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UNITED STATES PATENT OFFICE 
2,271,994 

COOILNG SYSTEM FOR INTERNAL 
COMBUSTON ENGINES 

Oliver F. Allen, New York, N. Y., and Otto E. 
Szekely, Philadelphia, Pa., assignors to Martin 
Motors, Inc., New York, N. Y., a corporation 
of Delaware 

Application March 27, 1940, Serial No. 326,204 
(C. 123-4) 9 Claims. 

This invention relates to internal combustion 
engines, and more particularly to the cooling of 
Such engines, and the general object of the in 
vention is to provide an improved cooling System 
for engines of this kind, and especially for en 
gines which are cooled by the circulating of a 
cooling liquid. 

In engines employing a liquid coolant the en 
gine cylinders are provided with cooling liquid 
jackets or chambers through which the coolant 
(usually water or an anti-freeze solution) is 
passed. After traversing the cylinder jackets it 
is customary to circulate the liquid through a 
radiator of sufficient size to cool it to the desired 
operating temperature. The conventional radia 
tor and engine together occupy considerable 
Space, particularly as it is necessary to provide 
for the free circulation of cooling air through 
the cells of the radiator in order to effect proper 
transfer or dissipation of the heat from the cool 
ing liquid to the air. 

Hence the conventional radiator is separated 
from the engine, as in the ordinary automobile, 
and consequently more or less complicated con 
nections between them are required. The cooling 
liquid must be conveyed from the engine cylin 
ders to the circulating pump (if one is employed), 
from the pump to the radiator and from the 
radiator back to the cylinders, and, in the case 
of independent cylinders, there must be connec 
tions between the cylinders. Thus, much 
"plumbing,' that is to say, interconnecting pipes 
and fittings are necessary, and this gives oppor 
tunity for leakage and is objectionable in other 
Ways. 

It is an object of our invention. So to arrange 
the cooling System of the engine as to make the 
engine more compact so that the engine installa 
tion as a whole will occupy less space, but at the 
same time provide an efficiency of cooling which 
is equal or superior to the systems now in use. 
Another object of the invention is to provide 

a cooling system for internal combustion engines 
in which the “plumbing' is reduced to a mini 
U. 
A further aim of the invention is to provide a 

cooling system in which all of the cylinders in 
herently operate at substantially the same ten 
perature, thereby doing away with the necessity 
for baffles or liquid distributing devices in the 
coolant circulating System. 
In employing liquid-cooled engines for aircraft, 

particularly engines of the radial type, the 
“frontal area of the combined engine and radia 
tor is considerable, and a large portion of this 
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total “frontal area' must be charged to the radia 
tor. Furthermore, in aircraft having liquid 
cooled engines as heretofore constructed, the Sup 
porting of the radiator presents a problem since 
it must be exposed to the full Sweep of the air and 
hence must be firmly supported, and the provis 
sion of such supports is apt to add to the com 
plication and weight of the aircraft structure. 
This is true also in other applications of liquid 
cooled engines, but is particularly true in Con 
nection with aircraft. A further object of the 
invention is, therefore, to reduce the frontal area, 
of liquid-cooled aircraft engines, particularly 
those of the radial type and to simplify the 
problem of supporting the radiator of liquid 
cooled engines generally. 
When the conventional radiator is separated 

from the engine-either a stationary engine, a 
motor vehicle engine or an aircraft engine-a, 
time element is involved in the flow of the cool 
ing liquid through the necessary long piping or 
hose connections between engine and radiator. 
Also because of the fact that all of the cooling 
liquid for the engine is cooled in one large cool 
ing vessel, or radiator, it is difficult to provide for 
adequate air circulation through the radiator to 
carry away the large quantities of heat which 
have Swiftly to be removed in order to reduce 
the temperature of the liquid to the desired point. 
Accordingly another object of the invention is SO 
to arrange the cooling Systems of Such engines 
as to make the radiator more effective, Whereby 
with a radiator of given dimensions the liquid will 
be cooled more efficiently and to a greater ex 
tent than heretofore, or, what amounts to the 
same thing, the same cooling effect can be pro 
duced by a radiator of Smaller total dimensions. 
Other objects and advantages of our improved 

cooling system will appear from the following 
description of several embodiments of our in 
vention as exemplified in the accompanying 
drawings. In these drawings: 

Fig. 1 is a front elevational view of an inter 
nal combustion engine of the radial type in 
Which the improved cooling system of Our in 
vention is enbodied; 

Fig. 2 is a side view of this engine with one 
cylinder shown partly broken away and in lon 
gitudinal section; 

Figs. 3 and 4 are diagrammatic views showing 
modifications. 

