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UNITED STATES PATENT OFFICE 
CoMPRESSION IGNITION INTERNAL-COM 

BUSTION ENGINE CONSTRUCTION ... 
Watthew C. Kuepfer, Canton, Ohio, assignor to 
Hercules Motors Corporation, Canton, Ohio, a 
corporation of Ohio 

Application December 22, 1952, Serial No. 327,239 
14 Claims. (Cl. 123-32) 

The invention or discovery relates in general 
to internal combustion engines of the compres. 
Sion ignition type and having preferably spheri 
cal injection, mixing, and combustion chambers 
of relatively Small volume, one for each cylinder 
of the engine, the maximum cylinder volume be 
ing relatively large, and each cylinder and the 

5 

2.SSociated preferably spherical chamber being 
communicatingly connected with each other by 
a passageway. 
The present invention or discovery includes 

improvements in the internal combustion engines 
of the compression ignition type set forth in my 
prior application for U. S. Letters Patent, Serial 
No. 259,365, filed December 1, 1951. 
The present invention or discovery and the in 

vention or discovery of said prior application 
relate more particularly to compression ignition 
engines of the foregoing general type and which 
include broadly the improvements set forth in 
the prior U. S. Letters Patent No. Re. 19,742, 
reissued October 22, 1935, to Otis D. Treiber, for 
his original U. S. Letters Patent No. 1960,093, 
issued May 22, 1934. The present invention or 
discovery and the invention or discovery of said 
prior application also relate more particularly to 
compression ignition engines of the type broadly 
set forth in said U. S. Letters Patent No. Re. 
19,742, and to the type of such engines specifically 
Set forth in the prior J. S. Letters Patent No. 
2,062,951, issued December 1, 1936 to Otis D. 
reiber. - - - 

In each of said U. S. patents, No. Re. 19,742, 
and No. 2,062,951, there is set forth a high speed, 
high compression, high power, compression igni 
tion internal combustion engine in which the 
spherical chambers are located entirely at the 
sides of the cylinders, and in which the passage 
ways open into the cylinders through the sides 
thereof, and in which the normally upper surfaces 
of the passageways are fiat laterally continuous 
extensions of preferably flat lower faces of the 
cylinder head and are tangential with the spheri 
cal inner surfaces of the spherical or constant 
volume chambers, and which engine is further 
characterized by a sideward and upward injection 
of the liquid hydrocarbon fuel into the spherical 
chambers, each fuel spray having an origin pref 
erabiy at the crank shaft side of the associated 
passageway, and being directed sidewards and 
upwards towards the passageway and fiat cylin 
der head inner face. 
Engines including the improvements set forth 

in said U. S. Patents. No Re. 19,742 and No. 
2,062,951 are characterized by operating at rela 

2 
tively high Speeds which may be from 2000 to 3000 
R. P. M., and at relatively high mean indicated 
preSSures which may be as high as 160 pounds 
per Square inch at 2000 R. P. M., and with a con 
Sequent relatively high power output, which is 
accomplished at an economical rate of fuel con 
Sumption. 
In the engines Set forth in U. S. Patent No. 

2,062,951, the constant volume chambers are 
10 

5 

formed by parts adapted for relatively easy com 
mercial production, and which form constant vol. 
ume chambers having a maximum internal 
Spherical Surface area, and the parts of each 
constant volume chamber fitting with one another 
and forming the constant volume chamber end 
of the connecting passageway with a height less 
than the radius of the Spherical inner surface. 
The engines set forth in U. S. Patent No. 

2,062,951 are furthermore constructed and ar 
20 ranged so as to substantially, eliminate “knock” 

or “detonation' in the operation of the engine, 
without any substantial loss of power, by the pro 
vision of deflector means preferably a tongue or 

25 

40 

55 

lip extending into the passageway opening from 
the lower face of the constant volume chamber 
end of the connecting passageway. The inner 
surface of the tongue or lip is a continuation of 
the spherical inner surface of the constant volume 
chamber, and the tongue or lip is adapted to 
intercept the conical fuel spray injected there 
against toward the passageway. The area of the 
lip or tongue is relatively small as compared with 
the total area of the passageway, the passageway 
opening above and about the sides of the lip or 
tongue. - 

Compression ignition internal combustion en 
gines combining the improvements of said U. S. 
Patents No. Re. 19,742 and No. 2,062,951 have 
come into widespread use in a series of engines 
having cylinders With bores of increasing diam 
eters. 

In increasing the bore diameter of a cylinder 
of such an engine without otherwise substan 
tially changing the position of the combustion 
chamber, the cylinder wall is brought closer to the 
combustion chamber and the space between the 
walls of the cylinder and combustion chamber is 
reduced so that they are joined and prevent the 
coolant from reaching these areas. Instead of 
transmitting heat from these areas to the cooling 
water, the cylinder wall adjacent the constant 
volume chamber gathers heat and cracks, and 
this takes place frequently even when a cylinder 
liner is used. 
From another standpoint, it has been found in 
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engines constructed according to U. S. Patent 
No. 2,062,951, modified as described above that 
the hot gases constituting the burning fuel 
emerging from the Spherical side chambers 
through the passageways tend to heat the deflec 
tOl' lips to an undesirable degree, tend to damage 
the cylinder side walls immediately adjacent the 
cylinder ends of the passageways, tend to direct 
the burning gases towards the upper ends of the 
pistons as they approach the cylinder heads, and 
tend to burn off sharp edges which are present 
in the Spherical chamber ends of the passage 
Ways. 

