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[5 7] ABSTRACT 

In a two cycle engine of the type which utilizes the un 
derside of the power piston as a scavenging pump pis 
ton and which has the scavenge ports located in the 
lower end of the cylinder, the provision of a scavenge 
port or ports of extra height but having normal effec 
tive port timing as to opening to the scavenge pump 
system, additional timing control being effected by 
means of a port or ports located in the piston side 
wall. ’ l ' 

15 Claims, 10 Drawing; Figures 
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TWO CYCLE ENGINE SCAVENGE PORTS 

TERMINOLOGY 

In describing two cycle engines, terminology can be 
confusing as regards “intake port,” “inlet port," “scav 
enge port,” “transfer port,” etc. In particular, the terms 
“inlet port” and “intake port" are used to describe 
both the power cylinder scavenge ports and the scav 
enge pump inlet ports. Also, the term “transfer port” 
is used to describe both the power cylinder scavenge 
port and the port at the opposite end of the transfer 
passageway opening into the scavenge pump system. 
Confusion is‘the result. To reduce such confusion, for 
the purposes of this patent the'terminology will be em 
ployed as follows: 
The last port through which the scavenge and charg 

ing medium passes on its way into the power cylin 
der, will be referred to as a scavenge port. 

The passageway which connects each scavenge port 
with the scavenge. pump will be referred to as a 
transfer passageway. 

A port located at the opposite end of each transfer 
passageway from the scavenge port, which port 
connects the transfer passageway with the scav 
enge pump system, at the opposite end from the 
scavenge port, will be referred to as a crankcase 
outlet port. _ 

Any port which opens from atmosphere into the 
scavenge pump system to feed or charge the scav~ 
enge pump‘will be referred to as an intake port or 
inlet port. ‘ 

Also, the terminology “upper dead center,” “lower 
dead center," “top dead center,“ “bottom dead cen 
ter,” “upper” or “top” cylinder‘ or crankcase portion 
or area, “bottom” or “lower” cylinder or crankcase 
portion, etc. will be used in this patent to refer to an en 
gine so oriented as to have the cylinder longitudinal 
axis located in a generally vertical plane with the cylin 
der head uppermost or on top, and the crankshaft and 
crank chamber located in an area generally directly un 
derneath or at the lower or bottom end of the cylinder. 

BACKGROUND OF THE INVENTION 
The ?eld of the invention is that of the two cycle re 

ciprocating piston type internal combustion engine 
having the scavenge ports located in that section of the 
cylinder wall nearest to the bottom dead center posi 
tion of the power piston, and utilizing the underside of 
the power piston as a piston for the scavenging pump 
system. 

In prior art engines in the field de?ned above, the 
height of the scavenge port opening in the cylinder 
above the piston timing edge at the bottom dead center 
position has usually been limited by the requirement 
for cylinder pressure to “blow down” through the ex 
haust port to somewhere near scavenge pump pressure, 
prior to scavenge port opening. The reason for this 
height limitation has been that with greater height of 
scavenge port, the corresponding higher gas pressure in 
the power cylinder at time of scavenge port opening 
has caused “blow back” through the scavenge port into 
the scavenge pump, with consequent contamination of 
the incoming fresh charge, interference with the trans 
fer of fresh charge gases into the cylinder, etc., result 
ing in inefficient engine operation and lesser power 
output than with lower scavenge port opening. It 
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should be emphasized, however, that a height of open~ 
ing of the scavenge port which corresponds to a cylin 
der pressure somewhat higher than scavenge pump 
pressure often results in best engine performance. 
Common practice calls for a scavenge port height vary 
ing from 18-20 percent of the piston stroke up to 
26-28 percent of the piston stroke, as measured from 
the piston head timing edge at bottom dead center posi‘ 
tion, up to the top edge of the scavenge port, although 
some engines may be found which go beyond these lim 
its. ‘ 

The height of the scavenge ports described above will 
be referred to hereafter as the normal scavenge port 
height. It is that height which is considered by the en 
gine builder to result in best engine operation and is 
generally limited on the high side by performance limi 
tations on the “blow back” of high pressure exhaust 
gases into the piston underside scavenging pump sys 
tem. On the low side it is generally limited by the aim 
of providing the largest feasible flow area from the 
scavenge pump system into the power cylinder, as an 
aid to high speed running. It might be added that when 
the upper end portion of the transfer passageway adja-, 
cent the scavenge port is angled upward at a steep an 
gle, for instance at 30° from the vertical, the port height 
may be made somewhat higher than when the upper 
end portion of the transfer passageway is ‘made more 
nearly horizontal, or actually horizontal. This-is be 
cause of the more gradual port opening, with conse< 
quent greater throttling of the “blow back” gases, in, 
the case of the more steeply upwardly inclined transfer 
passageway. 
When normal height scavenge ports are used, as soon 

' as the piston timing edge uncovers the upper edge of 
the port, the associated transfer passageway is also 
open to the scavenge pump system. _ 
“Extra height” scavenge ports are scavenge ports 

having their upper edges located at a substantially 
higher level in the cylinder bore than the upper edges 
of the normal height scavenge ‘ports, for example, 30 
percent of the stroke or higher. Thus they also open 
earlier than normal height scavenge ports, and unless 
special provisions are made, will, as described above, 
result in excessive “blow back" into the scavenge pump 
system with consequent deterioration of engine per 
formance. ‘ 

Being able to prevent excessive “blow back,” is of 
course essential to satisfactory utilization of “extra 
height” scavenge ports. In this invention, a port in the 
piston side wall is used to register with a port in the cyl 
inder side wall forming the lower entrance of the trans~ 
fer passageway which connects the extra height scav 
enge port with the piston underside scavenge pump sys 
tem. It is old in the art to connect a transfer passageway 
to the scavenge pump via ports in the piston side wall 
and cylinder wall, but the timing of this port registry 
has generally been as long or longer than that of the 
scavenge port at the other end of the passageway. Thus 
no delaying of the opening of “extra height” scavenge 
ports to the scavenge pump is taught. There is no addi 
tional blocking of the scavenge pump outlet, in order 
to prevent harmful “blow back” from the cylinder 
scavenge ports into the scavenge pump system. For ex 
ample, in my US. Pat. No. 3,612,014, in FIG. 6C, a 
port in a piston wall opens to a transfer passageway but 
no extra height scavenge port is involved and the timing 
of the scavenge port opening is the same as the timing 
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of the piston wall port opening. US‘ Pat. Nos. 891,366, 
and 1,755,260 show engines with ports in the piston 
skirt. The engines do not have extra height scavenge 
ports and the piston skirt ports do not provide any addi 
tional port timing effect. 

ln U.S. Pat. No. 1,729,366, a uni?ow type engine is 
shown. The scavenge ports in this engine are located 
adjacent the top end of the cylinder with the exhaust 
port at the lower end of the cylinder, and the scavenge 
flow is valved into the transfer passageways by ports in 
the piston skirt. However, the transfer passageways as 
shown also form portions of the combustion chamber 

0 

and actually contain spark plugs. The operation of the ' 
engine is quite different from the type of engine utiliz 
ing the present invention which has the scavenge ports 
in the lower portion of the cylinder. 

In US. Pat. No. 1,109,694 there is shown another 
uni?ow type engine having the scavenge ports located 
in the upper end of the cylinder, with the opening of the 
transfer passageway to the scavenge pump system con 
trolled by registry of piston skirt ports with crankcase 
outlet ports. Here, too, the scavenge ports lie at the top 
endof the cylinder, not at the bottom end, as in the 
present invention. With the scavenge ports located at 
the top end of the cylinder, a substantial portion of the 
cylinder charge is compressed back into the transfer 
passageways and trapped therein. The charge trapped 
in the transfer passageways does not take proper part 
in the combustion, being sealed off by the upper por 
tion of the piston head at the time combustion is initi 
ated. Obviously this major waste of charge trapped in 
the transfer passageways is highly undesirable. 
The effective scavenge port ?ow area of prior art en 

gine cylinders, where the scavenge ports are located at 
the lower end of the cylinder, is limited by the percent 
age of cylinder wall circumference devoted to scavenge 
ports, by the entry angles into the cylinder of ?ow from 
the scavenge ports, as oriented by the adjacent transfer 
passageways, and by the “normal’” scavenge port 
height. The percentage of cylinder wall circumference 
and also the entry angle of flow is limited by consider 
ations of effective scavenge gas flow pattern within the 
cylinder, by the portion of cylinder wall required for 
exhaust or other passageways, and by mechanical con 
siderations such as surfaces required for retention of 
piston rings, surfaces for piston ring gaps to run on, 
supports required for strength, etc. Thus the effective 
scavenge port flow area remains limited in prior art en 
gines. 

