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To all whom it may conce?: 
Be it known that I, PHILIP E. RISHEL, a 

citizen of the United States, residing at 
Washington, in the District of Columbia, 

5 have invented certain new and useful m 
provements in Internal-Combustion En gines, of which the following is a specifi 
cation. . 

This invention relates to internal combus 
10 tion engines, particularly of the so-called 

multiple-piston type, the primary object of 
the invention being the provision of a sim 
ple, compact and efficient internal combus 
tion engine, which shall be well balanced 

15 and capable of operating if desired at very 
high speeds. The engine may 
horizontally, or vertically disposed, and of 
"either the two- or four-cycle type. It may 
comprise, one or more power cylinders as 

20 desired. In its preferred embodiment the engine comprises a power cylinder having 
two pistons, and a compression cylinder of . 
larger diameter than the power cylinder and 
arranged concentrically therewith, one of 

25 the pistons having bearing surfaces upon 
both the power and compressed cylinders. 
Both pistons are operatively connected to 
opposite throws of a common crank-shaft. 
The invention will be illustrated and de 

30 scribed as applied to a vertical, single-cylin 
der engine of the two-cycle type. 
For a full understanding of the invention 

reference is made to the accompanying 
drawings wherein 

35. Figure 1 is a central vertical section of 
one form of internal combustion engine em 
bodying the invention; 

Fig. 2 is a transverse section on an en 
larged scale on the line II-II of Fig. 1; 

40 Fig. 3 is a transverse section on an en 
larged-scale online III-III of Fig. 1; 

Fig. 4 is a fragmentary elevation of the 
inlet ports; 

Fig. 5 is a fragmental transverse section 
45 through one of the inlet ports; 

be either 

and carried by a crank-casing 

Fig. 6 is an enlarged longitudinal section 
of the carbureting device on line WI-VI 
of Fig. 1; and " . . 

Fig. is an elevation of the carbureting 
device. 50 
The engine illustrated is of the vertical, 

two-cycle, single-cylinder type, and com 
prises a power cylinder 1 having a water 
jacket 2 mounted within a casing 3 whereof 
the upper portion 4 is cylindrical and is 55 
concentric or co-axial with the power cylin 
der. The power cylinder 1 has fitted there 
in with the usual bearing rings upper and 
lower pistons 5, 6. The piston 6 is directly 
connected with the crank-shaft by a con- 60 
necting rod 8. The upper piston 5 is like 
wise connected with the crank-shaft by 
means of lateral connecting rods 9-9 st 
points which are diametrically opposite the 
point of connection of the rod 8 with ref- 65. 
erence to the axis of the shaft, the construc 
tion being such that the shaft is rotated by 
the movement of the pistons as they simul 
taneously approach or recede from each 
other. The lateral connecting rods 9 are 70 
preferably, but not necessarily, incased in 
housings 10 which may be cast or otherwise 
formed integral with the fuel compression 
cylinder 4. As illustrated the power and 
fuel compression cylinders are mounted upon 75 

11. The 
crank-casing is not included in the compres 
sion chamber for the incoming gases aridis 
preferably, open to the atmosphere as indi 
cated for example at 12-12. 80 
The upper piston 5 is hollow. or recessed 

and opens outwardly into the full compres 
sion chamber 13, whereof the recessed body 
of the piston forms a portion. The inlet 
ports 14 are disposed around the walls of the 85 
power cylinder in allinement with a corre 
sponding number of by-pass recesses 15 
formed in the cylinder was. A like num 
ber of radial ports 16 in the walls of the 
piston 5 near its inner end, are adapted to 90 



10 

15 

register with the by-pass recesses 15 as the 
piston 5 approaches its 
most position. a n e s 
The inlet ports 14 are inclined to radii of 

uppermost or outer 

the power cylinder 1, as most clearly shown 
in Fig. 2, and may be substantially tangen 
tial to the walls of this cylinder. These in 
let ports are preferably contracted and 
curved laterally at their inner ends as shown 
in detail in Figs. 4 and 5. The effect of this 
form and disposal of the inlet ports is to 
impart a whirling motion to the body of en 
tering gas, whereby such body, tends to re 
tain its integrity and to expel the burned 
gases without appreciably commingling with 
them. 

20 

25. 

