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OWERHEA). WALWE ENGINE 

William E. Drinkard, Birmingham, Mich., as 
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Mich., a corporation of Delaware 
Application April 15, 1950, Serial No. 156,215 

11 Claims. (C. 123-55) 
1. 

This invention relates to internal combustion 
engines. More specifically the invention concerns 
improvements in engines of the so-called “over 
head' valve type. 

It is known that the power of overhead valve 
engines depends upon many factors such as the 
thermal and volumetric efficiency of the engine. 
Moreover, that the maximum compression given 
the gaseous fuel mixture short of detonation or 
pre-ignition has a decided effect upon the first of 
these factors. Numerous attempts have been 
made to increase the compression ratio of the 
engine in order to improve the efficiency. How 
ever, detonation problems are encountered in 
these attempts and unless Solved, limit the pos 
sible improvement. In this connection the gen 
eral procedure heretofore followed for detonation 
Control is the use of special fuels of high octane 
rating. The reason for this procedure possibly 
is best explained by the belief that other steps 
thought useful for controlling detonation, for ex 
ample, Spark retarding and combustion space 
shaping, have more often than not been directly 
responsible for power losses or have contributed 
largely thereto in the particular engine structures 
wherein they were employed. 
Although the above procedure using fuels of 

high octane number to combat detonation have 
met with considerable success, the use of these 
more costly fuels adversely affects operating costs. 
Moreover, experience, it is believed, has shown 
that manufacturers inevitably push the compres 
Sion ratioS beyond the limit of the octane number 
of available commercial fuels and hence as fuels 
of still higher octane number are developed, det 
onation may still be expected to be a problem. 

I have discovered that to obtain maximum 
knock-limited output with a given fuel the high 
est thermal and volumetric efficiencies are desir 
able. One essential in this regard is to get the 
maximum amount of air into the combustion 

- Chamber. I have found that an engine provided 
With a cylinder head which I will hereinafter refer 
to as a penthouse cylinder head, that is to say a 
head whose combustion cavity is of the shape of 
a Spherical Segment of a single base and which 
head has a single angularly disposed inlet valve 
and a single angularly disposed exhaust valve 
forming a Substantial angle i. e., a wide angle to 
each other, particularly lends itself to satisfying 
this requirement. 

Accordingly, it is an object of my invention to 
improve the maximum knock limited output of an 
overhead valve engine by the use of a penthouse 
cylinder head. 
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I have further found that by modifying the 

combustion space of such a penthouse head in 
a particular manner and preferably within cer 
tain limits, which I will hereinafter set forth as 
a guide, it is possible to substantially Satisfy 
knock problems arising and Secure a higher 
knock-limited output on a given fuel, especially 
a low octane fuel, than has heretofore been poS 
sible. As a result of this discovery I have been 
able to utilize so-called knocking fuels at com 
pression ratios heretofore believed to require a 
non-knocking or high octane numbered fuel, and 
I have also been able to operate the engine With 
Such knocking fuels at a minimum of ignition re 
tard with resulting improvement in power and 
efficiency. 
Thus if the combustion cavity of the penthouse 

head be provided With the ignition means at One 
side of a plane containing the valve axes and the 
Spherical cavity be modified to provide a detona 
tion control portion or area in the form of a single 
contraction or overhang adjacent the farthest 
portion of the fame travel or stated otherwise, 
at the far side of the cavity from the ignition 
means, and which preferably comprises a side in 
duction turbulence control face and a bottom 
quench face, the knock characteristics of the en 
gine may be improved to an extent permitting 
the use of knocking type commercial fuels coupled 
With a minimum Spark retard, and providing a 
higher knock-limited performance on such fuels 
than that provided by a similar engine having an 
unmodified cavity. I have found that where in 
provement in power and economy is desired, care 
must be taken to limit the quench area, to an 
amount that will not reduce the volumetric effi 
ciency of the engine significantly below that of 
an unmodified head. Moreover, the extent to 
which knock limited power will improve is be 
lieved to depend upon the stroke-bore ratio of 
the engine. Satisfactory results are believed pos 
sible with Stroke-bore ratios of about 0.85 and 
greater but test operations indicate that best re 
SultS may be expected when this value is about 
1.0 and greater. Hence stroke-bore ratios of 
about 1.0 and greater are preferred. 

It is therefore, another object of my invention 
to provide a Suitable engine structure including 
means for minimizing the octane number require 
ment for a given compression ratio. 
A further object is to provide an engine struc 

ture giving equal or improved knock-limited 
power output as compared to engines of the same 
and even greater compression ratios and by the 
use of a fuel of lower octane number. 
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An additional object is to provide in an over 
head valve engine a cylinder head construction 
of modified penthouse form permitting the use 
of lower octane numbered fuels at higher Com 
pression ratios than thought normally possible 
and with resulting gain in power and economy. 
Another factor contributing to maxinuin effi 

ciency is the relationship of the aforesaid lateral 
or side turbulence face of the penthouse head 
cavity to the edge of the valve openings especially 
around the intake valve. This is somewhat Criti 
cal in relation to volumetric efficiency and in 
duction turbulence. In order to obtain as large 
a quench area as possible without interfering with 
volumetric eficiency and breathing, it has been 
found desirable in general to employ a detonation 
control portion, the lateral face or plane of which, 
especially in the area, in mediately adjacent the 
quench face, approaches a plane tangent to the 
periphery of the two valves. Preferably the lower 2 
edge of the face should be brought as close as 
possible to the tangent plane of the valves. For 
best results a distance of its' or less is preferred. 
If this distance is greatly exceeded quench area. 
and induction turbulence control is lost and knock 
limited performance is adversely effected. 