' It is an object of the invention to overcome the nor 

mal height scavenge port limitation and to make possi 
ble additional effective scavenge port flow area, with 
any given scavenge port layout and percentage of cylin 
der circumference devoted to scavenge ports, by utili 
zation of“extra height” scavenge ports. it is also an ob 
ject of the invention to achieve this additional effective 
flow area by utilizing, where necessary or desirable, 
“extra height” scavenge ports located superposed 
higher in the cylinder wall above normal height (or less 
than normal height) scavenge ports. 
Power output of prior art engines of the subject type 

has been limited by insufficient effective cylinder port 
flow area, and limitation of effective scavenge port flow 
area constitutes a principal limitation on total effective 
cylinder port flow area. Accordingly, it is an object of 
the invention to increase engine power output by in 
creasing effective port flow area by means of utilizing 
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4 
“extra height” scavenge ports to increase the effective 
scavenge port ?ow area. 
“Extra height” scavenge ports can also be used to in 

crease engine power output and efficiency by promot 
ing more efficient or effective scavenge gas ?ow pat 
terns. For example, the portion of the work cylinder 
volume located farthest above the scavenge ports is 
often the most poorly scavenged. By utilizing “extra 
height” scavenge ports the distance from this cylinder 
volume portion to the ports is reduced and scavenging 
is thus improved. It is likewise desirable under some 
conditions of design to provide an upward flowing scav 
enge gas pattern within the cylinder which occupies a 
larger percentage of cylinder bore cross sectional area, 
in orderto improve scavenging efficiency. This aim can 
also be met by use of “extra height” scavenge ports - 
since they permit increased scavenge port area which 
can in turn be used to increase the cross sectional area 
of upward ?owing scavenge gases in the cylinder bore. 
it is thus an object of the invention to increase power 
output and efficiency by improving the effective scav 
enge gas ?ow pattern through use of “extra height” 
scavenge ports. 
Use of cylinders having high bore to stroke ratios is 

important from the point of view of permitting higher 
engine rpm with a cylinder of given piston displace 
ment, without exceeding normal limitations imposed by 
bearing loads and friction. However, the power output 
of prior art “short stroke” engines has often been lim 
ited by lack of effective scavenge port flow area in the 
cylinder. It is an object of the invention to increase the 
effective scavenge port flow area by use of “extra 
height” scavenge ports, in order to permit increased 
specific power when high bore to stroke ratio cylinders 
are used. Another limitation on power and efficiency of 
prior art high bore to stroke ratio cylinders has been 
the inefficient scavenge gas flow pattern which can re 
sult from reduction of scavenge port area in relation to 
cylinder bore cross sectional area which tends to occur 
when bore is increased and stroke is decreased. It is 
thus also an object of the invention to increase power 
output and efficiency of high bore to stroke ratio cylin 
ders by use of “extra height” scavenge ports to improve 
the scavenge gas flow pattern by helping to maintain an 
upwardly moving'scavenge gas flow path of suitably 
large cross sectional area in relation to cylinder bore 
cross sectional area. 

High bore to stroke ratio designs generally result in 
more compact and lighter engines for a given piston 
displacement volume per cylinder, and it is an object of 
the invention to render feasible such more compact 
and lighter engines through the use of “extra height” 
scavenge ports which, as above, enable efficient use to 
be made of high bore to stroke ratio cylinders. Since 
such engines also develop more horsepower per unit 
volume of required construction materials, the cost of 
construction and hence engine cost per horsepower 
will also tend to decrease. It is thus an object of the in 
vention to provide for reduction of engine cost per 
horsepower through use of “extra height” scavenge 
ports which permit efficient use to be made of high 
bore to stroke ratio cylinders. 
Very high output ‘engines of the subject type tend to 

develop best power output over only a narrow rpm 
range or “power band.” This results in major part from 
need for very high exhaust ports and subsequent ral 
iance on “rpm tuned” exhaust systems which utilize 
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pressure waves to offset the- late mechanical closing of 
these ports. By using “extra height” scavenge ports, the 
engine designer can reduce the percentage of cylinder 
circumference required for adequate scavenge port 
flow area and thus increase the percentage of circum 
ference left over which can be devoted to exhaust 
ports. Thus a wider exhaust port can be provided, 
which will permitiuse of a lower exhaust port, other 
things being equal. With a lower exhaust port, perform 
ance depends less on an “rpm tuned" exhaust system 
and hence the “power band” can be widened. In the 
case of many vehicle applications, widening of the 
“power band” is of more importance than increasing 
the peak power output. It is thus an object of the inven 
tion to widen the “power band” by making possible the 
use of “extra height" scavenge ports. 
Other objects of the invention will become apparent 

as the description proceeds. 

,‘ BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view of a two cycle en 
gine utilizing extra height scavenge ports constructed in 
accordance with the present invention and taken as on 
line 1_l in FIG.‘7. 
FIG. 2 is a vertical sectional view of the cylinder por 

tion of the engine of FIG. 1 with the piston in position 
wherein the transfer passageways for the extra height 
scavenge ports are about to be opened to the scavenge 
pump system; 
FIG. 3 is a sectional view taken on the same sight line 

as FIG. 2 showing the ports in their ‘fully opened condi 
tion with the piston at bottom dead center position; 
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FIG. 4 is a sectional view taken as on line 4-4 in . 

FIG. 7, showing the piston in the same position as in 
FIG. 1 wherein the scavenge ports are closed; 
FIG. 5 is a sectional view taken, on the same sight line 

as FIG. 4 showing the piston in the same position as 
FIG. 2; _ 

FIG. 6 is a sectional view taken on the same sight line 
as FIG. 4 showing the piston in the same position as 
FIG. 3 wherein the ports are fully open with the piston 
in bottom dead center position; 
'FIG. 7 is a sectional view taken as on line 7-—7 in 

FIG. 3; 
FIG. 8 is a vertical sectional view of a modi?ed form 

of the engine utilizing extra height scavenge ports made 
according to the present invention and having a bore to 
stroke ratio of 1.5:1 and taken as on line 8—8 in FIG. 

10; . 

FIG. 9 is a sectional view of the form of the invention 
of FIG. 8 taken as on line 9-9 in FIG. 10; and 
FIG. 10 is a sectional view taken as on line l0~10 

in FIG. 8. ‘ 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS ‘ 

Referring to FIG. 1, the general construction of a 
rear compression two cycle engine is illustrated in cross 
section. The underside of the piston is used as the scav 
enging pump piston. The two cycle engine illustrated 
generally at 15 includes a crankcase 16 of usual design 
and can be made in two sections which are suitably fas 
tened together. The crankcase l6 encloses a crankshaft 
l7 rotatable on suitable bearings. As shown, the direc 
tion of rotation of the crankshaft is counterclockwise. 
A crank pin 18 on crankshaft 17 is connected to a con 
necting rod 19. The connecting rod 19 in turn‘is con 
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6 
nected to a piston pin 20 that is mounted in a piston 21. 
The piston 21 is slidably mounted in the interior cylin 
der bore 22 in a cylinder 23 attached to the crankcase 
16. The cylinder 23 is air cooled as shown and has a 
number of cooling fins 24 thereon. A cylinder head 25 
is attached to the top of the cylinder 23 to close the cyl 
inder bore 22. A spark plug 26 of usual design can be 
connected to an ignition system to provide ignition of 
compressed charges in the cylinder bore in a desired 
manner. The spark plug may be omitted, if compres 
sion ignition is utilized, or a glow plug may be used. 
Fuel injection through the cylinder head (or elsewhere) 
may also be utilized. The head 25 has cooling fins 27 
thereon. The engine could be liquid or otherwise 
cooled, if desired. ‘ 
As shown in the first embodiment of the invention 

the bore diameter to piston stroke ratio is substantially 
1:1. Bore to stroke ratios ranging up to l.25:l are 
within the range which has been generally accepted as 
best for development of maximum power output per 
unit volume of piston displacement. Bore to stroke ra 
tios higher than 1.25:1 are generally considered to be 
high bore to stroke ratios. 
An exhaust port 30, which as shown has a height of 

substantially 50 percent of the piston stroke, opens 
from the cylinder bore. The exhaust port 30 opens to 
an exhaust pipe 31 that is attached to the cylinder 23 
in a suitable manner. The exhaust. pipe may preferably 
be connected to a resonant or pulse tuned exhaust sys“ 
tem illustrated schematically at 3.2, when the high ex 
haust port 30 is utilized. As shown in FIG. 7, the ex 
haust port 30 extends around the periphery of the cyl 
inder bore for a preselected distance. The cylinder wall 
also has a crankcase inlet port 33 de?ned therein con 
nected with a suitable tube 34 leading to a carburetor, 
or other inlet device for introducing a fuel-air or air 
charge into the scavenge pump system. 
The inlet port 33, as shown, is valved by the wall 35 

of the piston 21. The bottom edge of wall 35 is used for 
timing the inlet port. Whenthe piston is at the upper 
portion of its stroke the inlet port is open to permit in 
troduction of the fuel-air or air charge into the crank 
case chamber, which is open to the underside of the 
piston 2l.iThis charge is drawn into the crankcase be 
cause of the reduced pressure in the crank chamber as, 
the piston moves on the upstroke. In the piston position 
shown in FIG. 1, the inlet port 33 is closed, and a fresh 
charge which has previously been drawn into the 
crankcase scavenging pump system by the underside of 
the piston is being compressed as the piston moves 
downwardly. The operation of the inlet port 33 valved 
by a piston skirt is clearly explained and disclosed in my 
US. Pat. No. 3,612,014 but other types of piston 
valved inlet ports may also be used. Inlet valving by. 
reed valves, rotary valves or other suitable inlet valve 
devices may likewise be utilized. 
Other matters being equal7 the power output of en 

gines of this type is limited by the engine running speed 
at which the piston underside scavenge pump system 
can substantially empty itself at each revolution into 
the power cylinder via the scavenge ports. Either a 
higher scavenge pump pressure or larger area scavenge 
ports and adjoining passageways will permit higher ob 
tainable running speeds and higher power outputs. The 
circumference of the cylinder bore is a fixed value, and 
the percentage of its circumference which can be de 
voted to scavenge port width is limited. The attainment 
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of higher scavenging pressures is limited by normal de 
sign and construction requirements in engines employ 
ing piston underside scavenging pump systems. Mate 
rial increases in scavenging pump pressures will result 
in increased pumping power requirements which will 
more than offset any resulting increase in gross horse 
power developed through higher running speeds. Also, 
the ?ow characteristics of the scavenge system are such 
that the running speed for peak engine rpm will in gen» 
eral only increase as the square root of the scavenge 
pump pressure. ‘ 

