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. : ] : : :
The invention or discovery relates in general
to internal combustion engines of the compres-
gion 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

<t

&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 dlscovery and the in-
vention or discovery of said prior  application
Telate 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. 8. Letters Patent No. 1,960,093,
issued May 22, 1934, The preqent ‘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 speulﬁcally
set forth in the ,prlor U. 8. Letters Patent No.
2,062,951, issued December 1, 1936 to Otis D.
Treiber. C

In each of said U. S. patents, No. Re. 19, 742
and No. 2,062,951, there is set forth a hlgh speed,
hizh compression, high power, compression igni-
tion internal combustion engine in which the
spherical chambers are ;ocated entirely at the
sides of the cylmaels and in which the passage-
ways opsn into the cyhnders through- the sides
thereof, and in which the normally upper surfaces
of thé passageways are flat later ally' continuous
extensions of preferaply 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 liguid hydrocarbon fuel into the spherical
Ch'xmbers, sach fuel spray having an origin pref-
eraliy ab the crank shaft side of the a,ssocmted
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. ‘18,742 “and No.
2,062,951 are characterized by operating at rela-
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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
formed by parts adapted for relatively easy com-
mereial 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 inher surface. '

The engines set forth in U. S. Patent No.

' 2,062,951 are furthermore constructed and ar-
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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 deflecter means preferably a tongue or
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lip extending into the passageway opening from
the lower face of the constant volume. chamber.
eénd 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 1gn1t10n 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 ecombustion 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-
tor 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-
seribed 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 zons
of the lip and passageway overheat and expand,
and the lower portions of the combustion cham-
ber walls just below the passageway buige out-
wardly, and the bulging combustion chamber
wall portions push the adjacent cylinder wall
portions out of rocund.

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 arranged with each other and
with the other engine parts so as to provide for
an improved controlled fiow 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.
Letters 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 champer 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 com-
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, fogether with their mode of use, are set
forth in the following description, and which are
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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. 8. 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 eylindrical 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 bhoundary of the
externally cylindrical wall portion, top wall por-
tions joining the tongue flange and intermediate
cylindrieal 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
drawings forming part hereof in which:

Figure 1 is a fragmenfary 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-
der bore;

Pig. 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 hlock 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. b 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—=§, 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 compr_essmn fgnition inife rnal
combustion engine ‘is indicated generally‘ at ‘10,
and includes the comblned 1mprovements of sard
U. S patents, No. Re. 19,742 and No, 2,062,951,
‘and the present 1mprovements thereof, .

The engine {0 is a six cyhnder, four stroke
cycle, single action, hlgh speed compressmn ig-

nition internal combustlon ‘engine, in which the 1

air for combustion is obtamed normally di
from the atmosphere and in wh1ch separate
quantities of charges of the prefelred liquid hy-
drocarbon fuel, such as diesel oil, are successwely
injécted into the combustwn chambers ‘of the
‘engine at successive tlmed mtervals ‘one charge
being injected into the combustron chambers of
each cyllnder dunng each four stroke cycle of
the piston operatwely mounted in the cylinder.

The engine {8, 1ncluo°s in combmatlon with
other parts of a high speed 1nternal combustron
engine, a unitary casting 11 1nc1ud1ng a lower
crank case portion, not shown, and an upper
cylinder block portmn 12, and front and back
cylinder heads {3 are secured ab the upper end
of the cylinder block portlon 12, each cyhnder
head accommodating three cyllnders .and_one
cylinder head i3 being shown in the orawmgs

The cylinder block port1on 12 lncludes therem
walls formmg the cyllnders one of __Whlch lS
and is preferably an 1ntegral part of the pref-
erably cast iron cylmder block portlon As shown
the cylinder block cylinder {4 is provided with a
cyl1ndrrcal liner 14-1.

Fach cyhnder 11ner M-—l has a bore 26 and 1n
each cyl1nder bore 20, a piston 21 is operatlvely
mounted for remprocatlon in the usual manner
for high speed engines.

Tach cylinder head 13 1ncludes a normally
lower wall 28 which is prov1ded Ior each cyhn-
der covered thereby Wlth a preferably ﬁat nor-
mally lower surface 29 extendlnor transversely
across the upper end of the bore 20 of the par-
ticular eylinder.

A usual gasket 38 is 1‘1terposed in & ustal man‘-
ner between the normally lower, wall 28 of each
of the eylinder heads 13, and the normally up-
per wall {5 of the cylindér block port1on 2.