It is therefore, another object of my invention 
to provide in an engine of the type described, 
the highest knock limited power output by utiliz 
ing a modified penthouse head and arranging 
-the lateral face of the detonation control area 
thereof as close as possible to the intake and ex 
haust Falves without substantial interference 
with the volumetric efficiency of the engine. 

I have additionally observed that in my in 
proved overhead valve penthouse head engine 
-employing the above method of detonation COin 
trol and a flat top piston, the distance to the 
top of the piston from the quench face at to 
dead-center, should preferably be in the order of 
.05'' to .080' and that if this distance is greatly 
eXceeded, the engine operation will then ap 
proach that of an open-cylinder head With resulti 
ing detOation. 

Herace it is stili another object of my invention 
to previce in combination in an overhead valve 
engine having a pelthouse cylinder head, a det 
*onation control area, a flat-top piston, and close 
sclearance between the top of the piston, and the 
-quench face of the detonation control area, at 
stop dead-center position of the piston. 

I have also discovered that by employing an 
overhead valve engine with my penthouse head 
and arranging the Valves transversely of a plane 
containing the axis of the cylinders, a single 
valve operating camshaft becomes feasible. 
..Moreover, a higher voluimetric efficiency is pos 
sible because the wide angle valve arrangement 
permits the use of larger valves and permits the 
valve-stems to be arranged as near as possible to 
the direction of the imanifolding to minimize 
'ttlins and Colner's for the air-fuel mixture "to 
follow. These latter features in combination 
with the detonation control feature mentioned 
sabove: and the use of a flat-headed piston results 
in an engine having a high knock limited output. 

Accordingly, it is an important object of my 
invention to provide a multi-cylinder modified 
penthouse overhead valve engine as aforesaid 
employing flat-headed pistons and wherein the 
Valves are arranged transversely of a plane con 
taining the cylinder axes. 

Finally, it is a Specific-object. of my invention to 
provide an engine employing all the above fea 
tures in combination to secure maximum thermal 
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4. 
and volumetric efficiencies, maximum knock 
limited performance on a given fuel and a con 
mercially feasible construction. 

I have also discovered that it is possible to in 
crease the compression ratio of an engine having 
a penthouse cylinder head by using a substan 
tially flat top piston and reducing the clearance 
volume of the combustion chamber through fill 
ing in the head cavity by the above described 
detonation control means and/or by removing 
material from the bottom face of the head at the 
junction of the faces of the head and cylinder 
bore, all this being possible without a major tool 
change, extensive changes in operation parts, or 
impairment of thermal efficiency such as results 
where a crowned piston is employed to reduce 
the clearance volume. 

It is therefore another object of my invention 
to provide a method of increasing the compres 
sion ratio of an engine without resort to extreme 
tool operations, changes in operating parts, or 
modification or basic change in the head struc 
ture and to provide a head structure making this 
method feasible. 

Further objects and advantages of my inven 
tion will be mora apparent as this Specification 
progresses, reference being made to the accom 
panying drawings in which: 

Fig:re 1 is an end elevational view partly in 
section of a 6-cylinder overhead valve-in-line 
engine embodying my invention, the cylinder 
head and bore showing being a section approxi 
mately taken on the line -f-of Figure 3; 

Figure 2 is a fragmentary longitudinal eleva 
tional view, partly in section, of an end portion 
of the engine of Figure 1, the section through the 
cylinder head, bore and ignition wall being taken 
approximately on the line, 2-2 of Figure 1, 

Figure 3 is a fragmentary plan view of an end 
portion of the engine of Figure 1, the cylinder 
bores shown in phanton and the rocker mech 
anism cover being removed to show the rocker 
arm, valve, and ignition arrangement; 

Figure 4 is an end elevational view partly in 
section of an 8-cylinder V-type overhead valve 
engine embodying my invention, the cylinder 
head, and bore, showing being a section approxi 
mately on the line 4-4 of Figure 5; 

Eigure 5 is a fragmentary plan View of the en 
gine of Figure 4 taken in a direction of the ar 
rows 5-5 of Figure 4 with the rocker mechanism 
cover removed to show the rocker arm, valve and 
ignition arrangement of a single bank of cylin 
ders, the cylinder. bores being shown in phanton. 

Figure 6 is: an enlarged typical showing of the 
construction of the cylinder head cavity, valve 
ports, and piston of the engine of Figures 1, and 4, 
this view being specifically an enlargement of 
that portion of Figure 1 within the dot and dash 
circle inscribed thereon and also being a section 
taken on the line 6-3 of Figure 7; 

Figure 7 is a sectional elevational view taken 
on the line - of Figure 6 showing the arrange 
ment of ignition means and detonation control 
structure in the cylinder head cavity, this view 
being also an enlargement of a portion of a cylin 
.der and head, of the engine of Figure 2 within 
the dot and dash circle inscribed thereon; 

Figure 8 is a plan view of the cylinder head 
cavity of Figures 6 and 7.looking in the direction 
of the arrows 8-8 of Figure 7; and 

