. The orientation of these 
angular extensions 23 is such that they operate 
to dispel lubricant by its inertia upon...the rota 
tion of the valve element f4, to thereby form 
and maintain a film of lubricant between the 
outer wall of the rotary valve element 4 and the 
bore of the cylindrical housing 5. 
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In the wall of the valve housing 5 are drilled 
a plurality of small calibrated holes which are 
in communication with a suitable oil line (not 
shown) extending along the outer wall of the 
valve housing 5, this oil line may be connected 
with the main lubricating system of the engine. 
One such calibrated hole is disposed directly 
over each groove 20, so that lubricant is fed to 
the sleeve element 4 at the points indicated by 
arrows in Figure 4, filling the grooves 20 from 
which it is dispelled over the entire surface of 
the valve element 4. The other circumferen 
tial grooves 2 ? and 22 act as small oil reservoirs 
and hydraulic rings which coact with the lubri 
cating oil film to assure the sealing of the cylin 
drical valve element in its housing 5, so as to 
prevent the escape of gases to adjacent cylin 
ders through the clearance between the walls of 
the housing 5 and the valve element 4 such as, 
for instance, between the ports 6 and 60. The 
disposition of these grooves is, of course, similar 
for each of the valve elements 4, 5 and 6 of 
the engine. 
The valve elements 4, 5 and 6 are each also 

provided with a plurality of longitudinally ex 
tending grooves such as 24, which are cut parall 
lel to the openings 7, 18 and 9 and are located 
at each side thereof. These grooves act as So 
many oil reservoirs operating to lubricate the 
bearing surfaces between the valve element and 
its housing. These longitudinal grooves have 
about the same length as the openings of ports 
and 9, but do not communicate directly with the 
circular grooves 22. It will be noticed also that 
no longitudinal grooves 24 are provided on the 
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portion of surface of the valve element 4, which . 
covers the intake port 6 during the phase of the 
cycle when the pressure in the combustion cham 
ber of the cylinder is at its maximum value, that. 
is when the piston 2 is at its top dead center 
position at which time combustion of the in jected fuel begins. 
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As tilearly illustrated in Figure 4, each valve 

element is provided at one end with two slots 25 
cut in its Walls, which latter may be suitably 
reinforced at that place. The slots 25 are dis 
posed to receive a tongue 26 of a coupling mem 
ber such as 27 or 28. As shown in Figure 3, 

, these coupling members 2 and 28 are keyed to 
the drive shaft 8 for rotation therewith. The 
coupling 27 drives both the valve elements f4 and 
5, while the coupling 28 drives only the last 

valve element 6. Any. number of valves may, 
of course, be driven by Such connections. 
Where there is an even number of valves a coul 
pling such as 27 may be arranged to drive each 
pair. Where there is an odd number of valves, 
the odd one may be driven by a coupling such 
as 28. As previously stated, the shaft 8 is sup 
ported near one end thereof in the bearing 9, 
So that the elasticity of the metal permits. lim 
ited flexing of the extended portion within the 
housing 5. The shaft 8 is centered in the valve 
elements by the coupling members 2 and 28, 
which are provided with - extensions 29, engage 
with a sliding fit within the bore of the valve 
element and cooperate with the tongue 26 to 
Center the coupling in the valve element. 
The valve elements being thus in slidable en 
gagement with the couplings 27 and 28, a limited 

30 
axial movement of the valve elements relative 
to the shaft 8 is possible when the opposed ends 
of adjacent valve elements do not abut each 
other. With this arrangement, the valve ele 
ments are thus floating in the housing 5, being 
movable relative to each other as well as to the 
shaft 8. As pointed out hereinbefore, the shaft 
8 is of a tubular and somewhat flexible con 
struction; being substantially free at the end 
within the housing 5, it permits slight distor 
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tions of the valve housing 5 without affecting 
the seating or freedom of movement of the valve 
elements in the housing. In this way, the oper 
ation of the valve elements is not impaired by 
slight bending of the housing incident to uneven 
expansion and contraction. 

Since it is necessary that the valve elements 
4, 5, and 6 be rotatable within the cylindrical 
housing 5 and at the same time fitted therein 
with sufficient closeness to prevent the escape of 
gases from one cylinder through the housing 5 
to an adjacent cylinder, and since both the valve 
elements and the cylinder head are subject to 
considerable expansion due to the heat of com 
bustion within the engine; it is necessary that 
provision be made to maintain an even clearance 
between the valve element and the housing 5. 

Furthermore, since it is customary in engines 
of this type to water cool cylinder heads, the 
wall of the housing 5 will be constantly cooled by 
the circulation of water thereabout, and in this 
way the expansion of the valve elements will be 
greater than the expansion of the sleeve 5 which 
surrounds them. Although the valve. elements 
dissipate some heat which they receive from the 
hot gases in the cylinder to the air which circu 
lates through the valve elements and by con 
tact with the cooled walls of the valve housing, 
it is apparent that less heat will be dissipated by 
the valve elements than is dissipated by the 
housing 5 to the cooling water and, accordingly, , 
greater expansion will occur in the valve ele 
ments than occurs in the housing 5. In order 
to maintain the desirable clearance between the 
valve elements and the sleeve 5 under all tem 
perature conditions, so that a close fit will exist 

