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PREFALE

This is the fifth edition of Automotive Fuel, Lubricat-
ing, and Cooling Systems. The book has undergone
many changes in its five editions. These changes
parallel the many changes in engines, and in fuel,
lubricating, and cooling systems. Engines have been
improved year after year to make them more econom-
ical, more powerful, more flexible, and longer last-
ing. However, in recent years, the main thrust of
engine design work has been directed at reducing
atmospheric pollution. This has meant major
changes in carburetors and fuel systems, and the
introduction of new emission-control systems.
Included are positive crankcase ventilating (PCV)
systems, exhaust-gas recirculating (EGR) systems,
vapor-recovery systems, heated-air systems, air-
injection systems and thermal reactors, new types of
fuel tanks, electric-assist chokes, stratified-charge
engine designs, transmission-controlled vacuum
advance, and catalytic converters.

This new edition covers all these developments.
Included are two new chapters on automotive emis-
sion controls, with new material on catalytic con-
verters, and information on the lubricating systems
for overhead-camshaft and Wankel engines.

This fifth edition of Automotive Fuel, Lubricat-
ing, and Cooling Systems has been almost com-
pletely rewritten, and hundreds of new illustrations
have been added. All service procedures and specifi-
cations have been updated to include the latest
models and techniques. A feature of the new edition
is the introduction of the metric system of measure-
ments. When a United States Customary measure-
ment is used, it is usually followed by its metric
equivalent in brackets, for example, 0.002 inch
[0.051 mm].

The Workbook for Automotive Fuel, Lubricat-

ing, and Cooling Systems has been specifically pre-
pared to accompany the fifth edition of the textbook.
It includes the basic service jobs on automotive fuel,
lubricating, and cooling systems, as recommended
by the Motor Vehicle Manufacturers Association-
American Vocational Association Industry Planning
Council. Together, the textbook and the workbook
provide the background information and hands-on
experience needed to prepare a student to become
a qualified and certified automotive technician in
the fields of fuel, lubricating, and cooling systems.

To assist the automotive instructor, the Instruc-
tor’s Planning Guide for Automotive Fuel, Lubricat-
ing, and Cooling Systems is available from
McGraw-Hill. The instructor's guide was prepared
to help the automotive instructor do the best possi-
ble job of teaching by most effectively utilizing the
textbook, workbook, and other related instructional
materials. The instructor’s guide contains sugges-
tions on student motivation, classroom instruction
and related shop activities, the automotive curricu-
lum, and much more. In addition, it includes the an-
swer key for the tests at the end of each jobsheet
in the Workbook for Automotive Fuel, Lubricating,
and Cooling Systems.

Also in the instructor’s guide is a list of various
related textbooks and ancillary instructional mate-
rials available from McGraw-Hill. Used singly or
together, these items form a comprehensive student
learning and activity package. They provide the stu-
dent with meaningful learning experiences and help
the student develop job competencies in automotive
fuel, lubricating, and cooling systems and related
fields. The instructor’s guide explains how the vari-
ous available materials can be used, either singly or
in combination, to satisfy any teaching requirement.

WILLIAM H. CROUSE
DONALD L. ANGLIN
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10 THE STUDEIT

Automotive Fuel, Lubricating, and Cooling 8steins
is one of eight books which are included in the
McGraw-Hill Automotive Technology Series. These
books cover in detail the construction, operation,
and maintenance of automotive vehicles. They are
designed to give you all the information you need
to become successful in the automotive service busi-
ness. The books satisfy the recommendations of the
Motor Vehicle Manufacturers Association-American
Vocational Association Industry Planning Council.
The books also meet the requirements for automo-
tive mechanics certification and state vocational
educational programs and recommendations for
automotive trade apprenticeship training. Further-
more, the comprehensive coverage of the subject
matter in the books makes them valuable additions
to the library of anyone interested in any aspect of
automotive engineering, manufacturing, sales, ser-
vice, and operation.

Meeting the Standards

The eight books in the McGraw-Hill Automotive
Technology Series meet the standards set by the
Motor Vehicle Manufacturers .Association (MVMA)
for an associate degree in automotive servicing and
in automotive service management. These standards
are described in the MVMA booklet “Community
College Guide for Associate Degree Programs in
Auto and Truck Service and Management.” The
books also cover the subjects recommended by the
American National Standards Institute in their de-
tailed standard D18.1-1972, “American National
Standard for Training of Automotive Mechanics for
Passenger Cars and Light Trucks.”