Figures 9 and 10 are graphical presentations 
of data giving some indication of the improve 
ments in performance possible by the use of my 
invention. 
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Referring now to the drawings wherein similar 
numerals are used to designate similar parts of 
the structure, I have for purposes of exempli 
fication only, illustrated my invention as applied 
to either a V-type or line engine. Each engine 
has a plurality of side-by-side cylinder bores to 
formed in their respective cylinder blocks , 
Figures 1 and 2, and f ?a, Figure 4. The engine 
of Figures 1, 2, and 3 comprises a line of 6 cylin 
ders, of which only one is shown in section and 
that in Figures 4 and 5 comprises two angularly 
arranged banks of four cylinders each. Each 
cylinder is provided with a reciprocating piston 
f2 for actuating a crankshaft f3, Figure 1, 3a, 
Figure 4, through a connecting rod f4 and a 
wrist-pin f3. 
The engine of Figure 1 has a cylinder head 6 

and that of Figure 4 a cylinder head 6a, each 
being in the form of a casting bolted to their 
respective cylinder blocks and f ?a, in the usual 
manner. Each head has a combustion cavity 7 
directly opposite each cylinder bore and which 
forms a combustion chamber 8 with the upper 
face f 9 of the piston 2, the latter being shown 
in top dead-center position in Figures 6 and 7. 
The form of the combustion chamber 8 is an 

important feature of my invention. In this con 
nection, I have found that the benefits of my in 
vention are best obtained if the combustion 
chamber 8 of each cylinder be provided by an 
engine having a penthouse cylinder head and in 
which the fuel-air mixture is compressed by a 
piston which in the present invention preferably 
has its upper face 9 substantially flat, 
Thus, I have provided, especially as shown in 

Figures 6, 7, and 8, a cylinder head combustion 
cavity T of dome-like character directly oppo 
site the upper end of the cylinder bore 0 and 
defined by a substantially continuous spherical 
Surface or Wall 2 which rises from and returns 
to the generally circular perimeter 22 of the cav 
ity lying in a plane containing the mounting face 
23 of the cylinder head and which cavity 7, ex 
cept for a detonation control portion generally 
designated by the numeral 24, which will herein 
after be more specifically adverted to, basically 
conforms substantially to the shape of a spheri 
cal segment of a single base having Said mount 
ing surface as its base and is substantially co 
incident with the cylinderbore 0. 

Moreover, as shown, the combustion cavities 
are each preferably provided with a single 

inlet valve 25 and a single exhaust valve 26 ar 
ranged transversely of the longitudinal axis of 
the cylinder head or bank of cylinders, that is 
to say, transversely of a plane containing the axes 
of a row or bank of cylinders and also preferably 
arranged at a substantially wide angle 6 to each 
other on a great arc of the Spherical segment. 
This angle 3 will preferably be as large as pos 
sible consistent with adequate valve size and 
preferably not less than about 60°. A good range 
is between 60° to 100. Thus the valves in Fig 
ures 1, 4, and 6 preferably lie in a plane contain 
ing the axes of the cylinder bore 0 and the cav 
ity 7 formed by the spherical segment. More 
Over, the valves in Figures i and 6 form an angle 
6 of 69 for a stroke bore ratio of 1.15 whereas 
the valves of Figure 4 form an angle of 60° for 
a stroke of 0.91, the amount in excess of 60°gen 
erally depending upon and being increasable 
With the Stroke bore ratio of the engine. 
The aforesaid arrangement of the valve is par 

ticularly advantageous from the standpoint of 
volumetric efficiency in that it permits a maxi 
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6 
murn quantity of air to be admitted to the coni 
bustion chamber 8 and permits the shanks 27, 28 
of the inlet and outlet valves, respectively, to be 
arranged more nearly to the direction of the 
manifolding conduits 29, 30 than would other 
Wise be feasible. This is particularly important 
of the inlet valve 25 and it will be noted from 
Figure 6 that the stem 27 of the inlet valve 25 is 
arranged as closely as possible to the direction 
of flow of the fuel-air mixture in the inlet mani 
fold conduit 29 to thereby avoid making the fuel 
air mixture move around sharp or short bends. 
The disclosed valve arrangement also facili 

tates the use of large valves. Moreover, it allows 
Sufficient latitude in the positioning of the inlet 
and exhaust valve members to make possible op 
eration of both valves from a single camshaft 3 
in Figure 1, 32 in Figure 4, located as high as pos 
sible above the crankshaft 3, while at the same 
time permitting a practical drive connection (not 
shown) between the crankshaft and the cam 
Shaft, a Suitable rocker arm design, and operat 
ing clearance between the push rods and cylin 
der walls with a minimum center distance be 
tween adjacent cylinders. In this connection it 
Will be observed that in Figure 1 the exhaust valve 
26 forms a slightly smaller angle with the ver 
tical than does the inlet valve 25, such being 
preferable in this embodiment to avoid the use 
of exceedingly long rocker arms for operating 
the exhaust valves and to make feasible operation 
of both valves from a common camshaft. 
The inlet valve 25 is served by the inlet mani 

fold conduit 29 while the exhaust valve 26 is as 
Sociated With the exhaust manifold conduit 3 
which conducts exhaust gases from the combus 
tion chamber. As seen in Figure 6, the inlet valve 
25 operates directly against a seat or port 35 
formed on the Spherical surface 2 of the cylinder 
head at the outlet of the inlet manifold 29 where 
as the exhaust valve 26 which incidentally is a 
Smaller valve than the inlet valve 25 operates 
against a hardened heat resisting inserted seat 
or port 36 mounted in a shoulder 37 machined 
in the spherical surface 2 of the cylinder head 
at the entrance of the exhaust manifold 30. 
The valve stems 27, 28, respectively, are slid 

