
unit 11 
cooling systems 

D u r i n g the engine's power s t roke , a mix tu re of air 
and fuel is burned in the cylinder. This burning 
creates a lot of heat . M u c h of this heat is used to 
push down the pis ton. S o m e of the heat goes into 
the engine 's par t s . We need a way to t ake the heat 
away from these engine par t s ; o therwise the par ts 
could be d a m a g e d . In this unit we will see how 
engines are cooled. 

LET'S F I N D OUT: When you finish reading and studying this unit, you should be able to: 
1. Describe the purpose of the engine cooling system. 
2. Describe the operation of the draft-type air-cooling system. 
3 . Explain the operation of the forced-air-circulation cooling system. 
4. List the components used in a liquid-cooling system. 
5. Trace the flow of coolant through a liquid-cooling system. 

DRAFT AIR COOLING 

There are several ways in which engines are 
cooled. One way is called liquid cooling. A liquid 
such as water circulates a r o u n d all the hot engine 
par t s . The water takes away the heat . Mos t a u t o ­
mobi le and o u t b o a r d engines are cooled this way. 

M a n y small engines are a i r -cooled. Air goes 
a r o u n d the engine par t s and takes away the heat . 
Air may be forced a r o u n d the engine pa r t s by a 
na tu ra l draft or by forced c i rcula t ion. Mos t 
motorcyc les and m o p e d s use a draft cool ing 
system. 

T h e c o m p o n e n t s tha t get the hot tes t , such as 
the cylinder and cylinder head, have fins, Figure 
11-1, to direct the greatest a m o u n t of air into 
contac t with the greatest a m o u n t of hot metal . 
W h e n the engine is running , heat builds up in the 
cyl inder head and cylinder. As the heat goes 
t h r o u g h the cylinder head and cyl inder , it moves 
out in to the cool ing fins, as shown in Figure 11-2. 

Heat mus t be removed from the cool ing fins. 
Th i s may be d o n e with a na tu ra l draft . As a 
motorcyc le . Figure 11-3, or m o p e d moves a long, 
it pushes t h rough the air. This air flows over the 
cool ing fins and carries away the heat . T h e faster 
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Figure 11-1. Air-cooled engines have cooling fins on 
cylinders and cylinder heads. (B.M. W. of North Amer­
ica Inc.) 

CYLINDER WALL 
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Figure 11-2. Heat goes through the engine parts and 
into the cooling fins. 

the motorcyc le goes, the more air flows over the 
engine. T h e only difficulty with this system is tha t 
when the motorcyc le is s topped and the engine is 

Figure 11-3. Air moves around the engine parts to 
cool them as this motorcycle goes down the road. 
(B.M.W. of North America Inc.) 

runn ing , there is no air flow over the engine. If the 
engine runs t oo long under these condi t ions , it 
will overheat . 

FORCED-AIR COOLING 

M a n y small engines used on lawn equ ipmen t 
and s ta t ionary e q u i p m e n t do not move or do not 
move fast e n o u g h for draft cool ing. Air has to be 
forced a r o u n d the par t s with a p u m p . In this 
section will see how the forced-air cool ing system 
works . 

The main a i r -cool ing par t s are cool ing fins, 
flywheel fins and a b lower hous ing . The engine 
par t s tha t get the hot tes t are the cylinder and 
cyl inder head. Both of these par t s have cool ing 
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fins, s imilar to those on a motorcyc le or moped 
engine, to cont ro l heat and air flow. 

The flywheel is used as a p u m p to move air 
a round the engine par ts . The flywheel has fins 
that help it p u m p the air. An engine with cool ing 
fins and flywheel fins is shown in Figure 11-4. 

The flywheel is covered over with a blower 
housing. The blower hous ing is used to direct the 
cooling air. There is an air inlet hole in the middle 
of the b lower hous ing . Cool ing air comes in this 
hole. A blower hous ing with an inlet hole is shown 
in Figure 11-5. 

The flywheel tu rns when the engine is runn ing . 
The fins on the flywheel m a k e it work like a fan. 
Cool air is pulled in the inlet hole of the blower 
housing. T h e inlet hole has a screen cover ing it, 
Figure 11-6. The screen keeps grass and other 
foreign objects out of the housing. 

The shape of the blower hous ing cont ro ls 
where the air goes. As shown in Figure 1 1-7, air 
goes up to the t o p of the b lower hous ing . It then 
goes t h rough each of the cool ing fins. The cool air 
takes heat away from the fins, and the engine 
parts are cooled down , Figure 11-8. 

Figure 11-6. A screen is used to keep grass and leaves 
from going into the blower housing. (Briggs & Stratton 
Corp.) 