As 1llustrated the engine m is a valve- 1n-head‘
engineé, and occordmgly each normally lower wall
28 of the cylinder heads {3 hag formed therein
above the normally upper end of the bore 20 ofA
each cylinder covered thereby, an air intake valve_
seat orifice 33 and an sxhaust valve sedt orlﬁce,
34, and each of the valve séat orifices has a valve
seat formed therein.

A valve 35 is oneratlvely assoc1ated w1th each
valve seat orifice 83, and g valve 35’ is opeéra-
tively associated with each valve seat onﬁce Y-
and each of the valves includés a valve head 36
fitting in its respective seat, and a valve stem 37
extending upwardly from the head ”

The cylinder héads {3 have mounted therem.:
valve stem guide tubés 38, one for each valve
stem 37, and each valve head 36 is normally‘
maintained in its seat by usual means such a§’
a set of compression spririgs 39, one 'end of which'
reacts against a spring seat 49 formed abolit each’

valve stem guidé tube 38 in the” cylinder heads’

{3, and the other end of thch reacts agamst'
a flanged washer, rot shown secured in’ a’ usudl
manner st the upper end of the particular valve
stem 37. o . .
Egch-air intake valve séat orifice 33 communi="
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nectmg at thelr outer ends w1th an mtake mam—
‘fold 54, and each. intake ‘manifold 54 communi-
‘catingly connectitig ‘a5 by eans. of .an.elbow,
not shown, preferably with an air cleaner not

‘shown. . . e
...Fach exhaust valve seat orlﬁce 34 comm ni-
catmgly ‘connects. with .ofie end . of an.exhaust
port or passageway. 571, the' exhaust borts 57. bemg
formed in. the walls of the cylinder heads 13 and
Ihe exhaust ports of each cyhnder ‘héad termi-
nating at their outer énds in ‘a connector ﬂange,
not shown, whereby the. ‘exhaust. ports may. be
ccmmumcatrngly connected with an exhaust
manifold, not, .shown. :

In the englne 18,2 chamber Cv is. formed w1th—
in. the bore 20 of each cylinder liner M 1 and
between a normally top ot end flat c1rcular face
82 of the piston 21 operating within. the par-
tuzular 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 Cv. by reason. of the re-
mprocatlon of the biston forming one wall of
the saine may be termed a varying volume cham—
ber, and in the engineg 10, .at top. dead .cenfer,
that is, Wwhen the end face 52 of each plston 2I
has reached rts position of i maximum travel away
from thé crank shaft, there is only mechamcal
clearance Veen the end face 82 of the plston
and the opposite ﬂat cyhnder head inner face 29

Walls of the engitie form constant volume
chambers, one for each cyliider. Each constant
voliime chamber Ce is located closely adJacent to
and entrrely at the _side of the correspondlng
varying volumse chamber Cv; and betwesn each
ccnstant volume chamber. Co. and. its cylmder
walls of the éngine form a passageway P.com-
mumcatlngly cohnecting at .one end, with the
partlcular constant volume chamber Cc and at
the othér end ‘vrth the cylinder bore of the ad-
Jacent varying volume chamber Cv .

Each constant volume chamber Ce. 1s formed
Wlth 4 curved ihner su1 face 16 which is parhally
symmetrlcal about. an ax1s extendmg throngh

angles or normal to the plane passmg th1ough
the center 71 of, the constan’r volume chamber
and the longltudlnal axis 12 of the bore of the
adjacent cylinder. )
. As illustrated, the curved inner face 19. of each
constant volutneé chamber Co is preferably
sphencftl L .
passage‘vay P connectmg a partxcular
y volume chamber.Ce with the. adjacent
ng, volume chamber Cv is provided with. an.
ipner face 78 which is. latexally and slopmglv.
contmuous with the prererably fiat inner cylinder.
head fade 28 of the adjacent, varying volume

., chamber Cy, and each, laterally continuous pas-

sageuay face 13 is tangentlal with the curved.
inner su faee T8 of the. constant volume chamber
Ce connec ted with the adjacent varying volume
chambe1 Cv. b v, the naltlcular Jbassageway P.
The width of each passageway P. is prefer-.
ably as. illustrated’ somewhat . greater than  the.
diameter of the’ sphernal'nmer suiface 'u’ﬂ of eaeh‘.)'
con‘tan’r volute cha“r " Ce, and the minimum’
height k' of each passageway P is plefnraolv__

.., sOmiewHat less thah thé radius of the spherical

75

inner surface 70.
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As illustrated, each constant volume chamber
Cc is formed by members located in a socket 14
formed in the upper end wall I5 of the cylinder
block portion {2. The bottom surface T4-f of
each pocket 14 is hemispherical. The upper sur-
face 74-2 of each socket 14 is cylindrical and has
a vertical axis passing through the center of the
hemispherical surface 74-1, the radius of the
cylinder surface 7T4-2 being the same as the
radius of the hemispherical surface 74-1I.