ably journalled in bushings 39, 40, respectively, 
mounted in the cylinder head. Fixed to the upper 
ends 4 of the valve stems as seen more clearly in 
Figures 1 and 4, are collars 42 beneath which are 
double concentric compression springs 43, 44 serv 
ing to normally maintain these valves in closed 
position. . 
The valves of each engine are operated by the 

camshafts 3, 32 thereof through suitable tappet 
and push rod arrangements, two forms of con 
Struction being here exemplified. Thus in the 
engine of Figure 1 there is associated with the 
camshaft 3 conventional tappets 50 which are 
slidably journalled in lateral bearing portions 5. 
integral with the cylinder casing f . These tap 
pets are operably connected through suitable push 
rods 52 with short inlet valve rocker arms 54 jour 
nalled On a rod 55 and long exhaust valve rocker 
arms 56 journalled on a rod 57. In the Figure 4 
engine Suitable hydraulic tappets 60 are slidably 
journalled in the hollow central portion 6 of the 
cylinder casing fa and operably communicate 
through push rods 62 with short inlet valve rocker 
arms 64 journalled on a rod 65 and long exhaust 
valve rocker arms 66 journalled on a rod 67. 

It will be observed that in each arrangement 
the push rods 52, 62 respectively, communicate 
With the short lever portions of the rocker arms 
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and at a position intermediate, the rocker arra 
journal rods. Moreover, as seen in Figures 3 and 
5, the valve rocker arms are angularly disposed 
to their journal rods and communicate With the 
push rods at points substantially within a circle 
the size of the engine cylinder. These relation 
ships together With the ability to position the 
camshafts as high as possible above the crank 
shaft cominenSurate. With a practical drive con 
nection thereWith makes possible the obtaining 
of short center distances between the rocker arian 
journal rods, the use of rocker arms of a practi 
cal size and the use of relatively short push rods. 
Moreover, these relationships permit the cylin 
ders to be then brought, as close as possible to 
gether Within the limits dictated by good cooling 
practice. 

Manifestly, the camshafts are provided With 
raised can portions 70 Operable upon the tappets 
Which through their aSSociated push rods push 
upwardly upon the short lever portions of the 
rocker arras and the latter in turn exert a down 
Ward force through their adjacent long lever pore 
tions against the valve. StemS and against the 
force of the compression Springs &3, 84 to open 
the valves. 

it Will also be noted that in the W engine of 
Figure 5 the adjacent cylinders are arranged with 
their valve arms in the same relationship to the 
ignition lineans whereas those of the line engine 
of figure 3 are arranged with the valve arms of 
adjacent cylinders in opposite relationship to 
One another and With those of alternate cylinders 
in the Same relationship. The same advantages 
pointed out above are nevertheless obtained in 
each instance. 

Referring now again to Figures 6, 7, and 8, it 
Will be Seen that I have modified or truncated the 
combustion cavity of the penthouse cylinder 
head of each engine by filling in a portion of the 
Spherical Segment formed thereby, at one side 
only of the head adjacent the valves 25 and 26 to 
provide a detonation control structure, area, or 
portion 24 overhanging the perimeter of the 
cylinder 8 and located on the opposite side of a 
plane through the common axis 72 of the inlet 
and outlet valves from the ignition means, for 
example, a Spark plug 4 which in the disclosed 
arrangement is disposed intermediate the valves 
25 and 26 and on the inlet valve side of an axis 
5through the cavity and horrina to the axis 

72 of the valves 25, 26. 
By preference the ignition means will consti 

tute a single Spark plug position as near the 
upper(most point of the spherical done of the 
cavity as is physically possible. I have found 
that the advantages aforesaid of arranging the 
valves 25 and 26 on a great arc of the cavity 
outweigh the disadvantages of having the igni 
tion means Somewhat offset from the peak of the 
cavity dome and hence the ignition means in my 
invention is located as near as possible to the 
preferred position commensurate with mechani 
Cal adaptability. 
The detonation control portion 24 as employed 

in my penthouse cylinder head is an important 
feature of my invention since as pointed out 
above, I have found that it will substantially 
Satisfy knock problems arising in engines employ 
ing the same and permit a higher knock-limited 
output to be secured with a given fuel especially 
With a so-called commercial knocking fuel. 

It is to be observed that the portion 24 is lo 
(cated only at one side of the cavity . This is 
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8. 
by preference. Experimentation has shown that 
although Small filled-in areas 24A on the Spark. 
plug side of the valves may be desirable in certain 
instances as for increasing the compression ratio 
of the engine, these areas when of any extent, as 
is the portion 24, have the effect of reducing 
volungetric efficiency of the engine in proportion 
to their Size and result in power loSS. It is, therer 
fore, desired to keep any filled area on the spark 
plug side of the valves to a minimum and pref 
erably to avoid the same entirely. Even the 
Single area. 24 illustrated, increases the surface 
area to volume ratio Somewhat, but its induction 
turbulence control of the air-fuel mixture and its 
cooling effect on the flame curtain among other 
advantages, facilitates control of detonation and 
Surprisingly enables nine to obtain a higher knock 
limited power output with my penthouse head 
engine than Would be expected without its press 
ence, this being especially true when using a com 
mercial knocking fuel or even a so-called non 
knocking fuel at higher compression ratios ber 
yond the limit of such fuel. 
AS Seein in figures and 8, the portion 24 com 

