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ENGINE CoolNG systEMAND APPARATUs 
Thomas J. Bay, United states Navy 

Application October 31, 1945, Serial No. 625,928 
4. Claims. (C. 123-178) 

(Granted under the act of March 3, 1883, as 
amended April 30, 1928; 370 O. G. 757) 

1. 
This invention relates to cooling systems for 

internal combustion engines and to apparatus for . 
use in Such systems, and particularly to Systems 
of the type disclosed in my Patent No. 2,365,166 
granted December 19, 1944. The principal ob 
jects of the present invention are to provide ap 
paratus for use in systems like those disclosed in 
that patent and in this specification, and also 
to provide a system improved in certain respects 
Over the earlier One. 
The system disclosed in Patent No. 2,365,166 

constituted improvements in internal combustion 
engine cooling wherein the engine cooling water 
after having passed in heat exchange relation 
with a prime cooling medium is then passed in 
heat exchange relation with the lubricating oil or 
a portion of the same. Among the objects of 
that invention were provision of means for con 
trolling the cooling water temperature and for 
controlling the temperature of the lubricating oil. 
One desirable possibility in such a system is to 
provide for the rapid elevation of temperature of 
both the water and the lubricating oil on start 
ing the cold engine. This serves to minimize en 
gine wear, render the installation more reliable 
in Service and reduce expense of maintenance. 
While the system provided in the above men 

tioned prior patent has given good service and 
in many applications is very satisfactory, I have 

- in the present instance devised an improvement 
on that System particularly valuable to provide 
for bringing the lubricating oil to proper oper 
ating temperature as rapidly as possible after 
starting a cold engine and to provide for close 
control of lubricating oil temperature in cases 
where the engine design provides for relatively 
large rise in lubricating oil temperature during 
its circulation through the engine. I have fur 
ther devised improved apparatus for use in the 
new System as well as in the system previously 
disclosed. 
With the object of clearly disclosing the in 

vention, the accompanying drawings will be dis 
cussed in connection with the description as pre 
Senting preferred embodiments from which nu 
merous departures may be made within the scope 
of the invention. w 

Figure 1 is a representation of a complete sys 
tem for controlling the temperatures of water 
and of lubricating oil for an internal combustion 
engine. 

Figure 2 shows a heat exchanger with a pre 
ferred form of thermostatic valve incorporated 
in its structure. 
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Figure 4 shows a further form of heat ex 
changer involving sectional structure and a plu 
rality of valves. 

In Figure 1 the major elements of the engine 
cooling system comprise the internal combustion 
engine f, water heat exchanger 2 and oil heat ex 
changer 3. The engine heat exchange medium 
leaves the Water jacket by pipe 4 and returns 
through pipe 5. The entire flow or any portion 
of the circulating lubricating oil is taken from 
any suitable point in the lubricating system at 
6 and returned at T. Both heat exchangers are represented as being 
of the type in which two fluids are passed in heat 
exchange relation with each other but without 
mixture of the two fluids. . In order to convey 
this idea the two fuids are shown as passing 
through separate coils within the exchangers. 
Thus in exchanger 2 the primary cooling medium 
passes through coil 8, and the engine jacket wa 
ter through coil 9, and in the oil heat exchanger 
3 water passes through coil 10 while the lubricat 
ing oil flows in coil . w 
The various elements of the piping represented 

for conveying the several fluids involve a section 
3 to the water heat exchanger, a section 4 be 
tween the two heat exchangers, a portion 5 from 
valve to valve 9, and a section 6 constituting 
a by-pass. around the oil heat exchanger to pipe 
5. Walves 7 and 9 are thermostatically con 
trolled valves hereinafter fully described. In the 
case of valve the control element 8 is in ther 
mal relationship with the water leaving the en- . 
gine, while the thermostatic element 20 of valve 
9, though the valve controls water circulation, 

is in thermal relation with, and controlled by the 
temperature of, the oil leaving heat exchanger 3. . 

Figure 1 is diagrammatic in nature and does 
not, Save in a general manner, indicate the con 

40 Struction of the various elements. While it ap 
pears that external pipes and valves are en 

45 

ployed, this is not necessarily true, as will appear 
later from description of my newly devised heat 
exchanger. The description will proceed by set 
ting forth the system as applied to a marine en 
gine installation wherein sea water constitutes 

- the prime heat exchanger medium flowing in coil 

50 

} 

Figure 3 shows a heat exchanger with a modi- 55 
fled form of valve. 

