
Sept. 2, 1952 H. H. ALBINSON 2,608,961 
COOLING SYSTEM FOR INTERNAL-COMBUSTION ENGINES 

Filed April 22, 1950 4. Sheets-Sheet l 

S. s tra 

ar 

SA (32 reer Fra 3> Z3& Selse 
Pavaravaro Paara 

24h 

Scientor 

7%az4.26%zz 
& Sg 

Z242%27 % e S- attorneys 

  

      

    

  

  

  

  

  

  

  



H. H. ALBNSON 

COOLING SYSTEM FOR INTERNAL-COMBUSTION ENGINES 
Sept. 2, 1952 2,608,961 

4. Sheets-Sheet 2 Filed April 22, 1950 

Cittorne 

SNS 

N SYNNNNNSN 

§SOENSSSSSSSSSSSS`S 
  

  

  

  

  

    

  



2,608,961 H. H. ALBINSON 

COOLING SYSTEM FOR INTERNAL COMBUSTION ENGINES 

Sept. 2, 1952 

4. Sheets-Sheet 5 Filed April 22, 1950 

Stocht for 

7%az42/2/422zzzz 
3 29 

Cittorneys 

  



Sept. 2, 1952 H. H. ABINSON 2,608,961 
COOLING SYSTEM FOR INTERNAL-COMBUSTION ENGINES 

Filed April 22, 1950 4. Sheets-Sheet 4 

A. 

A. 

a 

SNSSNNNNNNNSSYSSSSSSSYSKN Sys 
22%.14% 74 

(2. 17 

2 4 
B 1 
2 2 ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 
2 1 a 2? 2 
A 

lez. 
Sctor 

724.2%zz 
Cittories 

  

  

  

  

  

  



Patented Sept. 2, 1952 2,608,961 

UNITED STATES PATENT OFFICE 
COOLNG SYSTEM FOR INTERNAL 

COMBUSTON ENGINES 

Harold H. Albinson, Detroit, Mich., assignor to 
General Motors Corporation, Detroit, Mich., a 
corporation of Delaware 
Application April 22, 1950, Seria No. 157,585 

44 Claims. 
1. 

This invention relates to internal combustion 
engines and has particular relation to Cooling 
systems for two-stroke cycle compression igni 
tion engines for use on trucks, buSSes, Small 
boats, and other light weight load carrying vehi 
cles, and . on other devices or apparatus, where 
the space occupied by the engine and the Weight 
and cost of the engine are important factors in 
the design of the engine. 
An object of the invention is to provide a 

short, compact, inexpensive and light Weight en 
gine adapted to operate on inexpensive fuel and 
service and to employ such fuel in a two-stroke 
compression ignition cycle where relatively high 
temperatures Will be developed in the operating 
parts of the engine, and, where an effective and 
efficient cooling System is required to prevent the 
cost, Weight, and size of the engine from becomi 
ing excessive. 

Another, object of the invention is to provide 
an engine cooling system in which both pressure 
circulation and thermo-Syphon circulation of 
cooling fluid are employed. 
: Another object of the invention is to provide 
an engine block having a cooling liquid circulat 
ing system formed therein, and in which circu 
lating System the cooling liquid required to fill 
the cooling passages within the block and in the 
engine radiator, Will be reduced to a minimum, 
and Wherein Such cooling liquid Will be circulated 
at relatively high velocities over the parts of the 
engine requiring the greatest amount of cooling 
and at relatively lower velocities over parts that 
require less cooling. 
. Another object of the invention is to limit the 
application of cooling liquid to the hottest parts 
of the engine and to employ other cooling means 
for other parts of the engine where such liquid 
cooling may not be required. 
Another object of the invention is to provide 

an engine cooling System in which the exhaust 
ports and passages for the engine will be cooled 
by all of the cooling liquid Supplied to the engine 
and wherein the cooling liquid employed in cool 
ing. Such ports and passages will then flow past 
the head end of the cylinders of the engine and 
then either into the engine head of the engine 
and to the radiator of the engine, or to other 
and cooler parts of Said engine for cooling such 
parts and for the dissipation of excess heat there 
fron. . . . 
Another object of the invention is to provide 

a cooling System for compression ignition en 
gines which will require a quantity of water that 
will be smaller than the quantity of water that 
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would be required to cool a conventional Spark 
ignition engine of the same horsepower. 

Heretofore it has been the practice to construct 
compression ignition engines in Such a Way aS 
to Weigh more pounds per horSepOWer, to Occupy 
more space per horsepower, and to require more 
cooling liquid per horsepower than other engines 
of conventional design. The compression ratio 
is high in such engines and it has heretofore been 
considered necessary to employ an excessive 
number of pounds of iron to construct a block 
for Such an engine, and, since the ignition tem 
perature is also high, it was considered necessary 
simply to make the Water circulating passages in 
such a block large enough so that in any event 
the engine would be cooled. - . . . . . . . 
According to this invention, it is proposed to 

employ a relatively Small light Weight engine 
block in which the cylinders are placed about as 
close together and to the side Walls of the block 
as they might be placed in any conventional 
spark ignition engine and to efficiently cool the 
parts of the engine that require excessive cooling 
by providing rapid circulation of cooling liquid 
over such parts and then to cool other parts of 
the engine not requiring excessive Cooling means 
other than the direct circulation of cooling liquid 
thereover. i.a.s.. . . . . . 

For a better understanding of the invention, 
reference may be had to the accompanying draw 
ing forming a part of this specification, in which: 

Figure 1 is a side elevational view of an engine 
embracing the principles of this invention and 
having certain parts thereof broken a Way to show 
the interior of the engine in vertical Sectional 
WeW. 

Figure 2 is a cross-sectional View of the engine 
taken substantially in the plane of line 2-2 ori 
Figure 4. 

Figure 3 is another cross-sectional view through 
the engine shown by Figure 1. Figure 3 is taken 
substantially in the plane of line 3-3 on Fig 
lure 4. ... " 

Figure 4 is a fragmentary transverse sectional 
view through the engine shown by Figure 1. Fig 
ure 4 is taken substantially in the plane of line 
A-4 on Figure 2. . 

Figure 5 is a fragmentary vertical Sectional 
view of the engine taken substantially in the 
plane of lines 5-5 on Figures 2 and 4. 

Referring particularly to Figure 1, the inven 
tion comprises an engine to having cylinders , 
2, f3, and 4, and containing pistons 16, 7, 8, 
and 9, for driving crankshaft 2 through con 
necting rods 22, 23, 24, and 26. The crankshaft 
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2 is adapted to drive a truck, bus, boat, or other 
vehicle or apparatus with which the engine may 
be employed, through a suitable and conven 
tional clutch and transmission mechanism indi 
cated at 27 and secured to the block 28 of engine 
O by bolts indicated at 29. 
The frontend of the crankshaft 2 terminates 

in a flywheel and drive pulley 3. Which drives an 
engine fan 32 through a belt 33 and a pulley 34. 
The fan 32 and the pulley 34 are supported by a 
stub shaft 36 which projects from a housing of 
a pump 37, which is supported by the:front end. 
of the block 28 and is secured removably thereto 
as by cap screws indicated at 38. 
The front end of the crankshaft 2 also projects 

through a gear housing indicated at 39 which 
is also secured to the front end of the block. 28. 
by screws or other suitable means, not shown. 
The gear housing 39 contains suitable drive gear 
mechanism for driving a camshaft indicated in 
Figure: 4 at 4: 
The housing::39; also may containland the: drive 

gear mechanism... therein may drive: a Suitable 
pump, not shown, for: circulating lubricating oil 
thiroughout the lubricating: system of the engine; 

Thie water pump. 37 is provided. With an outlet 
connection: 42 to , which the inlet connection 43 
of: lubricating. oil cooling. jacket 44 is connected 
by a hose 46: Water.from the lower part of the 
liquid cooling radiator, not shown, is: Supplied 
by the pump 37 to the water jacket 44 and at 
the pressure provided by the pump referred to, 

Thie: jacket. 44, surrounds. a. multiple: tubular 
platerlubricating oil cooler: 48, and is: Secured to 
plate: 49: supporting the cooler: by: an outwardly, 
projecting flange 47. The plate. 49 is Secured by 
boltssor other suitable means, not shown, to. One 
side of the block: 48 along the upper edge of the 
block and with: one end thereof. adjacent: the 
front of the block and the opposite end project 
ing:toward the rear end thereof. A. gasket. 5 is 
employed between the plate. 49 and the block. 28. 
for preventing any leakage of fluid therebetween. 
Thesblock:28is provided with a score-opening in 
dicated at 52 and formed in one-side thereof, the 
cores, opening. 52 beings covered by the plate 49 
when the plate:is secured to the block. 28 upon 
the gasket 5. 
Opposite the inlet. 43 and, beyond the cooler-48 

the jacket:44...isprovided with a discharge-cham 
bers indicated at 53, which communicates. With 
registering, openings: 54; and 56: formed in the 
plate-49 and the block 28 respectively. 

