














A POWER PRIMER

and that the gas turbine will be the power plant of the future,
opening even more fields to the internal combustion engine.
-""F"'T-'.‘

We have seen that there are many differences hetween air-
craft engines and automobile engines. The radial reciprocating
engines have cylinders and pistons very similar to those in auto-
mobiles but they are put together in a new way which makes
them look quite different. Jet engines not only look different but
practically all of their parts and pieces are new to an automo-
bile man,

But when we get down to fundamentals and to our three
basic elements, the story is not the same. Appearances are deceiv-
ing, as is so often the case. These engines all depend on getting
air and fuel into the right place and igniting them at the right
time. They all depend on the expansion of the burning gases to
furnish their power. If we can keep the AIR, FUEL, and IGNI-
TION systems functioning properly, we don't have to worry very
much about other differences in the various types of engines.
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Diesel Engine

-I:IE Diesel engine has had considerable publicity in recent
years. It has made headlines in various fields, and almost every-
one has heard of it. But little has been said about what a Diesel
engine actually is. The impression has been given that this is an
entirely new kind of engine. Many men who would not hesitate to
tackle a repair job on an automobile engine will not even check
the oil on a Diesel. They claim they don't know anything about
them.

But there is nothing very different about a Diesel engine. It
is just an internal combustion engine like the others we have dis-
cussed. It is again just a question of getting air and fuel into a
eylinder and igniting them. AIR, FUEL, and IGNITION again.

Some of the early engines might well have frightened away
the amateur mechanic. Two stories high with a platform around
the top for the operator, the bore and stroke measured in feet
rather than inches, running 150 or 200 revolutions per minute—
these certainly did not resemble an automobile engine in any way.
And yet even these followed the same prineiples of operation of
the internal combustion engine. Such engines are still being built,
but it was the so-called “high speed” Diesel which first attracted
much publie notice, and that is the kind we are going to discuss
here. Much of what iz shown will apply to the low speed engines
as well, but we will concentrate on the lighter, high speed engines
commonly used in moving vehicles. “High speed” does not mean
what it does in a gasoline engine. It means about 1500 to 3000
revolutions per minute,
against perhaps 4000 or 5000
in the gasoline engine.

We will go back to our
basic eylinder unit again and
see what we must add to
make a Diesel engine out of
it. First, we need some valves
—intake and exhaust. In-
stead of a carburetor we have
an injector. We do not need
a spark plug, so we will put
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INJECTOR

the injector in its place. And there already we have all the parts
necessary for a Diesel engine.

We do have to make one other change however. We must
inerease the compression ratio. We mentioned in the early part of
this book that the higher the compression ratio of an engine, the
higher its efficiency. That is, we can get more power from the same
amount of fuel, or the same power from less fuel. One of the prin-
cipal advantages of the Diesel engine is its ability to use a high
compression ratio. These engines have a compression ratio of
about 16 to 1, some lower, some higher. That means that the pis-
ton at the top of its stroke has squeezed the contents of the eyl-
inder up into a small space only i the size of the cylinder when
the piston was at bottom dead center. The automobile engine has
a compression ratio of 8 or 814 to 1. The easiest way to make the
change [or our purposes here is to simply add some material to
the top of the piston so it will come closer to the evlinder head.
In actual practice of course all the parts of the engine would be
designed to give the proper eompression ratio,

Let us run this engine through one cyele. On the intake
stroke, one valve is open and as the piston goes down it draws in
a cylinder-full of air. Air, not air-fuel mixture. The valve closes
and the piston rises, squeezing that air up into a small space at
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the top of the cylinder. We have mentioned
before that air—or any other substance—gets
hot when it is compressed. This is the basis of
the Diesel engine, however, so it is worth repeat-
ing here. The piston squeezes that air into such
a small space, pushes on it so hard, that it gets
very hot. Its temperature rises to 1000 degrees
or more, Just at this time the injector squirts a
stream of oil into the eylinder. The oil mixes
with the hot air and starts burning, as that 1000
degrees is more than hot enough to ignite it.
The burning mixture expands just as in the
earburetor engines we have talked about. But
it expands more because of the higher compres-
sion pressure before ignition. The piston is
pushed down and turns the erankshaft. This of course is the
power stroke. Then the exhaust valve opens and the piston rises
and pushes the burned gases out. Thiz completes the cyele and
we are ready for the intake stroke again.