8, but it is to be noted that the heat exchanger 
2 might be of any type capable of cooling the fiuid 
passing in coil 9. Since the present system is 
modified particularly for improved performance 
in connection with rapidly bringing the engine to 
an efficient operating temperature, this operation 
will be first described and is as follows: 
On starting of the engine, cold water under the 

influence of the engine water pump flows in the 



3 
direction of the arrows at pipes 4 and 5. The 
water is forced to flow through pipe 5 since the 
valve T is closed to flow there through by opera 
tion of its thermostatic element 8. For pur 
poses of this diagrammatic presentation, valve 
is indicated as of a type allowing flow in one. Or 
both of two directions, flow being allowed through 
3 and 5 when the water at f8 has reached a 

predetermined elevated temperature and through 
f5 only at lower temperatures. Walve 9 is of the 
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34 through tube 33 is allowed at all times. 

4 
tended position, will uncover openings 40. When 
in its retracted position the closure 38 will cut off 
communication from the inlet 34 to the water 
chest 26. At. intermediate positions the water 
flow will be divided. Communication from inlet 

Ther 
mostat element 39 is assumed to expand When the 
incoming water is hot and contract when it is 

O 
type which I have in my previous patent specif 
cation described as a three-way valve. Its op 
eration is to direct fluid flow in one or the other. 
of two directions in this case to pipes 2 or 6 
depending upon the temperature of the oil af 
fecting the element 20. When the thermostat. 20 
is at a low temperature, action of valve 9 is to 
send all the water through pipe 2 and thus 
through coil O of heat exchanger 3. Therefore, 
under starting conditions the course of the engine 
jacket water will be in sequence through pipes 4, 
f5, valve 9, pipe 2, coil 0 and pipe 5 back to 
the engine jacket. The water heat exchanger 2 
is completely by-passed, as is evident, and thus 
the engine water, subject only to a minimum 

5 
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cold, it being contemplated that suitable adjust 
ments may be provided in known manner. The 
element may be of any of the bellows, bimetallic 
or other type. 
As applied in the system according to Figure 

1, the space within the shell 25 corresponds to 
coil 8. The assembly of tubes 32 corresponds to 
coil 9, the thermostat valve to valve T, tube 33 
to by-pass pipe 5, and element 39 to element 8. 

In operation sea water will circulate through 
the shell around the tubes. Upon starting the 
engine, cold water from the engine will enter in 
let 34, from pipe 4 of Figure 1, and pass directly 
through valve housing 37, valve 38, and by-pass 
tube 33, the downstream end of which is con 

25 
amount of heat radiation, will have its tempera 
ture raised rapidly by the heat supplied by the 
engine. Further all the engine water flows 
through heat exchanger 3. Since in practically 
all internal combustion engines a great deal more 
heat passes into the cooling Water than passes 
into the lubricating oil, it will be seen that the 
heat exchange relationship between the rapidly 
heating water and the oil in exchanger 3 will 
serve to increase the temperature of the cold oil 
rapidly, which is one of the main objects of the 
system. When the oil is at proper operating 
temperature, valve f 9 will act to control the 
amount of water passing through O from the 
engine. When full operating conditions have 
been reached all the cooled water from heat ex 
changer 2 will pass through heat exchanger 3, 
while part of the water will by-pass both heat 

: exchangers and return to the engine. In case 
the oil is cooled to too low a temperature, valve 
9 will open partially, allowing some of the hot 

water from valve 7 to pass by pipe 2 f to the oil 
heat exchanger 3. In this manner a very close 
control of the lubricating oil temperature is pos 
sible. This is of especial benefit in connection 
with engines using a small quantity of oil which 
may have to absorb a great deal of heat at high 
power operation of the engine. 