The members forming each constant volume
chamber Cc and portions of its communicating
passageway P as shown, include a bottom mem-
ber 75 and a top member 78 which are separable
from each other and which together fit in and
mate with one of the sockets 14.

Each bottom member 15 includes a lower ex-
ternally and internally hemispherical shell por-
tion 75-1, an upper externally cylindrical portion
75-2 extending from the upper end of the hem-
ispherical shell portion T5-1, and an upper flat
end surface 75-5.

The external hemispherical surface of the
lower shell portion 75-{ of each bottom member
15 mates with the internal hemispherical bottom
surface T4-f of its socket 74.

The top member 16 forming each constant
volume chamber Cc is externally cylindrical and
its upper end extends upwardly beyond the top
wall 15 of the cylinder block portion {2 and into
a downwardly opening cylindrical recess 11
formed in the adjacent cylinder head lower wall
28. In the normally lower face of each top
member 16, there is formed a cavity 18 which
includes a curved inner surface portion 78-1
connecting with the spherical inner portions of
the lower member 75.

Each cavity 78 also includes a flat surface por-
tion 78~f extending tangentially from the curved
inner surface portion 78-f, and opposite side
surfaces 79-2 and 79-3 converging with the sides
of the flat tangential surface portion 79-1 and
with the curved inner surface portion 78-1. The
flat tangential surface portion 78-{ has a slight
upward slope from its junction with the curved
surface portion 78-1, and forms with the oppo-
site side surfaces 75-2 and 79-3 and with a por-
tion of the upper flat end surface 75-5 of the
lower member 75 opposite the flat tangential
surface T79-I, the constant volume chamber end
of the particular connecting passageway P.

The flat surface 79-{ of each top member 76
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 81
formed in the top wall {5 of the cylinder block
portion 12 between the constant volume chamber
Cv and the adjacent socket 74, and by a cylinder
end portion of the upper flat end surface 19-5 of
the lower member 15.

The air intake valve means heretofore de-
seribed 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 varying velume chamber Cv 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 Cv during the exhaust stroke of
the piston thereof,
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Means . are also provided for injecting prefer-
ably liquid hydrocarbon fuel into each constant
volume chambher Cc preferably during the com-
pression stroke of the associated piston, and as
illustrated the fuel injecting means includes for
each constant volume chamber Cc a pintle nozzle
82 each of which is operatively mounted in the
cylinder block portion 12, and the discharge end
83 of each of which extends into and terminates
in the constant volume chamber C¢, with which
the particular nozzle is associated.

Each nozzle 82 is of usual construction, and
is adapted to introduce into the constant volume
chamber C. with which it is associated, an atom-
ized conieal spray 80 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 Cc 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 94 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 7! of the associated
preferably internally spherical constant volume
chamber Cc and the longitudinal axis 72 of the
hore 28 of the asscciated 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 T§5 is provided with improved
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-T which
extends upwardly above the upper flat end sur-
face 15-5 of the bottom member 75 into the
constant volume chamber opening of its asso-
ciated passageway P, and the inner surface of
each lip 76T is a confinuation of the spherical
inner surface of the shell T5-1.

A passageway forming tongue 15-T having par-
allel side faces 15-8 and 75-9 extends at opposite
sides of a parallel plane indicated by the dot-dash
line 91-1 in Pig. 4, and which passes through the
center of the internal spherical surface of the
bottom member T5. The outer end face 75-10 of
the tongue 75-T has a concave cylindrical curva-
ture conforming to the curvature to the eylinder
bore. The tongue T8-1 fits in the notch 81 and
thus properly positions the constant volume
chamber forming bottom member 75. The top
face of the tongue 75-7 is an extension of the
upper flat end face 15-5, of the bottom mem-
ber 15.

Referring particularly to Fig. 4, the lip 76-T
extends upwardly from the inner end of the
tongue 15-1 and symmetrically with respect to
the plane 91—-f. The upper end of the lip 76-T
has a convex curvature 16-8, and at one side the
lower base portion of the tongue 76-7 has a faired
and concave curvature 76-9 merging at its upper
end with the lower end of the convex curvature
716-8 and merging at its outer end with the spher-
ical inner surface of the bottom member T15.

At the other side, the lower base portion of the
tongue 16-7T has a faired and convex curvature
16-10 merging at its upper end with the lower
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end of the convex curvature 76-8. and merging.

at its outer end with the spherical inner surface
of the bottom member 75.