Enlargement of scavenge port area and correspond 
ing enlargement of passageways and any other ports or 
restrictions between the scavenge pump system and 
scavenge ports, has also been tried and has proven ef 
fective between the limitations on “normal” port 
height (where blow back offsets any gains) and the lim- 5 
itations on port width which result from the need for 
reserving part of the cylinder wall circumference at the 
port belt (and directly below) for other requirements 
such as mechanical strength, retention bars for piston 
rings, areas for piston ring gaps to ride on, areas for ex 
haust ports, areas for inlet ports or passageways into 
the piston underside scavenge pump system, etc. Other 
limitations upon the scavenge port width result from 
requirements for developing an efficient, effective and 
stable scavenge ?ow pattern within the power cylinder. 
When the “normal” scavenge port height limitation 

is removed as in this invention, higher running speeds 
and corresponding higher power outputs can be 
achieved. The extra height scavenge ports also tend to 
provide for more effective scavenging because the tops 
of such ports are closer to the cylinder head. The scav 
enging medium is thereby introduced to the cylinder 
bore closer to the cylinder head, which in turn aids in 
scavenging of the upper portion of the cylinder. Also, 
extra height scavenge ports may be used by the engine 
designer to otherwise improve the scavenge gas ?ow 
pattern within the cylinder and to widen the “power 
band" or rpm range within which high torque is at 
tained. The extra height scavenge ports to be described 
thus represent a substantial improvement in the art. 
Referring again to FIGS. 1 and 2, diametrically oppo 

site from the exhaust port 30 there is an “opposite” 
scavenge port 40. This “opposite" scavenge port is an 
extra height port, extending from an effective lower 
edge at the level of the top edge 21A of the piston with 
the piston at bottom dead center position, up to a 
height of about 45 percent of the stroke above that 
level. . 

The height of the upper edge of the extra height scav 
enge port can be varied from the 45 percent ?gure as 
desired. As can be seen, the upper edge 40A of the 
extra height scavenge port 40 is slightly lower than the 
level of the upper edge of the exhaust port 30, so that 
the exhaust port 30 is already opening when the piston 
is in its position as shown in FIG. 1. However, the tim 
ing of the exhaust port opening may be varied consider 
ably without departing from the teaching of this inven 
tion. ' 

The extra height scavenge port 40 opens to a transfer 
passageway 41 that is defined in the cylinder 23, and 

- the upper passageway wall portion 42 is positioned so 
that the acute angle which the wall 42 forms with re 
spect to the longitudinal axis of the cylinder bore 22 is 
approximately 30°. A scavenge gas charge passing 
through the transfer passageway 41 and out through 
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8 
the extra height scavenge port 40 will therefore be di 
rected upwardly and along the portion of the cylinder 
bore 22 located opposite exhaust port 30, in order to 
obtain a desirable scavenge gas ?ow pattern for scav 
enging of the cylinder contents. The lower end of the 
transfer passageway 41 ends at a crankcase outlet port 
43 that is valved by a piston wall outlet control port 45. 
The scavenge gas ?ow between the scavenge pump sys 
tem and transfer passageway 41 is valved by the piston 
wall 35, piston wall port 45 and crankcase outlet port 
43 in order to obtain proper timing and prevent exces 
sive blow back. 
The transfer passageway 41 is further de?ned by a 

cylinder wall section 44 that at its lower end forms the 
upper edge of crankcase outlet port 43. The surface of 
wall 44 at its upper portion adjacent port 40 is also an 
gled to help obtain the desired ?ow pattern for the 
scavenge gas as it flows through the passageway 41 and 
out through the scavenge port 40 into the cylinder 
bore. In the piston position shown in FIG. 1 the crank 
case outlet port 43 is blocked off by piston wall 35, thus 
preventing gas ?ow through the port. 

Also, the length of piston wall as measured from the 
timing edge 21A of the piston down to the upper edge 
of piston wall port 45 must be at least equal to the 
length of the port 40 as measured from its upper edge 
40A to the upper edge of wall section 44. This length 
of piston wall is necessary to prevent blow back of high 
pressure combustion gases from transfer passageway 
41 into the scavenging pump system via piston wall port 
45 when the piston moves downwardly so that timing 
edge 21A uncovers the upper edge 40A of the port 40. 
The opening and closing of the transfer passageway 

41 to the scavenging pump system is effectively con 
trolled by cooperation between the crankcase outlet 
port 43 of the passageway 41, and the piston wall outlet 
control port 45 instead of by piston movement in rela 
tion to extra height scavenge port 40. The action of 
control port 45 in relation to the timing of the extra 
height opposite scavenge port 40 will be further ex 
plained subsequently in this patent. 
When a steeply upwardly inclined transfer passage 

way is used in combination with a normal height scav 
enge port, flow capacity is reduced below that afforded 
by the area of the scavenge port itself because of the 
reduced cross section of the passageway at right angles 
to the flow at the piston timing edge 21A when the 
scavenge port and associated passageways are of a simi 
lar width. In order to increase the effective flow area an 
extra height scavenge port may be utilized. When an 
extra height scavenge port is utilized, the effective min 
imum cross section at right angles to the ?ow can be in 
creased to be equal to or greater than that of crankcase 
outlet port 43, which can be made of a height equal to 
the height of a normal height scavenge port. Hence, the 
extra height scavenge port 40 may have flow capacity 
substantially equal to a normal height scavenge port 
having an adjacent transfer passageway that is more 
nearly horizontal, as opposed to being steeply upwardly 
inclined. 
The cylinder wall as shown also contains extra height 

“side" scavenge ports as well as normal height “side” 
scavenge ports. The term “side” scavenge ports as used 
in this speci?cation refers to those scavenge ports lo 
cated between opposite scavenge port 40 and the ex 
haust port 30, andwhich lie in general at the sides of 
the cylinder wall at each side of exhaust port 30. As can 
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perhaps be best seen by referring to FIGS. 4 and 6, 
there may be provided extra height side scavenge ports 
50, on‘each side of the opposite scavenge port 40. 
These scavenge ports 50 open to transfer passageways 
51 that extend through the cylinder block and open, at 
their lower ends, to crankcase outlet ports 52 that are 
provided in position so as to be closed by the piston 
wall 35, when the piston is in position as shown in FIG. 
4. The upper edges 50A of the extra height side scav~ 
enge ports 50 may be as shown on substantially the 
same level in the cylinder bore as the upper edge 40A 
of the extra height opposite scavenge port 40. How 
ever, the level of the height of the upper edges of the 
extra height ports may be varied considerably without 
departing from the teaching of this invention. 
The extra height side scavenge ports 50 are posi 

tioned above underlying normal height scavenge ports 
55, also on each side of the extra‘height opposite scav 
enge port 40. The end surfacer56 of a partition wall 
member 58 separates the normal height side scavenge 
port 55 from its associated overlying extra height side 
scavenge port 50. It should be understood that side 
scavengeports 55 could. also, if desired, be of less than 
normal‘ height. 
Each of the normal height side scavenge .ports 55 

opens to a transfer passageway 57 that is separated 
from the transfer passageway 51 by the partition wall 
58. Each of the transfer passageways 57 leads from a 
separate crankcase outlet port 59. The ports 59 are po 
sitioned above the ports 52, which are the crankcase 
outlet ports leading to transfer passageways 51 and 
extra height side scavenge ports 50. The ports 52 and 
59 are also separated by the end of the partition wall 
58 which forms a divider surface 61. 
Additional normal height side scavenge ports 63 can 

also be provided in the cylinder and these are posi 
tioned on adjacent opposite sides of the exhaust port 
30, between the exhaust port 30 and the normal height 
side scavenge ports 55. The scavenge ports 63 open 
into transfer passageways 64 that are de?ned in the cyl 
inder block. The transfer passageways 64 open directly 
to the crankcase which forms the scavenge pump 
chamber on the underside of the piston 21, or they 
might also be routed‘through piston skirt ports or win 
dows in known manner. ‘ “ l 