In addition, the books cover in depth the subject
matter tested by the National Institute for Automo-
tive Service Excellence (NIASE). The tests given by
NIASE are used for certifying general automotive
mechanics and automotive technicians working in
specific areas of specialization under the NIASE
voluntary mechanic testing and certification pro-
gram.

Getting Practical Experience

At the same time that you study the books, you
should be getting practical experience in the shop.
That is, you should handle automotive parts, auto-
motive tools, and automotive servicing equipment
and you should perform actual servicing jobs. To
assist you in your shop work, there is a workbook
for each book in the Automotive Technology Series.
For example, the Workbook for Automotive Fuel,
Lubricating, and Cooling Systems includes the jobs

whicll cover every basic servicing procedure on
automotive-fuel, lubricating, and cooling systems. If
you do every job in the workbook, you will have
hands-on experience with all fuel, lubricating, and
cooling system servicing work.

If you are taking an automotive mechanics
course in school, you will have an instructor to guide
you in your classroom and shop activities. But even
if you are not taking a course, the workbook can act
as an instructor. It tells you, step by step, how to
do the various servicing jobs. Perhaps you can meet
others who are taking a school course in automotive
mechanics. You can talk over any problems you
have with them. A local garage or service station is
a good source of pragtical information. If you can
get acquainted with the automotive mechanics there,
you will find that they have a great deal of practical
information. Watch them at work if you can. Make
notes of important points for filing in.a notebook.

Service Publications

While you are in the service shop, study the various
publications received at the shop. Automobile man-
ufacturers, as well as suppliers of parts, accessories,
and tools, publish shop manuals, service bulletins,
and parts catalogs. These help service personnel do
a better job. In addition, numerous automotive mag-
azines are published which deal with problems and
methods of automotive service. All these publica-
tions will be of great value to you; study them care-
fully.

These activities will help you get practical ex-
perience in automotive mechanics. Sooner or later
this experience, plus the knowledge that you have
gained in studying the books in the McGraw-Hill
Automotive Technology Series, will permit you to
step into the automotive shop on a full-time basis.
Or, if you are already in the shop, you will be
equipped to step up to a more responsible job.

Checking Up on Yourself

You can check up on your progress in your studies
by answering the questions given every few pages in
the book. There are two types of tests, progress
quizzes and chapter checkups, the answers to which
are given at the back of the book. Each progress quiz
should be taken just after you have completed the
pages preceding it. The quizzes allow you to check
yourself as you finish a lesson. On the other hand.
the chapter checkups may cover several lessons,
since they are review tests of entire chapte:s. Be-
cause they are review tests, you should revieww i
entire chapter by rereading it or at least paging

ix



through it to check important points before trying
the test. If any of the questions stump you, reread
the pages in the book that will give you the answer.
This sort of review is valuable and will help you
to remember the information you need when you
work in an automotive shop.

Keeping a Notebook

Keeping a notebook is a valuable part of your train-
ing. Start it now, at the beginning of your studies
of automotive fuel, lubricating, and cooling systems.
Your notebook will help you in many ways. It will
be a record of your progress. It will become a store-
house of valuable information you will refer to time
after time. It will help you learn. And it will help
you organize your training program so that it will
do you the most good.

When you study a lesson in the book, have your
notebook open in front of you. Start with a fresh
notebook page at the beginning of each lesson. Write
the lesson (or textbook page number) and date at
the top of the page. As you read your lesson, jot
down the important points.

" In the shop, use a small scratch pad or index
cards to jot down important points. You can transfer
your notes to your notebook later.

. You can also make sketches in your notebook

x To the Student

showing wiring or hose diagrams, fuel systems, and
so on. Save articles and illustrations from technical
and hot-rod magazines and file them in your note-
book. Also, save instruction sheets that come with
service parts. Carburetor overhaul kits, for example,
have instruction sheets explaining how to overhaul
and adjust carburetors. Cement or tape these sheets
to paper and file them in your notebook.

Your notebook will become a valued posses-
sion—a permanent record of what you learned about
automotive fuel, lubricating, and cooling systems.