Fig. 5 is a diagrammatic view illustrating an 
artificial air supply for the radial engine of Figs. 
1 and 2; 

  



Fig. 6 is a diagrammatic view illustrating an 
air supply for the V-type engine of Fig. 3; and 

Fig. 7 is a diagrammatic view illustrating an 
air supply for the in-line engine of Fig. 4. 

Referring now to the accompanying drawings, 
the internal combustion engine. shown in Figs. 
1 and 2 is provided with five cylinders 2 project 
ing radially from, and mounted upon, a central 
crank case or housing 3 supporting the cylin- . 
ders as well as housing the central parts of the 
engine. 

building. As is usual, the cylinders are each 
provided with a piston 5 and connecting rods 6. 
which are operatively connected to a common 
main crank 7, the outer portion of which may 
be seen in Fig. 2. 

Bearings for the engine crank shaft 8 are 
suitably arranged within the crank case or hous 
ing 3. The crank shaft projects through the en 
gine casing at the left, as shown in Fig. 2 for its 
power connection to whatever apparatus is de 
sired to be driven by the engine. On the right 
hand the engine shaft 8 projects a short dis 
tance for the purpose of operating Whatever aux 
iliaries are necessary which are mounted within 
a housing 9. 
In the internal combustion engine Which has 

been chosen for the purpose of illustrating our 
invention a single sleeve valve f is provided for 
each cylinder for controlling the inlet of the fuel 
mixture, or charging air (as the case may be), 
and the discharge of the exhaust gases. These 
sleeve valves are reciprocated in appropriate 
ly timed relation with respect to the main Crank 
7 by any suitable operating mechanism arranged 
within crank case 3. In the engine illustrated, 
this mechanism comprises a pair of eccentrics 
and eccentric straps (not shown), one mounted 
on main shaft 8 adjacent each side of the crank 
7, and a pair of eccentric connecting rods if pro 
jecting outwardly from the eccentric strap and 
pivotally connected at 2 to a driving collar 3 
which clamps around the lower projecting end 
of sleeve valve 3. ihis collar is provided with 
a series of internal teeth and grooves Which in 
terfit with similar teeth and grooves on the ex 
terior of the lower projecting end of the valve 
sleeve O. ... 
The engine illustrated in the drawings is a 

Diesel engine and the charging air inlet ports are 
indicated at 4 and the exhaust ports at 5. 
The ports in sleeve valve it for controlling the 
inlet ports 4 are indicated at 6 and those for 
controlling the exhaust ports 5 are not shown 
as they are above the point where the cylinder 
is broken away in Fig. 2. The charging air is 
delivered to each cylinder through a conduit 7 
from a suitable blower or air pump (not shown) 
which is arranged within housing 9 adjacent the 
engine frame structure. The exhaust conduits 
8 from each of the cylinders may be appropri 

ately connected to a common exhaust pipe (not 
shown) . . . . . . . . 

It will be understood that With engines of the 
spark ignition type an appropriate fuel mixture 
instead of charging air is supplied to the engine 
through conduits. 7 and inlet ports 4, this mix 
ture being supplied by a carbureting device. 
Each of the cylinders 2 is provided with a 

jacket or chamber 9 for a cooling-liquid Which 
surrounds the sides of the cylinders extending 
preferably from the top of each cylinder; to a 
point inwardly of the inlet ports 4. This cham 
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2,271,994 
ber also extends within the cylinder head or 
COWe. 
Each of these cylinder jackets 9 is provided 

With two connections 20 and 2 f for the cooling 
liquid, and between each pair of cylinders 2 there 
is arranged a radiator section 22 which is con 
nected at one side to a connection 2 and at 
the other side to a connection 29 of the adjacent 
cylinders. These connections, though indicated 
diagrammatically, are preferably of a somewhat 
yieldable or elastic nature so as to compensate 
for differences in relative expansion and con 
traction of the radiator sections and the engine 