Furthermore, in engines constructed accord 
ing to U. S. Patent No. 2,062,951, modified as de 
Scribed above and in engines including the im 
provements of my said prior application for U. S. 
Letters Patent, Serial No. 259,365, it has been 
found that under some operating conditions, the 
separate combustion chamber Walls in the Zone 
of the lip and passageWay overheat and expand, 
and the lower portions of the Combustion chain 
bel was just below the passageway buige Out 
wardly, and the bulging combustion chamber 
wall portions push the adjacent cylinder Wall 
portions out of lound. 
The objects of the present invention or dis 

covery include the provision of a compression 
ignition internal combustion engine combining 
the improvements of said U. S. Patents No. Re. 
19,742 and No. 2,062,951, as modified above and 
in which the parts of each constant volume side 
chamber are constructed and arranged with each 
other and with the other engine parts So as to 
resist the transmission of heat to the cylinder 
block and to promote the transmission of heat to 
the cooling Water, or in other words so as to con 
trol the transmission of heat in the engine 
parts. 
The objects of the present invention or dis 

covery also include the provision of a compres 
Sion ignition internal combustion engine com 
bining the improvements of Said U. S. Patents No. 
Re. 19,742 and No. 2,062,951, and in which the 
parts of each constant Volume side chamber are 
constructed and alrranged with each other and 
With the other engine parts so as to provide for 
an improved controlled flow of the hot gases con 
Stituting the burning fuel emerging from the 
Spherical side chambers through the passageways, 
the controlled hot gas flow preferably being com 
bined With the controlled heat transmission. 
The objects of the present invention or dis 

covery also include the provision of a compression 
ignition internal combustion engine combining 
the improvements of said U. S. Patents No. Re. 
19,742, and No. 2,062,951, and including certain of 
the improvements of said application for U. S. 
Letter's Patent, Serial No. 259,365, and in which 
portions of the separate walls of the spherical 
or constant Volume chamber are constructed and 
arranged with wails of the engine mounting the 
Constant volume chamber walls, so that expan 
Sion or bulging of portions of the separate con 
stant volume chamber walls will not distort ad 
jacent portions of the cylinder wall. 
The foregoing and other objects are attained by 

the improved compression ignition internal com 
bustion engine construction, apparatus, parts, 
combinations, and subcombinations, which con 
prise the present invention or discovery, and the 
nature of which is set forth in the following gen 
eral Statement, and preferred embodiments of 
which, together with their mode of use, are set 
forth in the following description, and which are 
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A. 
particularly and distinctly pointed out and set 
forth in the appended claims forming part 
hereof. 
The nature of the improvements of the present 

invention or discovery may be described in gen 
eral terms as including in an internal combus 
tion engine combining the improvements of said 
U. S. Patents No. Re. 19,742 and No. 2,062,951 and 
having One or more side constant volume cham 
bers, a construction and arrangement by which 
each constant volume chamber may be formed 
either by Separable parts or members or by welded 
parts or members, each constant volume chamber 
member being made of high heat resisting metal 
preferably steel, the members forming each con 
stant volume chamber having a plurality of wall 
portions of different thicknesses, including an 
upper portion Whose external surface is partially 
Cylindrical, and a lower portion whose external 
Surface includes a hemispherical Section tangen 
tial with the cylindrical surface of the upper por 
tion and a preferably cylindrical section lying 
Within and joining the hemispherical lower ex 
ternal Surface section. The other wall portions 
including a tongue flange extending a substan 
tial distance radially beyond the boundary of the 
externally cylindrical wall portion, top wall por 
tions joining the tongue flange and intermediate 
cylindrical Wall portions and forming therewith 
the passageway, and the upper portion of the side 
chamber, and the lip, and the lip having faired 
side and lower faces. 

By Way Of example, embodiments of the im 
proved compreSSion ignition internal combustion 
engine Construction of the present invention or 
discovery are illustrated in the accompanying 
dra Wings forming part hereof in which: 

Figure 1 is a fragmentary transverse sectional 
View of a compression ignition internal combus 
tion engine including one embodiment of the im 
proved construction hereof, portions being broken 
away to illustrate details of construction and ar 
rangement, and in which the piston is shown dis 
placed from the cylinder head and from the pas 
SageWay connecting the varying volume cylinder 
with the constant volume chamber, and in which 
the piston may be considered to be traveling to 
Wards the cylinder head on the compression 
stroke, and before commencing to traverse the 
end of the passageway terminating in the cylin 
derbore; 

Fig. 2 is an enlarged view of portions of Fig. 1 
for more clearly illustrating details of construc 
tion; 

Fig. 3 is a fragmentary vertical sectional view 
as on line 3-3, Fig. 1, looking in the direction of 
the arrows, and illustrating details of construc 
tion and arrangement of the parts or members; 

Fig. 4 is an enlarged fragmentary top plan view 
of the cylinder block of the engine of Fig.1 show 
ing a portion of one cylinder and showing the 
cylinder bore connecting recess in the cylinder 
block With the lower constant volume chamber 
forming member fitted therein; 

Fig. 5 is a detached elevational view showing 
the assembled constant volume chamber forming 
members, looking towards the passageway open 
ing thereof; 

Fig. 6 is a fragmentary plan sectional view as 
On line 6-6, Fig. 2, looking in the direction of 
the arrows; 

Fig. 7 is a view similar to Fig. 6, showing a sec 
Ond embodiment of the improved construction 
hereof; and 

