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its passengers at one end while the
new passengers were getting aboard
at the other end. The straight-
through flow of passengers is similar
to the straight-through flow of air
in the two-cycle Diesel.

The two-stroke cvele and four-
stroke cycle may also be compared
by following the events which hap-
pen in cach engine during four strokes
of the piston—two up and two down.
It can readily be seen that the expan-
sion, or power, stroke occurs twice in
the two-stroke cycle for once in the
four-stroke cycle and that therefore
the two-stroke cycle engine would
develop twice the power. In a six
cylinder, two-stroke cycle engine
there are six power strokes to one
revolution of the crankshaft, produc-
ing an even flow of power.

FUEL INJECTION SYSTEM

The heart of the Diesel engine is the
fuel injection system. It is often stated
that the Diesel engine is simpler than
the gasoline engine because it elimi-
nates the carburetor and ignition
system. However, the fuel injection
system on the Diesel must be sub-
stituted for these parts and this in-
volves many highly technical prob-
lems in design and manufacturing.
The reasons will be obvious from the
description of a typical injector used
on a modern Diesel engine.

The first engines used compressed
air to blow the fuel oil into the cyl-
inder. Air at over 1000 pounds per
square inch pressure was necessary to
inject and atomize the oil. This is
just about the water pressure half a
mile down in the sea.

Most Diesel engines built today
use a pump to inject the fuel. “Solid
injection” is the term applied to this
system. There are many types of
pumps designed for solid injection.
They force the oil into the cylinder at
the tremendous pressures of from
3,000 to 30,000 pounds per square
inch. A mile deep in the sea the
water pressure is about 3,000 pounds
and at ten miles it would be 30,000
pounds.

Any fuel injection system must
perform several functions. It must
have a nozzle to inject a fine spray of
fuel into the combustion chamber.
It must have a high pressure pump
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to force the fuel through the injection
nozzle. It must have provision for
varying the quantity and timing the
fuel injected. Some systems use
separate pumps and nozzles with the
crankshaft driven pump located at a
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convenient place on the engine. The
pump is connected to the nozzles in
the cylinders by pipes.

One such system uses a single
plunger pump for all cylinders. A
distributor built into the pump dis-
tributes the fuel to each cylinder in
the proper amount and at the correct
time. Another type has a multi-
cylinder pump with a pump cylinder
for each engine cylinder.

A different system uses a combined
pump and nozzle in each engine
cylinder, termed a unit injector. We



will use this type to explain the
operation of fuel injection in a
Diesel engine.

In the unit injection system there is
a small pump for each cylinder which
is operated by a mechanism similar
to that which operates the valves.
The fuel must be split up into a fine
fog as it enters the cylinder so it will
burn rapidly and completely. A
nozzle with a number of holes about
the diameter of a small needle point
breaks the oil into a fine spray. Its
operation is similar to that of an
atomizer. The unit injector has a
pump and spray nozzle for each cyl-
inder. The pump and nozzle are in
one piece—hence the term, unit
injector.

The unit injector has few moving
parts but those it does have are made
with a high degree of accuracy. The
pump piston is fitted to the pump
cylinder to an accuracy of 30 to 60
millionths of an inch. This does not
mean much to us unless we compare
it with something we are familiar
with, If the thickness of a human
hair, or the paper on which this is
printed, were divided into 100 equal
parts we would obtain a dimension
equal to 30 millionths or that of the
clearance between the pump piston
and cylinder. This accuracy is neces-
sary to prevent leakage of the oil past
the piston, for the pressure in the fuel
pump may reach 30,000 pounds per
square inch.

The pump forces the fuel oil
through the small holes in the spray
tip at 13 miles a minute—780 miles
an hour. The high velocity breaks
the oil up into a fine, penetrating
fog. This oil fog, entering the cyl-
inder of hot compressed air, starts to
burn. The fuel injection continues

for the proper time and in the proper
amount to obtain good combustion.
The injector must pump just the
right amount of fuel oil at the right
moment and at the correct rate. In
the streamline train engines, the total
amount of fuel oil in one charge to
one cylinder varies between a drop
the size of a grain of rice and one the
size of a pencil eraser. In small
engines the charge is correspondingly
smaller.