Short flexible couplings, rubber hose 
or flexible metal hose may be used conveniently. 
On account of the limited weight of each of the 
radiator sections 22 including their liquid con 
tents, these sections may be supported entirely 
by means of the liquid connections 20 and 2. 
At a convenient location a conduit 23 leads 

from one of the radiator sections 22 to a circu 
lating pump 24 which is driven from the engine 
shaft 8. A delivery pipe 25 connects the outlet 
of the pump to one of the cylinders as shown, 
for example, at 26. The connection 27 between 
the radiator section to which conduit 23 is con 
nected, and its adjacent cylinder, is closed off 
So as to prevent the flow of fluid through this 
Coupling, this coupling Serving merely as one of 
the mechanical Supports for the radiator Sec 
tion. 
The direction of flow of the circulating liquid 

is preferably as indicated by the arrows in Fig. 1 
So as to cause the cooling liquid which is at the 
highest temperature, namely, that in the neigh 
borhood of the heads of the cylinders, to be de 
livered to the respective radiator sections, and 
after being cooled, the liquid from the respective 
Sections is delivered to the inner portions of the 
Cylinders Which operate at a lower temperature 
than the Outer ends. 
By providing individual cooling radiator sec 

tions between each pair of cylinders so that there 
is a cooling section for each cylinder, each of 
these sections having substantially the same cool 
ing Surface area, it will be understood that the 
temperature of the cooling liquid delivered to 
the inlet connections of all of the cylinders will 
be substantially the same and that the cylin 
ders Will operate at a substantially uniform tem 
perature. 
In the modified form of our invention, as shown 

in Fig. 3, the engine 28 is V-type with the single 
cylinders or the rows of cylinders, as the case 
may be, 29 and 30, arranged at an acute angle 
to One another. A cooling radiator 3 is mounted 
between these cylinders in substantially the same 
Way as described with radiator sections 22 of 
Fig. 1, and a circulating pump 32 arranged on 
the engine shaft to cause the cooling liquid to 
circulate through the cylinders and radiator. 
In the further modified form shown in Fig. 4, 

the engine 33 is composed of a plurality of indi 
Vidual cylinders 34 arranged in line with one 
another and Spaced apart. Between these cylin 
derS. radiator Sections 35 are supported by con 
nections 36 and 37 between adjacent pairs of 
Cylinders. The flow of liquid as in the forms 
of the invention shown in Figs. 1 and 3 is out 
Wardly With respect to each cylinder ; and in 
Wardly (that is, towards the engine shaft) of 
each radiator section. A pump 38 on the engine 
shaft causes the cooling liquid to circulate 
through the conduits 39 and 40 and alternately 
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through the cylinders and radiator cooling sec 
tions. 

It will be understood that with the engine as 
shown in Fig. , the cooling air to which the 
heat of the engine is dissipated passes through 
the radiator sections 22 parallel with the axis 
of the engine shaft 8. The circulation of this 
cooling air may be produced or enhanced by 
placing the usual air circulating fan (not shown) 
on the engine shaft, preferably at the right, as 
shown in Fig. 2, so as to cause the air to pass 
through the cells of the radiator Sections and 
over and around the Surfaces of the cylinders 
thereby cooling the engine by direct application 
of cooling air to the external surface of the 
cylinders, which air is at the same temperature 
as the air which is circulated through the ra 
diator sections, instead of being at a considerably 
higher temperature as is the case in the Ordi 
nary engine cooling System. 
In Fig. 5 there is diagrammatically illustrated 

an arrangement by Which cooling air is supplied 
to the engine through a housing 4 which par 
tially surrounds the engine and conducts the air 
thereto from a blower 42. This blower may be 
driven from an extraneous source of power or 
may be operatively connected with the main 
shaft 8 of engine . 
Air circulating fans may also be placed So as 