30 

35 
would tend to break or disturb the rotating 

40 

45 

The exhaust ports 17 comprise a plurality 
of apertures in the walls of the cylinder 1 
in position to be uncovered by the piston 6 
as it approaches its innermost position. 
These exhaust ports are preferably of 
larger size than the inlet ports and arear 
ranged to afford free exit for the burned 
gases from the periphery of the power 
cylinder, a preferred arrangement of the 
ports being as shown in Fig. 3. The inner 
faces of both pistons are preferably slightly 
coned as shown, this construction not only 
aiding in majntaining the whirling motion 
to the incomin 
more complete delivery of the burned gases. 
These effects are attributable to the action of 
the coned cylinders in centralizing the axis of the rotating body of gas, or in preventing 
the lateral displacement of this axis which 

pocketing of unburned gases. 
The upper piston 5 is provided near its 

column, and to afford opportunity for the 

outer end with a deep annular shoulder or 
flange 18, to the lower face of which the lat 
eral connecting rods 9, 9 are attached as in 
dicated at 19. The outer periphery of the 
shoulder 18 carries piston rings 20 making 
a gas-tight joint with the inner wall of the 
compression cylinder 4. 
A preferred form of intake valve, mount 

ed upon the compression chamber, is illus 
50 

trated in detail in Figs. 6-7. In said fig 
ures 21 represents the valve, mounted to 
slide upon a threaded stem 22 engaging the 

,55 

60 

wall of the valve-casing 23. A helical 
spring 24 is carried by the valve-stem and 
serves to keep the valve normally. closed, the 
compression of the spring being adjustable 
by rotating the stem 22. A conduit 25 for 
liquid fuel is mounted upon the valve-cas 
ing, and communicates with the valvé-seat. 
at a plurality of points around its periph 
ery by means of channels 26 in the casing 
wall. The conduit. 25 carries a closely fit 
ting plunger 27, which is movable longitu 
dinally to uncover successive ports 26 as 
the conditions of operation may require. 28 

gases, but resulting in a 

1215,865 

indicates a spring-retaining device for the 
plunger 27, and 29 a series of notches corre 
sponding in position to the several opera 
tive positions of the plunger 27. 

Ignition is effected as usual, for example 
by means of a spark plug 30 entering the ex 
plosion chamber. 
The mode of operation of the engine will 

65. 

70 

be readily understood. As the pistons mu 
tually recede and reach the position illus 
trated in Fig. 1 the exhaust and inlet ports 
are uncovered, the former preferably 
slightly in advance of the latter. The com 
bustible mixture which has been compressed 
in the chamber 13 and the recessed piston 5, 
is admitted through the inlet ports 14 to the 
power cylinder, the whirling motion im 
parted to the incoming gas by the form and 
arrangement of the ports serving to scav 

75 

80 

enge the cylinder thoroughly and with 
but little loss of unburned gases. On the 
return or mutually approaching stroke of 
the pistons the gases are compressed in the 
power cylinder and are ignited when the 
proper degree of compression is attained. 
As the outer piston moves inwardly the in 
take valye 21 is withdrawn from its seat by the suction, thereby permitting the liquid 
fuel to flow through one, or more of the 
channels 26, in accordance with the position 
of the plunger 27. The gasolene or other 
liquid fuel flowing upon the seat of the 

85 

90 : 

95 

valve is vaporized by the inflowing air-cur 
rent. The resulting fuel mixture passes di 
rectly to the compression chamber 13 and to 
the interior of the piston 5 forming a part 
of this chamber, and is thereby highly 
heated and very thoroughly gasified. These 
gases flow directly through the short by 
passes 15 to the explosion chamber when 
the proper phase of the cycle is reached, 
and enter this chamber at a comparatively 
high temperature. 
The arrangement of the fuel-compression 

chamber 13, in communication with and in cluding the recessed power piston 5, pre 

100 

105 

10 
sents several important advantages. Firstly, 
the fuel is delivered directly to a heated 
compression chamber, and is thereby so 
quickly and thoroughly gasified as to result 
in important economies of operation; sec 
ondly, the incoming gaseous mixture serves 
to cool the piston to the extent that it ab 
sorbs heat therefrom, and thus aids in main taining the proper working temperature at . 
very high engine speeds; and thirdly, the 
construction affords a direct and short pas 
Sage from the compression chamber to the 
power cylinder, to which the compressed 
gases are delivered at a high temperature. 
The engine may of course be provided 

with any suitable carbureting or vaporizing 
device instead of that above described, or 
may be operated with gaseous fuel. How 
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ever by reason of the fact that the gases are 
compressed within one of the highly heated 
pistons, the form of intake valve described 
is particularly adapted for use with the 
present construction. 
The moving parts of the engine are pref 

erably so designed as to secure a substantial 
balance as between the oppositely moving. 
masses, whereby the pistons may attain high 
speeds and with but little vibration. A fly 
wheel may be used or not as desired. The 
opposite movement of the pistons secures the 
effect of very high piston speeds, and the ar 
rangement of the ports is such as to render 
possible an almost instantaneous discharge 
of the burned gases, and a correspondingly 
rapid inflow of the fresh mixture. Under 
these conditions the engine is economical of 
fuel, efficient, is not subject to overheating, 
and is capable of developing a high degree 
of power in proportion to the weight of 
metal employed. The engine is readily 
adapted to the four-cycle mode of operation, 
and may be constructed of such units and 
with such number of cylinders as may be 
desired. 

claim:- 
1. In an internal combustion engine, a 

power cylinder having tangentially directed 
inlet ports and having two power pistons, a 
closed compression cylinder for fuel gas co 
axial and communicating with said power 
cylinder and of larger diameter, means for 
admitting a combustible mixture to the com 
pression cylinder, one of said power pistons 
having bearing surfaces upon both of said 

40 

45 

50 

55 

60 

cylinders, a crank-shaft, a central connect 
ing rod operatively connected with one of 
said pistons, and lateral connecting rods op 
eratively connected with the other of said pistons. 