Fig. 8 is another view similar to Fig. 6, show 



ing a third embodiment of the improved con 
struction hereof. . . . . . . . . . . 
The illustrated compression ignition internal 

combustion engine is indicated generally at fo, 
and includes the combined improvements of said 
U.S. patents, No. Re. 19,742 and No. 2,062,951, 
and the present improvements thereof. 
The engine 0 is a six cylinder, four stroke 

cycle, single action, high speed, compression ig 
nition internal combustion engine, in which the 
air for combustion is obtained normally directly 
from the atmosphere, and in which separate 
quantities of charges of the preferred liquid hy 
drocarbon fuel, such as diesel oil, are successively 
injected into the combustion chambers of the 
engine at successive timed intervals, one charge 
being injected into the combustion chambers of 
each cylinder during each four stroke cycle of 
the piston operatively mounted in the cylinder. 
The engine 9, includes in combination with 

other parts of a high speed internal combustion 
engine, a unitary casting including a lower 
crank case portion, not shown, and an upper 
cylinder block portion 2, and front and back 
cylinder heads 3 are secured at the upper end 
of the cylinder block portion 2, each cylinder 
head accommodating three cylinders, and one 
cylinder head 3 being shown in the drawings. 
The cylinder block portion 2 includes therein 

walls forming the cylinders, one of which is 
shown in the drawings and is indicated at 4, 
and is preferably an integral part of the pref 
erably cast iron cylinder block portion. As shown 
the cylinder block cylinder 4 is provided with a 
cylindrical liner 4-4. . . . . . . . . 
Each cylinder liner 4-1 has a bore 20, and in 

each cylinder bore 20, a piston 21 is operatively 
mounted for reciprocation in the usual manner 
for high speed engines. . . . . . . . . 
Each cylinder head 3 includes a normally 

lower wall 28 which is provided for each cylin 
der covered thereby with a preferably flat nor 
mally lower surface 29 extending transversely 
across the upper end of the bore 20 of the par 
ticular cylinder. ' , . . . . . . . m . . . 'w F x * 

A usual gasket 39 is interposed in a usual man 
ner between the normally lower wall 28 of each 
of the cylinder heads f3, and the normally up 
per wall 5 of the cylinder block portion f2. 
As illustrated, the engine ?o is a valve-in-head engine, and accordingly each normally lower wall 

28 of the cylinder heads 3 has formed therein 
above the normally upper end of the bore 20 of 
each cylinder covered thereby, an air intake valve 
seat orifice 33 and an exhaust valve seat orifice 
34, and each of the valve seat orifices has a valve 
Seat formed therein. - - 

A valve 35 is operatively associated with each 
valve seat orifice 33, and a valve 35’ is opera 
tively associated with each valve seat orifice 34, 
and each of the valves includes a valve head 36 
fitting in its respective seat, and a valve stem 37 
extending upwardly from the head. . . . . . . . . 
The cylinder heads 3 have mounted therein 

valve stem guide tubes 38, one for each valve. 
stem 37, and each valve head 36 is normally. 
maintained in its seat by usual means such as 
a set of compression springs 39, one end of which 
reacts against a spring seat 49 formed about each 
valve stem guide tube 38 in the cylinder heads 
f3, and the other end of which reacts against 
a flanged washer, not shown, secured in a usual 
manner at the upper end of the particular valve 
stem 37. - - - - - - 

Each air intake valve seat orifice"33 communis 
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port or passageway 53, the intake ports 53, being 
formed in the walls of the cylinder heads-3, 
and the intake ports of each cylinder head con 
necting at their outer ends with an intake mani 
fold 54, and eachintake manifold 54 communi 
catingly...connecting as by means of an elbow, 
not shown, preferably with an air cleaner, not 
shown. . . . . . . . . . . . . . . . . . . . . . . . 

Each exhaust valve seat orifice 34 communi 
catingly connects with one end of an exhaust port or passageway 57, the exhaust ports.51, being 
formed in the walls of the cylinder heads 3 and 
the exhaust ports of each cylinder head termi 
nating at their outer ends in a connector flange, 
not shown, whereby the exhaust. ports may be 
communicatingly... connected with an exhaust 
manifold, not shown. . . . . . . . . . . . . . 

In the engine (), a chamber Cy is formed with 
in the bore 20 of each cylinder liner 4- and 
between a normally top or end flat circular face 
62 of the piston 21 operating within the par 
ticular bore 20 and the opposite flat circular nor 
mally lower surface or face. 29 of the normally 
lower cylinder head wall 28 covering the par 
ticular bore 20. . . . . . . . . . . . . . . 
Each of the chambers Cy by reason of the re 

ciprocation of the piston forming one wall of 
the same may be termed a varying volume cham 
ber, and in the engine 9, at top dead center, 
that is, when the end face 62 of each piston 2 
has reached its position of maximum travel away 
from the crankshaft, there is only mechanical 
clearanc: ween the end face 62 of the piston 
and the opposite flat cylinderhead inner face 29. 
Walls of the engine form constant volume 

chambers, one for each cylinder. Each constant 
volume chamber Ceis located closely adjacent to 
and entirely at the side of the corresponding 
varying volume chamber Cy; and between each 
constant volume chamber Ce and its cylinder, 
walls of the engine form a passageway P.com 
municatingly connecting at one end with the 
particular constant volume chamber Ce and at 
the other end with the cylinder bore of the ad 
jacent varying volume chamber Cy. . . . . . . 
Each constant, volume chamber Co. is formed 

with a curved inner surface 70 which is partially symmetrical, about an axis, extending through 
the center. of the chamber. Ce and at right 
angles, or normal to the plane passing through 
the center of the constant volume chamber 
and the longitudinal axis 72 of the bore of the 
adjacent cylinder. : ; , ; c. 