to deliver air in a similar manner to the cylin- 3 
ders and radiator sections of the modifications 
shown in Figs. 3 and 4. In the case of Fig. 3 
Such fan (not shown) if mounted on the shaft 
of engine 28 will deliver the air parallel to the 
engine shaft. With the engine of Fig. 3 the cool 
ing air Inay also be delivered at right angles to 
the engine shaft and such an arrangement is 
shown diagrammatically in Fig. 6 where the 
blower 43 delivers air to a hood or housing 44 
arranged above the engine to direct the air in 
a general downward direction through the ra 
diator and over the Surfaces of the cylinders 
29 and 38. It will be understood that blower 
43 may be driven from the shaft of engine 28 
or in any other convenient manner. 
With the engine of Fig. 4 the fan is arranged 

to deliver the air at right angles to the engine 
shaft, Or in other words, from the side or top 
of the engine instead of from the end. As shown 
in Fig. 7 a blower 45, the runner of which is 
mounted on the shaft of engine 33, delivers its 
air through a suitable conduit to a hood 46 which 
is arranged to distribute the air downwardly 
around the cylinders through the Several radia 
tor Sections of this engine. 
By Subdividing the cooling radiator of the en 

gine into comparatively Small sections and ar 
ranging these sections closely adjacent to, and 
preferably between, adjacent cylinders, an ex 
ceedingly compact engine occupying a minimum 
amount of space is provided, and the "plumbing' 
is greatly reduced, that is to say, the long pipe 
Or hose lines usually employed for connecting 
the engine and radiator are eliminated. This 
permits the hot liquid from the engine cylinder 
jackets to pass directly and quickly to the re 
Spective radiator sections so that it enters the 
radiator at a higher temperature than in the 
conventional engine cooling system and is more 
efficiently cooled, there being a greater heat head 
between the liquid. Within the radiator sections 
and the Cooling air passing through and around 
then, 

Furthermore, there is a saving in space and 
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complication over the conventional engine cool- 75 

3 
ing System construction, inasmuch as the radia 
tor Sections are Supported by the liquid connec 
tions and no special trusses, COWling or particular 
means of Support are required. The radiator 
Sections are readily accessible for repair, and in 
the case of damage to one of the radiator Sec 
tions it may be temporarily disconnected fron 
the cooling System, or it may be removed and 
replaced by a connecting conduit, and the engine 
Still maintained in Operation. 
An important advantage of our invention when 

used in connection. With aircraft engines of the 
radial type is the fact that when the radiator 
Sections are placed between the cylinders the 
frontal area is not increased materially. In air 
Craft engines the advantages of facility of Sup 
port and lightening of weight through the elim 
ination of long hose connections and the Weight 
of the liquid therein are to be mentioned. This 
reduction in volume of the cooling liquid also 
tends to reduce the "warming up' time of the 
engine. 
In liquid-cooled radial engines having radia 

tor Sections placed between the cylinders, in ac 
cordance With our invention, the sweep of the 
air through and around the radiator sections and 
the cylinders themselves, whether this air current 
is caused by the movement of the engine through 
the air as in aircraft or motor vehicles, or by 
an artificially produced air current, as in sta 
tionary engines, uniformly contacts all of the 
radiator Sections and the cylinders, thereby tend 
ing to eliminate "hot spots' and to produce a 
uniform Operating temperature throughout the 
engine. 

It Will be understood that various changes can 
be made in the application of our invention to 
internal combustion engines without departing 
from the Spirit and scope of the invention which 
is Set forth in the appended claims. Thus, for 
example, While Our invention is especially well 
adapted for use in connection with engines of 
the sleeve valve type on account of the absence 
of Valve structure and valve operating mechanism 
between the cylinders, it will be understood that 
the invention can also be applied with advan 
tage to engines having other types of valves such 
aS poppet Valves, for example. 
We claim: 
1. In an internal combustion engine having a 

plurality of cylinders arranged in spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber, the combination of a 
cooling liquid circulating system comprising said 
chambers, a cooling radiator having a plurality 
of Sections, each of said sections being disposed 
adjacent a pair of cylinders, connections between 
the cooling liquid chambers and radiator sections 
arranged to direct the cooling liquid alternately 
through a cooling liquid chamber and a radiator 
Section, and means for circulating said liquid. 