Coolingfiuid; supplied: by the: pump. 37 is: di 
reeted by the jacket: 44 across-the-Surfaces of the 
lubricant cooler 48, into the discharge paSSage 
53 at the end of the cooler 48, and, into the block 
28 through registering passages: 54, and 56. 

Lubricating oil to be cooled is supplied to the 
cooler A8through...a passage-57. which is formed in 
the block 28; and which communicates: at the 
lowergend thereof with the lubricating oil: pump 
of the engine which was previously referred to 
assbeing contained...within the.housing. 39. The 
lubricating oilso supplied to the-cooler. 48-is-dis 
charged from the opposite end of the cooler 
through an opening 58 which is also formed in the 
blocki.28 and which communicates: at the-lower 
extremity thereof, with an oil cleaning and circu 
lating device... associated:" with a camshaft. 4 
which is mounted in the lower, part of the block, 28 
and adjacent one side of the block-28. 

It will be apparent... that the lubricating oil 
cooler. 48 will.be.cooled by the coldest cooling liq 
uid which the liquid, cooling system of the engine 
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4. 
directly from the radiator of the engine and by 
the pump 3. 
The engine block 28 comprises a pair of oppo 

Sitely disposed side Walls 59 and 6, a pair of op 
positely disposed front and rear end walls 62 
and 63 respectively, and a top Wall indicated at 
64. 

Cylinder shells 66, 67; 68 and 69 are: disposed 
Within the block 28 in spaced relation to one 
another and to the side walls 59 and 6 and to 
the end walls 62 and 63. The shells 66, 67, 68, and 
69 are-formed integrally within the block 28, and 
aligned with respect to one another and are dis 
posed in parallel relation to the side walls 59 
and 6. 
Within the shells 66, 67, 68, and 69 are cylin 

der sleeves. 7, 72, 73, and 74, the sleeves and 
shells respectively comprising the cylinders f, 
2, 3, and 4. 
Camshaft 4 (see Figures 1 and 4) is mounted 

in bearings. 7.6:whichi extend from the front to the 
rear of the block; 28: and which are formed in 
tegrally with the: Side: wall. 598 and the lower.exe 
tremities of the cylinder. Shehls indicated at. 66, 
6, 68, and 69. Located above the bearings: 76 
is a partition wall 77 which also extends between 
the side wall 59 and the lower.extremities of the 
cylinder shells 66, 67,.68, and 69. The partition 
77 is connected between the cylindershells:66,67; 
68, and 69 to the upward edge or extremity of a 
bottom: Wall, 78 which slopes upwardly within the 
block 28toward-the-cylindershells:66; 67; 68, and 
69 and from the lower edge: of the side: wall; 6. 
The partition 7 and the inclined, or sloping wall 
78 provide: a bottom wall for the space: within 
the block:28, and Surrounding the: cylinder shells 
66, 6,.68, and 69 and provide an upper wall for 
the: crankcase: of the: engine and indicated at:19 
in Figures 1 and 4. 

Disposed between the side wall 59 and the cyl 
inder. Shells 66, 6,.68, and 69 are tubular passage 
members 8 f, 82, 83, and 84" which are secured at 
opposite ends in openings formed in the...top. Wall 
64 and the partition wall. TT of the block. 28. The 
paSSage: members 8.f., 82, 83, and 84; each have 
reduced lower ends indicated at 86; and outwardly 
flanged upper, ends: indicated at 87 to permit the 
paSSage members to be removably inserted in the 
block. 28 from outside; the upper wall. 64 of the 
block. Within the passage members 8 f, 82,83; 
and 84, are: push rods. 88, 89, 9, and 92. respec 
tively, each.push: rod.being provided: with a cam 
follower 93 which...is secured between...the-bifur. 
cated ends of a follower member 94. One of the 
follower members: 94, is: secured to the lower ex 

mity of each. of the pushrods, 88, 89, 9; and 
The followers: 933 are adapted to be operated 

by the camshaft 4 f. for timing the injection of 
fuel to the cylinders , 2, 3, and 4. 
The upper ends of the pushrods: 88, 89, 9, and 

92. Operate conventional arcuately moving rocker. 
arms and, a rocker shaft, not shown, but con 
tained. Within a...cover 96 that, may be removably 
Secured to the upper surface of an engine. head 
97, which in turn is removably secured to the 
block. 28 by cap: Screws.indicated at 98 in Fig. 
ure: 4. The rocker shafts referred to are adapted 
to time; the operation of a. plurality of fuel in 
jection valves - 99, one of which is provided for 
each of the cylinders indicated at If, f2, 3, and 
4. The injection valves. 99 are secured in open 

ings formed transversely across the head 97 which 
in turn open into. compression spaces. OA pro 
Vided in the lower. Surface of the head. 9 and 

provides, this being the cooling liquid delivered 75 opposite each of the cylinders , 2, 3, and 4. 
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Disposed in parallel relation to the upwardly 
sloping Wall 78 is another upwardly sloping Wall 
which is indicated by the numeral 62. The wall 
02 is disposed and spaced above the wall 8 and 

is formed integrally with the block 28 along the 
lower portion of the side wall 6i. The walls 18 
and (02 also are formed integrally with the lower 
parts of the cylinder shells 66,67, 68, and 69 and 
project between such shells and there terminate 
in sections of an upper wall indicated at 03. 
Formed between the lower parts of the inclined 

walls 78 and O2, the side Wall 6 and the lower 
parts of the cylinder shells 66, 67, 68, and 69 is 
a charging and scavenging fluid inlet manifold 
indicated generally at 04 and supplied with such 
fluid by a blower, not shown. The spaces be 
tween the cylinder shells 66, 67, 68, and 69 and 
the upper parts of the walls 78 and 02 and be 
low the wall 03 provide branch passages 6 for 
the manifold 4, such branch passages being 
adapted to Supply Such Scavenging and charging 
fluid to the cylinders it, 2, 3, and 4, through 
inlet ports 107 which are formed in the cylinder 
sleeves T , F 2, 73, and 14. One of the passages 
06 extends between each of the cylinders , 

| 2, 3, and f4 and one extends between the end 
wall 62 and the cylinder and another between 
the end wall 63 and the cylinder 4. 
Formed integrally with the block 28 and pro 

jecting across the block from the cylinder shells 
66, 67, 68, and 69 to the side wall 61 is a plurality 
of groups of spaced exhaust passages indicated 
at 0, 08, 99, and , there being one group 
of passages for each of the cylinders respec 
tively. Each of the groups of the exhaust pas 
sages comprises three exhaust paSSages. Which 
are disposed in spaced relation to one another 
and which extend between the exterior of the 
block 28 and a like number of exhaust ports 2 
which are formed in each of the cylinder Sleeves 
7, 72, 73, and 74 in opposed relation to the 
passages of each group of passages indicated by 
the numerals 07, 08, 09, and fl. When the 
exhaust ports 2 are uncovered by pistons 6, 7, 
18, and 19, the exhaust passages referred to 
provide communication between the interior of 
the cylinders , 2, 3, and 4 and the exterior 
of the block 28. 
The passages iO7, C8, C9, and are aligned 

with respect to one another across the block 28, 
are relatively horizontally disposed Within the 
block 28, and are spaced within the block above 
the inlet manifold 4, to provide a cooling liquid 
distribution passage, manifold or chamber in 
dicated generally at 3. 
Formed in the block 28 between the exhaust 