A simple diagrammatic pump and
injection nozzle will be used to ex-
plain the operation of the unit in-
jector. The parts are named in the
first diagram.

The injector in this diagram is in
neutral position, just ready for an
injection stroke. The fuel inlet pipe
opening in the shell has been uncov-
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ered by the fuel pump plunger allow-
ing a charge of oil to fill the oil
chamber.

As the plunger moves down, the
fuel inlet opening is covered up.
This stops the flow of oil from the
fuel tank and allows the plunger to
start forcing the oil downward.

After the start of injection, the in-
jector parts are in the position shown
in the second diagram. The fuel
pump plunger moving downward
forces the oil before it and builds up
an oil pressure in the injector of sev-
eral thousand pounds per square
inch. This pressure, acting on the
lower end of the needle valve plunger,
lifts the needle valve off its seat. A
free passage is thus opened up so the
oil can be forced out of the fine holes
in the spray tip into the cylinder of
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hot compressed air. Injection is timed
to occur just before the piston of the
engine reaches the top of its stroke.

It is necessary to vary the amount
of fuel which the injector pumps into
the cylinders because the engine
takes less fuel when it is running
slowly or when it is not necessary to
pull the full power load. In the gaso-
line engine we have a throttle or
accelerator which varies the amount
of the gasoline-air mixture with
which the engine is supplied. In the
Diesel, the throttle varies the amount
of fuel which the injector sprays into
the engine cylinder. In the simple
injector diagram it was not possible
to show this action. However, in the
unit injector less fuel is injected by
varying the effective stroke of the
fuel pump plunger. The unit injector
is intricate in structure because of
the provision for this operation.

THE BLOWER SUPPLIES
THE AIR

In the four-stroke cycle engine the
air is pulled into the cylinder by the
downward movement of the piston
on the intake stroke. The two-stroke
cycle engine does not have a com-
plete intake stroke, so an external
method must be used to fill the cyl-
inder with air. In other words, the
four-stroke cycle engine uses the en-
gine as an air pump half of the time;
the two-stroke cycle engine uses an
efficient external air pump to fill the
cylinder with a fresh charge of air.
A number of methods are possible.
Almost any type of air pump can be
used. One type will serve as an
example of the air pumps which are
most successful. This pump also may
be called a blower.



The blower which is shown in the
illustration is called a Roots type. It
has three lobes in each rotor, shaped
something like giant gear teeth. The
lobes in the two rotors mesh when
they are rotated just as the teeth in
two gears mesh, although they do
not actually touch. The blower is
driven by the engine through a set
of gears.

When the rotors revolve in the
direction shown, air enters at the
bottom opening and is trapped be-
tween the rotors and the case which
surrounds them. The air is dis-
charged at the top opening. This air
is piped to the intake ports surround-
ing the cylinder. The revolving door
in many of our office buildings acts
something like one side of the Roots
blower. Each person who is trapped
between the doors and the side repre-
sents a charge of air in the blower.

The drawing shows a simple Roots
blower which gives a pulsating flow
of air. To give a constant stream of
air and to reduce the noise, spiral
rotors are used.

Some engines use two blowers. In
addition to the Roots blower there is
a turbocharger, which is a centrifugal
blower driven by exhaust gases from
the engine.
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The diagram shows the general
principle. The exhaust from all the
cylinders is piped to the turbocharger
where it drives a turbine wheel at
high speed. On the other end of the
turbine shaft is the centrifugal
blower, a fan-like device which takes
in atmospheric air and forces it out
under pressure. This air then goes to
the regular Roots blower and from
there to the cylinders. The Roots
blower can be driven slower in turbo-
charged engines, or may be smaller,
as the turbocharger acts to help sup-
ply the engine air requirements.
When starting, the Roots blower is
needed to supply the required air.