Figure 2 indicates a heat exchanger contain 
ing the essential elements for constituting the 
water heat exchanger 2 shown in the diagram 
of Figure 1. This heat exchanger comprises a 
cylindrical shell 25, water chests 26 and 27 at 
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either end of the shell and a tube assembly com 
prising headers or tube sheets 30 and 3 and 
tubes 32. Inlet 28 and outlet 29 are provided for 
the fluid which will flow exteriorly of the tubes 
30 and 31, in the case.here described, said fluid 
being Sea Water. In addition to the heat ex 
changer tubes, there is provided a by-pass tube 
33 also secured in the tube sheets 30 and 3. 
Water inlet 34 is provided in the water chest 26 
and an outlet 35 in water chest 27. As an inte 
gral portion of the inlet 34, there is an extension 
constituting a valve body 37 having openings 40 
in its sides. A valve closure 38, operated by a 
thermostatic element 39, serves to control flow 
through the openings 40 and, indirectly, through 
the by-pass tube 33. As will be apparent from 
the drawing, valve closure 38, when in its ex 
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4 to the oil heat exchanger. 

nected to tube 5 of Figure 1. Since the water 
is cold, thermostat 39 is contracted and ports 40 
in valve housing 3 are closed by valve 38 so all 
the water coming from the engine must pass into 
tube 5 of Figure 1 which conveys it to three-way 
thermostatic valve f 9 of Figure 1. Since the 
lubricating oil circulating through tube 7 from 
the oil heat exchanger 3 is also cold when the 
engine is started, the thermostat bulb 20 in ther 
mal contact with the cold oil in pipe 7 causes 
three-way valve 9 to divert the entire quantity 
of water entering it from tube 5 to tube 2, al 
lowing none of it to pass into tube 6. Thus 
the flow of jacket Water when the cold engine is 
first started is as follows: through pipe 4 to valve 
34, to by-pass tube 33, to tube 5, through valve 
9 to pipe 2, through the jacket water circuit of 
the oil heat exchanger 3, and back to the engine 
through tube 5. 
Since the cooling tubes of the water heat ex 

changer are being by-passed, the heat absorbed 
by the jacket water in the engine is not being 
dissipated and the jacket water rapidly increases 
toward the desired operating range. When it 
reaches the desired temperature the thermostat 
39 extends, gradually opening ports 40 in valve 
housing 37 and permitting sufficient jacket Water 
flow through the cooling tubes 32 for cooling as 
necessary to maintain a constant temperature 
of the jacket water passing from the engine 
through tube 4. This cooled water is discharged 
from tube 32 into water chest 27, and thence out 
of the water heat exchanger through outlet 35 
and into tube f4 of Figure 1. 

It will be noted that jacket water is not ad 
mitted to cooling tubes 32 until its temperature 
leaving the engine has been elevated to operating 
range. Prior to this time, all the heat absorbed 
by the jacket water flowing through the engine 
is available for heating the lubricating oil in oil 
heat exchanger 3. In this way the lubricating 
oil is rapidly heated to the desired operating 
range. When the lubricating oil approaches the 
desired temperature, thermostat bulb 20 actu 
ates three-way valve 9 and causes a division of 
flow of jacket water at this point, i.e., part of the 
hot jacket water is permitted to circulate directly 
back to the engine through pipe 5 and the re 
mainder continues to flow through pipes. 2? and 

Since the lubri 
cating oil is heated more slowly than the jacket 
water when the engine is started, by the time 
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hot jacket water is permitted by valve 9 to flow 
through pipe 2, cooled jacket water from the 
jacket water heat exchanger is flowing through 
pipe 4 into which tube 2 discharges, and under 
this intermediate condition a mixture of hot and 
cooled jacket water flows into the oil heat ex 
changer. 
We may now consider the conditions obtaining 

when the engine has been operating for some 
time and temperature conditions have stabilized. 
Valve 7 is now dividing the flow of jacket water 
so as to maintain a constant temperature of the 
jacket water leaving the engine. Walve 9 is 
dividing the flow of hot jacket water, entering it 
from tube 5, between tubes 2 and 6. Just 
sufficient flow of hot water is permitted through 
tube 2 to dilute the cooled water coming from 
the water heat exchanger as necessary to keep 
the lubricating oil, flowing to the engine from 
the oil heat exchanger through pipe 7 at the de 
sired operating temperature. The balance of the 
hot jacket water flowing into valve 9 from tube 
5 passes through tube 6 and combines with 
the jacket water issuing from the oil heat ex 
changer in pipe 5. Thus, by proper initial ad 
justment of thermostatic valves 7 and 9, the 
temperature of the jacket water leaving the en 
gine and the temperature of the lubricating oil 
entering the engine are both automatically main 
tained within the desired operating range, and 
at the same time the temperature of the jacket 
water entering the engine can be reheated to a 
temperature approaching or even higher than 
the temperature of the lubricating oil entering 