passages in the groups indicated at 07, 08, l09, 
and l l are exhaust cooling passages indicated 
at 4, 6, 7, and 8. These passages each 
comprise a pair of passages extending between 
the exhaust passages of each group of passages 
indicated at 07, 68, 09, and . The lower 
extremities of the passages 4, 6, 7, and 8 
each communicates with the liquid distribution 
chamber indicated at 3, while the upper ex 
tremities of said passages in turn communicate 
with a cooling liquid receiving passage if 9 which 
is formed in the block 28 between the upper Wall 
64 and the groups of exhaust passages indicated 
at 07, O8, 09, and . The groups of ex 
haust passages indicated at 07, 08, O9, and it 
also are spaced from one another to provide a, 
further series of passages indicated at f2, 22, 
23, 24, and 26 and the lower ends of which 
passages also communicate with the cooling liq 
uid distribution manifold indicated at 3. The 
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6 
upper ends of the passages 2, 22, 24, and 26 
likewise communicate with the liquid receiving 
chamber or passage 9 which is formed above 
the group of exhaust ports indicated at 07, 08, 
09, and f . 
However, the passage 23 which is formed be 

tween the groups of exhaust passages indicated 
at 98 and 09 is provided with upwardly extend 
ing Wall Sections indicated at 27 which termi 
nate in integral relation to the upper Wall of 
the block 64. The passage 23 therefore divides 
the liquid receiving passage 9 into a pair of 
receiving passage sections indicated at 28 and 
f29. The Wall sections f 27 also extend from the 
side Wall 6f to the cylinders 2 and 3 and there 
fore cut off all communication between the pas 
Sage Sections 28 and 29 and the space between 
the cylinders 2 and 3 and to the opposite side 
of the block. The space between the walls 27 
and the space between the cylinders 2 and 3 
does, however, communicate with the cooling 
liquid distribution manifold 3 through the 
Space between the adjacent exhaust passages in 
the groups 8 and 09, thus providing a fiuid 
Supply passage for the distribution manifold. 3 
which leads from between the cylinders 2 and 
3 and through the passage 23. 
The Space between side wall 59 and the oppo 

site side of the cylinders i?, 2, 3, and 14, pro 
vides a plurality of cylinder cooling cavities in 
dicated at 3i, 32, and 33. These cavities ex 
tend around the tubular passage members 8, 
82, 83, and 84 and hence cool these members 
throughout the entire length thereof. The cavi 
ties 3, 32, and 33 also extend from the top 
Wall 64 of the block 28 downwardly on one side 
of and between the cylinders , 2, 3, and 4 
to the partition wall 77, and around the curved 
upper ends of the divided parts of the inclined 
partition wall 8 to the spaces between the cylin 
derS and above the upper wall 03. 
The cavities 3A, 32, and 33 are separated 

from one another by web walls 34 and 36, these 
walls being formed in the block 28 to project 
outwardly from the side wall 59 and from the 
CylinderS 2 and 3 respectively. These out 
Wardly projecting web walls are adapted to en 
gage and to fit throughout the length thereof 
Within the block 28, the oppositely disposed sides 
of the passage members 82 and 83. 
The Cooling cavity 32 therefore is limited in 

longitudinal extent by the passage members 82 
and 83 and the web walls 34 and 36. Cooling 
cavity 3: likewise is limited in longitudinal ex 
tent by the end wall 52 and by the passage mem 

5 ber 82 and the web walls 34 and 36 which the 
passage member engages. Cavity 33 likewise is 
limited in longitudinal extent by the end wall 63 
and the passage member 83 and the web walls 
34 and i38 with which the passage member 83 

is likewise engaged. 
The cavity 32 therefore extends from the side 

Wall 53 and from between the passage members 
82 and 83, upwardly around the curved end of 
one of the parts of the lower wall 78 which ex 
tends between the cylinders 2 and 3, over the 
top wail (3, between cylinders 2 and 3, and 
into the Space between the cylinders 2 and 3 
and providing the extension passage 3. Be 
yond extension passage 37 the cavity 32 is in 
Open Corninuinication. With the upper end and the 
Side portion of passage 23 which at its lower 
end communicates with the central portion of 
distribution passage f3. . 
Cavity 33 likewise extends from tubular mem 

ber 83 to end wall 63 and from side wall 59 up 
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wardly and around the curved upperends oftWo: 
parts of the inclined wall 78; and of the top Wall 
03: these being the parts that project between. 
the cylinders. 3s and 4; to the spaces between 
the cylinders 3 and 4 and between the cylinder 
4tandithe end Wall, 63. The cavity 33.therefore 
has two extensions above: the wall 93, which are 
indicated at 38; and 39; and, which project be 
tween the cylinders, 3 and 4 and beyond the 
cylinders' 3 and 4 into communication. With the 
Section or branch 29 of the liquid receiving paS 
Sage if 9. 

Cavity 3 likewise extends from tubular men 
be, 82 to the end Wall 62 and from Side Wall 59 
upwardly around :the-curved ends of the parts. 
of the wall 8. and above the Wall 03 and into 
extension passages: 42', and 4 which extend 
respectively between the send Wall 62 and the cyl 
inder: if and between the cylinders: and 2. 
and above the Wall. O3. 
extends through extension passages. 4d. and 42 
and into communication with the branch 28 of 
the receiving passage 9. 

It Will be: apparent that cooling fluid which is 
introduced into cavity, 32 through the register- : 
inge openings. 54.5 and 56 and from the jacket 44 
Will flow acroSS the block 28 through extension 
passage. 37, into the upper extremity of passage 
23" between the Walls, 27, and downwardly 
through the passage. 23; and into the central 
portion of ther distribution manifold f3. From 
Such central portion of the.. cooling liquid distri 
bution manifold 3: the liquid will flow toward 
thes front and rear ends. Of the block 28 between 
the upwardly sloping Wall 2 and lower. Walls 
of the exhaust passages in the groups f, 8, 
09, and if . The liquid thereafter may flow, up 

Wardly through the exhaust cooling passages in 
dicated at: 4, fiS; f T, 8, 2A, 22, 24, and 
26. Since, the upper ends of passages 4 and 
6 communicate with the branch 28, of liquid 

receiving passage 9, and since the upper ends 
and Side portions of the passages 2 f and 22 also 
communicate with the branch 28 of the liquid 
receiving passage 9, the liquid which flows up 
Wardly-through all of the foregoing passages will 
be-free to flow through the extension passages 
4 and 42 and into the cylinder cooling cavity 
3. 
The exhaust cooling passages i? 7 and 8 and 

the passages. 24 and 26 also similarly communi 
cate; with branch receiving passage 29, with the 
extension passages 38 and 39, and in turn with 
cylinder cooling cavity f33. 

Directly above the extension passages. 4, 42, 
37, 38, and 39, are outlet passages indicated at 
43 and f44, these passages being formed in and 
adapted to extend through the upper wall 64 of 
block 28. The passages 43 and 44 are arranged 
in pairs, there being one pair of these passages 
for each of the extension passages 41, 42, 37, 
38, and 39. The passages 43 and 44 of each 
pair of passages are arranged on opposite sides 
of the center line through the axes of the cylin 
ders , 2, 3, and f4 and inside of lines that 
might be drawn tangent to the cylinders at oppo 
Sitesides of the cylinders. 
The paSSages 43 and 44 which are formed 

in the top wall 64 of the block 28, are aligned 
With similar passages formed in lower wall 46 
of the head 97. The openings in the lower wall 
f46 of the head 97 and referred to as being 
aligned with openings 43 and 44 also are indi 
cated by numerals f43 and 44. 

w The head 9 is formed in such a Way as to pro-. 

Cavity 3, therefore. : 
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8, 
vide:a: relatively continuous cooling fluid-cavity 
f47, the cavity: A being formed in the head,9. 
around each of thes.injection valves. 99 which 
project through thes, head to the combustion 
chambers of for each of the cylinders. 
Cavity 4 communicates with each of the 

pairs of openings indicated at 43 and 144, 
The front end of the block.97 is provided with 

an outlet: opening 48: which communicates, with 
the cavity. 47 in the head 97 and is connected 
to an outletifitting 49:which in turnisconnected 
to the radiator; 50 of an engine through a flexible. 
conduit-55. 