It is easy to see the main differences between the Diesel
eycle and the Otto cyele. In the Diesel cycle we mix the air and
fuel after compression; in the other we mix them before compres-
sion. The compression pressure is much higher in a Diesel engine.
And there is no electric ignition—we have compression ignition
in a Diesel, Other minor and more technical differences will come
out as we go along.

TWO-CYCLE Diesel

We have just described the prineiples of a four-cyele Diesel
engine. But there is another important type—the two-cycle Diesel.

The full name—two-stroke cycle—gives us an idea of what
it is. Instead of going through four strokes of the piston, two up
and two down, and then repeating, we have only two strokes for
the complete eycle, up and down. The eylinder fires once for each
revolution of the erankshaft. We have only a compression stroke
and a power stroke; in between or during these we must take care
of the intake and exhaust.

This is not a new idea, and it is not limited to Dieszels. We
have always wished we could get rid of those two intake and
exhaust strokes—wasted as far as power is concerned. Twice as
many power strokes means twice the power. There have been

81



A POWER PRIMER

many two-cyele gasoline en-
gines built, but their com-
merecial use in this country
has been limited in general to
small sizes and special pur-
poses. There is still consider-
able experimental activity on
two-cyele gasoline engines,
and we may see a much larger
field of use for them in the
future. But the two-cyele
Diesel has already made its
mark, so in this book we will
limit our discussion of two-
cyele engines to the Diesel
type.

Suppose we take the
four-cycle engine we have
just been discussing, and con-
vert that to one of the two-cyele variety. We leave the valves
there, but they are now both exhaust valves. We do not have to
change the injector. But we have to get the air in some way. So
we cut a row of holes, or ports, in the eylinder wall. These are
covered and closed off by the piston most of the time, but are
uncovered as the piston nears the bottom of its stroke. The air
comes in here.

A four-cyele engine on the intake
and exhaust strokes is really acting
as an air pump. Since we have elimi-
nated those strokes in the two-cycle
engine, we have to supply another air
pump, outside the engine. So we add
a blower to blow the air in the ports.

We now have a complete two-
eycle Diezel engine, Assuming the
piston at the bottom of its stroke,
just starting up, the intake ports will
be open and the exhaust valves will
be open. Air is being blown in the
ports and is pushing the exhaust
gases left from the previous cycle out  fweade and exhanse
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through the valves. When the piston
is about a quarter of the way up, the
valves will close and the ports will be
covered, The exhaust gases have all
been blown out and the eylinder is full
of fresh air. The rest of the stroke is
an ordinary compression stroke
squeezing that air into a small space
at the top.

Just before top dead center the
injector shoots a spray of fuel into
the chamber full of hot air. Ignition
and expansion take place just as in
the four-evele engine, and the piston
starts down on the power stroke. A
little more than halfway down, the
exhaust valves open and the burned gases start to escape. As the
piston goes farther, it uncovers the ports and fresh air is again
blown into the cylinder. Just as before, this helps to get the
exhaust gases out, and also fills the eylinder with air. The piston
has reached bottom dead center and the cycle is complete, all
in one turn of the erankshaft.

We can see that the compression and power strokes are not
much different than we have been used to in four-cycle engines.
But the exhaust and intake take place more or less together and
in a much shorter length of time. (See
page 85.) We cannot use the piston to
push the exhaust gases out, so we have
to blow them out with air under pres-
sure. We cannot draw the air in by
the movement of the piston, so we
have to foree it in. The blower takes
care of both of these requirements.

The two-cyecle engine, by having
a power stroke every revolution, can
produce about twice the power of a
four-cyele engine of the same size and
almost the same weight. The blower
of course uses up some power. The
heaviness of Diesel engines has always
been one of their greatest disadvan-
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tages, particularly for use in vehicles
of any sort. So the smaller, high-speed,
two-cyele Diesel has been very sue-
cessful in opening up new fields for
this type of engine—fields in which
the Diezel was formerly believed to
be impractical.