2. In an internal combustion engine, a 
power cylinder having tangentially directed 
inlet ports and exhaust ports near opposite 
ends thereof, a crank-shaft, a power piston 
in said cylinder operatively connected with 
said crank-shaft, a closed compression cylin 
der for fuel gas larger than and communi 
cating with said power cylinder and co 
axial therewith, means for admitting a com 
bustible mixture to the compression cylin 
der, a second power piston having bearing 
surfaces upon both of said cylinders, and 
operative connections between said second 
cylinder and said crank-shaft. 

3. In an internal combustion engine, a 
power cylinder, a closed compression cylin 
der co-axial with said power cylinder and 
of larger diameter, means for admitting a 
combustible mixture to the compression cyl 
inder, a crank-shaft, two power pistons in 
said power cylinder operatively connected 
with said crank-shaft, one of said, power pistons having a bearing surface in said 

compression cylinder, inlet ports communi 
cating with said compression cylinders and 
disposed near one end of the power cylin 
der and inclined to radii of the cylinder, 
and exhaust ports near the opposite end of 
said power cylinder. 

4. In an internal combustion engine, a 
power cylinder having a plurality of inlet 
and exhaust ports near opposite ends there 
of, said inlet ports disposed at an angle to 
radii of the cylinder, a closed compression 
cylinder having ports at its lower end and 
co-axial with said power cylinder and of 
larger diameter, means for admitting a 
combustible mixture to the compression cyl 
inder, two power pistons in said power cyl 
inder, one of said pistons having a bearing 
surface on the compression cylinder, and 
conduits extending between said compres 
sion cylinder ports and said inlet ports. 

5. In an internal combustion engine, a 
power cylinder provided with tangentially 
directed inlet ports and having two pistons, 
a closed compression cylinder for fuel gas 
co-axial with said power cylinder and of 
larger diameter, means for admitting a con 
bustible mixture to the compression cylin 
der, means for transferring the mixture 
when compressed from the compression cyl 
inder to the inlet ports of the power cylin 
der, one of said power pistons having an 
annular flange providing a bearing surface 
in said compression cylinder, a crank shaft, 
a ceritral connecting rod operatively con 
nected with one of said pistons, and lateral. 
connecting rods secured to the flange of the 
other piston. ra 

6. In an internal combustion engine, a 
power cylinder having two power pistons, a 
closed compression cylinder, means for ad 
mitting a combustible mixture thereto, one 
of said pistons being hollow and having 
bearing surfaces, upon both of said cylin 
ders, said hollow piston having one end 
open and in communication with said com 
pression cylinder and its other end closed 
and provided with ports, inlet ports in the 
power cylinder, conduits arranged to con 
nect the ports in the hollow piston and the 
ports in the power cylinder when the piston 
is at the end of its working stroke, a crank 
shaft, a central connecting rod operatively 
connected with one of said pistons, and lat 
eral connecting rods operatively connected 
with the other of said pistons. 

: . In an internal combustion engine, a 
power cylinder having an open-ended hol 
E. piston, a closed compression cylinder 
coaxial with said power cylinder, said piston 
having bearing surfaces upon both saidyl 
inders, means for admitting a combustible 
mixture into said compression cylinder, 
ports near the closed end of said hollow 
piston, and means coãperating with said 
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ports for admitting the compressed mixture 
into the power cylinder and comprising 
passages in the wall of the power cylinder 
opening into such cylinder through ports 
inclined to the radii of the cylinder. 

8. In an internal combustion engine, a 
power cylinder having a piston with a 
coned inner face and inlet ports disposed 
near one end of said cylinder so as to be 
opened at the end of the working stroke, said. 
inlet ports being inclined to radii of the cyl 
inder. 

9. In an internal combustion engine, a 
power cylinder having a plurality of inlet 
and exhaust ports at opposite ends thereof, 15 
said inlet ports disposed at an angle to radii 
of the cylinder and two power pistons hav 
ing coned inner faces. 

testimony whereof, I affix my signature 
in the presence of two witnesses. 

PHILIP E. RISHEL. 
Witnesses: . . . 

C. P. TownsEND, 
E. DANIELs. 