prises a lateral face or waii i8 connecting with 
the inner margin of the Spherical portion and 
the function of which among other things, is to 
control the fiOW cf the air-fuel mixture and which 
face I have terred the induction turbulence con 
trol face, and a botton face or wall 29, the inner 
margiil of Which connects with the said lateral 
Wall WiiOSé fuziciion anong other things, is to 
cool the last portion of the charge to burn and 
which I will tern the querach control face. It 
is preferable that the face 8, especially the in 
tersecting eige portion 8a thereof with the face 
is when projected vertically be located immedi 
ately adjacent the periphery of the valves 25 
and 26 So as to obtain a maximum useful over 
hang of the face is and thereby provide a maxi 
nun quench control. For this reason, as shown 
in the disclosed enootinent in Figure 8, the face 
sis, especially the edge 8a thereof is preferably 
located parallel to a taingent plane to the valve 
23 and to the valve 26 at the periphery of the 
Seating ring 36. Experimentation has also 
shown that the position of the edge portion 78a. 
of the lateral face 3 is somewhat critical from 
the Standpoint of volumetric efficiency especially 
as regards its relationship on a projected basis 
to the inlet valve. For maximum knock limited 
power output it is tierefore preferred that the 
edge 8a be brought as near as possible to the 
tangent plane, especially at the inlet valye 25 
Without reducing the volumetric efficiency of the 
eigiae below that which would be attained with 
One having an unmodified penithouse head. 

in general, a distance from the tangent plane 
to the face i8, especially the face edge Ba, of be 
tween is '' to de' will give best results. How 
ever, in certain instances it may be found that 
When the distance is as little as 's' or there 
abouts, there may be some loss in volumetric 
efficiency. This loss may be compensated for by 
slightly undercutting the face. 78 above the edge 
78d. in the area, embraced by the dot, and dash 
line 8b in Figures 7 and 8, especially adjacent 
the valve 25. 

it Will be understood that the face 8 need 
not be a continuous flat face, but may comprise 
& Single or glurality of curved faces or a come 
pound arrange:heat of curved and flat faces. 
For exaringle, it may curve around the inlet valve 
25. Vioreover, it may also be curved transverse 
iy, for example, as when undercutting is desira 
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ble. Moreover, in certain cases it may be de 
sired to limit the detonation control structure to 
an area, adjacent the inlet valve 25 only. 
The location of the bottom quench face 78 of 

the portion 24 is also important from the stand 
point of obtaining effective cooling of the last 
portion of the charge to burn. This face should 
preferably be immediately adjacent the top face 
9 of the piston 2 at top dead center position 

of the engine crankshaft. Preferably the face 
78 will coincide with the mounting face 23, and 
Will provide a clearance relative to the top face 
Of the piston at top dead-center of between 
.015' to .080'. A clearance greatly in excess 
of this amount will reduce or completely destroy 
the detonation control effectiveness of the 
quench face and cause the engine to act the 
Same as if an open cylinder head were used. Al 
though preferably flat, the face 79 may also as 
Surne a curve or other Surface formation. 

It will also be understood that the cavity 7 
itself may be slightly larger than the cylinder 
bore 8 in the plane of the face 23 without a per 
ceptible loss of power or efficiency except some 
slight loss of thermal efficiency at low operating 
Speeds of the engine. On the other hand, if the 
cavity be smaller than the cylinder bore, valve 
Sizes Will be restricted With loss of volumetric 
efficiency. 
Another feature of my invention concerns the 

ability to increase the compression ratio of the 
engine Without making a major change in con 
Struction or tooling. Thus by merely taking a 
Series of cuts or grinding off the face 23 of the 
cylinder head so as to reduce the effective height 
of the cavity 7 I may effect a considerable re 
duction in the volume of the cavity and thereby 
increase the engine compression ratio while at 
the same time retaining the other benefits de 
lived from my invention. 
In order to give those skilled in this art some 

idea of the possible advantages of my invention, 
I have presented in Figures 9 and 10 data, de 
rived from tests made over a range of different 
Compression ratios and at different engine 
R. P. M's with a single cylinder engine employ 
ing the featured modified penthouse cylinder 
structure of my invention, these tests being made 
using tWO different fuels of which fuel B in the 
graphs was a clear fuel having an ASTM or mo 
tor method rating of 74.9 and a research method 
rating of 83.5, while fuel A was the same as fuel 
B but had added thereto a small amount of tetra, 
ethyl lead modifying its ASTM or motor method 
rating to 83.0 and its research method rating 
to 92.0. 

In the graphs, compression ratios are plotted 
against the percent gain in knock limited IMEP 
for the foregoing fuels at different engine 
R. P. M. It will be observed that in each in 
Stance for any compression ratio of somewhat 
under 7.0 and greater there is a definite improve 
ment in knock limited IMEP to be expected. 
Thus, for example, if the engine of Figure 1. 