Mechanical Features

Diesel engines are composed of
single eylinders put together in vari-
ous arrangements, just as we have
seen the automobile and aireraft en-
gines formed. We can fasten the eyl-
inders together any way we please,
depending on what we are going to
use the engine for. The most common is the in-line type, with
anything from 2 to 8 cylinders. But there are also opposed
piston engines, and air-cooled radial engines looking very much
like gasoline aircraft engines. Most of the Diesel-powered trains
have V-type engines,

One rather different design is known as the “pancake”
engine. It is really a four-bank radial. It is built up of four radial
engines, each having four eylinders. In operation it is mounted
vertically, its erankshaft on end, so that the four radials give the
appearance of a stack of wheat cakes on a plate.

With so many different sizes and types of Diesel engines,
their construction naturally varies widely. The smaller, high

DIESEL ENGINE

FOUR EVENTS OF
4 CYCLE

FOUR EVENTS OF
2 CYCLE

Each circle represents one revolution of the crankshaft.
It goes around in a clockwise direction.

With the four-cycle engine, two circles are needed for the
complete cycle. The first circle represents the intake and
compression strokes, the second the power and exhaust
strokes,

The two-cvele engine completes its evele in one revolution.
Exhaust and intake take place at the same time at the
bottom of the circle. Then compression occurs as in the
first circle above, and then the power stroke as in the
second circle above.
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speed engines, however, follow the general practices of the auto-
mobile engine, and in many cases the casual observer would have
difficulty in telling one from the other.

The erankease and eylinder block are cast in one pieee, but
a separate liner is inserted in each eylinder. This is like a length
of tubing which fits in the hole in the block, and provides a
replaceable cylinder wall against which the piston rubs. The con-
necting rods and pistons are similar to the automobile type,
though the top surface of the piston will probably have a depres-
sion or some other irregular shape instead of being flat. This
depends on the type and shape of combustion chamber, more of
which will be explained later.

An overhead valve mechanism is used, with the usual push
rods and rocker arms. Sometimes the camshaft is located near the
top of the engine, and the push rods are very short. In consider-
ing the two-cycle engine,
we should always bear in
mind that the camshaft
runs at the same speed as
the crankshaft. In the four-
cycle engine the valves are
opened only every two
revolutions, so the eam-
shaft runs half as fast as
the crankshaft. In the two-
cycle, the valves must open

swepe=  every revolution, so the

bte: e a4 camshaft runs at crank-

CYLINDER
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shaft speed. It is just a question of the size of the gears driving
the camshaft from the crankshaft.

Diesel engines must of course be lubricated and cooled. The
systems generally used are just about the same as for the auto-

mohile engine, so we will not go into those again.
24 TEETH

Tewo cyele Four cycle

One thing about the construetion of a Diesel engine which
should be mentioned is that most of its parts are heavier than
thoze of a similar gasoline engine. This is natural, in view of
the higher pressures inside the eylinder which these parts must
withstand. The situation is quite different than it used to be
however. Some of the early Diesels weighed as much as 250
pounds per horsepower. Today one standard engine produced in
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large quantities weighs less than 10 pounds for each horsepower,
and some special engines are below 5 pounds per horsepower.
Changes in design and improvement in materials are both respon-
sible for this great decrease in weight.

IR

Getting the air into an ordinary four-cycle Diesel engine is
just the same as getting the fuel-air mixture into an automobile
engine. The overhead valve opens, the piston goes down, decreas-
ing the pressure in the cylinder, and the outside atmospheric
pressure forces air in. The only thing we have to remember is
that it is air only, and there is no fuel mixed with it when it
enters the cylinder.

But in the two-eyele engine we have a different set of con-
ditions. We must get the air into
the eylinder in a short space of
time and without the help of the
pumping action of the piston. As
we have said, we use a blower
for this. Some engines use a cen-
trifugal blower, the same thing
we have already seen as an air-
craft engine supercharger. This
must turn at very high speed to
be effective, and most of the
Diesels use a different type.