The transfer‘ passageway 57, as shown in FIGS. 4, 5 
and 6, is also partly de?ned by a wall 60 forming a part 
of the wall for the cylinder bore 22, but it should be 
noted that this wall 60 can be removed if desired, with 
out affecting the effective timing of opening of the 
scavenge ports 55 or 50 to the scavenge pump system. 
The crankcase outlet ports 52 and 59 are designed to 

communicate with the underside of the piston 21, and 
therefore with the scavenge pump system, through a 
piston wall outlet control port 70 provided through the 
piston wall 35. The control port 70 aligns with its re 
spective crankcase outlet ports 52 and 59 in accor 
dance with movement of the piston, and depending on 
the position of the‘piston during its stroke, the crank 
case outlet ports 52 and 59 may be closed off by the 
piston wall 35, or open to the underside of the piston 
through the control port 70. It will be noted that when 
the wall section 60 is omitted, ports 59 and 55 combine 
to form a single opening without affecting the desired 
effective control port timing. 
As has been discussed in the patent section dealing 

with the background of the invention, adding height to 
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scavenge ports is detrimental when the port height ex 
ceeds a certain proportion of the piston stroke, (corre 
sponding to the normal port height) due to combustion 
gas blow back into the scavenge pump system. With the 
additional valving of the present invention as provided 
by properly timed registry of piston skirt ports with 
crankcase outlet ports, the normal height limitation is 
overcome and extra height scavenge ports can be uti 
lized to great advantage. 
To follow through a valving cycle, reference will be 

made simultaneously to FIGS. 1, 2 and 3 which show 
the valving of the extra height opposite scavenge port 
40, and to FIGS. 4, 5 and 6, which show the valving of 
the extra and normal height side scavenge ports 50 and 
55, which are positioned one above the other. In the 
piston position shown in FIGS. II and 4, the top edge 
21A of the piston 21, which is the valving edge, is 
shown moving downward in the course of the power 
stroke, and as shown has moved below the upper edge 
of the exhaust port 30, so that the exhaust gases start 
to escape. Whereas this is the particular exhaust port 
timing illustrated, it should be understood that the in 
vention is not necessarily limited to this particular tim 
ing of the exhaust port. The valvingedge 21A is then 
aligned with the upper edge 40A of the extra height op 
posite scavenge port 40 and the upper edge 50A of the 
extra height side scavenge ports 50. The lower portion 
of piston wall 35 is blocking off the crankcase outlet 
port 52 (see FIG. 4). The normal height scavenge ports 
55 and 63 are still completely blocked off by upper por 
tions of the piston wall 35. 

It is necessary that the section of piston wall 35 ex 
tending between timing edge 21A and the upper edge 
of control port 70 be at least equal to the height of 
extra height scavenge port 50. This is necessary so that 
when timing edge 21A uncovers the port edge 50A in 
the course of the piston descending on the power 
stroke, blow back into transfer passageway 51 is 
thereby prevented from entering the scavenge pump 
system through control port 70, just as the correspond 
ing necessary length of upper piston wall prevents blow 
back through control port 45, as described previously. 
As the piston 21 continues to move downwardly in 

‘the cylinder bore 22, from its position as shown in 
FIGS. 1 and 4,, the extra height scavenge ports 40 and 
50 will be uncovered. However, the transfer passage 
ways 51 and 41 will continue to be blocked off by the 
piston wall 35 at the crankcase outlet ports 43 and 52, 
respectively. Also as described previously, the portions 
of the piston wall above control ports 45 and 70 pre~ 
vent blow back through these ports. The exhaust port 
30 also continues to be open. 
When the piston 21 reaches the position shown in 

FIGS. 2 and 5, which is the position for opening of nor 
mal height scavenge ports, it can be seen that the extra 
height scavenge ports 40 and 50 in the cylinder wall are 
uncovered but the crankcase outlet ports 43 and 52 at 
the lower ends of transfer passageways 41 and 51 are 
still closed. Thus the scavenge pump system is still 
sealed off from the cylinder bore 22. During piston 
movement downwardly the exhaust port 30 has been 
further opened and the pressure within the cylinder 
bore 22 therefore has been reduced substantially. The 
lower timing edge 45A of the piston wall outlet control 
port 45 in the piston wall 35, (see FIG. 2) is aligned 
with the lower edge of the wall 44, which forms the 
upper edge of the crankcase outlet port 43. Likewise, 
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referring to FIG. 5, the lower timing edge 70A of the 
piston wall outlet control port 70 in the piston wall 35 
is aligned with the upper edge of the crankcase outlet‘ 
port 52 for passageway 51. In the illustrated position of 
the piston the pressure within the cylinder bore has 
blown down to a pressure level where the opening of 
the scavenge ports to the scavenge pump system may 
be effected without undue blow back. 
Then as the piston 21 continues to move downwardly 

from its position as shown in FIGS. 2 and 5, the piston 
wall outlet control port 45 de?ned in cylinder wall 35 
will start to come into registry with the crankcase outlet 
port 43 leading to transfer passageway 41, opening the 
port 43. Likewise, the timing edge 70A of the control 
port 70 will move downwardly, and open the crankcase 
outlet port 52 leading to transfer passageway 51. At 
some time shortly after opening of the crankcase outlet 
control ports, fresh charge gases will start to flow out 
of the scavenge pump system via the transfer passage 
ways. 

In FIGS. 2 and 5, as is usual in the piston position 
shown, the piston 21 is still blocking off the normal 
height side scavenge ports 55 and 63. The crankcase 
outlet port 59 is in communication through the control 
port 70 with the underside of the piston 21, so that the 
scavenge pump system is open to the transfer passage 
way 57, but no flow takes place because of the closing 
of the port 55 by the upper portion of the piston 21. 
Likewise, no flow takes place through normal height 
scavenge port 63, even though transfer passageway 64 
is open at its lower end to the scavenge pump system. 
When the piston 21 moves downwardly from the po 

sition shown in FIGS. 2 and 5 toward the bottom dead 

0 

20 

25 

30 

center position shown in FIGS. 3 and 6, the transfer ‘ 
passageway 41 is opened through control port 45 to the 
scavenge pump system, and the transfer passageway 51 
is also opened via control port 70 to the scavenge pump 
system. The normal height ports 63 and 55 are also 
being uncovered. The extra height ports 40 and 50 
were already uncovered, although port 40 was not fully 
uncovered. Thus all the scavenge ports whether of nor 
mal or extra height, are open to the scavenge pump sys 
tem when the piston moves downwardly from the posi 
tion shown in FIGS. 2 and 5. 

In the bottom dead center position, the crankcase 
outlet ports 52 and 43 are both fully open, the extra 
height scavenge ports 50 and 40 are fully open, and the 
normal height scavenge ports 55 and 63 are also fully 
open. In this piston position it can readily be seen that 
the extra height scavenge ports and their associated 
transfer passageways and crankcase outlet ports greatly 
increase the total available flow path cross-sectional 
area for fresh charge flow from the scavenge pump sys 
tem into the cylinder, as compared to the situation 
when only normal height scavenge ports are utilized. 
After bottom dead center position the piston 21 will 

start to move upwardly, and the timing edges 45A and 
70A of piston wall 35 will start to close off the crank 
case outlet ports 52 and 43, while at the same time the 
timing edge 21A will start to close off the scavenge 
ports 55 and 63, so that by the time the piston reaches 
the position shown in FIGS. 2 and 5 on its upstroke, the 
scavenge pump system is closed off from the cylinder 
bore 22. Thus, further upward motion of the piston will 
not have any effect on flow in and out of the scavenge 
pump system through the transfer passageways. The 
extra height transfer ports are closed off from the scav 
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12 
enge pump system and so are the normal height scav 
enge ports. . 

After the piston has reached its top dead center posi 
tion, and after compression and ignition have occurred 
in the usual manner, the piston will again move down 
wardly, under the urging of the high pressure gases of 
combustion, and the cycle will repeat. The use of con 
trol ports in the piston wall permits increasing the 
height of the scavenge ports in the cylinder wall with 
out the harmful blow back into the scavenge pump sys 
tem which would otherwise be caused by too early 
opening of the scavenge ports during the power stroke; 
i.e., when the pressure within the cylinder bore 22 is 
still much higher than the scavenge pump pressure. 
The use of a resonant or pulse tuned exhaust system 

as shown schematically in FIG. 1 can be especially ben 
e?cial in combination with the high exhaust port 30 be 
cause an exhaust gas pressure wave or pulse can be 
used to effectively close the exhaust port prior to the 
actual mechanical closing of the port by the piston, in 
order to prevent loss of fresh charge through this high 
port which would otherwise occur. 

Referring to FIG. 1, as a modi?cation of the inven 
tion, the transfer passageway 41 can be formed so that 
the surface 42 is not positioned at an acute angle with 
respect to the longitudinal axis of the bore 22, but 
rather may be formed so that the scavenge port 40 
leads into a passageway wherein the upper wall of the 
passageway is more nearly at right angles to the longitu 
dinal axis of the cylinder. 
The angle of the upper wall of the passageway per se 

forms no part of the invention. However, in combina 
tion with the steeply upwardly inclined upper wall sec 
tion 42, the use of the single extra height scavenge port 
40 together with the piston control port 45 and crank 
case outlet port 43 shown, is particularly appropriate 
for matching of the various available gas flow path 
cross-sectional areas. When the upper wall section 42 
is made horizontal (or even when made somewhere 
near horizontal), the gas flow path cross-sectional area 
measured at a right angle to the flow close to extra 
height port 40, is greatly increased. In such instance the 
cross-sectional area at this point may become, for ex 
ample, twice as great as that of the control port 45 and 
its matching crankcase outlet port 43, but gas ?ow rate 
out of the scavenge pump system will increase compar 
atively little because of the mis-match of flow areas. 
The cross-sectional areas of ports 43 and 45, plus the 
cross-sectional area of the transfer passageway 41 in 
the region indicated at 41A in FIG. 1, will restrict and 
largely control the gas flow rate regardless of substan 
tially doubling the flow path cross-sectional area of the 
passageway near scavenge port 40. The outer transfer 
passageway wall section could be moved further away 
from wall section 44 in order to increase the cross 
sectional area of the vertical portion of passageway 41 
to match that available adjacent port 40, but the small 
cross sectional area of ports 42 and 43 would still re 
main to throttle the ?ow and thus constitute the princi 
pal flow limiting factor. It can thus be seen that when 
a more nearly horizontal upper passageway section is 
used to replace the steeply upwardly inclined section 
42, gas flow rate out from the scavenge pump is in 
creased little despite great increase in flow path area of 
the transfer passageway adjacent scavenge port 40. 