As illustrated, the curved inner face 70 of each 
constant volume chamber Ce is preferably spherical. 
Each pas. ageway. P. connecting a particular 

constant volume chamber. Ce with the adjacent 
y g. volume chamber Cy is provided with an 
inner face 73 which is laterally, and slopingly. 
continuous with the preferably fiat inner cylinder. 
head face 28 of the adjacent varying volume 
chamber Cy, and each, laterally continuous pas 
sageway face 73 is tangential with the curved. 
inner surface. G of the constant volume chamber 
Ce connected with the adjacent varying volume 
chamber Cy by the particular passageway P. . . 
The width at of each passageway P, is prefer 

ably as illustrated somewhat greater than the 
diameter of the spherical inner surface 79 of each, 
constant volume chamber Ce, and the minimum height h of each passageway. P is preferably. 
somewhat less than the radius of the spherical 
inner Surface 0. 
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As illustrated, each constant volume chamber 
Cc is formed by members located in a Socket 74 
formed in the upper end wall 5 of the cylinder 
block portion 2. The bottom surface 74- of 
each pocket 74 is hemispherical. The upper Sur 
face 74-2 of each Socket is cylindrical and has 
a vertical axis passing through the center of the 
hemispherical Surface 4-, the radius of the 
cylinder surface 4-2 being the same as the 
radius of the hemispherical surface 4-. 
The members forming each constant volume 

chamber Ce and portions of its communicating 
passageway P as shown, include a bottom mem 
ber 5 and a top member 76 which are separable 
from each other and which together fit in and 
mate With one of the Sockets 74. 
Each botton member 5 includes a lower ex 

ternally and internally hemispherical Shell por 
tion 5-, an upper externally cylindrical portion 
75-2 extending from the upper end of the hen 
ispherical shell portion 75-, and an upper fiat 
end Surface 5-5. 
The external hemispherical Surface of the 

lower Shell portion 5- of each botton member 
5 mates with the internal hemispherical botton 

Surface 4- of its Socket 4. 
The top member 76 forming each constant 

volume chamber Co is externally cylindrical and 
its upper end extends upWardly beyond the top 
Wall 5 of the cylinder block portion 2 and into 
a downwardly opening cylindrical recess 77 
formed in the adjacent cylinder head lower wall 
28. In the normally lower face of each top 
member 16, there is formed a cavity 8 which 
includes a curved inner Surfa£e portion 78 
connecting with the Spherical inner portions of 
the lower member 5. 
Each cavity 8 also includes a flat Surface por 

tion 9- extending tangentially from the curved 
inner Surface portion 78-, and opposite side 
Surfaces T 9-2 and 79-3 converging with the sides 
of the flat tangential Surface portion 9- and 
with the curved inner Surface portion 78-. The 
flat tangential surface portion 9- has a slight 
upward slope from its junction. With the Curved 
Surface portion 8-, and forms With the oppo 
site side Surfaces 9-2 and 9-3 and With a por 
tion of the upper flat end Surface 5-5 of the 
lower member 5 opposite the flat tangential 
Surface 9-, the constant volume chamber end 
of the particular Connecting paSSageway P. 
The fat Surface 9- of each top member 6 

is thus the constant volume chamber end of the 
flat inner face 73 of the passageway P taken as 
a whole. 
The remaining portions of each passageway P 

are formed by an extension of the inner face 29 of 
the adjacent and connected Varying volume 
chamber Cv, by the side faces of a notch. 8 
formed in the top wall 5 of the cylinder block 
portion 2 between the constant volume chamber 
Cy and the adjacent socket 74, and by a cylinder 
end portion of the upper flat end Surface 75-5 of 
the lower member 5. 
The air intake valve means heretofore de 

scribed in general, comprise means operated in 
a usual manner for introducing preferably at 
mospheric air including gaseous OXygen, or in 
other words a Combustion Supporting medium, 
into each Waying volune chamber Cy On the air 
intake stroke of the piston thereof; and the ex 
haust valve means heretofore described in gen 
eral, provide means for exhausting each Varying 
volume chamber Cy during the exhaust stroke of 
the pistOn thereof. 
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8 
Means are also provided for injecting prefer 

ably liquid hydrocarbon fuel into each constant 
volume chamber Co preferably during the Com 
pression stroke of the associated piston, and as 
illustrated the fuel injecting means includes for 
each constant volume chamber Ce a pintle nozzle 
82 each of which is operatively mounted in the 
cylinder block portion 2, and the discharge end 
33 of each of which extends into and terminates 
in the constant volume chamber Ce, With which 
the particular nozzle is aSSociated. 

Each nozzle 82 is of usual construction, and 
is adapted to introduce into the constant Volume 
chamber Co. with which it is associated, an atom 
ized conical spray 9 of fuel particles, the Conical 
spray having its origin. O located between the 
plane of the inner face of the cylinder head and 
a plane of displacement of the piston from the 
inner face of the cylinder head, that is, at the 
crank shaft side of the passageway P; and the 
origin. O of the spray is preferably located in the 
side of the internally spherical constant volume 
chamber Ce opposite the passageway P and the 
spray is preferably directed as illustrated side 
Wards and upwards towards the passageway P 
and towards the plane of the inner face 29 of the 
cylinder head, all as best shown in FigS. 1 and 2. 
The longitudinal axis 9 of each conical Spray 

is preferably located in the plane, Which is the 
plane of the drawing sheet of FigS. 1 and 2, pass 
ing through the center of the associated 
preferably internally spherical constant volume 
chamber Cc and the longitudinal axis 72 of the 
bore 2 of the associated cylinder. 
For attaining other objects of the present im 