Each of the concave curvatures 769 and 76-{8
are also faired downwardly from a junction with
the upper end face of the tongue 76-T in a slope
towards the bottom of the inner spherical surface
of the bottoin membper T4,

Ag in said U, 8. Patent No. 2,062,951, the area
of each tongue or lip 76-7 is such as to intercept
such part of the conical fuel spray injected into
the particular constant volume chamber C. as
may reach the tongue or lip 76-7, angd thus.pre-
vent the injection of any solid unmixed fuel

through the passageway. P into the varying.

volume chamber Cv.

The area of each tongue or lip 76-7 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
29 at the dead center position of the piston, and
the total volume of each constant voluine cham-~
ber Ce and the associated passageway P, which
constitute the clearance volume of the particular
eylinder, is small relative to the maximum volume

of the associated varying volume chamber Cy, 50

that the compression ratio of the engine may
be high, for example 14 to 1.

Parts of the engine 10, 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 15 is provided
with a cylindrical section 75-11 below the tongue
75-1 as best shown in Figs. 5 and 6. This cylin-
drical section 75-[{ 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 T5-1 of the constant volume -chamber
forming lower member 7%, the radius 7812 of the

cylindrical section T5-i1 Dbeing less than the -

radius 15-13 of the externally cylindrica]l portion
715-2 of the member 715." The cylindrical section
T5-11

section.

50

may be otherwise termed an arcuate -

In Fig. 7, a second embodiment of the im- -

proved engine construction is indicated generally
by 110 and is similar to the engine construction
t8 with the exception that the engine construe-
tion (10 includes a constant volume chamber

forming lower member (78 having a cylindrical.

or arcuate section {75-11 bordering other por-

65

60

tions of the external surface of the lower mem- -

ber 115, and the arcuate section 175-1{ having
a radius 175-12 which may be the same as the
radius 175-13 of the externally cylindrical- por-
tion 115-2 of the lower member 175, the center
115-14 of the radius 175-12 being offset-to the
rear of the center {71 of the radius 176—-18 in the
plane passing through the -center 171 of the
constant volume chamber and the longitudinal
axisof the adjacent cylinder bore 120.

In the improved engine construction 10 the

recess formed by the eylindrical section 15-11 has
abrupt side corners 15—1%.

In Fig. 8, a third embodiment of the improved
engine construction is indicated generally by 210,
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and includes a constant volume chamber forming
bottom member 2715 provided with a cylindrical
or.arcuate section 275-11 below a tongue similar
to the tongue 15-1. The cylindrical or arcuate

- section 278-1{ has a radius 275-12 less than the

radius 27513 of the externally cylindrical por-
tion 278-2 of the member 278. The:oprosite sides
or borders of the cylindrical or arcuate section
278—-11 have ramp ends 278-{5.and 215-16 con-
necting with. the externally cylindrical portion
275-2.

In each of the engine constructions 18, 110, and
218, the sectionof the vall of the constant volume
chamber. forming lower member including- the
cylindrical section:is thinner than the other wall
portions of the constant volume chamber forming
lower member, and. this thinner wall section is
below: the passageway forming. tongue of the
constant volume chamber forming lower member.

Bach cylindrical section 75-1f, 1715-il, and
275-11, is spaced from the cylindrical upper sur-
face 14-2 ' of the -mounting socket for the lower
members 19, 115, and 2785.

In the operation of the engine {0 incliiding the

-present improvements, the suction stroke of each

piston draws intake air into the varying volume
chamber Cv 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 Cv through the associated passageway P
and into the associated counstant volume chamber
Ce.. As the piston moves -across and substantially
traverses thé:passageway. P on . its compression
stroke, the opening of the passageway P into the
varying volume chamber Cy is rapidly reduced in
area, which still further increases the pressure
and veloeity of the air being forced through the
passageway P into the associated constant volume
chamber Ce..

The fact that as aforesaid the passageway face
18 is an extension of the inner flat face 29 of the
varying volume chamber Cv, and is tangential to
the symmetrical and preferably spherical inner
surface 19 of the constant volume echamber 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 Cc, 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 Cc strikes the limited area of the asso-
ciated lip 76-71 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 & deflection-of a portion of the fuel spray
above and about the sides of the lip 76-T 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 com-
plete cycle of mixing and combustion is of great
benefit.

The operation of the improved engine {0 as
thus far described is substantially the same 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 Cc 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 Ce.