Glossary and Index
There is a glossary (a definition list) of automotive
terms in the back of the book. Whenever you have
any doubt about the meaning of a term or the pur-
pose of an automotive part, you can refer to this
glossary. Also, there is an index at the back of the
book. This index will steer you to the page in the
book where you will find the information you are
seeking.

And now, good luck to you. You are studying
a fascinating, complex, and admirable machine—the
automobile. Your studies can lead you to success in
the automotive field, a field where opportunities are
nearly unlimited.
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chapies

AUTOMOTIVE FUNDAMENTALS

This chapter discusses engine operation. It supplies you with the background
information you will need to understcsid the operation of automotive fuel,

lubricating, and cooling systems.

© 1-1 Purpose of This Book You have shown your
interest in automotive engines by starting to read
this book. We hope to maintain your interest by
giving you a great deal of information on engine fuel,
cooling, and lubricating systems, particularly as
concerns their construction, operation, and service.
Regardless of what job you have or hope to have
in the automotive field, the information in this book
should prove of value to you. The automotive me-
chanic, the automotive engineer, and the people
working at the higher level in automotive manufac-
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ture, sales, service, or operation should be able to
do their job better if they have the information in
this book at their fingertips. And naturally, this infor-
mation will equip them for the bigger job ahead. The
person who knows the facts and can use them in
a practical way is the person who forges ahead in
his or her chosen field. This book is designed to help
you be that person.

© 1-2 Components of the Automobile Before we
begin our studies of fuel, lubricating, and cooling

SN
]
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Fig. 1-1. Location of major components in the automobile. (Young and Rubican)



SPRING
SHACKLE

DIFFERENTIAL
REAR- AXLE HOUSING
SHOCK ABSORBER

DRIVE SHAFT
UNIVERSAL JOINT

MUFFLERS
TRANSMISSION

EXHAUST MANIFOLD
STARTING MOTOR
ALTERNATOR

UPPER SUSPENSION ARM

systems, let us take a quick look at the complete
automobile (Fig. 1-1, p. 1) and the automobile engine.
The automobile consists of five basic mechanisms,
or components. These are:

1. The engine, which is the source of power, in-
cluding the fuel, lubricating, cooling, and electric
systems

2. The frame, which supports the engine, wheels,
steering and brake systems, and body

3. The power train, which carries the power from
the engine (through the clutch, transmission, drive
shaft, differential, and axles) to the car wheels

4. The car body

5. Car-body accessories, including heater, lights,
windshield wipers, and so forth

Figure 1-2 illustrates the chassis of an automo-
bile. The chassis is made up of the frame, engine;

2 Automotive Fuel, Lubricating, and Cooling Systems
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CAP
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Fig. 1-2. Chassis of a
passenger car. The chas-
sis contains the source of
power; the frame, which
supports the engine,
wheels, and body; the
power train, which car-
ries the engine power to
the rear wheels; and the
steering and braking
systems (Cadillac Motor
Car Division of General
Motors Corporation)

CRANKSHAFT
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power train, wheels, and steering and brake systems.

© 1-3 Engine The engine (Figs. 1-3 to 1-5) is the
source of power that makes the car move. It is usu-
ally called an internal-combustion engine because
gasoline is burned inside the engine in the cylinders,
or combustion chambers. This is in contrast to
external-combustion engines (such as steam en-
gines), where the combustion takes place outside the
engine. The burning of gasoline in the engine cylin-
ders produces the power. The power is then carried
from the engine through the power train to the car
wheels so that the wheels turn and the car moves.

The fuel system plays a vital part in the power-
producing process since it supplies the gasoline to
the engine cylinders. Before we describe how the
fuel system does its job, let us review the actions
that take place in the engine cylinders. Most auto-
motive engines have six or eight cylinders. Since the

Fig. 1-3. Six-cylinder,
in-line engine with over-
head valves, partly cut
away to show the inter-
nal construction. (Ford
Motor Company)



same actions occur in each cylinder, wu need to
examine only one cylinder of the engine.

© 1-4 Engine Cylinder Figures 1-3 to 1-5 shov vari-
ous engines, cut away so that the internal part. can
be seen. As you study these pictures, you may .'nd
them somewhat confusing because they show all 1he
basic parts of the engine, including the cylinder.
pistons, valves and valve-operating mechanisms,
connecting rods, crankshaft, and so on.