In order to take advantage of the increased rate of 
gas flow out of the scavenge pump system o?'ered by 
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the increased flow path area opened up adjacent to the 
scavenge port 40 by use of more nearly horizontal 
upper transfer passage wall sections, it is desirable to 
utilize a normal height (or less than normal height) 
scavenge port plus an extra height scavenge port placed 
above it, as has already been described with regard to 
ports 55 and 50, with their corresponding transfer pas 
sageways and openings into the scavenge pump system. 
It will be noted that ports 55 and 50, with their horizon 
tal upper transfer passage surfaces, are adequately 
matched as to flow path area by their accompanying 
transfer passageways and lower port openings into the 
scavenge pump system. 
Thus the two different arrangements of extra height 

scavenge port (i.,e., the single port arrangement of port 
40 and the double port, extra height port placed above 
normal height port arrangement of ports 50 and 55) are 
provided as appropriate for flow path area matching 
according to whether the flow path adjacent the scav 
enge ports approaches the vertical, or ‘the horizontal. 
When the flow path approaches the vertical, the single 
port arrangement is appropriate, as shown (scavenge 
port 40). When the flow path approaches the horizon 
tal, then the double or superposed port arrangement is 
appropriate, as shown, (ports 50 and 55) in order to 
take advantage of the increased flow rate out of the 
scavenge pump system made possible by the increased 
square~to'the—?ow area resulting from the horizontal 
type ?ow path at the scavenge ports. 

Increased gas ?ow rate out of the scavenge pump sys 
tem of course tends toward increased engine power 
output. In port layouts of the illustrated general type, 
a steeply upwardly inclined gas flow path is considered 
beneficial when ?owing from scavenge ports located in 
general on the opposite side of the cylinder wall from 
the exhaust port. Hence the opposite scavenge port 40 
is shown with the adjacent passageway walls steeply up 
wardly inclined toward the vertical, and with the single 
extra height port arrangement appropriate for passage 
and port area matching. Also, for scavenge ports in this 
type of port layout which are located in the cylinder 
wall generally at each side of the exhaust port, a scav 
enge gas ?ow approaching the horizontal is often con 
sidered best. Thus for the extra height side scavenge 
ports a superposed or double type layout is shown in 
order to match the increased ?ow path area afforded 
by the horizontal type ?owpath. 

It should be understood that the engine designer may 
not wish in all ‘instances to utilize the increased flow 
rate out of the scavenge pump made possible by the in 
crease ?ow path area afforded by the more horizontal 
type scavenge port flow path. For example, the ?ow 
rate out of the scavenge pump might be adequate for 
the desired engine revolution rate, without any increase 
in flow rate out of the scavenge pump system. At the 
same time a lower velocity, more nearly horizontal and 
of greater cross sectional area scavenge gas ?ow into 
cylinder bore 22 might be desired. In such instance the 
horizontal type-upper passageway wall 42A would be 
utilized as illustrated in combination with the single 
extra height port 40 and control port 45. Also it should 
be understood that where more steeply upwardly in 
clined gas flow out of the scavenge ports is desired, the 
single extra height port arrangement of 40 with accom 
panying single type transfer passageway 41 plus atten 
dant single crankcase outlet port 43 is not the only 
extra height port arrangement available to the designer. 

14 
In some cases it may be desirable to utilize the double 
or superposed arrangement of ports 55 and 50 in com 
bination with varying degrees of transfer passageway 
guided inclination of gas ?ow toward the vertical. 

5 ‘In summary, the valving by the piston wall is such 
that the timing edges 70A and 45A of the control ports 
in the piston wall do not open the transfer passageways 
for the extra height scavenge ports until the piston has 
moved down to a position wherein normal height scav 
enge ports would be opening. Thus by employing sec 
ondary valving means, time of opening of the extra 
height ports to the scavenge pump system is controlled 
to be substantially the same number of degrees‘of rota 
tion of the crank as with normal height scavenge ports. 
However, the total ?ow path area from the scavenge 
pump system to the cylinder bore is greatly increased. 

In FIG. 7, a cross section of the cylinder is shown. It 
can be seen in this ?gure that the side scavenge ports 
and their adjoining transfer passageway wall surfaces 
are directed across the piston head toward the cylinder 
bore area located on the opposite side from exhaust 
port 30 in order to obtain the desired scavenge gas ?ow 
pattern within the cylinder. The steeply upwardly in 
clined wall section _42 of the transfer passageway 41 
aids in obtaining the desired scavenge flow pattern by 
directing the flow upwardly. Thus the scavenging gases 
flow generally upwardly in the portions of the cylinder 
bore area on the opposite side of the bore from the ex— 
haust port, then across the cylinder head and finally 
flow back down along the wall of the cylinder above the 
exhaust port while scavenging spent combustion gases 
out through the exhaust port. > 
The additional useful effective ?owpath area result 

ing from use of extra height scavenge ports can also be 
clearly seen in FIG. 7. The two additional transfer pas 
sageways 51 and the twice usual depth transfer pas 
sageway 41 (as measured‘ on a radialbisecting line), are 
made feasible by use of extra height scavenge ports. 
While the particular port layout shown in FIGS. 1-7 

is a desirable one since it results in an ef?cient scav 
enge gas ?ow pattern within the cylinder bore and at 
the same time makes substantially the entire cylinder 
bore circumference at the port belt area available for 
ports, it should be understood that the invention is by 
no means limited to this layout. Extra height scavenge 

‘ ports with their accompanying piston wall control ports 
may also be utilized to advantage in combination with 
other'port layouts. For example, opposite extra height 
port 40 may be omitted and scavenge pump inlet port 
33 may be relocated on the side of the cylinder left va 
cant by omitting port 40. This is the more usual “loop 
scavenging” arrangement. There are also available 
many forms of “cross scavenging” port layouts in 
which the scavenge ports are located principally oppo 
site or “across” from the exhaust port. In the “cross 
scavenging” arrangements various types of flow direct 
ing baf?es on the piston head have often been used, 
and such baf?es have also been used as part of “loop 
scavenging" arrangements. There are also other types 
of scavenge port layouts, piston head arrangements, ex~ 
haust port‘ arrangements, etc. too numerous to de 
scribe, which are used in the subject type engines hav 
ing the scavenge ports located at the lower end of the 
cylinder, adjacent the piston head at the bottom dead 
center position. It is to be understood that the extra 
height scavenge ports plus piston wall control ports of 

i this invention can be utilized as desired in combination 
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with any of these port layouts, without departing from 
the teaching of the invention. 

In FIGS. 8, 9 and 10, a modi?ed form of the inven 
tion is illustrated. In this particular form of the inven 
tion, the bore to stroke ratio is illustrated as being 
1.5:]. The present invention utilizing extra height scav 
enge ports has particular adaptability to engines with 
such a highly “over square” bore to stroke ratio. 

In present engines having bore to stroke ratios 
greater than the 1:1 to 1.25:1 range, the engines gener 
ally deliver no more power than their 1:1 to 1.25:1 bore 
to stroke ratio counterparts, and quite often deliver 
less. A principal reason for this is the fact that the gas 
?ow through the cylinder scavenge port is largely lim 
ited by the effective scavenge port ?ow area, at any 
given scavenge pump pressure, and in high bore to 
stroke ratio cylinders the effective scavenge port flow 
area is less than in 1:1 to 1.25:1 bore to stroke ratio cyl 
inders having the same port layout and timing, the same 
piston displacement. This results because with increas 
ing cylinder bore diameter the piston displacement in 
creases as the square of the bore diameter but the cylin 
der wall area available for ports increases only in direct 
ratio with bore diameter. In most instances the rpm for 
maximum power of a high bore to stroke ratio engine 
of a given single cylinder displacement having a given 
port layout and timing will not exceed that of a 1:1 to 
l:25:l bore to stroke ratio range cylinder of the same 
piston displacement, same port layout as to percentage 
of cylinder wall diameter devoted-to ports, and same 
timing. Hence the indicated power of the high bore to 
stroke ratio cylinder will tend to be no greater, as has 
been proved in actual practice. 
By use of the extra height scavenge ports of this in 