provements, that is the control of the flow of 
hot gases emerging from each constant Volume 
chamber through its associated paSSageWay, each 
bottom member 75 is provided with inproved 
combined fuel Spray and deflector means and gas 
flow directing means which as shown and prefer 
ably are constituted by a tongue or lip 76-7 which 
extends upwardly above the upper flat end Sur 
face 75-5 of the botton member 15 into the 
constant volume chamber opening of its aSSo 
ciated passageway P, and the inner Surface of 
each lip T 6-7 is a continuation of the spherical 
inner Surface of the shell 75-l. 
A passageway forming tongue 75-7 having par 

allel side faces 75-8 and 5-9 extends at opposite 
sides of a parallel plane indicated by the dot-dash 
line 9 - in Fig. 4, and which passes through the 
center of the internal Spherical Surface of the 
bottom member 75. The outer end face 75- 0 of 
the tongue 75-7 has a concave cylindrical Cuva 
ture conforming to the curvature to the cylinder 
bore. The tongue - fitS in the notch 8 and 
thus properly positions the constant Volume 
chamber forming bottom member 75. The top 
face of the tongue 5-7 is an extension of the 
upper flat end face 75-5, of the bottom mem 
ber 5. 

Referring particularly to Fig. 4, the lip T 6-7 
extends upwardly from the inner end of the 
tongue 75-7 and Symmetrically with respect to 
the plane 9-l. The upper end of the lip 76-7 
has a convex curvature 16-8, and at one side the 
lower base portion of the tongue e-7 has a faired 
and concave curvature 76-9 merging at its upper 
end with the lower end of the convex curvature 
76-8 and merging at its outer end with the spher 
ical inner surface of the bottom member 5. 
At the other side, the lower base portion of the 

tongue 76-7 has a faired and convex curvature 
6-0 merging at its upper end with the lower 
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end of the convex curvature. T 6-8 and merging, 
at its outer end with the Spherical inner Surface 
Of the bottom member S. 
Each of the concave curvatures 6-9 and 6 

are also faired downwardly from a junction with 
the upper end face of the tongue 6-7 in a slope 
towards the botton of the inner spherical surface 
Of the bottom enter . 
As in Said U. S. Patent, No. 2,062,951, the area 

of each tongue or lip 6-7 is such as to intercept 
Such part of the conical fuel Spray injected into 
the particular constant Volume chamber Ce as 
may reach the tongue Or lip 6-, and thus pre 
vent the injection of any solid unmixed fuel 
through the passageway . P into the varying. 
WOurne chamber Cv. 
The area of each tongue or lip. 5-7 is prefer 

ably as illustrated relatively Small as compared 
With the total area of the aSSociated passageway 
P, the passageway opening above and about the 
Sides of the lip or tongue. 
As aforesaid mechanical clearance only is pref 

erably provided between each flat piston end face 
62 and the opposite flat inner cylinder head face 
23 at the dead center position of the piston, and 
the total Volume of each constant volume cham 
ber Ce and the associated passageway P, which 
constitute the clearance Volume of the particular 
cylinder, is Small relative to the maximum volume 
of the aSSociated varying volume chamber Cy, so 
that the compression ratio of the engine may 
be high, for example 14 to 1. 

Parts of the engine (), not specifically described 
herein may be as Set forth in said U. S. Patent 
No. 2,062,951, or may be other usual and similar 
engine partS. 

For the purposes of the present improvements, 
the external Surface of the constant, volume 
chamber forming bottom member 75 is provided 
with a cylindrical section 5- below the tongue 
5-7 as best shown in Figs. 5 and 6. This cylin 

drical Section 5-A in the embodiment of the 
improved construction shown in Figs. 1 to 6 in 
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clusive, is formed as the bottom surface of a recess. 
bordering partly in the upper externally cylin 
drical portion 75-2, and the lower hemispherical 
portion 5- of the constant volume chamber 
forming lower member 5, the radius 75-2 of the 
cylindrical Section 5- being less than the . 
radius 5-3 of the externally cylindrical portion 
5-2 of the member 5. The cylindrical section 
- 

Section. 

50 

may be otherwise termed an arcuate 

In Fig. 7, a Second embodiment of the im 
proved engine construction is indicated generally 
by 0 and is similar to the engine construction 

with the exception that the engine construc 
tion f6 includes a constant volume chamber 
forming lower member 75 having a cylindrical 
Or arcuate Section 5- bordering other por 

55 

60 
tions of the external Surface of the lower men-, - 
ber 75, and the arcuate section 5-1 having 
a radius 5-2 which may be the same as the 
radius 75-3 of the externally cylindrical por 
tion 75-2 of the lower member 75, the center 
75-14 of the radius 75-2 being offset-to the 

rear of the center of the radius 5-3 in the 
plane passing through the center 7 of the 
constant Volume chamber and the longitudinal 
axis of the adjacent cylinderbore 29. 
In the improved engine construction 0 the 

recess formed by the cylindrical section 75- has 
abrupt side corners 75-5. 

In Fig. 8, a third embodiment of the improved 
engine construction is indicated generally by 20, 
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and includes a constant Volume chamber forming 
bottom member 25 provided with a cylindrical 
Or. arcuate Section 25- below a tongue Sinillar 
to the tongue 5-7. The cylindrical or arcuate 
section 275 - has a radius 25-2 less than the 
radius 25-3 of the externally cylindrical por 
tion 2,5-2 of the member 275. The opposite sides 
or borders of the cylindrical or ai'clate Section 
25-i have ramp ends 23-5 and 25-6, con 
necting With the externally cylindrical portion 
2-2. 

In each of the engine constructions. 9, 0, and 
2 , the section of the 'fall of the constant Volume 
chamber forning lower member including the 
cylindrical Section is thinner than the other Wall 
portions of the constant Volume chamber forming 
loyer member, and this thinner Wall Section is 
below the passageway forming tongue of the 
constant volume chamber forming lower member. 