Lubricating oil for operating the engines is 
adapted to..be. Supplied to the interior of the 
cover 96 by taking off-the filler capindicated at 
5 which covers the inlet end of a flanged fit, 

ting 52, the latter being secured to the cover 96. 
by screws. 53. A lubricant so introduced to the 
fitting 52 will flow within the: cover 96 from 
One end to the other of the head. 97 and there 
after will flow, to the crankcases of the engine 
through the passage members-indicated at 8, 82, 
83; and 84. 
The lower end of the crankcase-79 is covered by. 

the usual crankcase span or cover indicated by, 
the numeral 60thus retaining-within the engine. 
an oil supply from which the engine is lubricated. 
The crankshaft 2 which is adapted to operate 

Within the crankcase 79 is supported by-bearings 
which are: indicated-generally. at 54 and which 
are formed in block. 28 between: each of the 
cylinders: f?, 2, 3, and 4. The bearings, 54. 
are secured to the: lower parts of each of the 
cylinder shells. 66, 67, 68, and 69 by transverse. 
Walls indicated at 56. The opposite ends of, 
each of the bearings are extended to provide rows 
of integral columns 57 and 58 which project, 
upwardly within the block and in-parallel relation 
to the axes...of-the-cylinders f, 2, 3 and 4. and 
between each of the cylinders and the side walls 
59 and 61. The top or upper ends of the columns 
5 and 58 are secured integrally to the top wall 
64 of the block 28, and are likewise Secured in 
tegrally to the walls of the various passages 
formed inside the block 28 and which walls all 
are Secured directly or indirectly to the sidewalls 
59 and 6 and to the cylinder shells: 66, 67, 68. 
and 69. 
The Water, or other-cooling liquid Supplied by, 

the pump 3T will flow...into the oil coolerjacket 
44 through the coupling 46. The oil coolerjacket 
44 is made to closely fit the oil cooler 47 con 
tained Within the jacket so that the velocity of, 
flow of liquid over the cooler 48 will be about 
as high as the velocity of flow of liquid from the 
pump.37 and through the coupling. 46. From 
the Outlet chamber 53 the cooling liquid will flow. 
into the cavity 32 through the registering open 
ings 54 and 56. The openings 54 and 56 also are. 
relatively limited in cross-sectional area So that 
the Water from the chamber 53 is supplied to the 
cavity 32 at relatively high velocity, and some 
What in the form of a high velocity, jet. It will 
be apparent from observing the relation of the 
Openings 54- and 56 leading to the cavity 32 and 
the extension passage 37 leading from the cavity, 
32 that this relatively... high velocity jet of cool-, 

ing liquid Will tend to travel directly across the 
cavity: 32 and through the extension paSSage 
37 With little interference from the remaining. 
9tantity of liquid required to fill the cavity 
32. From extension passage. 37 a similar jet 

like Stream of water will flow downwardly through 
the passage 23 and into the central portion 
of the liquid distribution manifold 3. In the 
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finanifold 3 such stream of water will spread 
out in both directions to the front and rear ends 
of the block 28 and will fill the passage or dis 
tribution manifold 3. 

It will also be apparent from observing the 
CrOSS-Sectional area of the exhaust cooling pas 
sages indicated at 4, 6, 7, and 8 and of 
the passages f2?, 22, 24, and 26 that the up 
wardly directed flow of fluid through the pas 
Sages referred to and from the distribution mani 
fold 3, and into the branches 28 and 29 of 
the receiving passage 9, also will be at a rela 
tively great Velocity. 

It will likewise be apparent from observing 
the cross-sections of the extension passages, 4, 
42, and 38 and 39 that the velocity of the flow 

of the cooling liquid received from branches 28 
and 29 of the receiving passage 9, will like 
wise be relatively great. 

However, the opposite ends of the extension 
passages 4 land 42 communicate with cylinder 
cooling cavity 3? from which there is no liquid 
outlet, and, extension passages 38 and 39 like 
Wise communicate with cylinder cooling cavity 
f33 from which there is no outlet. 

It will therefore be apparent that the relatively 
high velocity streams of liquid in the extension 
passages 4, 42, 31, 38, and 39 will tend to 
flow upwardly and into the head 97 through the 
pairs of outlet passages 43 and 44 and one of : 
which pairs of outlet passages is located opposite 
each of the extension passages il, 42, 37, 38, 
and 39. 
The liquid, therefore, will flow into the head 

97 through passages 43 and 44 in a plurality of 
relatively high velocity streams. 
The liquid capacity of the cavity 47 extending 

from one to the other of the head 97 is intended 
to be relatively small, and in Such cavity these 
high velocity streams will tend to be deflected by 
upper wall of head 97, and will be compelled to 
flow rapidly through the head 97 and toward the 
outlet 48. From the outlet 48 the cooling liquid 
will be delivered to the radiator of the engine 
through the coupling 49. 
From the foregoing and from observation of 

all of the figures of the drawing, it will be ap 
parent that the cooling. liquid in both the head 
and the block of the engine is forcibly directed 
at relatively high velocities only over the engine 
parts and surfaces which tend to operate at rela 
tively high temepratures. The rest of the parts 
of the cylinders and particularly the lower parts 
of the cylinders are cooled by what might be 
called relatively stagnant bodies of cooling liquid. 
By this is meant cooling liquid that is not directly 
in the path of the high velocity streams of cool 
ing liquid that are forced through the various 
passages of the engine block or that are caused 
to flow in limited areas throughout the engine 
block by pressure of the liquid and by the inertia, 
of the particles of liquid in the liquid streams 
referred to. 
For example, there will be little circulation of 

cooling fluid in the various cylinder cooling 
cavities indicated by numerals 31, 32, and 33, 
except for the stream of liquid that is impelled 
into and through the cavity i32 by the register 
ing inlet openings 54 and 56. Except for this 
circulation and except for the forced circulation 
of cooling fluid in all of the extension passages 
4, 42, 37, and 38 and 39, there will be little 

forced or pump impelled circulation of cooling 
fluid anywhere within the cavities f3, 32, and 
133. Such circulation as may occur is these 
cavities will be caused by differences in tempera 

10 

15 

20 

25 

3 5 

40 

45 

55 

60 

65 

70 

75 

10 
ture of the liquid which will differently affect the 
liquid in different parts of the cavities 3i, 32, 
and f33. s . . 

Hence, practically all of the circulation of cool 
ing liquid that occurs within the cavities 3 ?, 32, 
and 33 will be thermo-Syphon circulation of the 
cooling liquid. However, this circulation will oc 
cur to the greatest extent near the head end sur 
faces of the cylinder shells 66, 6, 68, and 69. 
Even such circulation will not occur to any great 
extent until the temperature of the Water near 
the upper ends of the cylinder shells has in 
creased to such an extent that the heated liquid 
Will be able to overcome the velocity of the liquid 
in the extension passages 14t, 142, 38, and 139 
and tending to cause circulation of the liquid 
in the opposite direction. When the temperature 
of such liquid is high enough to overcome the 
tendency referred to, then such heated liquid 
either will flow out of the vicinity of the top of 
the shells 66, 6, 68, and 69 and into the head 
97 through the openings 43 and 44, or will 
fiOW acroSS the top Wall 64 and downwardly along 
the side wall 59 where the heat will be transferred 
to the atmosphere through side Walls 59. The 
remainder of the liquid in the cavities 3, 32, 
and 33 Will tend to Stratify at different levels and 
at different temperatures, and will tend to allow 
the tops of the cylinders to become relatively hot 
and the parts of the cylinders therebelow to be 
progressively cooler. This condition of differ 
ences in the temperatures of the tops and the 
bottoms of the cylinders fi, 2, 3, and 4 is 
approximately the same as that which will affect 
the opposite sides of the cylinders and where the 
exhaust paSSage portions of the cylinders. Will 
remain relatively hot while the lower parts of 
the cylinders affected by the distribution chamber 

3 and the inlet manifold 04 will be progres 
Sively cooler. 

It Will be apparent, therefore, that the entire 
engine Will be affected by tWO entirely different 
kinds of cooling; namely, by forced circulation of 
cooling fluid, and thermo-Syphon circulation of 
Cooling fuid. 
By comparing the sizes of the various passages 

and cavities in the block 28, it Will at Once be 
apparent that the greater volume of cooling fluid 
in the block will be affected by thermo-syphon 
circulation and that the Smaller Volume Will be 
affected by forced circulation. 
For example, the cooling exhaust passages in 

the block, the upper extremities of the cylinder 
sleeves formed in the block, and the lower. Wall 
of the cylinder head 97 all will be affected by low 
volume, high velocity, pump impelled circulation 
of cooling fluid, whereas the larger volume of 
cooling fluid contained within the cavities 3 ?, 
32, and 33 will be almost entirely affected by 
thermo-Syphon circulation of cooling fluid. - 
Under such conditions, it will be apparent that 

only a relatively small quantity of cooling fluid 
referred to will flow into the block through the 
inlet passages 54 and 56 and from the block and 
the head through outlet passage 148. The tem 
perature of such small quantity of liquid, however, 
will be relatively high, inasmuch as this circulat 
ing liquid comes in contact only with the very 
hottest parts of the cylinder head and block. 
Consequently the liquid impelled from the out 
let 48 might be said to consist of a relatively 
small quantity of cooling liquid having a relative 
ly high temperature. It is therefore possible to 
employ a relatively small radiator for cooling the 
engine, because the amount of heat which may be 
dissipated by any radiator under any given set 
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of external conditions, will depend upon the ten 
perature of the cooling liquid circulated through 
out the interior thereof and the Velocity of Such 
liquid. 
(The cooling system for the engine therefore 

makes it possible to construct an engine block 
with a relatively small capacity for containing 
cooling liquid within the liquid circulating pas 
sages thereof, and makes it possible to provide a 
relatively small and inexpensive radiator for dis 
sipating the heat rejected by the engine. Also 
the pump and water connections for the engine 
may be correspondingly small and inexpensive. 
The small quantity of water used also is an ad 
wantage from the standpoint that in cold Weather 
only a relatively small quantity of anti-freeze 
solution will be required in order to maintain the 
cooling liquid in such condition that it will not 
freeze when the engine is not running and after 
it has been allowed to cool off. 