vention, however, scavenge port area can be increased 
so that the .effective port flow area through a high bore 
to stroke ratio cylinder of a given piston displacement, 
port layout and port timing, can be made sufficient to 
meet the gas ?ow demands of the increased rpm per 
mitted by the generally accepted 4,000 feet per minute 
piston speed limit in combination with the short piston 
stroke. Thus with a bore to stroke ratio in the 2:1 range, 
the rpm and the power output potential is 1.6 times 
greater than with a bore to stroke ratio in the 1:1 range. 
A 60 percent increase in power potential in combina 
tion with the lesser weight and cost inherent in the 
short stroke arrangement, is thus made feasible in a 
very high bore to stroke ratio cylinder of a given dis 
placement through use of “extra height” scavenge 
ports. 
Another factor working against the high bore to 

stroke ratio cylinders when only normal height scav 
enge ports are utilized, is based in the ratio of the cross 
sectional area of the upward ?owing scavenge gas 
stream in the cylinder, to the cylinder bore cross 
sectional area. If the cross-sectional area of the upward 
?owing gas stream is correct in relation to cylinder 
bore cross-sectional area so that the resulting scavenge 
?ow pattern gives best scavenging ef?ciency with the 
usual 1:1 to 1.25:1 bore to stroke ratio range cylinder, 
then the same port layout with regard to percentage of 
cylinder wall port widths, timing, etc. will tend to result 
in a smaller and presumably less favorable ratio of up 
ward ?owing scavenge gas stream to cylinder bore 
cross sectional area, in a cylinder of high bore to stroke 
ratio. However, when the extra height scavenge ports 
of this invention are used, the. scavenge port e?ective 
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?ow area can thereby be increased sufficiently to main 
tain the desired ratio of upward ?owing scavenge gas 
cross sectional area to cylinder bore cross sectional 
area, even in cylinders of very high bore to stroke ra 
tios. 

Referring speci?cally to FIGS. 8 and 9, the lower 
portions of a crankcase 90 are shown only fragmen 
tarily, and some of the operational details have been 
omitted. In FIG. 9, a two cycle engine is shown with a 
piston 94 which includes a piston pin 92 mounted in 
suitable support bosses 93. The piston pin 92 passes 
through the small end eye of connecting rod 91 in the 
usual manner. Piston pin 92 is mounted near the bot 
tom of the piston wall 95, in order to provide space for 
the location of piston wall ports above the pin. Other 
known means may be used to locate the piston pin so 
as not to interfere with the piston wall ports. For exam 
ple, with the pin placed higher in the piston a shorter 
pin could be used so that its extremities would not in 
terfere with the piston wall ports. A narrow connecting 
rod and eye could be used in combination with the 
short piston pin, and the pin support bosses in the pis 
ton could be designed to cooperate with the ports with 
out interfering with them. ‘ 
The engine includes a cylinder 96 mounted on the 

crankcase. The piston 94 is mounted for movement in 
cylinder bore 97. The cylinder has a cylinder head 98 
mounted thereon. Suitable cooling fins 99 are provided 
on the cylinder and fins 100 are provided on the head 
98 for adequate cooling. A spark plug can be utilized 
if desired, or the engine can be a compression ignition 
or glow plug engine. Fuel injection through the cylinder 
head or elsewhere may also be utilized. 
The cylinder bore has an exhaust port 103 therein 

leading to an exhaust pipe 103A that may be part of a 
resonant or pulse tuned exhaust system as previously 
described. As shown in this form of the invention, the 
exhaust port 103 may have a height of substantially 50 
percent of the stroke, and may extend around the pe 
riphery of the cylinder bore as shown in FIG. 10. It 
should be understood, however, that the exhaust port 
dimensions may be varied widely without departing 
from the teaching of this invention. 
An opposite extra height scavenge port 104 opens to 

the cylinder bore 97 on the opposite side thereof from 
the exhaust port, and this extra height scavenge port 
104 opens from a transfer passageway 105 that has a 
steeply upwardly slanted wall 106 which is in this in 
stance positioned at an angle of approximately 30° with 
the respect to the longitudinal axis of the cylinder bore 
97. The extra height scavenge port 104 has an upper 
edge that is located at a level located substantially 45 
percent of the stroke above bottom dead center posi 
tion of the piston upper timing edge 94A. Again, the 
exact timing of the extra height port may- be varied. The 
transfer passageway 105 leads from a crankcase outlet 
port 107 that communicates through a piston wall out 
let control port 108 in the piston wall 95, which con 
trols the scavenge pump outlet. 
The control port 108 has a timing edge that does not 

uncover the crankcase outlet port 107 until the piston 
has moved on its downstroke to a position where the 
combustion gas pressure inside the bore 97 has blown 
down through the exhaust port 103 to somewhere near 
the gas pressure within the scavenge pump system. 

In this form of the invention, having high bore to 
stroke ratio and consequent desirability for obtaining 
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matching high scavenge port flow areas, the side scav 
enge ports include upper or extra height scavenge ports 
and underlying normal height scavenge ports in the 
walls of the cylinder bore extending substantially all the 
way between the exhaust port and the opposite extra 
height scavenge port. For example, the side scavenge 
ports next to the opposite scavenge port 104 comprise 
an extra height scavenge port 110 on each side of the 
oppositescavenge port 104. A typical showing of the 
transfer passageway for the extra height scavenge ports 
110 appears in FIG. 9 wherein a transfer passageway 
111 extends from a crankcase outlet'port 112 to the 
extra height scavenge port 110. Underlying each of the 
extra height scavenge ports 110 is a normal height scav 
enge port 113 that opens into a transfer passageway 
114, which in turn communicates with a crankcase out~ 
let port 115 at the lower end of the transfer passageway 
114. A cylinder wall portion 116 may be provided, if 
desired, between the lower edge of the normal height 
scavenge port 113 and the upper edge of the crankcase 
outlet port 115 leading to the transfer passageway 114. 
The transfer passageways 1 l4 and 1 1 l are separated by 
a wall member 117, the ends of which form a divider 
bar between the scavenge ports 110 and .113, and also 
a divider bar between the ports 112 and 115. Commu 
nication between the transfer passageways 1 11 and 1 14 
and the scavenge pump system is made through a pis 
ton wall outlet control port 120 in the side wall 95 of 
the piston 94. The bottom timingedge 120A of the 
control port 120 controls the opening of the extra 
height scavenge port 110 with respect to the scavenge 
pump chamber on the underside of the piston 94. The 
piston upper timing or valving edge 94A will move 
downwardly past the upper edge of the extra height 
scavenge port on the power stroke, but the piston wall 
95 will still block off the crankcase outlet port 112 so 
that passageway ‘111 remains closed to the scavenge 
pump system until the timing edge 120A moves below 
the upper edge of the port 112. 
A second set of extra height and normal height side 

scavenge ports are positioned between the ports 110 
and 113, and the exhaust port 103. The second set in 
cludes a pair of extra height scavenge ports 125 (one 
on each side of the cylinder) each of which opens 
through a passageway 126 to a‘ crankcase outlet port 
127 (see FIG. 8) in the lower portion ofthe wall of the 
cylinder bore 97. The crankcase outlet port 127 is 
aligned with and valved by a piston wall outlet port cor 
responding to the port 108 for valving port 107. 
The normal height scavenge ports 130 which under 

lie the extra height scavenge ports 125 open to passage 
ways 131 de?ned in the cylinder block. The passage 
ways 131 are not valved by the piston wall, but open di 
rectly into the scavenge pump system chamber 132. 
The passageways 131 are. formed so that the scavenge 
gas ?ow area is substantially the same as the area of 
ports 130, and the valving of the normal height ports 
130 is done by the upper edge'94A of the piston. The 
location of passageways 13] illustrates one of several 
possible transfer passageway con?gurations usable for 
the normal height scavenge ports. 
The operation of the engine illustrated in FIGS. 8, 9 

and 10 is the same as previously explained, except that 
in this instance there are four extra height side scav 
enge ports as well as the extraheight opposite scavenge 
port 104. There are also four nonnal height side scav 
enge ports 113 and 130 which are valved by the piston 
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timing edge 94A. The opening of the transfer passage 
ways for the normal height scavenge ports 113 to the 
scavenge pump system is through the piston wall outlet 
port 120 in the piston‘wall 95. The opening of the trans 

5 fer passageways 111 to the scavenge pump system oc 
curs on the power stroke when timing edge 120A un 
covers crankcase outlet ports 112.‘The transfer pas 
sageway 126 is opened to the scavenge pump system 
when the provided port in the‘ piston wall 95 uncovers 
the crankcase outlet port 127. Passageway 105 opens 
to the scavenge pump system when port 108 uncovers 
crankcase outlet port 107. In bottom dead center posi 
tion all scavenge ports are open to the scavenge pump 
system. ' 

On the upstroke‘the piston wall operates to close off 
the transfer passageways 105, 111 and 126 for the extra 
height scavenge ports at the same piston position as 
when the timing edge 94A is closing off the normal 
height scavenge ports. 
The piston wall lengths in relation to the position of 

the piston wall control ports necessary to prevent blow 
back through the control ports when the upper portion 
of the piston is not blocking the extra height scavenge 
ports ‘is the same as that discussed in connection with 
the first form of‘ the invention. Also, the walls of the 
transfer passageways leading to each of the ‘scavenge 
ports are angled at the proper relationship to the cylin 
der bore axis in order to obtain the desired scavenge 
flow pattern. However, the invention is not limited to 
any particular angular positioning of the transfer pas 
sageway walls. . . 