Each cylindrical section 75-, 5- , , and 
25 - , is spaced from the cylindrical upper Sur 
face 4-2 of the mounting socket for the lower 
members 5, 75, and 275. 
In the Operation of the engine including the 

present improVenientS, the Suction Stroke of each 
piston dra WS intake air into the Varying volume 
chamber Cy thereof, and the Succeeding compres 
Sion stroke of the piston compresses the charge 
of air and forces it with very rapidly increasing 
preSSure and Velocity from the varying volume 
chamber Cy through the associated passageway P 
and into the aSSociated constant Volume chamber 
Co.. As the piston moves across and substantially 
traverses the paSSageway P on its compression 
Stroke, the opening of the passageway Pinto the 
Varying Voluime chamber Cy is rapidly reduced in 
area, Which Still further increases the pressure 
and Velocity of the air being forced through the 
paSSageWay Pinto the aSSociated Constant volume 
chamber Ce. 
The fact that as aforesaid the passageway face 

3. is an extension of the inner flat face 29 of the 
Varying Volume chamber Cy, and is tangential to 
the Synnetrical and preferably spherical inner 
surface of the constant volume chamber Ce, 
CauSeS. an unusually effective whirling of the air 
forced into the chamber. Ce, the velocity of the 
Whirl increasing as the piston moves across the 
paSSageWay P and approaches top...dead center. 
The fuel is Sprayed in the manner above set 

forth across and towards the whirling or revolv 
ing air in the combustion chamber Ce, and the 
resulting combustion is of the desired character, 
Whereby the engine operates at relatively high 
Speeds and with relatively high mean indicated 
preSSure. 

It...is to be noted that when the conical fuel 
Spray: 96. for any particular constant volume 
chamber Ce Strikes the limited area of the asso 
ciated lip 76-7 in the associated passageway P, 
toWards which the Spray is directed from the side 
of the constant Volume chamber and at an angle 
to the tangential face of the passageway, there 
Will be a deflection of a portion of the fuel spray 
above and about the sides of the lip 76-7 so that a 
portion of the fuel Spray is impinged directly by 
the incoming air charge in and at the constant 
Volume chamber end of the passageway-P. 
This combined effect is such that the mixing 

of the fuel charge. With the incoming air charge : 
commences virtually at the constant volume 
chamber end. Of the passageway and continues 
through the entire motion of the air-charge in. 
and through the constant volume chamber. 
There is a very short period of time during - 
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which the complete cycle of mixing and combus 
tion must take place, and the initiation of the 
mixing action of each unit volume of air charge 
as it enters its spherical side chamber, and the 
consequent attainment of a mixing action 
through a maximum period or portion of the Con 
plete cycle of mixing and combustion is of great 
benefit. 
The operation of the improved engine 0 as 

thus far described is substantially the Sane aS 
the operation of the engine set forth in Said U. S. 
Patent No. 2,062,951. An engine including only 
the construction of said U. S. Patent No. 2,062,951, 
has the disadvantages previously set forth, and 
which may be summarized as including: (1) in 
sufficient heat transfer from each cylinder Wall 
and constant volume or mixing and combustion 
chamber Ce to the cooling Water; (2) expansion 
or bulging of portions of the Separate Walls of 
each mixing and combustion chamber Such as to 
distort adjacent portions of the aSSOciated cylin 
der wall; and (3) unsatisfactory flow of hot gases 
emerging from each mixing and combustion 
chamber Co. 
In the present improved engine 0, as above Set 

forth, each mixing and combustion chamber Ce is 
constructed by a unit including a, botton men 
ber 75 and a top member 76 which are separable 
from each other and which together fit in and 
mate with one of the sockets 74. The relatively 
thin lower hemispherical shell 75- of the bottom 
member 75 is topped by the upper externally cy 
lindrical portion 75-2 having thicker Walls, and 
by the externally cylindrical top member 76 hav 
ing thicker walls, and these differential wall 
thicknesses provide heat Collecting and transfer 
means for each mixing and combustion chamber 
Ce, whereby transmission of heat from the cham 
ber Ce through the cylinder block Walls of the 
Socket 74 to the Cooling Water is promoted, and 
transmission of heat is resisted from the Chan 
ber Ce to the cylinder Wall of the aSSociated cylin 
der and other parts of the cylinder block not in 
direct contact with members 75 and 76. 

Also, as above set forth, each thinner externally 
cylindrical or arcuate Section 5-, 5-, and 
25- of the Constant Volume chamber forming 
bottom members 75, 75, and 275, is spaced from 
opposite sections of the internal cylindrical upper 
Surface 4-2 and upper portions of the lower in 
ternal hemispherical bottom Surface 74- of its 
mounting socket 74 in the cylinder block. 
This spacing of each thinner externally cylin 

drical section 75-, 75-, and 275- from op 
posite Sections of its mounting Socket 74, forms an 
expansion chamber betWeen each bottom member 
75, 75, and 275, and the cylinder block in which 
it is mounted. Each Such expansion chamber is 
shown and preferably is located below the pas 
sageway forming tongue 75-7 of each bottom 
member 75, 75, and 275. Thus, expansion or 
bulging of each bottom member 75, 75, and 275 
by temperature rise during operation of the en 
gine of which it is a part, is localized in its thinner 
externally cylindrical section 75-, 5-fi, or 
275- , and such expansion takes place in the 
expansion chamber, Without pushing of the ex 
panding section against the opposite Section of 
the associated cylinder wall. Consequently there 
is substantially no distortion of the associated 
cylinder Wall. 
Accordingly in the improved engine (), cylin 