A turbocharger system increases
the engine’s efficiency by using some
of the energy otherwise wasted in
exhaust. Thus more power can be
obtained from the same fuel or the
same power from less fuel.

Air Intake

WHAT ABOUT DIESEL
FUEL?

Diesel engines have been run on
various types of fuels: powdered coal,
tar, vegetable oils, animal fats, and
petroleum oils. However, it is not
correct to say that any Diesel engine
will run satisfactorily on all of these
fuels. Your furnace will probably
burn many kinds of fuel also. Paper,
straw, oils, wood, and coal of various
grades can all be used. However, you
know from experience that one type
of fuel is best. It gives less ash, holds
the fire well, burns without smoking
and gassing, does not soot up the
furnace. Likewise in the Diesel en-
gine, one [uel burns best. Diesels do
not, as a rule, burn crude oil.

The Diesel requires a distilled
petroleum fuel oil which is held to
specifications as strict as those for
the gasoline used in your car. First,
it must be fluid enough so it can be
pumped and injected into the cyl-
inder. Second, it must be clean or
else the closely fitted parts of the fuel
system will wear rapidly and the fine
holes and passages will be plugged.
Third, it must have the proper igni-
tion properties so it will burn rapidly
when it is injected into the hot com-
pressed air in the cylinder and so the
engine will start readily. Fourth, it
should be reasonable in price.

This last factor, price, is often mis-
understood. It is only partly true
that the Diesel engine runs on a
cheaper fuel than the gasoline en-
gine. At the present time the fuel oil
used is much the same as the fuel
oil used in household oil burners.
The price per gallon of this oil and
of gasoline is almost the same at the
refinery. The big difference to the
customer comes in the extra cost of
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distribution and especially the tax on
gasoline. In the last few years many
states have increased the tax on Die-
sel fuel, and if more processing of the
fuel oil becomes necessary to suit the
requirements mentioned in the pre-
ceding paragraph, the difference be-
tween the cost of Diesel fuel oil and
gasoline may disappear entirely.

However, there are two factors
which operate in favor of the Diesel
insofar as fuel costs are concerned.
First, the Diesel engine is more effi-
cient than the gasoline engine, when
running at full speed and developing
full power. Second, the Diesel is very
much better than the gasoline engine
when developing only part of the full
rated power,

The real reason for the lower fuel
costs on a Diesel engine is not be-
cause it burns a cheaper fuel, but
because it obtains more useful work
from the fuel.

STARTING

To start a Diesel engine it is only
necessary to start it turning over
with the throttle partly open. This
initial movement can be obtained in a
number of different ways. A common
method in large engines is to inject
compressed air into the cylinders.
The illustration shows the method.
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Air from a tank is connected to a
valve in the top of the cylinder.



When the valve is open, the highly
compressed air forces the piston
downward. After a few revolutions,
using the compressed air to rotate
the engine, the fuel will ignite and
keep it going.

When the Diesel engine is con-
nected to an electric generator, the
generator is often used as a motor to
turn the engine over.

Smaller engines may be started by
using an electric starter similar to
that used on an automobile. Another
efficient type uses the power of fluids
under pressure to drive a hydraulic
starting motor. An engine driven
pump compresses a chamber of oil to
a pressure of approximately 3,000
pounds per square inch. A starter
lever releases the pressurized oil into
the hydraulic motor which rotates
the engine.

POWER TRANSMISSION

Various arrangements are used for
transmitting the power of Diesel
engines. Sometimes they are con-
nected to electric generators, pro-
ducing electricity which in turn drives
something else. Sometimes they are
connected directly to machinery by
belts or shafts.

Recently hydraulic torque con-
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verters have been used more and
more between the engine and the
machine it is driving. These operate
very much like the torque converters
now used as automatic drives on
many automobiles. They not only
smooth out the application of power,
protecting both engine and driven
machinery from sudden shock loads,
but also increase the starting torque.
They have made it possible to use
Diesel power in places where it was
not practical formerly—such as in
certain types of railcars—and have
improved the performance of many
other types of equipment.