But let us look at the air
system of one type of two-cycle

A drawn in Air pushed in

Diesel and see how it works.

The blower is what is commonly called a Roots blower. This
is a easing in which there are two rotating parts, or rotors. Each
has three lobes which fit together like gear teeth as the two
rotors are driven around. They are driven from the engine erank-
shaft. Air is drawn in through an air cleaner and carried around
the outer side of the rotors to the outlet. The lobes on the rotors
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may be straight or may be twisted into a spiral form to give a
constant, uniform flow of air.

The air is foreed by the blower into the air chamber, which
entirely surrounds the lower part of the eylinders. Thus we have
a whole compartment full of air under pressure. When the piston
uncovers the ports in the eylinder wall, this air rushes into the
eylinder, The exhaust valves are open and the burned gases are
already going out, but this blast of fresh air comes in behind
them and blows them out quickly.

This arrangement of ports and valves is sometimes called a
uniflow engine, beeause the air comes in at one end of the eylinder
and air and exhaust go out at the other end. The flow is always
in one direction.

There iz a different form of high-speed, two-cyele Diesel
engine which employs what is known as loop scavenging instead
of uniflow seavenging. This simply means that the air from the
blower is brought in through ports on
one side of the eylinder, while the ex-
haust is carried out through ports on the
other side. The incoming air sweeps
through the cylinder in a swirling loop,
from which we get the name loop
scavenging.

The swirling or looping action of
the air in the eylinder is aided by the
slope of the top of the piston and the
directional flow given the air by the
shape and slant of the intake ports. The
air rushing in from the blower is carried
through passages around the eylinder
walls, through the air intake ports, and Pk Aol i
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forces the exhaust gases out of other ports in the cylinder liner
into the exhaust manifold. It is just like airing out a smoke-filled
room by opening windows on opposite sides and letting the wind
blow through. As the piston rises, it closes off the ports and air
is trapped in the upper eylinder and compressed. Then the fuel
is injected in the usual manner.

With this design it is not necessary to have the exhaust valves,
or any valves at all, so we call it a valveless engine. This does
away with the push rods and other parts of the valve operating
mechanism, which makes it simpler and redueces the number of
working parts subject to wear. The camshaft is needed now only
to operate the injectors.

Whether we have uniflow or loop scavenging, we ordinarily
blow more air into the cylinder than we theoretically need. We
put in enough to fill the eylinder and then some more which goes
out the valves or exhaust ports with the exhaust gases. It would
be difficult to blow out every bit of the exhaust without some of
the fresh air mixing with it and going out too. This is one thing
which makes it easier to design a two-cyele Diesel than a two-cyele
carburetor engine. In a Diesel we do not have to worry about that
unburned air eseaping. It has advantages, for it eools the valves
besides making sure that all the exhaust is cleared out of the
eylinder. But if it were a fuel-air mixture being blown in, we
would have to be very careful not to let any of it get out the
valves, as otherwise we would
simply be wasting that much
fuel. In a carburetor engine
we would have to do all
we could to prevent the un-
burned charge from mixing
with the burned one,

But in the Diesel engine
we can just blow a lot of air
through and thus be sure
that each eylinder will be full
of fresh, clean air at the be-
ginning of the compression
stroke. And that is the first
step in making an engine run
satisfactorily.

DIESEL ENGINE

g

The primary job of the fuel system
of a Diesel engine is to see that the
proper amount of fuel iz squirted into
the eylinder at the proper time. The
most important part of this fuel system
is the injector. It has often been called
the heart of the Diesel engine, and im-
provements in this unit are responsible
for much of the success of the small,
high speed engines of today. It must
measure out the right amount of fuel,
inject it into the eylinder under high pressure, and atomize it, or
break it up into a fine spray. As we can see, it performs almost
the same duties as a carburetor.