Let us simplify the cylinder by showing it as
nothing more than a round container, closed at one
end and open at the other (Fig. 1-6), like a tin can
with the bottom cut out. A movable piston fits into
the cylinder. The piston is slightly smaller in diame-
ter than the cylinder, so that it can slip up inside
the cylinder, as shown in Fig. 1-6b. Note that the
cylinder is drawn as though it were transparent so
that the actions in the cylinder can be seen. For the

Fig. 1-4. Cutaway view of an eight-cylinder, V-type en- moment, you can think of the piston as a solid plug

gine. (Ford Motor Company)

\ %
CYLINDER WALL — 0.
CONNECTING ROD

which can slide into the cylinder. This action traps
air in the cylinder and compresses it (Fig. 1-6b). If
we could combine some gasoline vapor with the

_ROCKER ARM
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) VALVE
DISTRIBUTOR

VALVE
LIFTER

CAMSHAFT

OIL FILTER

CRANKSHAFT

Fig. 1-5. Cross-sectional
view of a six-cylinder
OlL PUMP engine. The piston is
near the top of its stroke.
Both the piston and the
cylinder are shown cut
in half. (Ford Motor
Company)
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a b c

Fig. 1-6. Threc steps in the actions in an engine cylinder.
(a) The piston is a second cylinder that fits snugly into
the engine cylinder. (b) When the piston is pushed up into
the engine cylinder, air is trapped and compressed. The
cylinder is drawn as though it were transparent so that
the piston can be seen. (c) As the pressure increases be-
cause of the burning of the gasoline vapor, the piston is
pushed out of the cylinder.

'compressed air and then apply a lighted match or
an electric spark to the air-vapor mixture, it is obvi-
ous what would happen. There would be an “explo-
sion” that would blow the piston out of the cylinder,
as shown in Fig. 1-6c¢.

This is actually what happens (with some mod-
ification) in each engine cylinder. a mixture of gaso-
line vapor and air enters the cylinder, the piston
pushes up into the cylinder to compress the mixture,
and then an electric spark ignites the compressed
mixture so that the piston is forced downward. Of
course, in the engine the piston is not blown com-
pletely out of the cylinder; the piston simply moves
up and down in the cylinder—up to compress the
mixture, down as the mixture burns.

© 1-5 Changing Reciprocating Motion to Rotary
Motion The piston moves up and down in the cyl-
inder. This straight-line motion is called recipro-
cating motion; the piston moves in a straight line.
This straight-line motion must be changed to rotary
motion before it can be used to make the car wheels
rotate. A connecting rod and a crank on the engine
crankshaft make this change (Fig. 1-7). The crank is
an offset section of the crankshaft. It swings around
in a circle as the shaft rotates (Fig. 1-8). The connect-
ing rod connects the crankpin on the crank and the
piston (Figs. 1-9 and 1-10). The crank end of the con-
necting rod is attached to the crankpin by fastening
the rod cap to the connecting rod with the rod bolts.
Bearings in the rod and cap permit the crankpin to
rotate freely within the rod. The piston end of the
connecting rod is attached to the piston by the piston
pin, or wrist pin. Bearings in the piston or in the
rod to tilt back and forth freely.

Now let us see what happens as the piston
moves up and down in the cylinder (Fig. 1-11). As
the piston starts down, the connecting rod tilts to

4 Automotive Fuel, Lubricating, and Cooling Systems
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Fig. 1-8. As the crankshaft rotates, the crankpin swings
in a circle around the shaft.

one side so that the lower end of the rod can follow
the circular path of the crankpin. Study the se-
quence of action in Fig. 1-12 to see how the rod tilts
first to one side and then to the other as the lower
end moves in a circle with the crankpin.

© 1-6 Valves " There must be some means of getting
the burned gasoline vapor out of the engine cylinder
and of bringing fresh charges of gasoline vapor and
air into the cylinder. The engine valves do this job.
There are two openings, or ports, in the enclosed end
of the cylinder, each containing a valve. The valves
are accurately machined plugs on long stems. When
they are closed, or seated (that is, moved up into the
ports), the ports are sealed off and gas cannot pass
through the ports. When the valve is open (as shown
in Fig. 1-13), gas can pass through the port.