In the claims: 
1. A method of cooling the cylinders of an in 

ternal combustion engine which comprises, pro 
viding a pair of liquid circulating cavities on 
opposite sides of a cylinder of an engine, provid 
ing extension passages between said cavities at 
the upper extremities of said cavities and Sur 
rounding the head end of said cylinder, and pro 
viding forced circulation of cooling liquid in 
wardly at the bottom of one of said cavities and 
outwardly of said cavity from Said extension 
paSSageS. 

2. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
viding a pair of liquid circulating cavities on Op 
positesides of a cylinder of an engine, providing 
forced circulation of cooling liquid in Wardly at 
the bottom of one of said cavities and outwardly 
of said cavity from the upper extremity of Said 
cavity, and providing thermo-Syphon circulation 
and cooling of cooling fluid within the other of 
said cavities. 

3. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
viding a pair of liquid circulating cavities on Op 
posite sides of a cylinder of an engine, providing 
extension passages between said cavities at the 
upper extremities of said cavities and Surround 
ing the head end of said cylinder, providing forced 
circulation of cooling liquid inwardly at the bot 
tom of one of said cavities and outwardly of Said 
cavity from said extension passages, and pro 
viding thermo-Syphon circulation of cooling fluid 
within the other of said cavities. 

4. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
viding a pair of liquid circulating cavities on Op 
posite sides of a cylinder of an engine, providing 
extension passages between said cavities at the 
upper extremities of said cavities and Surround 
ing the head end of said cylinders, and providing 
forced circulation of cooling liquid to and from 
one of said cavities and thermo-Syphon circula 
tion of cooling fluid within the other of Said 
cavities. 

5. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
viding a pair of liquid circulating cavities on Op 
posite sides and surrounding the head end of a 
cylinder of an engine, and providing forced circu 
lation of cooling-liquid to and from one of Said 
cavities and providing thermo-Syphon circula 
tion of cooling fluid within the other of Said cavi 
ties. 

6. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
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12 
viding a pair of vertically disposed cooling-cavi 
ties on oppositesides of a row of said cylinders, 
connecting said cavities at the tops of said cavi 
ties and between and around...the head ends of 
each of Said cylinders, pumping cooling liquid 
into the lower part of Said cavity at One. Side of 
said cylinders, and distributing Said liquid 
throughout the length of said cavity, conducting 
said cooling liquid upwardly in Said cavity 
through a plurality. Of parallel paSSages extend 
ing from one end to another of said cavity, ex 
hausting said cooling liquid from the upper part 
of said cavity, dissipating heat from Said cooling 
liquid in a heat exchanger positioned remotely 
With respect to said cylinders, returning said 
liquid to said cavity by again pumping said liquid 
into said lower part of said cavity, and dissipating 
heat from the other of said cooling cavities by 
thermo-syphon circulation of cooling fluid within 
said cavity. 

7. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
viding a pair of vertically disposed cooling cavi 
ties on opposite sides of a row of said cyliners, 
pumping cooling liquid into the lower part of one 
of said cavities and distributing said liquid 
throughout the length of said cavity, conducting 
said cooling liquid upwardly in Said cavity 
through a plurality of parallel passages extend 
ing from one end to another of said cavity, ex 
hausting said cooling liquid from the upper part 
of said cavity, dissipating heat from said cooling 
liquid in a heat exchanger positioned remotely 
with respect to said cylinders, returning said 
liquid to Said cavity by again pumping Said liquid 
into the lower part of said cavity, and dissi 
pating heat from the other of Said cooling cavi 
ties by thermo-syphon circulation of cooling 
fluid. Within Said cavity. 

8. A method of cooling the cylinders of an in 
ternal combustion engine which comprises, pro 
viding a pair of vertically disposed cooling cavi 
ties on opposite sides of a row of Said cylinders, 
pumping cooling liquid into the bottom of one of 
said cavities and distributing said liquid 
throughout the length of said cavity, conduct 
ing said cooling liquid upwardly in Said cavity 
throughout a plurality of parallel exhaust cooling 
passages extending from one end to another of 
said cylinders and said cavity, exhausting said 
cooling liquid from the upper parts of said cavity, 
dissipatinig heat from said cooling liquid in a 
heat exchanger positioned remotely with respect 
to said cylinders, returning Said liquid to said 
cavity by again pumping said liquid into the bot 
tom of said cavity, and dissipating heat from 
the other of said cooling cavities by thermo 
syphon circulation of cooling fluid within...said 
cavity. 

9. A method of cooling the cylinders of in 
ternal combustion engines comprising, pumping 
cooling liquid at relatively high velocities -ups 
wardly and over the exhaust passages leading 
from said cylinders and around a portion of the 
heads of Said cylinderS and a Way from Said cy 
iners for dissipating the heat absorbed by said 
cooling liquid in a heat eXchange device located 
remotely from said cylinders, and cooling the re 
maining parts of Said cylinders by thermo-Syphon 
circulation of COOling liquid in a heat eXchange 
device located adjacent said cylinders. 

10. A method of cooling the cylinders of in 
ternal combustion engines: comprising, pumping 
cooling liquid at relatively high velocities up 
wardly and over the exhaust passages of said 
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cylinders and away from said cylinders for dissi 
pating the heat absorbed by said cooling liquid in 
a heat exchange device located remotely from Said 
cylinders, and cooling other parts of said cylinders 
by ; thermo-Syphon circulation of cooling liquid 
in a heat exchange device located adjacent said 
cylinders. 

11. An internal combustion engine. comprising 
an engine block having a row of engine cylinders 
formed in Said block, said block also being formed 
to provide a plurality of cooling cavities for Said 
cylinders, said cavities being located on different 
sides of said cylinders, means for pumping cool 
ing liquid to and from one of Said cavities and for 
dissipating heat from said cooling liquid in a 
heat exchanger located remotely from Said cyl 
inders, and means for dissipating heat from the 
other of said cavities by thermo-Syphon circula 
tion of liquid in said cavity. 

12. An internal combustion engine comprising 
an engine block having a cylinder formed in said 
block, said block also being formed to provide a, 
plurality of cooling cavities for said cylinder, 
means for pumping cooling liquid to and from one 
of said cavities and for dissipating heat from Said 
cooling liquid in a heat exchanger located re 
motely from said cylinder, another of said cavi 
ties being formed to provide an exposed heat ex 
changing wall adjacent cylinder and to provide 
thermo-Syphon circulation of cooling liquid be.- : 
tween said cylinder and Said wall. 

13. An engine cooling System comprising a plu 
rality of cylinders having cooling liquid circulat 
ing cavities formed on opposite sides of said 
cylinders, a wall formed adjacent. Said cylin 
ders and on one side of said cylinders for dis 
sipating heat absorbed by cooling liquid circulat 
ing by thermo-Syphon circulation of said cooling 
liquid in one of said cavities and adjacent said 
wall, and means for circulating cooling liquid 
through a cavity on the other side of Said cylin 
ders and for dissipating the heat from said cool 
ing liquid in a region remote from said cylinders. 
... 14. An engine cooling System comprising a plu 
rality of cylinders having cooling liquid circulat 
ing cavities formed on opposite sides of said 
cylinders, a wall formed adjacent said cylinders 
and on one side of said cylinders for dissipating 
the heat absorbed by cooling liquid circulating by 
thermo-Syphon circulation of Said cooling liquid 
in One of said cavities and adjacent said Wall, and : 
means for circulating cooling liquid through a 
cavity on the other side of Said cylinders and for 
dissipating the heat from said cooling liquid in a 
heat exchange device located a Way from Said 
cylinders and said block. 