The other parts of the system are little different from what
we have already seen. There is a tank containing the fuel oil,
and a pump, driven by the engine, to get the oil from the
tank to the injectors. This pump ordinarily furnishes more
fuel than is needed, and there is a return pipe from the
injectors to the tank to carry back the extra, unused fuel.
There is a filter to clean the oil just before it reaches the

OUTLET FUEL MANIFQLD

INLET FUEL MANIFOLD INJECTOR

FUEL RETURN TO TAMK

SECOMDARY FILTER
'f J}f‘l’ II'Il _lrﬂﬂl il

) |



DIESEL ENGINE
A POWER PRIMER

injectors, and often another filter between the tank IRLIER T At INIECTOR: ROCKER AR
and the pump, for dirt is the worst enemy of the ' S SAL ST WALVE
injection system. . s

For many vears the fuel was forced into the )| (] Ry o ATSEMARLY:
combustion chamber by highly compressed air. Then '_ |
air injection gave way to mechanical injection. The PUSH ROD 4
“eommon rail”’ system was used, in which one pump
furnished fuel under high pressure to one pipe or
reservoir having branches to all the eylinders. Today
the principal tvpes in use provide an individual
pump or injector for each cylinder.

An injector is simply a pump. It is a piston-type
pump which forces a small amount of liquid under et || 8
high pressure into the eylinder. It is like a child’s GRS

EXHAUST VALVE
ROCKER ARM

VALVE

water pistol or squirt gun. The simplest form would . )
be a small plunger sliding in a cylinder. Fuel enters cylinder, two for the dual exhaust valves and one in between

them for the injector.

We will not try to explain the details of this injector. It is
a pump consisting of a plunger fitting closely in a evlinder, and
there are means for varying the amount of fuel it ean pump
in one stroke. The plunger builds up pressure on the small amount
of liguid mn the eylinder until this pressure is great enough to
open the spring loaded check valve. This may be as high as
20,000 pounds per square inch. When it opens the oil is forced

through a port in the side wall when the piston, or
plunger, is at the top. As the plunger is pushed down
it closes the port and begins to squeeze the fuel.
As the pressure gets higher the liquid squirts out
the hole in the bottom.

But in an actual engine it is not quite so simple.
We have to be able to vary the amount of oil
pumped, from none at all up to enough to deliver
maximum power. And this is difficult because we are dealing in
such small quantities. In a Diesel engine of the size for a truck,
the greatest amount of fuel injected into a
cylinder would be a drop not much bigger
than the head of a kitchen match. This means
that all parts must be made with great accu-
racy in order to measure the fuel properly, “dfff"
and all fits must be perfect and with practically
no clearance because of the high pressures built up. So an injector
is fundamentally an expensive piece of mechanizm,

We show one type used on the majority of the two-cycle
engines, often called a unit injector. This is because the pump
and nozzle are combined in one unit, the whole thing being
fitted in the evlinder head. There is one in each eylinder. It is
operated by a rocker arm controlled by the same camshaft
which operates the wvalves. Thus there are three cams for each
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into the engine eylinder through
a number of very small holes
in the nozzle, shooting in all
directions in a fine spray. Some
nozzles have only one central
hole, with a sliding pin in it
which gives a cone-shaped spray,
like the nozzle of a garden hose
when almost closed.
Spray wozzies The mechanism for wvary-
ing the amount of fuel pumped
is arranged so that all the injectors on an engine are varied to-
gether. They are all adjusted the same amount at the same time,
so that all the eylinders will get equal amounts of fuel. Control-
ling the amount of fuel pumped by the injectors speeds up or slows
down the engine just as opening or closing the throttle does on
an automobile.

The other common type of injection system also has indi-
vidual pumps for each eylinder, but they are grouped together
in some convenient place on the side of the engine. A separate
pipe leads to a spray nozzle in each eylinder. A special camshaft
is built in the pumping unit, with a cam for each cylinder pump.
This is driven from the erankshaft, at half speed for a four-eycle
engine. Its general operation and controls are much the same as
those just described for the unit injector, but the injection pres-
sures are much lower,