75. between these elements to prevent the flow of 

gases therebetween and to permit rotation of 
the valve elements, it is desirable that the casting 
which comprises the cylinder head 4 and the 
housing 5, be formed of a material having a 
higher coefficient of expansion than the valve 
elements and it has been found that an alu 
minum alloy is well adapted for use in this rela 
tion. Since, as previously pointed out, the valve 
elements become heated to a higher temperature 
than the surrounding sleeve 5, the valve elements 
are preferably formed of a metal having a lower 
coefficient of expansion than the housing 5, and 
heat treated hard alloy steel has been found to 
be well suited for this purpose. By thus pro 
viding a valve element of hard steel and an 
Outer bearing or housing of a suitable aluminum 
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alloy for Snug engagement therewith, within 
which the element is rotatable, it will be found 
that as the temperature of the valve element in 
creases heat is delivered to the aluminum hous 
ing 5 to cause. expansion thereof; and although 
the sleeve 5 is at a lower temperature than the 

takes place in the sleeve 5 is, due to its higher 
coefficient of expansion, substantially equal to 
the amount of expansion which takes place in 
the valve elements, so that the fit between these 
parts is not changed. Furthermore, the bearing 
qualities of these metals are such as to be ex 
tremely desirable for conjoint use. 
A plurality of exhaust ports 3 are provided 

about the wall of the cylinder in such a posi 
tion that they will be opened by the downward 
movement of the piston 2 when approaching the 
end of its travel; and it will be understood that 
the power-transmitting mechanism between the 
crankshaft of the engine and the shaft 8 is 
such that one of the openings T or 8 in the 
valve sleeve 4 comes into engagement with the 
port 6 shortly after the time when the exhaust 
s are opened by the movement of the pis 

tOn 2. 
In the pperation of an internal combustion 

engine provided with a valve of this sort, a sup 
ply of slightly compressed air is admitted to an 
elbow 30 at one end of the housing 5 and deliv 
ered within the valve element 6. It will thus be 
seen that the valve elements 4, 5 and 6 act as 
a conduit for conducting slightly compressed air 
to the various cylinders upon the opening of the 
inlet ports 6 thereof. It will be recalled that in 
the embodiment illustrated, the valve elements 
4, 5, and 6 are rotated by the drive shaft 8 
at a speed equal to half the speed of rotation of 
the crank shaft of the engine, and it is thus ap 
parent that each time the piston 2 of the cylinder 
approaches the position indicated in Figure 1, 

one of the openings T or 8 will come adjacent 
the inlet port. 6 to permit an inrush of scav. 
enging air from the valve element 4 to blow 
the exhaust gases to the exhaust ports 3 and 
fill the cylinder withi clean air. 

20 

valve element 4, the amount of expansion which 
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The air inlet port 6 opens a certain time after 
the exhaust ports 3 are opened by the down 
Ward movement of the piston, by this fact the 
exhaust period becomes thus divided in two dis 
tinct periods. The first period, which can be 
called the exhaust period at high pressure, ex 

65 

tends from the moment the exhaust ports 3 are 
opened until the air inlet port 6 is opened. 
During that period the greater part of the burned 70 
gases escape. through the exhaust ports, being 
forced out by the high pressure still remaining in 
the cylinder after the combustion of the fuel. 
The second period, which is much longer than is 
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4. 
the first One, begins at the opening of the port 6 
to permit the inrush of the slightly compressed 
scavenging air; this scavenging air travels to 
ward the exhaust ports 3, forcing the remainder 
of the burned gases out of the cylinder. 
When the piston 2 nears its top dead center 

position-or, in other words, when the crankshaft 
of the engine has rotated through 180 degrees, 
a supply of fuel is injected into the cylinder 
through One of the nozzles 39 in a manner more 
fully described in my copending application 
Serial No. 482,956 filed September 19, 1930. 

Since it is apparent that many modifications 
will present themselves to those skilled in the 
art and that many sub-combinations are of 
utility without reference to other features or 
Sub-combinations, it is to be distinctly under 
stood that such modifications and sub-combina 
tions as do not depart from the spirit of this 
invention, although not specifically described 
herein, are contemplated by and are within the 
Scope of the appended claims. It is to be 
furthermore understood that the embodiment 
here shown and described shall be considered 
is merely illustrative and not in a limiting sense. 
Slaving thus described the invention, what is 

claimed is: 
l. A waive mechanism for a two-stroke inter 

nal combustion engine, comprising, a cylindri 
cal housing having ports communicating with 
the cylinders of the engine, a plurality of valve 
elements disposed coaxially within said housing, 

2,064,196 
a cantilever shaft supported at one end of said 
housing for rotating - said elements in unison, 
and means for centering the free end of said 
Shaft Within Said housing. 

2. A valve mechanism for an internal-com 
bustion engine, comprising a cylindrical housing 
having ports communicating with the cylinders 
of the engine, a plurality of successively posi 
tioned valve elements disposed coaxially for in 
dependent allinement in said housing and having 
ports cooperating with said first ports, and a 
single driving element to which each of said Suc 
cessive valve elements is individually and loosely 
connected so as to permit such independent 
alinement, said driving element being thereby 
connected to drive all of said valve elements 
simultaneously and in fixed relation with each 
other, 

3. In an internal combustion engine of the 
character described having a plurality of longi 
tudinally arranged cylinders, a valve housing 
having a bore extending along the line of cylin 
ders and having ports communicating with each 
of the cylinders, and a valve coaxially mounted 
for rotation in said, bore, said valve having a 
circumferentially continuous part Snugly fitting 
said bore intermediate said ports, said housing 
being constructed of a metal having a greater 
coefficient of thermal expansion than the metal 
of which the valve is constructed. 

DESIRE.J. DESCHAMPS. 
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