be operated at a compression ratio of 7.0 an im 
provement of between 2% to 4% in knock limited 
IMEP could be expected with fuel B, while an 
improvement between 0% and .2% could be ex 
pected with fuel A. By increasing the compres 
Sion ratio of this engine, it will be obvious that 
further improvements in knock limited IMEP 
COLld be expected. 
The construction of the engine of Figure 4 per 

mits of greater compression ratios and assuming 
this engine is arranged to operate at a compres 
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Sion ratio of 7.5 it will be apparent that with 
fuel B an improvement between 3%% to 4%% 
could be expected in knock limited MEP, where 
as the improvement for fuel A would be between 
1%% and 34%. 
Thus it will be apparent that substantial im 

provements in performance may be expected 
with either the line-type engine or V-type engine 
utilizing the above described features of my in 
vention over engines of Similar character not 
enploying these features. 
From the foregoing description of my inven 

tion it will be apparent that I have provided a 
combination of structure capable of effecting 
novel in provements in the art relating to en 
gines. Although the particular structure shown 
and described above is well adapted for carrying 
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out the various objects of my invention set forth 
above, it will be clearly understood that various 
modifications, changes and substitutions may 
nevertheless be made in the disclosed embodi 
inents of my invention by the exercise of nine 
chanical skill without departing from the letter 
or Spirit of my invention. The Subiect invention 
is therefore to be construed to include all such 
modifications, changes, and Substitutions as may 
come within the scope of the appended claims. 
What is claimed is: 
1. The comhination with an internal combus 

tion engine cylinder, of a cylinder head provided 
With a dome-like combustion cavity directly op 
posite an end of said cylinder and substantially 
coaxial therewith, a maior portion of said cavity 
being defined by a spherical wall conforming to 
a spherical segment of a single base having sub 
stantially the periphery of the bore of said cyl 
inder as its base, said spherical wall extending 
from said periphery at one side of the cylinder 
and terminating in an inner margin Short of 
said periphery at the other side of said cylinder, 
a single valved inlet port and a single valved 
outlet port in said spherical wall on an arc there 
of each at an angle to the other and to the cyl 
inder axis, and another portion of said chamber 
being defined by a bottom wall generally nor 
mal to the cylinder axis and having its inner 
margin extending in the same general direction 
as that in which a plane through Said ports ex 
tends, and being further defined by a wall in 
juxtaposition to Said ports connecting the said 
inner margin of Said bottom Wall and the said 
terminal inner margin of said spherical wall, 
and said Spherical wall having an aperture on 
the opposite side of said valved ports from said 
juytarosed wall for receiving an ignition means, 

2. The combination with an internal combus 
tion engine cylinder, of a cylinder head provided 

60 

65. 

70 

75 

with a dome-like combustion cavity directly oppo 
site an end of said cylinder and substantially 
coaxial therewith, a major portion of said cavity 
being defined by a spherical wall conforming to 
a spherical segment of a single base having sub 
stantially the periphery of the bore of said cyl 
inder as its base, said spherical wall extending 
from said periphery at one side of the cylinder 
and terminating in an inner margin short of said 
periphery at the other side of said cylinder, a 
single valved inlet port and a single valved out 
let port in said spherical wall on a great arc 
thereof each at an angle to the other and to the 
cylinder axis, a conduit in said head leading from 
each port and in a direction generally determined 
by a plane through said ports, and another por 
tion of Said chamber being defined by a bottom 
wall generally normal to the cylinder axis and 
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having its inner margin extending in the same 
general direction as that in which said conduits 
extend, and being further defined by a wall in 
juxtaposition to said ports connecting the Said 
inner margin of Said bottom Wall and the Said 
terminal inner margin of said spherical Wall, and 
said spherical wall having an aperture on the 
opposite side of said valved ports from said juxta 
posed wall for receiving an ignition means. 

3. The combination with an internal conous 
tion engine cylinder block of a cylinder head 
having a mounting surface in assembled relation 
to said block and provided with a dome-like con 
bustion cavity directly opposite an end of a cyl 
inder of said block and substantially coaxial with 
said cylinder therewith, a major portion of said 
cavity being defined by a spherical wall confortin 
ing to a spherical segment of a single base having 
substantially the periphery of the bore of said 
cylinder as its base, said spherical wall extending 
fron said periphery at one side of the cylinder 
tand terminating in an inner margin short of Said 
periphery at the other side of said cylinder, a 
single valved inlet port and a single valved outlet 
port in said spherical wall on a great arc thereof 
each at an angle to the other and to the cylin 
der axis, a conduit in said head leading from each 
port and in a direction generally determined by 
a plane through said ports, and another portion 
of said chamber being defined by a substantially 
fiat bottom wall overhanging the periphery of 
said cylinder and substantially contiguous with 
a plane containing said mounting. Surface, said 
botton wall having an inner margin extending 
in the Same general direction as that in which 
said conduits extend, and being further defined 
by a wall in juxtaposition to said ports connect 
ing the said inner margin of Said bottorn Wall and 
the Said terminal inner margin of said spherical 
Wall, and said spherical wall having an aperture 
On the opposite side of said valved ports from said 
juxtaposed wall for receiving an ignition means. 

4. The combination. With an internal contus 
tion engine cylinder, of a cylinder head provided 
with a dome-like combustion cavity directly oppo 
site an end of said cylinder and substantially 
coaxial therewith, a major portion of said cavity 
being defined by a spherical Wall conforming to 
a Spherical segment of a single base having sub 
stantially the periphery of the bore of said cyl 
inder as its base, said spherical wall extending 
from said periphery at one side of the cylinder 
and terminating in an inner margin short of said 
periphery at the other side of said cylinder, a 
single valved inlet port and a single valved 
Smaller outlet port in said spherical wall on a 
great arc thereof, each at an angle to each other 
and to the cylinder axis, a conduit in said head 
leading from each port and in a direction gen 
erally determined by a plane through said ports, 
and another portion of said chamber being de 
fined by a bottom wall generally normal to the 
cylinder axis and having its inner margin extend 
ing in the same general direction as that in which 
said conduits extend, and being further defined 
by a wall in juxtaposition to said ports connect 
ing the said inner margin of said botton Wall and 
the said terminal inner margin of said spherical 
Wall, and a spark plug in said spherical wall 
Spaced from each of said ports and on the oppo 
site side of said ports from said juxtaposed Wall 
but positioned nearer to said intake port than to 
said outlet port and having its axis generally par 
alleling the axis of said cylinder. 