Another type of tujection system
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What about the fuel itself? There is some confusion in the
minds of many people about what will burn satisfactorily in a
Diesel engine. The large, slow-running engines used to be very
broad in their requirements—heavy fuel oil of almost any grade
would be all right. But the high speed engines we are discussing
here burn a light fuel—sometimes kerosene—and are just as par-
ticular about their fuel as any o
gasoline engine. Diesel fuel is
different from gasoline, but it
is just as much “custom-made”
to fit the requirements. Poor
fuel ean mean hard starting,
incomplete combustion, smoky
exhaust, knock, and such
troubles,

One of the most important charaecteristics is that measured
by cetane numbers, which we discussed earlier. This is really a
measure of the ease and readiness with which the fuel will ignite
in the engine. The higher the cetane number, the less lag there is
between the time the fuel enters the eylinder and the time it
starts burning. Other things being equal, the higher the cetane
number, the better the fuel. The large slow Diesel can use 30
cetane fuel. The high speed Diesels must use at least 45 cetane,
with some requiring as high as 60.

Diesel fuel has an advantage over gasoline from the safety
standpoint. It does not give off vapor as readily, and therefore
does not ordinarily form an explosive air-fuel mixture when spilled
or in case of a leak. This is an important advantage, particularly
for certain uses where the fire hazard is above the ordinary.

joN

N

There is, of course, nothing you ecan point your finger at on
a Diesel engine and say, “That is the ignition system.” The oil is
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ignited because the air has
been compressed to the point
where it is hot enough to
start the oil burning. It
is compression ignition. But
there are a lot of different
ways in which it can burn,
and many different arrange-
ments have been tried to
make it burn the best way.
“Combustion systems" might
be a better name for these arrangements than “ignition systems.”

Diesel fuel, just like gasoline, must be mixed thoroughly with
air in order to burn properly. That is why we atomize it as much
as possible with the injector when we shoot it into the eylinder. In
addition to this, however, we want the air in the evlinder to be
moving around fast enough so that all the oil will find some air
to join up with, so that enough air will come in contact with the
oil. Otherwise all the fuel might not burn completely.

Another important thing is how fast the oil burns. We would
like to have the first little bit start burning as soon as possible,
and have this in turn ignite the rest in an orderly fashion as it
enters the eylinder. What we do not want is to get a lot of fuel in
one place and have it burn all at once, The latter gives sudden
high pressures, which means more tendency to knock and means
that a stronger, heavier engine is necessary. The fuel itself has a
lot to do with this, but the combustion system affects it also.
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So most of the work on eombustion systems has been done
with these problems in mind.

The combustion system really means the shape of the com-
bustion chamber. But this includes such things as the form of the
piston head, the location of the injector, ete. We will not attempt
to cover them all, but will show a few general tyvpes.

Some engines use pre-combustion chambers, of which there
are various designs. We show one here. An auxiliary chamber is
located to one side of the top of the eylinder, with a narrow
passage between. At the top of its stroke, the piston is almost
touching the cylinder head, so practically all the air is in the
small chamber. It is pushed in at high speed, so it is whirling
around furiously at the moment the oil is injected into it. This
turbulence mixes the oil and air thoroughly, and as soon as
combustion has started the burning mixture expands out into
the main eylinder,

Another type has a so-called “energy cell.” The combustion
chamber is shaped like a figure 8, with the injector on one side
and the cell, or chamber, right opposite it. Part of the spray from
the injector ignites in the main cylinder, but some of it goes
straight across into the auxiliary chamber. When this starts
burning it pushes back into the main combustion space and ignites
the last part of the oil spray coming from the injector. This push
out of the chamber causes the turbulence helpful to good combus-
tion of the last portion of the charge.

In the two-cycle engine which we have been using as an
example in much of this diseussion, the injector is straight up and
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down in the center of the top of the eylinder. There are no auxiliary
chambers of any sort. But the top of the piston is hollowed out
and shaped to force the air close to the oil spray and the air has
been given a whirling motion by the design of the intake ports.
In addition we have the extremely high injection pressure which
atomizes the oil more completely.