CYLINDER 

Figure 11-8. Where air goes in and comes out of an 
engine. (Briggs & Stratton Corp.) 

LIQUID COOLING 

Most o u t b o a r d engines and a few motorcycle 
engines have a liquid cool ing system. The liquid 
cool ing system circulates liquid a r o u n d hot 
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engine par t s to carry off the heat . Coo lan t pas­
sages called water jackets su r round each cylinder 
in the block and the cylinder head very close to the 
valve area. Heat from the burn ing air-fuel mix­
ture passes t h rough the metal of the cylinder head 
and cylinder wall and enters the water jacke ts . 
T h e heat then goes into the liquid coolant circu­
lating t h rough the water jackets . 

An a d v a n t a g e of the liquid cool ing system is 
that it can take care of more heat than can air-
cool ing. A liquid carr iers heat more efficiently 
than a gas (air) does . A mult i-cyl inder l iquid-
cooled engine is also less expensive to m a k e , since 
the cyl inders may be cast toge ther in a block 
instead of m a d e separa te ly . An add i t iona l a d v a n ­
tage is that l iquid-cooling passages reduce engine 
noise so that engine opera t ion is much quieter . 

OUTBOARD COOLING SYSTEMS 

O u t b o a r d engines use liquid cool ing because 
often they are large, mul t i -cyl inder engines which 
would be difficult to cool by air. Since they are 
a lways opera ted in water , they have a ready 
source of coolant . Cool ing water is pulled into the 
lower unit of an o u t b o a r d near the propel ler . The 
water is directed up into the power unit , where it 
c irculates t h rough passages in the cylinder and 
cylinder head. The water removes the heat . T h e 
heated water is directed back d o w n to the lower 
unit where it goes out of the engine. The water 
c i rcula t ion t h rough an o u t b o a r d is shown in Fig­
ure 1 1-9. Wate r is pulled into the ou tboa rd and 
circulated th rough the engine by a water p u m p . 
T h e p u m p , usually located in the lower unit , is 
dr iven by the drive shaft tha t drives the propel ler . 
T h e p u m p consists of a synthet ic rubber impeller , 
which is keyed to the driveshaft , and a p u m p 
hous ing , which is offset from center with respect 
to the driveshaft . As the impeller spins, a low-
pressure area is created in its center . Wate r is 
d r awn into the center of the impeller and is 
t h r o w n off the impeller b lades by centrifugal 
force. This causes water to be d r a w n in and 
pushed out of the p u m p . 

M a n y o u t b o a r d s use a p u m p that has a variable 
vo lume . It p u m p s less water at high speed. This is 
necessary because the p u m p t u r n s so fast at high 
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Figure 11-9. Coolant flow through an outboard 
engine. (Evinrude Motors) 

speed tha t water would move too fast t h rough the 
engine. Also, engine power is needed to tu rn the 
p u m p . If the p u m p does not have to work as hard 
at high speed, less engine power is wasted. This is 
achieved by mak ing the p u m p impeller blades 
flexible. At low speeds the blades contac t the 
hous ing , crea t ing a good seal between the blades. 
A high vo lume of water is pulled in. At high 
speed, water resis tance prevents the blades from 
touch ing the hous ing . T h e p u m p is less effective 
and the vo lume of water decreases. T h e shapes of 
the impeller blades at high and low speed are 
shown in Figure 1 1-10. An ou tboa rd engine must 

HIGHSPEED LOW SPEED 

Figure 11-10. Shape of impeller blades at high and low 
speed. (E\inrude Motors) 
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always be ope ra ted in water so tha t there is a 
coolant flow. In the shop , o u t b o a r d s are opera ted 
in a water t ank like the one shown in Figure 11-11. 

Efficient t empera tu re cont ro l is achieved in a 
l iquid-cooling system by regulat ing the flow of 
coolant t h r o u g h the system with a t he rmos t a t , 
Figure 11-12. The the rmos ta t is a t empera tu re -

contro l led valve which cont ro ls the flow of water 
into the r ad ia to r from the engine. 

A t h e r m o s t a t prevents overcool ing. An engine 
opera t ing at t oo low a t empera tu re becomes less 
efficient. D u r i n g the power s t roke , heat from the 
burn ing mix tu re is pushed d o w n the pis ton. If t oo 
much of this heat is lost to the cool ing system, 

Figure 11-11. Outboards must be operated in a water tank in the shop for cooling. 

