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The development of the gasoline automobile
at home and abroad has produced a great
variety of designs, good, bad, and indifferent,
but the advancement of the industry has
weeded out the unsatisfactory and improved
the good until with few exceptions the leading
makes show a striking similarity in all but
details. The advantages of certain forms of
construction have been recognized, and their
adoption by the large majority of makers has
produced what may be called a standard
type.

The object of this book is to explain the
principles that underlie automobile construction
and operation, and to illustrate the movements
and mechanical combinations adopted
in present-day practice. It is not the intention
to explain the exact details of construction
of the different cars, and the illustrations
have been prepared with the sole object of
making the principles clear, for with an understanding
of these there should be no difficulty
in comprehending any particular application of
them.

The lubrication table on pages 244 and 245,
which was prepared by Mr. T. D. Hanauer, is
reproduced through the courtesy of the Scientific
American.



The advantages of magneto ignition for internal
combustion engines are so obvious that
designers and inventors have directed their
attention to the perfection of apparatus that
will improve present methods. The number of
systems proposed for the purpose is very large
in comparison with the number in actual and
practical use, and as in a work of this size it
would be impossible to describe the many
methods for the application of the magneto
that are on the market, attention has been
given only to those that are in actual, everyday
use. The absence of a practical treatise
on the principles, application, and care
of low and high tension magnetos is the reason
for the addition of the appendix to this
work.


R. B. W.
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The action of a steam, gasoline, or hot-air
engine depends on the principle that
when air or other gas is heated it
expands, and that if it is confined in a space
that will not permit it to expand, in striving
to do so it creates pressure against all parts
of the chamber in which it is contained. The
more a gas is heated, the more it will expand
if it is free to do so, and if not free, the greater
will be the pressure that it will exert in striving
to expand. Pressure may thus be generated
by heat, and following along similar lines,
heat may be produced by pressure, for when the
pressure of a gas is increased by compressing
it, or forcing it to occupy a smaller space, the
gas will become heated. The reverse is also
true, that when a gas is cooled, its volume is
reduced, which reduces the pressure that it
exerts; similarly, reducing the pressure by permitting
the gas to expand reduces its temperature.

To state these principles in another form, to
create pressure in a gas it must either be heated
or compressed into a smaller space, and to
reduce its pressure it must either be cooled or
permitted to expand.

The action of a locomotive, the most familiar
type of steam engine, is no mystery, and the
production of steam in the boiler, its passage
to the cylinder, and the application of its steady
pressure against first one side of the piston and
then the other, resulting in the turning of the
driving wheels, are well understood. Water
being converted into steam in the boiler, pressure
is created because of the tendency of the
steam to expand, but the only place in which it
may expand is the cylinder, where in so doing
it moves the piston.


[image: ]
Fig. 1.—Engine Actions.




A gasoline engine is similar to a steam engine
in that its piston is moved by the pressure
exerted by a heated and expanding gas; it is
different in that the pressure is produced inside
of the cylinder by the combustion of an inflammable
mixture of gasoline vapor, instead of
being generated in a boiler away from the
cylinder. The heat of the combustion creates
great pressure, and as the piston is the only
part that can give before it, it is moved from
one end of the cylinder to the other, this motion
being utilized in the turning of the crank shaft.
The combustion, which is so rapid that the
generally accepted term for it is explosion, can
occur only after the mixture has been drawn
into the cylinder, and so prepared that it ignites
quickly and burns completely, with the
object of obtaining the greatest possible heat
from it in the shortest possible time. In order
that one explosion may be followed by another,
the burned and useless products of combustion
must be expelled to make place for a fresh charge
of the inflammable mixture.

These successive events, forming a cycle,
must be performed as long as the engine runs,
and the constantly changing pressure in the
cylinder due to the movement of the piston
allows a fresh charge to enter, prepares it, and
expels the products of combustion after the
pressure that they have exerted has been
utilized.

While in the great majority of steam engines
the steam acts first on one side of the piston
and then on the other, in an automobile gasoline
engine the pressure is exerted on only one
side, the combustion of the mixture taking
place between the piston and the closed end,
or head, of the cylinder. The other end of the
cylinder is open, and the piston slides between
the ends, its movement from one end to the
other, called a stroke, corresponding to a half
revolution of the crank shaft.

Gasoline engines are divided into two classes,
according to the number of strokes of the
piston that are necessary to accomplish the
cycle; in the most usual type, four strokes are
necessary, the class being called the four-stroke-cycle,
or four-cycle, in distinction to
the two-stroke-cycle, or two-cycle, in which
but two strokes are necessary.