5. The combination with an internal combus 
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;2 
tion engine cylinder block having a plurality of 
cylinder bores arranged with their axes in a com 
mon plane, of a cylindel head having a mount 
ing Surface in assembled relation to said block 
and provided with a dome-like combustion cavity 
OVer an end of each cylinder of Said block and 
Substantially coaxial with such cylinder, a major 
portion of each cavity being defined by a spheri 
cal Wall conforming to a spherical segment of a 
Single base having said mounting surface as its 
base, a Single inlet port and a single exhaust port 
:disposed in the spherical wall of each cavity on 
an arc thereof, the axes of said ports being dis 
posed at an angle to each other and in a plane 
transversely related to said common plane of the 
cylinderbores, an air-fuel conduit extending from 
(each inlet port in the general direction in which 
Said transverse plane extends, and the remainder 
Of each Said cavity being defined by detonation 
control means on one side only of the said ports 
thereof, said control means comprising a turbu 
lence control wall extending in a plane substan 
tially paralleling a tangent to the periphery of 
Said ports and a second wall in a plane substan 
tially coincident with said mounting surface. 

6. The combination with an internal combus 
tion engine cylinder block having a plurality of 
cylinderbores arranged with their axes in a con 
non plane, of a cylinder head having a mount 
ing Surface in assembled relation to said block 
and provided with a dome-like combustion cavity 
:Over an end of each cylinder of Said block and 
Substantially coaxial with such cylinder, a major 
portion of each cavity being defined by a spheri 
'Call Wall conforning to a spherical segment of a 
Single base having said mounting surface as its 
base, a single inlet port and a single exhaust port 
disposed in the spherical wall of each cavity on 
an arc thereof, the axes of said ports being dis 
posed at an angle of at least about 60° to each 
other and in a plane transversely related to said 
common plane of the cylinder bores, an air-fuel 
conduit extending from each inlet port in the 
general direction in which said transverse plane 
extends, and the remainder of each said cavity 
being defined by a detonation control means on 
One side only of the inlet port thereof, said con 
trol means comprising a turbulence control wall 
extending transversely of said connon plane of 
the cylinder bores and extending the substantial 
depth of Said cavity and in juxtaposition to said 
inlet port, and further comprising a second wall 
in a plane Substantially coincident with said 
mounting Surface and intersecting with said tur 
bulence control wall. 

7. The combination with an internal combus 
tion engine cylinder block having a plurality of 
cylinder bores arranged with their axes in a 
connon plane, of a cylinder head having a 
mounting Surface in assembled relation to said 
block and provided with a dome-like combus 
tion cavity over an end of each cylinder of said 
block and Substantially coaxial with such cylin 
der, a major portion of each cavity being defined 
by a spherical wall conforming to a spherical 
segment of a single base having said mounting 
surface as its base, said spherical wall extending 
from substantially the periphery of the cylinder 
bore at One side of the cylinder and terminating 
in an inner margin short of said periphery at 
the opposite side of said cylinder, a single inlet 
port and a single smaller exhaust port disposed 
in the spherical wall on each cavity on an arc 
thereof at an angle to each other and to the 
cylinder axis and having their axes disposed in a 
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plane transversely related to said common plane 
of the cylinder bores, an air-fuel conduit extend 
ing from each inlet port in the general direction 
in which said transverse plane extends, and the 
remainder of each said cavity being defined by 
detonation control means on one side only of 
the inlet port thereof, said control means Com 
prising a bottom wall generally normal to the 
common plane of the cylinder bores, which Wall 
extends inwardly over the cylinder bore fron 
the said periphery at the said opposite side of 
the cylinder and terminates in an inner margin 
at a distance between about is '' to about is '' 
from said inlet port and further comprising a 
turbulence control wall connecting the said inner 
margin of said bottom wall and the Said terminal 
margin of said spherical Wall. 

8. The combination with an internal combus 
tion engine cylinder block having a plurality of 
cylinder bores arranged with their axes in a 
common plane, of a cylinder head having a 
mounting Surface in assembled relation to Said 
block and provided with a dome-like Combustion 
cavity over an end of each cylinder of Said block 
and substantially coaxial with Such cylinder, a 
major portion of each cavity being defined by a 
spherical wall conforming to a spherical segment 
of a single base having said mounting Surface 
as its base, said spherical Wall extending from 
substantially the periphery of the cylinder bore 
at one side of the cylinder and terminating in 
an inner margin short of said periphery at the 
opposite side of said cylinder, a single inlet port 
and a single smaller exhaust port disposed in 
the spherical Wall on each cavity in an arc 
thereof at an angle to each other and to the 
cylinder axis and having their axes disposed in a 
plane transversely related to Said common plane 
of the cylinder bores, an air-fuel conduit extend." 
ing from each inlet port in the general direction 
in which said transverse plane extends, and the 
remainder of each said cavity being defined by 
detonation control means on one side only of 
the inlet port thereof, said control means com 
prising a bottom wall generally normal to the 
common plane of the cylinder bores, which Wall 
extends in Wardly over the cylinder bore from 
the said periphery at the said opposite side of 
the cylinder and terminates in an inner margin 
at a distance between about is '' to about is '' 
from said inlet port and further comprising a 
turbulence control Wall connecting the said inner 
margin of said botton wall and the Said terminal 
margin of said spherical Wall, said engine have 
ing a stroke-bore ratio of about 0.85 and greater. 