15. An engine cooling System ... comprising a 
Water purp having an outlet, an engine block 
having a lubricant cooler Secured thereto and a 
jacket surrounding said cooler and connected to 
said outlet, said engine block having a plurality 
of exhaust passages extending throughout the 
length of one side thereof for exhausting the 
cylinders of said engine, a cooling Water distribu 
tion manifold formed in Said block below, said 
passages and extending from One end to the other 
of said block, a water supply conduit connected at 
One end with said lubricant cooler jacket beyond 
said lubricant cooler in said jacket and at the 
other end to the middle portion of said distribu 
tion manifold, a plurality of exhaust cooling pas 
sages formed in said block and communicating 
with said distribution manifold throughout the 
length of said distribution manifold and extend 
ing normally from said distribution manifold and 
upwardly in said block between said exhaust pas 
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14 
sages in said block, a plurality of cylinder cool 
ing cavities formed in said block and communi 
cating with the upper extremities of said exhaust 
Cooling passages, said cavities being formed in 
Said block around the head ends of said cylinders 
and being adapted to extend downwardly of said 
cylinders on the side of said block opposite said 
exhaust passages, and outlet means formed in the 
upper part of Said block for exhausting said cool 
ing Water from the upper parts of said cylinder 
cooling cavities. 

16. An engine cooling system comprising a 
cooling fluid circulating pump having an outlet, a 
lubricant cooling device having a jacket con 
nected to Said outlet and having a jacket outlet 
beyond said lubricant cooling device, an engine 
block having a plurality of aligned cylinders 
formed therein, said block being formed to pro 
vide a plurality of parallel and laterally disposed 
exhaust passages leading from said cylinders and 
Communicating with the exterior of said block 
and extending throughout the length of said 
block, a cooling liquid distribution manifold com 
municating with said jacket outlet and formed in 
Said block below said exhaust passages and 
being provided with branch passages extending 
throughout the length thereof and formed in said 
block between said exhaust passages, cylinder 
cooling cavity means formed on the side of said 
block opposite Said exhaust passages and extend 
ing downwardly from adjacent the head end of 
Said cylinders to portions of said cylinders below 
the level of said exhaust passages formed in said 
block, Said cylinder cooling cavities being formed 
to provide extensions thereof projecting across 
the top of Said block and between said cylinders 
and communicating with said branches above 
Said exhaust cooling passages, and a plurality of 
outlets formed in said block and communicating 
With Said extensions of said cylinder cooling cavi 
ties for exhausting said cooling liquid from said 
block. - - . . . . . . 

17. An engine cooling System comprising an en 
gine block having a plurality of spaced and 
aligned cylinders formed therein, said block being 
formed to provide a plurality of cylinder cooling 
cavities therein, said cavities being disposed on 
one side of Said cylinders and extending through 
out the length of said block, said cavities being 
formed in said block to provide a plurality of lat 
erally disposed extensions projecting across the 
upper part of said block and between said cylin 
ders, a plurality of exhaust passages formed in 
Said block in parallel relation to one another and 
leading from Said cylinders to the exterior of said 
block, Said exhaust passages being formed in said 
block in Spaced relation to one another to provide 
a plurality of exhaust cooling passages disposed in 
parallel relation to one another throughout the 
length of Said block, said exhaust cooling paSSageS 
and Said cavity extensions being adapted to com 
municate with one another through a cooling 
fluid receiving passage formed in said block above 
Said exhaust passages, and a distribution mani 
fold formed in said block ... and extending 

is throughout the length of said block and below 
said exhaust passages for circulating and dis 
tributing liquid through said exhaust cooling pas 
Sages, Said extension cavities and said cylinder 
cooling cavities. 

18. An engine cooling system comprising a 
block having a plurality of aligned cylinders 
formed therein, a cam shaft mounted in said 
block and extending throughout the length 
thereof along the lower extremities of said cyl 
inders, a plurality of engine cooling cavities 
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formed sing said block and extending between:said 
eamshaft and the upper extremity of said block, 
and means for supplying::cooling filuid to One of 
said:cavities and for exhausting: said fluid from 
the remaining cavities. 

9.3An engine, cooling. System it comprising an 
engine block having...a...plurality...of spaced and 
aligned cylinders; formed therein, a plurality of 
cylinder cooling cavities formed: in said block 
andon one-side of said cylinders and being pro 
vided with extension passages for circulating 
cooling fluid between said: cylinders, and toward 
and from the other side of said block, and sneans 
for supplying cooling, fluid to certain of said cavi 
ties: and:for exhausting said cooling...ifluid from 
the remainder of said cavities. 
:20. An engine.cooling System.: comprising.an 

engine blocki having a plurality of aligned cyl 
inderS.iformed therein, a cooling liquid distribu 
tion passage formed in Said block. On one, Side of 
said cylinders and adjacent the crankiends; of 
Said cylinders; a plurality of Spaced; and parallel 
cylinder-exhaust passages extending throughout 
the length of Said block and above said: distribu 
tion paSSage, said: exhaust passages being formed 
in said block:to provide parallel exhaust cooling 
passages between said exhaust:passages and com 
municating at...One i end ...With , said: distribution 
paSSage, a cooling fluid receiving passage formed 
in: Said block above, said: exhaust passages, said 
block between said cylinders: being formed to pro 
vide a plurality... of lateral communication pas 
Sages communicating...at one endi with said re 
ceiving passage-and-said-exhaust cooling passages 
and at the Opposite ends thereof communicating 
With cylinder and camshaft 'cooling cavities ex 
tending throughout the length of said block. 
.21." An engine cooling system comprising an 

engine.blocks having a plurality of aligned cyl 
iraders formed therein, and a cooling liquid dis 
tribution passage disposed in parallel relation to 
said cylinders and adjacent the crank ends of 
said cylinders, a plurality of exhaust passages 
formed in Said-block and above said distiribution 
passage-and-extending in Spaeed relation to 'one 
another from said 'cylinders through the exterior 
of Said block, as cooling fluid receiving passage 
formed in Said block above said exhaust passages 
and 'communicating with said distribution pas 
Sage through the spaces between said exhaust 
passages; and a plurality of cylinder cooling cavi 
ties formed in-said block and between said cylin 
ders and extending around said cylinders and 
downwardly upon the opposite sides of said cylin 
ders, certain of said cavities being supplied with 
coding liquid from the cooling liquid circulating 
pump-of-said engine and other of said cavities 
being "provided with outlet means for exhausting 
said Cooling liquid from said cavities. 

22: An engine cooling “system comprising an 
engine blockshaving a plurality of spaced and 
aligned cylinders formed therein, an engine-inlet 
manifold-formed in saidblock and along oneside 
of Said-block and adjacent the lower-extremities 
of said 'cylinders, an engine cooling water dis 
tribution manifold formed in said block above 
Said inlet manifold and on the same side of 
Said, cylinders; a plurality of spaced and parallel 
exhaust passages formed in said block above said 
COoling fluid distribution manifold and on said 
side of Said cylinders, means for supplying engine 
cooling fluid to said distribution manifold, and 
engine. Cylinder: Cooling cavity means formed in 
said:block. On the opposite side of said cylinders 
and communicating with said distribution-mani 
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6 fold through said: spaces between said cylinders 
and between said exhaust:passages. 
23. Ani engineg cooling system comprising, an 

engine:block: having, a plurality. of aligned, cyl 
inders formed therein, an upwardly and in 
Wardly inclined Wall formed in said:block-on one 
side of said cylinders and adjacent the crankends 
of Said cylinders, said Wall;being intersected by 
Said crank ends of Said; cylinders, a cooling liquid 
distribution manifold formed in said blockabove 
Said Wall; a plurality.jpf; exhaust passages having 
Spaces:therebetween; and being formed in said 
block above; said: distribution manifold and ex 
tending from:Said" cylinders to the exterior of 
Said block,:a::plurality of cylindercooling, cavi 
ties; formed in said:block on the opposite, sides 
of Said cylinderstand extending downwardly of 
said cylinders and terminating in said block sub 
stantially opposite said inclined: wall, said block 
being formed to provide; laterally disposed pas 
Sages formed across said block adjacent the upper 
extremities of:5aid cylinders; and providing for 
communication; between said, cavities. and said 
Spaces between Said; exhaust:passages. 
;24. An engine cooling; system: comprising: an 