There is one difference between the combustion in a Diesel
engine and in a gasoline engine which we have not mentioned. It
may have been self-evident, but it is worth pointing out definitely.
In a Diesel we do not worry about mixture ratio. It is not necessary
to have just 15 parts of air to 1 part of fuel. We practically always
have much more air than that. There is no throttle valve. We
completely fill the eylinder with air on each stroke, whether we
are injecting a small amount of fuel for idling or a full charge for
maximum power. If we mixed these amounts of fuel and air outside

A and _Ifa.r.nII
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the eylinder, the mixture would be much too lean to burn. But
when we inject the fuel oil into the eylinder, it mixes with just the
air it comes in contact with, Each small particle surrounds itself
with some air. The first little bit starts to burn as soon as it has
enough air, and this fire keeps the combustion going as the rest of
the oil spray follows it in. The fact that we always have more than
enough air in the eylinder means that we get better fuel economy
at part load than we do in a carburetor engine. That is, in a Diesel
engine the efficiency does not drop off when it is running at less
than full power; in fact it increases. We will not go into the tech-
nical reasons for it, but it is worth noting that we get this part load
economy in a Diesel in addition to its fundamental higher efficiency
due to the higber compression ratio,

We have pointed out a lot of differences between Diesel
engines and gasoline carburetor engines, But it might be interest-
ing to see if we can find one basic difference between the two. Is
there any one thing which is responsible for it all—which changes
the Otto cyele to the Diesel cyele?

If we analyze all the differences and the reasons for making
them different, we find that we can trace them back to one thing
—high compression ratio.

When we raise the compression ratio of an engine to 16 to 1,
we immediately find that we ecannot mix the fuel and air
together outside the eylinder, We get knock and pre-ignition and
all sorts of trouble. We will
have to compress the air
alone and put the fuel in
just when we want it to
start burning, This leads
us to throw away the car-
buretor and use an injector
inits place. The same thing
is true of the electrie igni-
tion. We quickly found
that we got ignition, with-
out worrying about a spark,
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when we compressed the mixture to 16 to 1. So we throw away the
spark plug, distributor, breaker, coil and so forth. The Diesel
engine parts are heavier, to withstand the increased pressures due
to higher compression. The Diesel engine is more efficient, due
directly to its high compression ratio.

Thus every important difference between the two types of
engines is because the Diesel has a compression ratio of about 16 to
1 and the gasoline engine has a compression ratio of about 8 to 1.

When we consider future possibilities however, we have to
qualify that statement. The compression ratio of gasoline engines
has been gradually going up for years, as fast as the octane rating
of the gasoline has let it. 4 to 1 not so long ago, recently 8 to 1 has
been a eommon ratio, using fuel with an octane number of 85 to
95. And the scientists talk of fuels way beyond that, which will
permit raising the compression even more. So it is easy to see the
possibility of two engines of the same compression ratio, one
operating on the Otto cycle, the other on the Diesel cyele. The
gasoline will not ignite by itself, without a spark, even with that high
compression. The Diesel fuel will be improved in the other direc-
tion and will ignite instantaneously from the heat of that same
compression. So in the long run the actual difference between these
two types of engines may be only the difference in their fuels.
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What is the Best Engine ?

WE have been discussing a number of different kinds of engines,
and one reaction may be, “Why so many different engines? Why
not pick the best one and use only that kind?”

Of course one problem is to decide which is the best one.
There is nothing easier to start an argument about than that.
Diesel or gasoline, air cooled or liquid cooled, in-line, V-type or
radial, two-cyecle or four-cycle—there are numerous choices to
argue about.

But actually there is no argument. There is no “best engine."”
Each type of engine is used in the serviece for which it is best
suited. The fact that we have so many different varieties, that we
can keep on building and selling them, seems to indieate that there
is a place for all of them. For after all, the customer is boss, and
if he stops buying one kind of engine it doesn’t last long.

What about the engines of the future? We don't know what
kind they will be, but they will be better than those of today. We
don’t know just how they will differ, but we do know they will be
improved in many ways. Maybe they will use atomic power.
Maybe they will get their energy direct from the sun. But for the
next few vears at least, the chances are that the engines we will
see and use will be internal combustion engines of one sort or
another, and will depend on AIR, FUEL, and IGNITION for
their operation,