It is often necessary to be able to
reverse a Diesel engine. Some large
engines are designed to run equally
well in either direction. When it is
desired to reverse one it is brought to
a stop, the camshaft is shifted to
change the timing of the valves, and
it is started again rotating in the
opposite direction.

Smaller engines ordinarily use
gears for reversing. Recently, particu-
larly in the marine field, new types of
hydraulically operated clutches and
reversing gears have greatly increased
the ease and speed with which this
maneuver can be accomplished.

DIESELS WORK AT
MANY TASKS

The first spectacular application of
Diesel power was the installation in
the streamlined trains in 1934.
From that small beginning, the
Diesel locomotive has gone on to
prove itself such a superior performer
and so economical that it has
replaced the steam locomotive in all
classes of service on American rail-
roads and is now widely used in
countries around the world. Hitherto
undreamed of passenger train sched-
ules became commonplace in the
United States behind high speed
Diesel passenger locomotives that
sometimes are rated at as much as
9,600 horsepower, sixteen times that
of the original streamlined train.
Equally dramatic are today’s
powerful, high-speed Diesel freight
locomotives that haul both light and
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Diesel Powered Train

heavy tonnage trains at virtually
passenger train speeds to save many
days in transit in transcontinental
service.

Less spectacular, but equally
essential, are the smaller Diesel
locomotives for switching, transfer,
branch line and suburban service,
built in sizes ranging from 600 to
2,500 horsepower. These locomotives
can be operated 24 hours a day
without frequent fueling and will
show a saving in fuel and main-
tenance costs generally sufficient to
pay for themselves in five years.

In practically all Diesel locomo-
tives, the Diesel engine drives power-
ful electric generators. The electric
current which they generate is used
to operate large electric motors
geared to the axles of the driving
wheels of the locomotive. This makes
a flexible drive between the Diesel



Five-unit Freight Locomotive

engine and the wheels, giving great
pulling power to start and high
maximum speeds.

To the customers of the railroad,
the Diesel powered trains have meant
speedier and highly dependable
transportation with greater comfort.
To the railroads, the Diesel has

meant lower operating costs, high
fuel savings, and less time in the
roundhouse. In arid regions where
water is difficult to obtain, the Diesel
locomotive makes it unnecessary to
maintain an expensive water supply.
Because it is available more of the
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time, one Diesel locomotive can often
be substituted for several steam
locomotives. To cities and land
owners along the railroad, the Diesel
means freedom from smoke and
cinders, with the resulting cleanliness.

Today, the railroads represent only
one part of this expanding field of
Diesel power. Because of its efficiency
and economy, the Diesel has become
the most widely used power for a
great variety of heavy-duty commer-
cial and industrial jobs. These
engines are at work in nearly every
basic industry, and new applications
daily increase the potential of
Diesel power.

Wherever there is a big job to do,
Diesels are there. The paver that
lays long ribbons of highway—the
scraper that cuts a path through a
mountain—the huge off-highway
truck that carries fill for a new dam—
the shovel that digs the foundation
for a new dwelling—all can rely on
Diesel power to drive them.

Other miscellaneous applications
are air compressors, hoists and
winches, cotton gins, refrigerating
machinery and similar equipment.

Diesel Switch Engine

Boats
Powered by
Diesel

Driving electric generators is
another important application of
Diesel engines. Whether a small
portable generator set, a stand-by
unit, or a complete power plant for
constant operation or peak load use,
Diesel reliability is proving an
economical answer.

Lumbering operations and oil wells

are somewhat specialized fields but
offer typical examples of how the
same basic type of Diesel engine can
be used to handle many different
jobs on one large operation. The
crawler tractor or towering crane
that skids the fallen timber to the
loading area, the log-lifter loading
the logs onto a trailer, the heavy-duty

Diesel Powered Tugboat
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truck, the sawmill with its giant
blades—all operate by Diesel power.
And in the oil fields Diesel engines
drive the tractors that clear the site,
the truck that pulls the rig, the rotary
table twisting the diamond bit into
the rocky earth, the draw-works that
slowly lower the pipe or hastily pull
it back, the mud pump and many
other pieces of equipment operating
under conditions where efficiency
and reliability are essential.
Whether the engine pulls itself or
whether it is firmly fastened to a
foundation; whether the service is
continuous or intermittent; whether
the speed is constant or changing;
the Diesel has proved to be an
economical, dependable source of
power. It comes in small sizes and
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large, and by adding or combining
units almost any desired quantity of
power can be obtained.