ders having a maximum bore may be included in 
an otherwise standard cast cylinder block, with 
out encountering Cracking of the cylinderS or cyl 
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2 
inder liner portions in the operation of the 
engine. 
From the standpoint of the flow of hot gases 

from each chamber Ce through its associated 
paSSageWay P and into itS aSSociated chamber 
Cv, the provision of the lower faired concave 
curvatures 6-9 and 6-0 at each side of the 
upper cential Convex Curvature of the lip 6-7, 
directs the hot gases upwardly as they emerge 
from the chamber Ce, so as to strike the lower 
face 29 of the cylinder head 3 and not the end 
face 62 of the piston, thereby avoiding damage 
of the piston end face and cylinder walls. More 
over the faired or rounded Surfaces 6-8, 76-9, 
and 6-fo, merging with each other and with 
the Spherical inner Surface of the chamber Ce, 
minimizes the tendency to burn-off of Such 
bounding Surfaces When Sharp Corners are pres 
ent therein. 
The convex curvatures 76-9 and 6-0 may be 

Otherwise termed upWardly sloping channels at 
each side of the base of the deflector lip 76-7. 

In the engine 0, each mixing and combustion 
chamber forming top member 76 is prevented 
from turning in the upper end of its Socket 74, 
by the proVision of a Vertical groove 4-4 in the 
upper cylindrical Surface TA-2 of the socket 74. 
A pin 76- extends from a side opening Socket 
in each member 76 into the associated groove 
A-4. 
When desired each top member 76 may be 

welded to its associated botton member 5. 
The mixing and combustion chamber forming 

members 75 and 76 are preferably each made of 
heat resisting steel, Which in itself serves to pro 
tect the cast iron cylinder block from damage by 
the hot gases in the mixing and combustion 
ChanberS. 
In the foregoing description, certain Surfaces 

and curvatures of the improved mixing and con 
bustion chambers have been defined as being 
“faired,' by Which it is meant that these faired 
faces and Culvatures have Smooth junctions With 
adjacent surfaces without sudden or angular de 
ViationS. 
In the foregoing description, Certain terms have 

been used for brevity, clearness, and understand 
ing but no unnecessary limitations are to be in 
plied therefrom beyond the requirements of the 
prior art, because such Words are used for de 
Scriptive purposes herein and are intended to be 
broadly construed. 

Moreover, the embodiments of the improved 
constructions illustrated and described herein 
are by Way of example, and the Scope of the 
present invention or discovery is not limited to 
the exact details of construction set forth. 

Having now described the invention or dis 
COVery, the construction, the operation, and use 
of preferred embodiments thereof, and the ad 
Wantageous new and useful results obtained 
thereby; the new and useful constructions, and 
reasonable mechanical equivalents thereof ob 
Vious to those skilled in the art, are set forth in 
the appended claims. 

I Clain: 
1. In an internal combustion engine, Walls 

forming a cylinder block having an end wall, 
a cylinder head secured on the cylinder block 
end wall, the cylinder head including an 
end Wall abutting the cylinder block end wall, 
a cylinder extending from the cylinder block end 
Wall, the cylinder having a bore opening througil 
the cylinder block end wall, other walls of the 
cylinder block forming a recess including a SOcket 



3. 
opening through the cylinder block end wall and 
a notch extending between the socket and the 
cylinder bore and opening through the cylinder. 
block end wall, the cylinder head end wall hav 
ing an inner face extending over the cylinder 
bore and the receSS, a mixing and combustion 
chambe: unit including mixing and combustion 
Chambe fol'ining bottom and top members lo 
cated in the Socket, the Socket having internal 
Surfaces, and the unit bottom member having 
external surfaces, SO(ne of the external surfaces 
of the uit botton inerinber fitting internal sur 
faces of the Socket, and one of the external Sur 
faces of the unit botton member being spaced 
from one of the internal Surfaces of the socket 
and forming thereWith an expansion chamber. 

2. In an internal combustion engine as Set 
forth in claim 1, and in Which the mixing and 
combustion chamber unit bottom and top mem 
bers have inner surfaces forming a mixing and 
Combustion chamber having an opening commu 
nicating With the notch, the notch and portions of 
the cylinder head end Wall inner face constitut 
ing a paSSageWay COmnunicating between the 
mixing and combustion chamber opening and the 
Cylinder bore, and the expansion chamber being 
located adjacent and Spaced from the combus 
tion chamber opening. 

3. In an internal Combustion engine as Set 
forth in claim 2, and in which a portion of an 
inner surface of the combustion chamber and 
the expansion chamber forming Spaced external 
surface of the unit bottom member are on op 
posite Sides of a Wali Section of the unit bottom 
member Which is thinner than its bounding Wall 
Sections of the unit bottom member, whereby 
expansion of the thinner wall section may take 
place in the expansion chamber. 

4. In an internal combustion engine as set 
forth in cairn 3, and in which the notch has a 
botton wall With Side edges opposite the paSSage 
way forming portion of the cylinder head end 
wall inner face, and the notch has opposite side 
walls extending from its bottom Wall side edges 
to the passageway forming portion of the cylinder 
head end Wall inner face, and the unit bottom 
member has a tongue extension located in the 
notch and having surfaces abutting the Surfaces 
of the notch bottom wall and side walls, the 
unit botton member tongue extension constitut 
ing a top Wall of the expansion chamber. 