engine block having : a plurality of cylinders 
formed: therein; and having: a camshaft: mounted 
in Said block in parallel-relation to said cylin 
ders and adjacent: the dower extremities of said 
cylinders, a plurality of pushrods actuated: by 
Said camshaft, said push rods: being adapted to 
extend: upwardly through said blocks substan 
tially in parallel relation:to said cylinders;aplu 
rality of cylinder cooling, cavities formedin, said 
block and:Surrounding: Said push rods, passage 
means Surrounding Said pushrods and extend 
ing.from one extremity to the other of said cavi 
ties and providing oil conducting: means through 
Said cavities and around said: push rods; certain 
of Said passage means being disposed between 
Said cavities for; separating; said cavities, and 
ineans for circulating: cooling; liquid to and from 
Saidiblock and throughout said cavities. 
25.'An 3 engine cooling system comprising an 
engine block...having a triplurality of cylinders 
formed therein; Said block being: formed to pro 
vide cylinder-cooling cavities adjacent said cylin 
ders, for circulating.: cooling liquid about said 
cylinders for cooling ; isaid cylinders, passage 
means extending through said block for: separat 
ing: Said cavities, and a push rod employed in 
operating. Said engine and disposed in each of 
Saidpassage means. 

- 26. An engine cooling system comprising: an 
engine: block. having i.a. plurality of cylinders 
formed therein and having...a:walls disposed in 
Spaced relation to said cylinders, a tubular mem 
her disposed between each of said cylinders and 
said: Wall for dividing the interior of said block 
into a plurality of cooling liquid-circulating cavi 
ties and a movable member in each of said tubu 
lar members and disposed in spaced relation to 
the inner Walls of said tubular members for lat 
eral : and longitudinal: movement...within said 
tubular members. 
3.27. An engine cooling system comprising: an 

engine block having a plurality of aligned cylin 
ders.therein. and a wall formed on one side of 
said cylinders and disposed in spaced relation to 
Said cylinders, and a plurality of tubular inserts 
disposed between said wall and said cylinders and 
closing the space between said wall and cylinders 
for dividing the interior of said block into a plu 
rality of engine cooling cavities. 

28. An engine cooling system comprising an 
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engine block having a plurality of cylinder cool 
sing cavities formed throughout the length there 
of, a lubricant cooler secured on one side of said 
block and extending from the front end of said 
block beyond the first of said cavities, a liquid 
circulating pump, operated by said engine and 
having a cooling fluid outlet connected to the 
front end of said lubricant cooler, and a duct 
formed between the opposite end of said lubricant 
cooler and an intermediate one of said, cavities. 

29. An engine cooling system comprising an 
engine block having a plurality of cylinders 
formed therein in spaced relation to one wall of 
said block, a plurality of cylinder cooling cavi 
ties formed in said block between said wall and 
said cylinder, said wall being formed to provide 
a plurality of openings therein communicating 
with the interior of certain of said cavities, a 
plate having a lubricant cooler secured thereto 
and having an opening therein adjacent one end 
thereof, Said plate being Secured to said block 
with said opening communicating with one of 
said cavities and with said plate covering said 
cavity openings, a jacket Secured to said plate 
around Said plate opening and said lubricant 
cooler, and a cooling liquid inlet formed on said 
jacket at the end of said jacket, opposite said 
plate opening for circulating cooling liquid over 
said lubricant cooler and through said plate 
opening and into one of said cavities. 

30. An engine cooling system comprising an 
engine block having a plurality of cylinders 
formed therein, Said cylinders being disposed in 
Spaced relation to one another to provide spaces 
for circulating cooling within said block between 

- Opposite sides of said cylinders, a plurality of 
paSSages formed in Said block on one Side of said 
cylinders and communicating with said spaces 
between said cylinders and means for circulating 
cooling fluid in One direction through certain of 
said spaces and in the opposite direction through 
other of said passages. . . . 

31. An engine cooling system comprising an 
engine block having a plurality of cylinders 
formed therein, a cylinder cooling cavity formed 
in said block between said cylinders and one wall 
of said block, a liquid distribution passage formed 
on the opposite side of said cylinders and com 
municating with said cylinder cooling cavity 
through spaces between and around said cylin 
iders, a plurality of exhaust passages formed in 
said block above Said distribution passage, said 
block being formed to provide exhaust cooling 
passages between said exhaust passages, and 
means for circulating cooling liquid within said 
block from said cylinder cooling cavity, and in 
opposite directions through said distribution 
passage and from said exhaust cooling passages. 

32. An engine cooling system comprising an 
engine block having a plurality of cylinders 
formed therein in spaced relation to one another 
and in spaced relation to a side wall of said block, 
a cylinder cooling cavity formed in said blockbe 
tween said wall and said cylinders and extending 
through the space between said cylinders to the 
opposite side of Said block, said block being 
formed to provide a cooling liquid distribution 
passage extending downwardly on the opposite 
side of said block and communicating at the up 
per extremity thereof with said cylinder cooling 
cavity, a liquid distribution manifold formed in 
said block and extending along the lower parts of 
said cylinders and communicating with the lower 
extremity of said distribution passage, and a 
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shaust cooling passages formed in said block and 
between said cylinders and along an opposite side 
wall of said block, said exhaust cooling passages 
being formed to provide communication with said 
cooling liquid distribution manifold at the lower 
extremities of said exhaust cooling paSSages. 

33. An engine COOling System Comprising an 
engine block having a plurality of cylinders 
formed therein, said cylinders being disposed in 
spaced relation to one another and to the opposite 
side walls of said block, a cooling liquid distribu 
tion manifold formed between one of Said side 
walls of said block and the lower extremities of 
said cylinders and extending transversely with 
respect to said cylinders, a plurality of exhaust 
passages leading from Said cylinders to the ex 
terior of said block, exhaust cooling passages dis 
posed between said exhaust passages and com 
municating with said distribution manifold at 
the lower extremities thereof, a liquid distribu 
tion passage communicating with said distribul 
tion manifold at the lower extremity of said pas 
sage, a cylinder cooling cavity formed between 
said cylinders and an opposite side wall of said 
block, and a liquid receiving passage formed 
above said exhaust passages and Said distribu 
tion passage and communicating With Said cylin 
der cooling cavity through a space between Said 
cylinders. 

34. An engine cooling system comprising an 
engine block having a plurality of aligned 
cylinders therein, an engine inlet manifold 
formed between the lower extremities of said cyl 
inders and a side wall of said block and having 
branch passages extending upwardly between 
said cylinders and around said cylinders for sup 
plying scavenging and charging fluid to said cyl 
inders and for cooling the lower parts of said 
cylinders, a cooling liquid distribution manifold 
formed in said block above said inlet manifold 
and having branch passages leading upWardly 
and laterally between said cylinders, cylinder 
cooling cavity means formed between said cylin 
ders and around the opposite sides of said cylin 
ders and downwardly within said block for, cool 
ing said cylinders on the side of said block oppo 
site said inlet and said distribution manifolds, 
Said block being formed to provide communica 
tion between said branch passages and said 
cavities, means for supplying cooling liquid to 
said distribution manifold and means for ex 
hausting cooling liquid from said branch 
paSSageS. 

35. An engine cooling system comprising an 
engine block having a plurality of cylinders 
therein, said block being formed to provide a 
plurality of engine cooling cavities between said 
cylinders and on one side of Said cylinders and 
between said cylinders and one wall of said block, 
an engine cooling liquid distribution manifold 
formed in said block on the opposite side of said 
cylinders and between said cylinders and the op 
posite wall of Said block, fluid supply passage 
means connected to one of said cavities and ex 
tending between an adjacent pair of said cylinn 
ders and connected to the central part of said 
liquid distribution manifold, a plurality of ex 
haust passages formed in said block between said 
cylinders and the exterior of said block, said ex 

70 haust passages being disposed above said dis 
tribution passage and on opposite sides of said 
supply passage means and in spaced relation to 
one another to provide a plurality of branch pas 
Sages between said exhaust passages and leading plurality of spaced and vertically disposed ex- 7 from said distribution manifold, said branch pas 
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sages being adapted to communicate With the re 
mainder of said cylinder cooling cavities. 