Figure 11-12. A thermostat regulates the flow of 
coolant. 
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Figure 11-13. Sectional view of a thermostat. (Chev­
rolet Div. — General Motors Corp.) 

power and efficiency also are lost. If the cyl inder 
area is too cool , fuel will not b u r n complete ly . 
S o m e of the fuel may run d o w n the cyl inder walls 
past the rings, washing off lubricat ing oil. E n o u g h 
gasol ine may enter the oil pan to di lute the oil. 
D u r i n g the exhaus t s t roke , u n b u r n e d gasol ine 
that did not wash d o w n the cylinder is pushed out , 
a d d i n g to exhaus t emiss ions . Whenever the fuel is 
not bu rned complete ly , power is lost and fuel 
economy suffers. 

In a pellet t h e r m o s t a t , F igure 11-13, a wax 
pellet or power element in the the rmos ta t expands 
when heated and shr inks when cooled. T h e pellet 
is connected th rough a pis ton to a valve. T h e 
heated pellet pushes against a rubber d i a p h r a g m 
which forces the valve to open. As the pellet 
shr inks on cool ing , it a l lows a spr ing to close the 
valve and s top c i rcula t ion of coolan t t h r o u g h the 
power head. 

As the engine becomes warm, the pellet gets big 
and the the rmos t a t valve opens , permi t t ing the 
coolan t to flow th rough the rad ia tor . This open­
ing and closing of the t he rmos t a t valve permi ts 
e n o u g h coo lan t to enter the power head to keep 
the engine within ope ra t i ng - t empera tu re limits. 
The t h e r m o s t a t is m o u n t e d in the coo lan t passage 
leading to the power head. 

MOTORCYCLE COOLING SYSTEMS 

As ment ioned previously, most motorcycles 
have ai r -cooled engines. A few large tour ing 
motorcycles use a l iquid-cool ing system. A liquid 

is c i rculated t h r o u g h the engine to carry away the 
heat . A coolan t p u m p circulates the coolan t and a 
t h e r m o s t a t regulates the flow. These pa r t s work 
like those described for ou tboa rds . 

T h e heat r emoved from the hot engine par t s by 
the coo lan t mus t then be removed from the cool­
an t . This is d o n e by p u m p i n g the hot coo lan t out 
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Figure(lJjT4y Flow of air and coolant through a radia­
tor. (E. I. DU Pont D E Nemours & Co.) 
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of the engine and into a heat exhanger , c o m m o n l y 
referred to as a radiator. The r ad i a to r removes 
heat from the coolant . 

The r ad i a to r , m o u n t e d in front of the engine, is 
made up of a t op tank , a b o t t o m tank and a center 
core or heat exchanger . Hot coo lan t is p u m p e d 
out of the engine t h r o u g h a large hose connected 
to the t o p tank. It enters the r a d i a t o r c o r e th rough 
several small d i s t r ibu t ion tubes . These tubes are 
made from a metal tha t is a good heat c o n d u c t o r , 
usually copper or a l u m i n u m . T h e heat passes out 
of the liquid and into the wall of the tubes , which 
are fitted with copper or a l u m i n u m fins. Air circu­
lated t h r o u g h the core by the motorcycle moving 
th rough the air takes the heat from the fins. The 
cooled liquid runs into the b o t t o m tank of the 
rad ia tor . A large hose a l lows the coo lan t to be 
d rawn from the b o t t o m t ank back into the engine 
to pick up more heat , Figure 1 1-14. 

NEW TERMS 

air cooling: Cool ing engine par ts by circulat ing 
air a r o u n d them, 

air pump: P u m p used with an air-cool ing system 
to force air a r o u n d hot par ts , 

coolant: Liquid used in l iquid-cool ing system to 
carry away heat ; usually a mix tu re of e thylene 
glycol and water, 

coolant pump: P u m p used to circulate coolan t 
a round hot engine par ts . 

cooling fins: Metal fins used on air-cooled engine 
par ts to move heat away from the parts , 

cooling system: An engine system used to keep 
the engine's t empera tu re within limits, 

radiator: A large heat exchanger located in front 
of the engine, 

thermostat: A device in the cool ing system used 
to contro l the flow of coolant , 

water jackets: Passages in the cylinder block and 
head for coolant flow. 

SELF CHECK 

1. Why do engine par ts get hot? 
2. W h a t can happen if engine pa r t s get too hot? 
3. W h a t are the three ways in which engines are 

cooled? 
4. H o w is an air draft used to cool an engine? 
5. List the main forced-air cooling par ts . 
6. Wha t are cooling fins used for? 
7. Wha t does the flywheel do in air cooling? 
8. H o w does liquid cool ing work? 
9. Expla in the pu rpose and opera t ion of the 

coolan t p u m p . 
10. Describe the purpose of the rad ia tor . 

DISCUSSION TOPICS AND ACTIVITIES 

1. Use a cu taway model of an engine to trace the 
flow of cooling air t h rough the cool ing system. 

2. Pu t a the rmos ta t in a pan of hot water and 
observe opening of the valve. 