The valves are opened by cams on the engine
camshaft (Fig. 1-14). A cam on the camshaft, as well
as the rest of the valve-operating mechanism, is
shown in Fig. 1-15. The cam has a high point, or lobe;
every time the cam rotates, the lobe comes around
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ROD - BEARING
CAP

Fig. 1-9. Piston, connecting rod, piston pin, and crank of
a crankshaft in disassembled view. The piston rings are
not shown.

PISTON

PISTON PIN
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ROD - CAP BOLT
gl — CRANK
ROD CAP

CRANKSHAFT

Fig. 1-10. Piston and connecting-rod assembly attached
to a crankpin on a crankshaft. The piston rings are not
shown. The piston is partly cut away so that you can see
how it is attached to the connecting rod.

under the valve lifter and moves it upward. The
lifter then carries this upward movement through
the pushrod to the rocker arm. The rocker arm
pivots on its support and pushes down on the valve
stem, causing the valve to move down, that is, to

PISTON

PISTON PIN

BEARING (IN PISTON)
RECIPROCATING

CONNECTING
ROD

BEARING
(IN ROD)

ROTARY MOTION
OF CRANKSHAFT

COUNTERWEIGHTS

Fig. 1-11. The crankpin moves in a circle around the
crankshaft while the piston moves up and down.
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open. After the cam has turned enough to move the
lobe out from under the lifter, the heavy valve spring
pulls the valve back onto its seat. The spring is
attached to the upper end of the valve stem by a
spring retainer and lock. Figures 1-16 and 1-17 show
how the valve train works. ‘ '

There is a cam for each valve (two cams per
cylinder) on the engine camshaft. The camshaft is
driven off the crankshaft by gears (Fig. 1-16) or by
sprockets and a chain (Fig. 1-18).

© 1-7 Engine Operation We have noted that the
piston moves up and down in the cylinder and that
the valves open and close to admit fresh charges of
air and gasoline vapor and to discharge burned
gases. Let us see how these actions occur. The ac-
tions can be divided into four stages, or four piston
strokes. A strike occurs when the piston moves from
one limiting position to the other. The upper limit
of piston movement is called top dead center, or
TDC. The lower limit of piston movement is called
bottom dead center, or BDC. A stroke is piston
movment from TDC to BDC or from BDC to TDC.

When the entire cycle of events requires four
piston strokes (two crankshaft revolutions), the en-
gine is called a four-stroke-cycle engine, or a four-
cycle engine. The four strokes are intake, compres-
sion, power, and exhaust. (Two-cycle engines are
also in use; in these, the entire cycle of events takes
place in two strokes, or one crankshaft revolution.)

NOTE: For the sake of simplicity in the follow-
ing discussion, the valves are considered to open at
TDC and BDGC, that is, at the upper and lower limits
of piston movement. Actually, they do not. The
valves open well before the piston reaches BDC.
Also, the illustrations of the four strokes (Figs. 1-19
to 1-22, pp. 8 and 9) are much simplified and show
the intake and exhaust valves separated and placed
on either side of the cylinder. This is done so that
both can be shown in the same illustration.

© 1-8 Intake (Fig. 1-19) On the intake stroke, the

intake valve is open. The piston moves down, pulled
by the rotation of the crankshaft. This piston move-
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CONNECTING
ROD

PISTON

CRANKSHAFT

Fig. 1-12. Sequence of actions as the crankshaft completes one revolution and the
piston moves from top to bottom to top again.

/CYLlNDER HEAD

VALVE-SEAT INSERT

VALVE STEM

VALVE
Fig. 1-13. Valve and valve seat in a cylinder head. The

cylinder head and valve guide have been cut away so that
the valve stem can be seen.
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LOCKWASHER

Fig. 1-14. Camshaft and related parts for a six-cylinder
engine. (Ford Motor Company)
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Fig. 1-15. Valve-operating mechanism for an I-head, or
_overhead-valve, engine. Only the essential moving parts
for one cylinder are shown.
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Fig. 1-16. Valve train on an engine using a pair of gears
to drive the camshaft. The cam lobe has pushed the push-
rod up so that the valve is opened.
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Fig. 1-17. Valve train of Fig. 1-16, showing how the valve

closes when the cam lobe moves out from under the valve
lifter.

TIMING CHAIN

Fig. 1-18. Crankshaft and camshaft sprockets with chain
drive for a V-8 engine. (Chrysler Corporation)
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