In addition to increased‘power output the added ben 
e?ts of reduced weight, size and cost for the same cylin 
der displacement are possible with high bore to stroke 
ratios when extra height scavenge ports are used. How 
ever, with only normal height scavenge ports increased 
power output is not the usual result. , 
The previous discussion has dealt primarily with the 

increase of scavenge port and transfer passageway flow 
areas. Effective port flow area through the cylinder 
bore is also controlled by exhaust port area. With the 
great increases in scavenge port. area available from 
any given percentage of cylinder wall circumference 
when extra height scavenge ports are used, it becomes 
within the engine designer’s power to increase the per 
centage of cylinder wall area devoted to exhaust ports. 
The designer can thus increase the exhaust port area, 
while at the same time correspondingly reducing the 
percentage of cylinder wall circumference reserved for 
the scavenge ports, and still increase the scavenge port 
area. Therefore with the aid of the extra height scav 
enge ports both the exhaust port and scavenge port 
area can be increased, if desired, in order to increase 
total effective port flow area. 
The extra height scavenge ports can also be used to 

widen the power band; i.e., to increase the rpm range 
through which high torque and high power is produced. 
With very high exhaust ports in combination with the 
usual “expansion chamber” or resonant‘ type exhaust 
system, very high torque and horsepower output is 
available over a comparatively narrow rpm range. In 
many vehicle and other applications, however, a 
broader rpm range is desirable. By taking advantage of 
the design possibilities afforded by the extra height 
scavenge ports, the effective cylinder port flow area 
can be increased even while using lower height exhaust 
ports. With the lower height exhaust ports, power and 

0 

20 

25 

45 

50 

60 



3,797,467 
19 

torque become less dependent upon arrival of a posi 
tive exhaust gas pressure wave at a crucial point in the 
cycle, and power and torque can be maintained at a 
high level over a broader rpm range because of less 
need for reliance on an “rpm tuned" exhaust system to 
cause earlier effective exhaust port closing. 

In summary, extra height scavenge ports can be used 
to increase the effective cylinder port flow area without 
upsetting the desired effective, ef?cient and stable 
scavenge flow pattern, and when this is done the run 
ning speed of the engine at maximum power output can 
also be increased. The power output at the higher run 
ning speed will also increase. Also, the power output 
can be increased even more when the rpm limitation 

for mechanical reasons, caused by the presently ac 
cepted approximately 4,000 feet per minute limiting 
piston speed range, is raised by utilizing cylinders of 
high bore to stroke ratio. At the same time, engine 
weight, size and cost, (due to requiring less material for 
construction) are reduced. 
Extra height scavenge ports can also be used to in 

crease engine power output and at the same time to in 
crease engine ef?ciency through generation of more 
effective scavenge gas ?ow patterns. 

Finally, extra height scavenge ports can be used to 
broaden the power band; i.e., the rpm range over which 
high torque and power are produced. 
What is claimed is: ' 

1. In a two cycle internal combustion engine having 
a piston with a head, a skirt portion, and an underside 
opposite the head end, said engine being of a type 
which has a chamber open to the underside of the pis 
ton comprising a scavenge pump system, a power cylin 
der de?ned by a wall and having a ?rst end and a distal 
end, said piston being slidably mounted in said cylinder 
for reciprocation in said cylinder through power and 
compression piston strokes between a bottom dead 
center position adjacent said ?rst end and a distal posi 
tion, said piston having a piston head timing edge, ex 
haust means opening to relieve combustion pressure in 
said cylinder during part of each power stroke of said 
piston, scavenge port means opening through the wall 
of said cylinder, transfer passageway means connected 
to said scavenge portmeans and communicating with 
said scavenge pump system, said scavenge port means 
in said cylinder being positioned to have the major por 
tion thereof positioned closer to the first end of said 
cylinder than to said distal end of said cylinder, said 
scavenge port means having distal portions positioned 
remote from said ?rst end, said distal portions being 
covered and uncovered by said piston timing edge as 
said piston reciprocates in said cylinder, separate valv 
ing means timed by piston position to control commu 
nication between said transfer passageway means and 
said scavenge pump system to prevent such communi 
cation until the exhaust nieans has opened during each 

I power stroke and until the piston head timing edge is 
closer to its bottom dead center position than the distal 
edges of said scavenge port means by a distance which 
uncovers an area of said scavenge port means effective 
to increase power output of said engine by increasing 
mass ?ow rate from said scavenge pump system, said 
separate valving means comprising a scavenge pump 
system outlet port opening to said transfer passageway 
means and to said scavenge pump system, said piston 
skirt blocking said outlet port during portions of the 
piston stroke, and a control port de?ned in said piston 
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skirt positioned to align with said outlet port to control 
communication between said transfer passageway 
means for said scavenge port means and said scavenge 
pump system through said outlet port. 

2. The combination as specified in claim 1 wherein 
said scavenge port means extends from the distal edge 
thereof toward the ?rst end of said cylinder substan 
tially to a level corresponding to the bottom dead cen 
ter position of the timing edge of said piston. 

3. The combination as specified in claim 1 wherein 
said scavenge port means includes ?rst scavenge port 
means no greater than normal height and second extra 
height scavenge port means, said ?rst scavenge port 
means opening to separate transfer passageway means 
from the transfer passageway'means for second scav 
enge port means, said ?rst scavenge port means being 
positioned between said second scavenge port means 
and said ?rst end of the cylinder, communication be 
tween the scavenge pump and the cylinder through said 
first scavenge port means being controlled by the pis 
ton and the piston head timing edge, and said separate 
valving means being associated with the second scav 
enge port means. 

4. The combination as speci?ed in claim 1 wherein 
said scavenge port means comprises a continuous scav 
enge port extending from substantially adjacent a refer 
ence line de?ned by the piston timing edge in the piston 
bottom dead center position, to the distal edge of said 
continuous scavenge port, and said distal edge being 
positioned more'than 30 percent of the piston stroke 
from said reference line. , 

5. A two cycle engine having a cylinder and a power 
piston with a piston skirt, a piston head timing edge and 
an underside, and which utilizes the underside of the 
piston as a piston of a scavenge pump system and which 
has scavenge ports located in a ?rst end portion of the 
cylinder, said cylinder having said ?rst end adjacent a 
line along the piston timing edge with the piston in a 
bottom dead center position, and said cylinder having 
a distal end, said cylinder having exhaust means ‘which 
opens to discharge exhaust gases, transfer passageway 
means leading from said scavenge pump system to the 
scavenge ports, said scavenge ports in said cylinder 
being covered and uncovered by said piston timing 
edge as the piston reciprocates in the cylinder, said 
scavenge ports in said cylinder having distal edges 
spaced from the ?rst end of said cylinder, said scavenge 
ports extending toward the ?rst end from the distal 
edges, the major portion of said scavenge ports being 
closer to said ?rst end than to said second end, at least 
one of said scavenge ports having portions of signi? 
cant ?ow area adjacent said distal edges which are un 
covered by said piston when the piston timing edge is 
closer to the ?rst end of the cylinder than substantially 
20 percent of the piston stroke, separate valving’means 
to control ?ow from said scavenge pump system into 
said transfer passageway means and then to said at least 
one scavenge port independent of said piston head tim~ 
ing edge to prevent communication from said scavenge 
pump system to said at least one scavenge port until the 
piston has reached a preselected position wherein a 
portion of said at least one scavenge port having an 
area for flow from said scavenge pump system which is 
effective to increase power output of said engine is un 
covered and said exhaust means is open, said separate 
valving means comprising a scavenge pump system out 
let port opening to said transfer passageway means and 
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to said scavenge pump system, said piston skirt block 
ing said outlet port during portions of the piston stroke, 
and a‘ control ,port de?ned in said piston skirt posi~ 
tioned to ‘align with said outlet port at said preselected 
position to control communication between said trans 
fer passageway means and its associated scavenge port 
and said scavenge pump system.‘ 

6. In a two cycle engine having a cylinder and a 
power piston which has a skirt and a piston head timing 
edge, and which utilizes the power piston as a piston of 
a scavenge pump, said cylinder being de?ned by a cy 
lindrical wall having an inner surface, scavenge port 
means defined through said wall and open to said cylin 
der, the cylinder having a support wall portion and a 
power chamber portion, said scavenge port means 
opening to said power chamber portion, said scavenge 
port means opening to said power chamber portion, ex 
haust port means opening to said power chamber por 
tion, said power chamber portion having a ?rst end 
portion adjacent a reference line along the piston tim 
ing edge with the piston in a piston bottom dead center 
position, and a distal end, at least a major portion of 
said scavenge port means being located in the ?rst end 
portion of said power chamber portion of said cylinder 
and occupying a major portion of the cylinder wall cir 
cumference not occupied by said exhaust port means, 
transfer passageway means leading from said scavenge 
pump to the scavenge port means, said scavenge port 
means being covered and uncovered by said piston as 
the piston reciprocates in the cylinder, said scavenge 

' port means having a distal edge spaced from said refer~ 
ence line, at least some of said scavenge port means 
being uncovered a substantial amount when the piston 
timing edge is closer to the ?rst end of said power 
chamber portion of said cylinder than substantially 20 
percent of its stroke, said transfer passageway means 
opening to a scavenge pump outlet control port de?ned 
in the support portion of said cylinder wall, said outlet 
control port aligning with the skirt of said piston when 
said piston ?rst uncovers said some scavenge port 
means when the piston is moving toward its bottom 
dead center position from the distal end, and a piston 
skirt control port de?ned in said piston skirt and posi 
tioned in alignment with said outlet port only when said 
piston is closer to its bottom dead centerposition than 
a preselected position wherein a substantial portion of 
said some scavenge port means and a portion of said 
exhaust port means is uncovered. 