In the present improved engine 10, as above set
forth, each mixing and combustion chamber Cc is
constructed by a unit including a bottom mem-
ber 15 and a top member 16 which are separable
from each other and which together fit in and
mate with one of the sockets T4. The relatively
thin lower hemispherical shell 15—1 of the bottom
member 15 is topped by the upper externally cy-
lindrical portion 75-2 having thicker walls, and
by the externally eylindrical top member 76 hav-
ing thicker walls, and these differential wall
thicknesses provide heat collecting and transfer
means for each mixing and combustion chamber
C¢, whereby transmission of heat from the cham-
ber Cc through the cylinder block walls of the
socket 74 to the cooling water is promoted, and
transmission of heat is resisted from the cham-
ber Cc 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 T5-11, 175-11, and
275-11 of the constant volume chamber forming
bottom members 15, 175, and 2715, is spaced from
opposite sections of the internal cylindrical upper
surface 14-2 and upper portions of the lower in-
ternal hemispherical bottom surface T4—1 of its
mounting socket 74 in the cylinder block.

This spacing of each thinner externally cylin-
drical section 75—, 175~11, and 275-11 from op-
posite sections of its mounting socket 74, forms an
expansion chamber between each bottom member
15, 115, and 215, 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-T1 of each bottom
member 75, 175, and 275. Thus, expansion or
bulging of each bottom member 75, 175, 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 T15-1f, 175-1{, or
215-i1, and such expansion takes place in the
expansion chamber, without pushing of the ex-
panding section against the opposite section of
the associated eylinder wall. Consequently there
is substantially no distortion of the associated
cylinder wall.

Accordingly in the improved engine 10, cylin~
ders having a maximum bore may be included in
an otherwise standard cast cylinder block, with-
out encountering cracking of the cylinders or ¢yl
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inder liner portions in the operation of the
engine.

From the standpoint of the flow of hot gases
from each chamber Cc. through its associated
passageway P and into ifs associated chamber
Cv, the provision of the lower faired concave
curvatures 76-8 and 76-10 at each side of the
upper central convex curvature of the lip 76-1,
directs the hot gases upwardly as they emerge
from the chamber Ce, 50 as to strike the lower
face 29 of the cylinder head 13 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 16-8, 76-8,
and 716—10, 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 76-10 may be
otherwise termed upwardly sloping channels at
each side of the base of the deflector lip 76-1.

In the engine {0, each mixing and combustion
chamber forming top member 16 is prevented
from turning in the upper end of its socket 14,
by the provision of a vertical groove 14-4 in the
upper cylindrical surface T4-2 of the socket 74.
A pin 16-11{ extends from a side opening socket
in each member 1§ into the associated groove
14-4.

When desired each top member 716 may be
welded to its associated bottom member 75.

The mixing and combustion chamber forming
members 15 and 16 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
chambers.

In the foregoing description, certain surfaces
and curvatures of the improved mixing and com-
bustion chambers have been deflned as being
“faired,” by which it is meant that these faired
faces and curvatures 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 he im-
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-
vantageous 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.

Iclaim:

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 abufting the cylinder block end wall,
a cylinder 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 s recess including a socket




13

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 ecylinder-
bore and the recess, a mixing and combustion-

chamber unit including mixing and combustion
chamber forming hottom and top members lo-

cated in the socket, the socket having internal-

surfaces, and the unit bottom member having
external surfaces, scme of the external surfaces
of the unit botiom member fitting internal sur-
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.

2. In an internal combustion engine as -set
forth in claim 1, and in which the mixing and
combpustion 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 communicating between the
mixing and combustion chamber opening and the
cylinder bore, and the expansion chamber being
locateq adjacent and spaced from the combus-
tion chamber opening.

3. In an internal combustion engine as set
forth in elaim 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 wall 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 claim 3, and in which the notch has a
bottom wall with side edges opposite the passage~
way forming portion of the cylinder head end
wall inner face, and the notech 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 hottom
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 bottom 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
bottom 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
bottom 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-
tom member being an arcuate section bordering
other external surfaces of the unit bottom mem-
her.

6. In an infternal 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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spherical and fits the hem1spherlca1 bottom sur-
face  of “the socket.-

7.-In-an internal combustion engine as set
forth in eclaim 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 forming spaced arcuate external sur—
face section of the unit bottom member has an
axis eccentric with respect to the axis of the‘
cylindrieal surfaces of the socket. :

8. 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 eyl-
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 eyl-
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 s mixing and
combustion chamber having an opening com-
municating with the notch, the notech 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 hore
opening through the end wall and a recess open-~
ing through the end wall and the recess including
8 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 bhot-
tom and top members, the unit bottom member
having external surfaces, one of the external sur~
faces being a portion of an entirely eylindrical
surface, and another external surface lying with-
in the entirely cylindrical surface and making
junection 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 ¢ylinder 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 &

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 Lav-
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.