36. An engine block comprising an integrated 
metallic body having side walls, front and rear 
end walls, a top wall, and a plurality of aligned 
cylindersformed therein in spaced relation to said 
side and end walls and to one another, an inlet 
manifold formed in said block and having 
branches, thereof extending between said cylin 
ders and at the ends of said cylinders, a plurality 
of exhaust passages formed in said block and 
above-said manifold and leading from said cylin 
diers to the exterior of said block, said block be 
ing formed between said inlet manifold and said 
exhaust passages to provide a cooling liquid dis 
tribution manifold formed in said block from one 
end to the other of said block, said exhaust pas 
sages being spaced from one another and formed 
'in said block to provide exhaust-cooling passages 
communicating at the lower extremities thereof 2 
with said cooling liquid distribution manifold, 
said block also being formed to provide a cooling 
liquid receiving passage below the upper Wall of 
said block and communicating with said exhaust 
cooling passages, said upper wall of Said-block 
being formed to provide outlets from said liquid 
receiving passage. - 

37. An engine block comprising an integrated 
metallic body having side walls, front and rear 
end walls, a top wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
said side and end walls and to one another, an 
inlet manifold formed in said block, and having 
branches: thereof extending between said cylin 
ders and at the ends of said cylinders, a plurality 
of exhaust passages formed in Said block, and 
above said manifold and leading from said cylin 
ders to the exterior of said block, said block being 
formed between said inlet manifold and said ex 
haust passages to provide a cooling liquid dis 
tribution manifold formed in said block from one 
end to the other of said block, said exhaust paS 
sages being spaced from one another and formed 
in said block to provide exhaust cooling-passages 
communicating at the lower extremities thereof 
with said cooling liquid distribution manifold, 
said block being formed to provide a cooling liq 
uid receiving passage below the upper wall of 
said block and communicating with said exhaust 
cooling passages, said upper wall of said block 5 
being formed to provide outlets from said liquid 
'receiving passage, said block also being formed to 
provide a supply passage for said liquid distribu 
tion manifold, said supply passage being adapted 
to intersect said liquid receiving passage and be 
ing disposed between and in parallel relation to 
certain of said exhaust cooling passages. 

38. An engine block comprising an integrated 
metallic body having side walls, front and rear 
end walls, a top wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
said side, and end walls and to one another, said 
block also being formed to provide cooling liquid 
circulating-cavities on opposite sides of said cylin 
ders and extending downwardly of said cylinders 
towards: the crank ends of said cylinders, said 
block further being formed to separate said cavi 
ties at the lower extremities of said cavities and 
to provide communication between said cavities 
only between and around the upper extremities of 
Said cylinders, Said. Walls of Said block being 
formed to provide a cooling liquid inlet to one of 
said cavities and an outlet from each of said 
cavities. 

89. An engine block comprising...an integrated 
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metallic body having side walls, front and rear 
end Walls, a top wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
said side and end walls, and to one another, said 
block also being formed to provide cooling liquid 
circulating cavities on oppositesides of said cylin 
derS and extending downwardly of said cylinders 
towards the crank ends of said cylinders, said 
block further being formed to separate said cavi 
ties at the lower extremities of said cavities and 
to provide communication between said 'cavities 
between and around the upper extremities of said 
cylinders, said walls of said block being formed 
to provide a cooling liquid inlet to the lower ex 
tremities of certain of said cavities on oneside of 
Said block and an outlet from said cavities from 
said communication between said cavities. 

40. An engine block comprising an integrated 
metallic body having side walls, front and rear 
end walls, a top wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
Said 'Side and end walls and to one another, said 
block being formed to provide cooling liquid cir 
culating cavities on opposite sides of said cylin 
derS and extending downwardly of said cylinders 
towards the crank ends of said cylinders, said 
Walls of said block being formed to provide a cool 
ing liquid inlet to the lower extremity of one of 
said cavities and an outlet from the upper ex 
tremity of said cavity. 

41. An engine.block comprising an integrated 
metallic body having side walls, front and rear 
end Walls, a top wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
said side and end walls, and to one another, an 
inlet manifold formed in said block and having 
branches thereof extending between said cylin 
ders and at the ends of said cylinders, a plurality 
of exhaust: passages formed in said block and 
above Said manifold and leading from said cylin 
ders to the exterior of said block, said block be 
ing formed between said inlet manifold and said 
exhaust passages to provide a cooling liquid dis 
tribution manifold formed in said block from one 
end to the other of said block, said exhaust pas 
Sages being Spaced from one another and formed 
in Said block to provide exhaust cooling passages 
communicating at the lower extremities thereof 
With Said cooling liquid distribution manifold, 
Said block being formed to provide a cooling liq 
luid receiving passage below the upper wall of 
said block and communicating with said exhaust 
cooling passages, said upper wall of said block 
being formed to provide outlets from said liquid 
receiving passage, said block being formed to pro 
vide an inlet for said liquid distribution manifold, 
and Said block being further formed to provide 
thermo-Syphon circulation cooling cavity means 
On the side of said cylinder opposite said mani 
fold. 

42. An engine block comprising an integrated 
metallic body having side walls, front and rear 
rend Walls, a top wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
said side and end walls and to one another, an 
inlet manifold formed in said block and having 
branches thereof extending between said cyl 
inders and at the ends of said cylinders, a plu 
rality of exhaust passages formed in said block 
and above said manifold and leading from said 
cylinders to the exterior of said block, said block 
being formed between said inlet manifold and 
Said exhaust passages to provide a cooling liquid 
distribution manifold formed in said block from 
One end to the other of said block, said exhaust 
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passages being spaced from one another and 
formed in said block to provide exhaust cooling 
paSSages communicating at the lower extremities 
thereof with said cooling liquid distribution 
manifold, Said block being formed to provide a 
cooling liquid receiving passage below the upper 
Wall of Said block and communicating with said 
exhaust cooling passages, said upper wall of said 
block being formed to provide outlets from said 
liquid receiving passage, said block also being 
formed to provide an inlet for said liquid dis 
tribution manifold, said inlet being adapted to 
Supply cooling liquid to said manifold for circu 
lation upwardly through said exhaust cooling 
paSSages and OutWardly through said outlets, and 
cooling cavity means formed in said block on 
the side of Said cylinders opposite said receiving 
paSSage and communicating with said receiving 
paSSage through Supply passages formed around 
the upper extremities of said cylinders. 

43. An engine block comprising an integrated 
metallic body having side walls, front and rear 
end Walls, a top Wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
Said Side and end Walls and to one another, an 
inlet manifold formed in said block and having 
branches thereof extending between said cyl 
inders and at the ends of said cylinders, a plu 
rality of exhaust passages formed in said block 
and above said manifold and leading from said 
cylinders to the exterior of said block, said block 
being formed between said inlet manifold and 
Said exhaust passages to provide a cooling liquid 
distribution manifold formed in said block from 
One end to the other of said block, said exhaust 
paSSages being Spaced from One another and 
formed in Said block to provide exhaust cooling 
paSSages communicating at the lower extremities 
thereof with said cooling liquid distribution 
manifold, Said block being formed to provide a 
Cooling liquid receiving passage below the upper 
Wall of Said block and communicating with said 
exhaust cooling passages, cooling cavity means 
formed in Said block on the side of said cylinders 
Opposite Said receiving passage and communi 
cating with said receiving passage at the upper 
extremities of said cooling cavity means, said 
block being provided with connections for the 
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forced circulation of cooling liquid into said dis 
tribution manifold and outwardly through open 
ings formed in said upper wall of said block 
and communicating with said liquid receiving 
9aSSage. 
44. An engine block comprising an integrated 

metallic body having side walls, front and rear 
end Walls, a top Wall, and a plurality of aligned 
cylinders formed therein in spaced relation to 
Said side and end walls and to one another, an 
inlet manifold formed in said block and having 
branches thereof extending between said cyl 
inders and at the ends of said cylinders, a plu 
rality of exhaust passages formed in said block 
and above Said manifold and leading from said 
cylinders to the exterior of said block, said block 
being formed between said inlet manifold and 
Said exhaust passages to provide a cooling liquid 
distribution manifold formed in said block from 
One end to the other of said block, said exhaust 
paSSages being Spaced from one another and 
formed in Said block to provide exhaust cooling 
passages communicating at the lower extremities 
thereof with said cooling liquid distribution 
manifold, Said block being formed to provide a 
cooling liquid receiving passage below the upper 
Wall of Said block and communicating with said 
exhaust cooling passages, said block being formed 
to provide inlet connections for supplying cool 
ing liquid to said liquid distribution manifold 
and outlet connections for exhausting said cool 
ing liquid from said liquid receiving passage. 

HAROLD. H. ALBINSON. 
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