7. The two cycle engine of claim 6 wherein said some 
scavenge port means terminates at a position spaced 
toward the distal endrof said power chamber portion 
from said reference line, and a second scavenge port is 
positioned between said some scavenge port means and , 
the reference line, said second scavenge port opening 
to a separate transfer passageway communicating with 
said scavenge pump whenever the piston uncovers said 
second scavenge port. 

8. In a two cycle engine having'a piston with a piston 
skirt and a head and a rear side and being of the type 
which has a chamber comprising a scavenge pump sys 
tem open to the rear side of the piston, a power cylin 
der having abore de?ned by a cylinder wall and having‘ 
a ?rst end and a second distal end, said cylinder wall 
having a lower support portion, a piston slidably 
mounted in said cylinder for reciprocation through a 
piston stroke in said cylinder, said piston having a pis 
ton head timing edge movable through said piston 
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stroke from a bottom, dead center position, adjacent a 
first end of said cylinder toward the second distal end 
of said cylinder, said cylinder havinga diameter that is 
greater than 1.25 times the piston stroke, scavenge port 
means defined through the wall of said cylinder and 
communicating with said bore, exhaust port means de~ 
fined through a wall of said cylinder and positioned ad— 
jacent the ?rst end of said cylinder and extending 
toward the distal end a preselected amount, transfer 
passageway means connected to said scavenge port 
means‘and communicating with said scavenge pump 
system, said scavenge port means being positioned 
around the periphery of said cylinder wall to occupy a 
substantial portion of the cylinder wall, said scavenge 
port means in said cylinder positioned to have major 
portions thereof positioned closer to the ?rst end of 
said cylinder than to said distal end of said cylinder, at 
least one of said scavenge port means having a distal 
portion, said distal portion being covered and uncov 
ered by said piston as it reciprocates in said cylinder, 
valving means remote from said one scavenge port 
means to control communication between a transfer 
passageway connected to said one scavenge port means 
and said scavenge pump system to prevent communica 
tion between the scavenge port system and the cylinder 
through said one scavenge port means until the piston 
timing edge is substantially closer to its bottom dead 
center position than the distal edge of said one scav 
enge port means, and at least a portion of said exhaust 
port means is uncovered to permit pressure in said cyl 
inder to reduce toward atmospheric pressure, said valv 
ing means comprising a scavenge ‘pump system outlet 
port de?ned in the lower ‘support portion of said cylin 
der wall and opening to said transfer passageway means 
and to said scavenge pump system, said piston skirt‘ 
blocking said outlet port during portions of the piston 
stroke, and a control port de?ned in said piston skirt 
open to the rear side of the piston and positioned to 
align with said outlet port during portions of the piston 
stroke. ‘ 

9. The combination as speci?ed in claim 8 wherein 
said cylinder has a lower support portion, and said pis 
ton has a piston skirt supported by said lower portion 
during portions of the piston stroke and wherein said 
valving means comprises a scavenge pump system out 

. let port de?ned in the lower support portion and open» 
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ing to said transfer passageway means and to said Scav» 
enge pump system, said piston skirt blocking said outlet 
port during portions of the piston stroke, and a control 
port de?ned in said piston skirt open to the rear side of 
the piston and positioned to align with said outlet port 
during portions of the piston stroke. 

10. The combination as speci?ed in claim 8 wherein 
said distal edge of said scavenge port means extends at 
least 30 percent of the piston stroke from a reference 
line de?ned by the piston timing edge in bottom dead 
center position. 

11. The combination as speci?ed in claim 8 wherein 
said one scavenge port means extends continuously 
from the distal edge thereof toward the ?rst end of said 
cylinder substantially to a level corresponding to the 
bottom dead center position of the timing edge of said 
piston. ‘ 

12. The combination as speci?ed in claim 8 wherein 
said scavenge port means includes ?rst scavenge port 
means no greater than normal height and second extra 
height scavenge port means, said ?rst scavenge port 



3,797,467 
23 

means opening to transfer passageways separate from 
the transfer passageway means for second extra height 
scavenge port means, said first scavenge port means 
being positioned between said second scavenge port 
means and said ?rst end of the cylinder, and said valv 
ing means opening the transfer passageway means asso 
ciated with the second scavenge port means to commu 
nication with the scavenge pump system during sub 
stantially the same portion of piston stroke as when the 
piston timing edge uncovers said first scavenge port 
means. 

13. In a two cycle engine having a cylinder and a 
power piston which has a skirt and a piston head timing 
edge, and which utilizes the underside of the power pis 
ton as a piston of a scavenge pump, said cylinder being 
de?ned by a cylindrical wall having an inner surface, 
scavenge port means defined through said wall and 
open to said cylinder, the cylinder having a lower wall 
portion and an upper portion, said scavenge port means 
opening to said upper portion, said upper portion hav 
ing a ?rst end adjacent a reference line along the piston 
timing edge with the piston in bottom dead center posi 
tion and having a distal end, at least the major portion 
of said scavenge port means being located adjacent the 
?rst end of said upper portion of said cylinder, transfer 
passageway means leading from said scavenge pump to 
the scavenge port means, said scavenge port means 
being covered and uncovered by said piston as the pis 
ton reciprocates in the cylinder, said scavenge port 
means having a distal edge spaced from said reference 
line by a distance such that portions of said scavenge 
port means are uncovered by the piston timing edge 
prior to the time the pressure of combustion gases in 
the upper portion of the cylinder has reduced to nearly 
rear compression pressure, said transfer passageway 
means opening to a scavenge pump outlet control port 
de?ned in the lower portion of said cylinder wall, said 
outlet control port aligning with and being blocked by 
the skirt of said piston when the piston is moving 
toward its bottom dead center position from the distal 
end to prevent amounts of said combustion gases harm 
ful to engine performance from ?owing back into the 
scavenge pump system, and a piston skirt control de~ 
fined in said piston skirt and positioned in alignment 
with said outlet port only when the pressure of combus 
tion gases has reduced to a desired level. 

14. In a two cycle engine having a piston with a piston 
skirt, a head end and an underside opposite the head 
end, said engine being of'a type which has a chamber 
open to the underside of the piston comprising a scav 
enge pump system, a power cylinder de?ned by a wall 
and having a ?rst end and a distal end, said piston being 
slidably mounted in said cylinder for reciprocation in 
said cylinder during a piston stroke from a bottom dead 
center position adjacent said ?rst end to a distal posi 
tion, said piston having a piston timing edge, an exhaust 
port de?ned in said cylinder on one side thereof, an op 
posite scavenge port means extending from a line gen 
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erally along the piston head timing edge in bottom dead 
center position to a distal end at a level more than 30 
percent of the piston stroke toward the distal end of the 
cylinder, with the major portion of said opposite scav 
enge port means being closer to the ?rst end of said cyl 
inder than the distal end, said opposite scavenge port 
means being positioned generally diametrically oppo 
site the center of said exhaust port, a first transfer pas 
sageway connected to said opposite scavenge port 
means, side scavenge port means in the cylinder wall 
located circumferentially between the opposite scav 
enge port means and the exhaust port and being posi 
tioned closely adjacent the sides of the opposite scavf 
enge port means and occupying a substantial portion of 
the cylinder wall circumference between the side edges 
of the opposite scavenge port means and the side edges 
of the exhaust port, second transfer passageway means 
opening to the scavenge pump system from said side 
scavenge port means, said scavenge port means being 
covered and uncovered by said piston timing edge as 
said piston reciprocates in said cylinder, and separate 
valving means timed by piston position to control com 
munication between said ?rst transfer passageway and 
said scavenge pump system to prevent such communi 
cation until the piston timing edge is closer to its bot 
tom dead center position than the distal edge of said 
opposite scavenge port means, said separate valving 
means comprising a separate scavenge pump system 
outlet port opening to said ?rst transfer passageway 
and to said scavenge pump system, said piston skirt 
blocking said outlet port during portions of the piston 
stroke when portions of the opposite scavenge port 
means of signi?cant flow area and at least a portion of 
said exhaust port are uncovered by the piston, and a 
separate control port, corresponding to the outlet port, 
de?ned in said piston skirt and positioned to align with 
said outlet port to control communication between said 
?rst transfer passageway and said scavenge pump sys 
tem through said outlet port. 

15. The combination as speci?ed in claim 14 wherein 
said side scavenge port means includes at least two nor 
mal height scavenge port means, one on each side of 
said opposite scavenge port, at least two separate extra 
height scavenge port means, one on each side of said 
opposite scavenge port, said extra height scavenge port 
means being positioned toward the distal end of the cyl 
inder from the normal height scavenge port means, said 
extra height scavenge port means having separate 
transfer passageways connected thereto, and piston 
skirt port valving means associated with the transfer 
passageways for the extra height port means to control 
communication between said scavenge pump system 
and the extra height scavenge port means, portions of 
said extra height scavenge port means being uncovered 
before the valving means associated therewith opens 
the extra height port means to the scavenge pump sys 
tem. 

***** 
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