2. In an internal combustion engine having a 
plurality of cylinders arranged in spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber, the combination of a 
cooling liquid circulating System comprising said 
chambers, a cooling radiator having a plurality 
of Sections, One of Which is disposed between each 
pair of adjacent cylinders, connections between 
the cooling liquid chambers and radiator sec 
tions arranged to direct the cooling liquid alter 
nately through a cooling liquid chamber and a 
radiator Section, and means for circulating said 
liquid. 

3. In an internal combustion engine having a 
  



4. 
plurality of cylinders arranged in Spaced relation 
in a common plane, each cylinder having a COOl 
ing liquid chamber surrounding the same and 
extending longitudinally thereof and provided 
with a cooling liquid outlet near one end of the 
cylinder and an inlet near the opposite end 
thereof, the combination of a cooling liquid cir 
culating system comprising said chambers and 
a cooling radiator having a plurality of Sections 
each connected respectively to an inlet and out 
let of the cooling liquid chamber of a pair of 
adjacent cylinders. 

4. In an internal combustion engine having a 
plurality of cylinders arranged in Spaced relation 
in a common plane, each cylinder having a cool 
ing; liquid chamber surrounding the same and 
extending longitudinally thereof and provided 
with a cooling liquid outlet near one end of the 
cylinder and an inlet near the opposite end there 
of, the combination of a cooling liquid circulat 
ing system comprising said chambers and a cool 
ing radiator having a plurality of Sections, one 
of said sections being connected to an inlet and 
outlet of the cooling liquid chamber of each pair 
of adjacent cylinders. 

5. In an internal combustion engine having a 
plurality of cylinders arranged in Spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber, the combination of a 
cooling liquid circulating system comprising said 
chambers, a cooling radiator having a plurality 
of sections, said sections being disposed respec 
tively between pairs of adjacent cylinders, and 
having respectively a liquid connection With the 
outlet of one adjacent cylinder and a liquid con 
nection with the inlet of the other adjacent cyl 
inder, and means for circulating the said liquid. 

6. In an internal combustion engine having a 
plurality of cylinders arranged in Spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber, the combination of a 
cooling liquid circulating system comprising said 
chambers, a cooling radiator having a plurality 
of sections, said sections being disposed respec 
tively between pairs of adjacent cylinders, radi 
ator section supporting means comprising a flex 
ible liquid connection at each side of Said re 
spective sections, one of said connections being 
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secured to and connected with the outlet from 
One of said adjacent cylinders and the other of 
said connections being secured to and connected 
with the inlet to the other of said adjacent cyl 
inders, and means for circulating Said liquid. 

7. In an internal combustion engine having a 
plurality of cylinders arranged in spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber, the Combination of a 
cooling liquid circulating system comprising said 
chambers, a cooling radiator having a plurality 
of sections, said sections respectively bridging the 
spaces between adjacent pairs of cylinders, Con 
nections between the cooling liquid chambers and 
radiator sections arranged to direct the cooling 
liquid alternately through a cooling liquid cham 
ber and a radiator section, and means for circu 
lating said liquid. 

8. In an internal combustion engine having a 
plurality of cylinders arranged in Spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber, the combination of a 
cooling liquid circulating System comprising Said 
chambers, a cooling radiator having a plurality 
of sections, said sections bridging the respective 
spaces between adjacent pairs of cylinders, a 
connection at one side of said respective radiator 
sections to the outlet from the adjacent cylinder, 
a connection at the opposite side of Said Sections 
with the inlet of the adjacent cylinder, and means 
for circulating said liquid. 

9. In an internal combustion engine having a 
plurality of cylinders arranged in spaced rela 
tion in a common plane, each cylinder having a 
cooling liquid chamber surrounding the same and 
extending longitudinally thereof and provided 
With a cooling liquid outlet near one end of the 
cylinder and an inlet near the opposite end 
thereof, the combination of a cooling liquid cir 
culating system comprising said chambers and a 
cooling radiator having a plurality of Sections, 
said sections being disposed respectively between 
pairs of adjacent cylinders and being connected 
to an inlet and outlet of the cooling liquid cham 
ber of each of said pairs of adjacent cylinderS. 
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