5. In an internal combustion engine as set 
forth in claim 4, and in which the notch side and 
botton walls include inner ends adjacent the 
Socket, and the internal surfaces of the SOcket 
include a bottom surface and cylindrical Sur 
faces extending between the bottom surface and 
the cylinder block end Wall opening of the socket 
and the cylindrical Surfaces intersecting the 
inner ends of the notch Side and bottom Walls, 
and in which the external Surfaces of the unit 
bottonin member include a, bottom Surface fitting 
the Socket bottom Surface and cylindrical Sur 
faces extending from the unit bottom member 
bottom Surface and fitting cylindrical surface 
portions of the Socket, the expansion chamber 
forming Spaced external Surface of the unit bot 
ton member being an arcuate section bordering 
other external Surfaces of the unit bottom mem 
ber. 

6. In an internal combustion engine as set 
forth in claim 5, and in which the bottom surface 
of the Socket is hemispherical, and the bottom 
Surface of the unit bottom member is hemi 
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14 
Spherical and fits the hemispherical bottom sur 
face of the socket. : - - - - - - a --- t . . . 

7. In an internal Combustion engine as set 
forth in claim 6, and in which the expansion 
chamber forming spaced arcuate external Sur 
face Section of the unit bottom member is co 
axial With the cylindrical surfaces of the socket, 
the radius of the Spaced external Surface Section 
of the unit bottom member being less than the 
radius of the cylindrical surfaces of the socket. 

8. In an internal combustion engine as set 
forth in claim 6, and in which the expansion 
chamber forning Spaced arcuate external Sur 
face Section of the unit bottom member has an 
axis eccentric With respect to the axis of th 
cylindrical Surfaces of the Socket. 

9. In an internal combustion engine, Walls 
forming a cylinder block having an end Wall, a 
cylinder head secured on the cylinder block 
end Wall, the cylinder head including an end 
Wall abutting the cylinder block end wall, a cyl 
inder extending from the cylinder block end 
Wall, the cylinder having a bore opening through 
the cylinder block end Wall, other Walls of the 
cylinder block forming a cylinder block recess 
including a Socket opening through the cylinder' 
block end Wall and a notch extending between 
the Socket and the cylinder bore and opening 
through the cylinder block end wall, the cyl 
inder head end wall having an inner face extend 
ing over the cylinder bore and the cylinder block 
receSS, a mixing and combustion chamber unit 
including mixing and combustion chamber form 
ing bottom and top members located in the 
Socket, the Socket having internal surfaces, and 
the unit bottom member having external Sur 
faces, one of the external Surfaces of the unit bot 
tOm member having a recess formed therein, other 
external Surfaces of the unit bottom member 
fitting internal surfaces of the socket, and the 
receSS in the one external surface of the unit 
bottom member and an opposite portion of one 
of the internal surfaces of the socket forming 
an expansion chamber. 

10. In an internal combustion engine as set 
forth in claim 9, and in which the mixing and 
combustion chamber unit bottom and top mem 
bers have inner Surfaces forming a mixing and 
combustion chamber having an opening com 
municating With the notch, the notch and a 
portion of the cylinder head end wall inner face 
constituting a passageway communicating be 
tween the mixing and combustion chamber and 
the cylinder bore, and the expansion chamber 
being located adjacent and spaced from the com 
bustion chamber. 

11. In mixing and combustion chamber con 
struction for an internal combustion engine and 
the like including a cylinder block having an end 
Wall and Walls forming a cylinder having a bore 
Opening through the end wall and a recess open 
ing through the end wall and the recess including 
a Socket and a notch communicating between 
the Socket and the cylinder bore, and a cylinder 
head having an end wall with an inner face 
extending over the cylinder bore and the recess; 
a combustion chamber unit adapted for sep 
arably fitting in the socket, the unit including 
mixing and combustion chamber forming bot 
tom and top members, the unit bottom member 
having external surfaces, one of the external sur 
faces being a portion of an entirely cylindrical 
Surface, and another external surface lying with 
in the entirely cylindrical surface and making 
junction with the portion thereof. 
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12. In mixing and combustion chamber con 
struction as set forth in claim 11, and in which 
the other external surface is the bottom Surface 
of a receSS. 

13. In an internal combustion engine, Walls 
forming a cylinder block having an end Wall, 
a cylinder head secured on the cylinder block 
end wall, the cylinder head including an end 
wall abutting the cylinder block end Wall, a cyl 
inder extending from the cylinder block end Wall, 
the cylinder having a bore opening through the 
cylinder block end Wall, other Walls of the cyl 
inder block forming a receSS including a Socket 
opening through the cylinder block end wall and 
a notch extending between the Socket and the 
cylinder bore and opening through the cylinder 
block end wall, the cylinder head end wall hav 
ing an inner face extending over the cylinder 
bore and the receSS, a mixing and combustion 
chamber unit including mixing and combustion 20 
chamber forming bottom and top members lo 
cated in the Socket, the Socket having internal 
Surfaces, and the unit bottom member having 
external Surfaces, Some of the external surfaces 
of the unit bottom member fitting internal sur 
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faces of the socket, and one of the external Sur 
faces of the unit bottom member being spaced 
from one of the internal Surfaces of the Socket 
and forming therewith an expansion chamber, 
and the mixing and combustion chamber unit 
bottom and top members having inner Surfaces 
forming a mixing and Combustion chamber hav 
ing an opening communicating with the notch, 
the notch and a portion of the cylinder head 
end Wall inner face constituting a passageway 
communicating between the mixing and combus 
tion chamber and the cylinder bore, and the ex 
pansion chamber being located adjacent and 
Spaced from the combustion chamber opening. 

14. In an internal combustion engine as set 
forth in claim 13, and in which a piston is op 
erative for reciprocation in the cylinder bore and 
forming with the cylinder bore and the cylinder 
head Wall inner face a cylinder chamber, means 
for introducing a charge of combustion support 
ing medium into the cylinder chamber, and means 
for injecting fuel particles into the mixing and 
combustion chamber. 

No references cited. 