9. The combination with an internal combus 
tion engine cylinder block having a plurality of 
cylinder bores arranged with their axes in a con 
mon plane, of a cylinder head having a mounting 
surface in assembled relation to Said block and 
provided with a dome-like combustion cavity 
over an end of each cylinder of said block and 
Substantially coaxial with such cylinder, a major 
portion of each cavity being defined by a Spher 
ical wall conforming to a spherical segment of 
a single base having substantially the periphery 
of the cylinder bore at Said nounting Surface as 
its base, said spherical wall extending from Said 
periphery at one side of the cylinder and ter 
minating in an inner margin short of Said pe 
riphery at the opposite side of the cylinder, a 
single inlet port and a single Smaller exhaust 
port disposed in the spherical wall of each cavity 
at an angle of at least about 60 to each other 
and having their axes disposed on a great arc of 
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said spherical Wall in a plane Substantially nor 
mal to said common plane of the cylinder bores, 
the remainder of each said cavity being defined 
by detonation control means on one side only 
of said ports, said control means comprising a 
bottom wall generally normal to the common 
plane of the cylinder bores which Wall extends 
inWardly over the cylinder bore from the Said 
periphery at the said opposite side of the cylin 
der and terminates in an inner margin. Substan 
tially paralleling a tangent to said ports and at 
a distance between about is '' to about is '' from 
said ports and further comprising a turbulence 
control wall connecting the said inner margin 
of said botton wall and the said terminal margin 
of said spherical wall, an air-fuel conduit in Said 
head extending from each inlet port in the Same 
general direction in which said plane containing 
the axes of said ports extends, and Said Spherical 
wall having an aperture on the opposite side of 
said ports from said turbulence control Wall and 
intermediate said ports for receiving an ignition 
means and said engine having a stroke-bore ratio 
of about 0.85 and greater. 

10. In an internal combustion engine, in Con 
bination, a cylinder block having a plurality of 
cylinder bores arranged with their axes in a com 
mon plane, a cylinder head having a mounting 
surface in assembled relation to said block, Said 
head having wall means rising from said mount 
ing surface and defining a dome-like combustion 
cavity over each cylinder bore, a major portion 
of said wall means defining each cavity being 
spherical and conforming to the surface of a 
spherical segment of a single base having Said 
mounting surface as its base, a single inlet valve 
and a single smaller exhaust valve disposed in 
each said spherical wall means on a great arc 
thereof and having their respective axes in a 
plane transversely related to said common plane, 
and at an angle of at least 60° to each other with 
the exhaust valve disposed at a smaller angle to 
said common plane than said inlet valve, and 
all the inlet valves being on one side of Said Con 

i5 mon plane and all the exhaust valves on the 
opposite side of said commonplane, a piston oper. 
ably disposed in each cylinder bore, a crankshaft 
below said cylinder bores substantially in Said 
common plane, piston rods connecting Said pist 
tons and crankshaft, a camshaft above Said 
crankshaft and on the inlet valve side of Said 
common plane of the cylinder bores and oper 
ably connected with said crankshaft, inlet and 
exhaust valve rocker arms respectively journalled 
on said head for actuating said valves, the axes 
of said shafts being substantially parallel to Said 
common plane of the cylinder bores, each rocker 
arm being provided with a relatively long and a 
relatively short lever portion, the said portions 
of each rocker arm being substantially aligned 
with each other and angularly positioned rela 
tive to their journal axes, the overall length of 
the exhaust valve rocker arm being greater than 
that of the inlet valve rocker arm and the inlet 
and exhaust valve rocker arms for each cylinder 
lying substantially parallel to each other on oppo 
site sides of the axis of the bore thereof, push 
rod means operably connecting the short lever 
portions of each rocker arm and said camshaft 
substantially on the same side of said common 
plane of the cylinder bores as said camshaft and 
the connections between said push rod means 
and the short lever portions of the rocker arms 
for each cylinder lying substantially within a 
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circle coincident with the cylinder bore of such On the opposite side of Said ports from said tur 
cylinder. 

ii. The combination with an internal con 
al:Stion engine cylinder block having a plurality 
of cylinder bores arranged with their axes in 
Substantially a common plane, of a cylinder head 
having a mounting surface in aSSembled relation 
with said block and provided with a dome-like 
combustion cavity over an end of each cylinder 
of said block and substantially coaxial with such 
cylinder, a major portion of each cavity being 
defined by a spherical wall conforming substan 
tially to a Spherical Segment of a single base 
having Said inounting Surface as its base, a Single 
inlet port and a single exhaust port disposed in 
the spherical wall of each cavity on an arc there 
-of, the axes of Said ports being disposed at an 
angle to each other and in a plane transversely 
related to said cominion plane of the cylinder 
bores, an intake conduit extending from each 
inlet port and in the general direction in which 
Said tranSVerse plane extends, and Said cavity 
being further defined toy a detonation control 
means on One side only of the said inlet port, 
thereof, said control means comprising a tur 
bulence control wall projecting downwardly from 
said spherical wall of Said cavity and extending 
between points spaced transversely in the general 
direction in which said intake conduit extends 
and in juxtaposition to Said inlet port, and said 
'cavity having an aperture in said spherical Wall 
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bulence. Control Wall for receiving an ignition 
eaS. 

WILLIAM E. DRINKARD. 
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