In the motor vehicle field the
Diesel engine is making increasing
strides. It provides power for com-
mercial vehicles of every type and
description—{rom the huge highway
trucks and moving vans to the small
dump trucks and city delivery trucks,
from the high-speed buses which
cross the continent to the city buses
maneuvering through heavy traffic.
The constant refinement in size and
weight has opened up new oppor-
tunities for putting Diesel power
“on wheels.”

For commercial vehicles the
economy and reliability of the Diesel
engine result in large savings in

operating costs. The Diesel obtains
almost twice the fuel mileage of the
conventional gasoline power com-
mercial vehicle and alsc saves in
maintenance costs. With the mileage
recorded by some of these buses and
trucks—up to perhaps 25 times the
distance traveled annually by an
average passenger car—the resulting
savings are important.

On the water, Diesel engines have
proven their worth for years and
their use has been increasing con-
stantly for both fun and work. In all
types of vessels from small pleasure
craft to large freighters, the choice
more and more is Diesel power. The
engine may be directly connected to
the propeller or drive may be through
a reduction gear, depending upon
the size of the boat and the instal-
lation. In some cases a Diesel-electric
drive similar to that in the
locomotives is used.

When we consider the reliability
of the Diesel engine, its economy
resulting in greater cruising range,
and the added safety of its non-
volatile fuel, it is easy to see why it
is being installed in pleasure boats
large and small, in towboats, tugs,
fishing boats, ferry boats and the
new hydrofoil.

On land or sea, where power is
needed, Diesel can furnish it.
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DIESEL MARCHES ON
Even with all the increased usage in
recent years, the application of the
Diesel engine is still in its infancy.
Diesel history, as far as the public
interest is concerned, dates back to
the streamlined trains of 1934. From
that milestone on, there has been a
continual and gradual improvement
in these engines right up to the pres-
ent time.

Diesel engines played a large and
important part in World War II.
Landing boats, and submarines, tanks,
tractors and generator sets—in these
and hundreds of other applications
the Diesel made its mark and dem-
onstrated its untold possibilities for

‘the future.

Like the gasoline engine in its early
history, when its innumerable usages
were not realized, so it is with Diesel
today. Much progress has been made,
and present-day models are far differ-
ent than their heavy predecessors.
These improvements in design have
made many more usages of Diesels
possible. But the real contribution
that Diesel will make to our way of
living is only on the threshold. The
progress that is being made today
outstrips by far the past history of
Diesel accomplishments.

A new industry has come of age
—Diesel, the Modern Power.
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OTHER BOOKLETS OF A SIMILAR NATURE

“A POWER PRIMER"

“A Power Primer” strips the internal
combustion engine of its technical mys-
teries by presenting the simple elemen-
tary facts about engines in general use
today—automobile, aircraft, and Diesel.

"“ABC's OF HAND TOOLS"

A simple and informal text, together
with cartoons and drawings, tells the
right and wrong ways of handling and
using the more common hand tools.

“ELECTRICITY AND WHEELS"

A review of the outstanding milestones
in the history of electrical progress,
together with an explanation of the
“how” and “why” of the various elec-
trical units used in the automobile.

"THE STORY OF POWER"

Brief historical descriptions and simple
non-technical explanations of the var-
ious types of prime movers—wind and
water power, combustion engines, th

atom and solar energy. .

*PRECISION:
A MEASURE OF PROGRESS"

The story of measurement, tracing this
science from the time of Noah's Ark
up to the present, and even taking a
look at the future.

Address
PuBLic RELATIONS STAFF
GENERAL MoOTORS—DETROIT, MICHIGAN 48202
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