, the engine; 
Figure 3 illustrates a heat exchanger and valve 

of a modified design. All parts are similar to 
those in Figure 2 and identical reference charac 
ters are used, except for the valve closure which 
is referred to as 48 since it is different from the 
valve closure 38. The action of this valve is 
somewhat different from that of Figure 2 in that 
positive cut-off occurs in both positions. This 
form of valve is capable of closing communica 
tion with by-pass tube 33. In operation of this 
device, cold water entering inlet 34 will pass 
through openings 49 and by-pass 33. When the 
water has warmed sufficiently action of the ele 
ment 39 will uncover openings 40 allowing an in 
creasing portion of the water to pass through 
tubes 32, water chest 27, and outlet 35. When 
the valve is entirely extended, no water is by 
passed. A further difference is that by-pass 33 
discharges into water chest 27, rather than hav 
ing a separate outlet. 

Figure 4 represents a modified type of heat ex 
changer for use either with an oil or Water sys 
tem, and comprising a plurality of thermostat 
controlled valves. Reference characters are ap 
plied to the same elements involved in the con 
struction of Figure 3. Major differences in 
volved comprise dividing the tube assemblies by 
providing a plurality of by-pass tubes 33 with 
their associated thermostat valves. Action of the 
Valves will be identical with that heretofore de 
scribed. Provision of the plurality of valves en 
tails a number of advantages, prominent among 
which are use of standard sizes of valves for vari 
ous sizes of heat exchanger, and possibility of 
satisfactory operation, even though one or more 
of the valves should fail. It is contemplated 
that the valves will be so constructed that upon 
failure they will act to open communication with 
the tubes 32 in order to utilize the full heat ex 

6 
change capacity of the system. The valves may 
be of the type shown in Figure 2. 

In the heat exchangers described above, the 
by-pass is as shown in order to secure the ad 

3 vantages of integral construction of the valve. 
Negligible heat exchange will occur due to the 
relatively small surfaces exposed. 

It is believed that advantages not specifically 
referred to will be obvious, as will modifications 

10 not departing from the scope of the appended 
claims. w 

- The invention described herein may be made 
and used by or for the Government of the United 
States for governmental purposes without the 

5 payment to me of any royalties thereon or 
therefor. . 

What I claim is: 
1. A system for controlling the temperatures 

of the cooling water and of the lubricating oil for 
20 an internal combustion engine wherein a first 

heat exchanger cools the water flowing from the 
engine and a second heat, exchanger controls 
the temperature of the lubricating oil; charac 
terized by the fact that there is combined with 

25 said first heat exchanger means for by-passing 
a portion of the heated water from the engine 
around said first heat exchanger for alternative 
delivery to said second heat exchanger or di 
rectly to the engine, and means for determining 

30 the portions of said by-passed heated water 
which are to be delivered to the second heat 
exchanger and directly to the engine. 

2. A system for controlling the temperatures 
of the cooling water and of the lubricating oil for 

35 an internal combustion engine wherein a first 
heat exchanger cools the water flowing from the 
engine and a second heat exchanger controls 
the temperature of the lubricating oil; charac 
terized by the fact that there is combined with 

40 said first heat exchanger means controlled by 
the water temperature for by-passing a portion 
of the heated water from the engine around said 
first heat exchanger for alternative delivery to 
said second heat exchanger or directly to the en 

45 gine, and means for determining the portions of 
Said by-passed heated water which are to be de 
livered to the second heat exchanger and directly 
to the engine. 

3. A system for controlling the temperatures of 
50 the cooling water and of the lubricating oil for 

an internal combustion engine wherein a first 
heat exchanger cools the water flowing from the 
engine and a second heat exchanger controls the 
temperature of the lubricating oil; characterized 

55 by the fact that there is combined with said first 
heat exchanger means for by-passing a portion 
of the heated water from the engine around said 
first heat exchanger for alternative delivery to 
said second heat exchanger or directly to the 
engine. and means controlled by the tempera 
ture of the lubricating oil for determining the 
portions of said by-passed heated water which 
are to be delivered to the second heat exchanger 
and directly to the engine. 

4. A system for controlling the temperature of 
the cooling water and of the lubricating oil for 
an internal combustion engine wherein a first 
heat exchanger cools the water flowing from the 
engine and a second heat exchanger controls the 
temperature of the lubricating oil; characterized 
by the fact that there is combined with said first 
heat exchanger means controlled by the Water 
temperature for by-passing a portion of the heat 
ed water from the engine around said first heat 

75 exchanger for alternative delivery to said second 
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