Of the five events that compose the cycle, three
(the inlet, during which the fresh mixture enters
the cylinder, its compression or preparation,
and the exhaust of the burned gases) are performed
by the piston; during the power event
the piston is moved by the pressure resulting
from the combustion, while the combustion
event is due to an outside source. In the
four-cycle type of engine, which is in almost
universal use for automobiles, the events are
considered with reference to the movement
made by the piston during which they are
performed, and may be called the inlet, compression-combustion,
power, and exhaust strokes.
In order that the engine may continue to run,
it is obvious that the events must be performed
in the correct order, and that the failure of one
will affect all the others.

During the inlet stroke, a charge of fresh
mixture enters the cylinder as the piston makes
an outward stroke from the closed toward the
open end. When the piston makes the following
inward stroke, the mixture is compressed
and combustion occurs, the pressure from
which drives the piston outward on the power
stroke. This is followed by another inward
stroke, which pushes the burned gases out of
the cylinder. It will be seen that power is
developed during only one stroke of the four,
the other three being required in the preparation
for the following power stroke. The movement
of the piston over these three dead strokes
is secured by attaching to the crank shaft a
heavy fly wheel, the momentum of which,
acquired during the power stroke, keeps the
crank shaft revolving and the piston in motion
while the events are performed.


[image: ]
Fig. 2.—Gasoline Engine Cycle.




The space between the piston and cylinder
head in which the combustion occurs is called
the combustion space, and the inlet and exhaust
valves open into it, the first being that
by which the fresh mixture enters, and the
second that by which the products of combustion
escape. The device for igniting the mixture
projects into the combustion space, and
the means of ignition in universal use for
automobile engines is an electric spark.

INLET STROKE
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During the stroke (Fig. 2), the piston is
moved outward by the crank shaft, which is
revolved either by hand or by the momentum
of the fly wheel. This movement increases
the size of the combustion space, thereby reducing
the pressure in it, and the higher pressure
of the atmosphere outside of the cylinder
will force fresh mixture into the combustion
space, the inlet valve being open to admit it.
If the piston moves slowly, the mixture will
be able to enter fast enough to keep the pressure
in the combustion space equal to that
outside, but at the high speed at which a gasoline
engine is run the piston will reach the end
of its stroke before a complete charge has had
time to enter, so that the pressure in the combustion
space will still be below that of the
atmosphere. If the inlet valve closed at this
point so that no more mixture could enter,
the combustion of the partial charge would
result in a lower pressure than would be possible
with a full charge; the inlet valve should
therefore remain open until the piston reaches
the point of its next inward stroke at which
the pressure in the cylinder equals that outside.

COMPRESSION-COMBUSTION STROKE
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The compression and the combustion of the
charge occur during the next inward stroke of
the piston.



The period between the bringing together of
the liquid gasoline and air and its admission
to the cylinder is too brief to secure perfect
combination, and the mixture that results is
not satisfactory. A portion of the air will
not have been able to come into contact with
the gasoline, and much of the liquid will not
have been vaporized; what passes into the
cylinder consists of pure air, liquid gasoline,
and a more or less perfect mixture of the two.
The combustion of this would be slow and incomplete,
resulting in loss of power and waste
of fuel. In order to render the mixture more
perfect, advantage is taken of the heat that is
produced by compression; the inward stroke
of the piston raises the temperature of the mixture
by compressing it, the heat rendering the
gasoline more volatile, and the compression
forcing it into combination with the air. Even
this does not result in the formation of a perfect
mixture, for the period is too short to effect it.
The failure of an engine to deliver full power
may often be traced to this condition, for the
air and gasoline vapor, instead of being
thoroughly combined and mixed, will be in
layers, so to speak, and the combustion will
be slow and uneven. Future development of
the internal combustion engine will no doubt
eradicate this, to the increase of efficiency and
economy.

The charge of inflammable mixture can produce
a certain amount of heat, and the more
rapidly and completely this heat is obtained,
the greater and more sudden will be the rise
in pressure. The pressure will be greater when
the mixture is contained in a small space than
when in a large, and as the combustion space
is smallest when the piston is at its inmost
point, the greatest pressure will be obtained
if combustion is complete at this point. If
the combustion of the mixture were instantaneous,
it should be ignited at this point;
but even though very rapid, it nevertheless
burns slowly enough to make it necessary to
ignite it sufficiently before the end of the
stroke to have the combustion complete as
the piston comes into position to move outward.
The instant at which the mixture must be
ignited in order to produce this result depends
on the speed of the piston, for the interval
between the ignition of a good mixture and its
complete combustion does not vary to any
great extent. When the piston is moving
slowly, the mixture may be ignited toward the
end of the compression stroke, for there will
be sufficient time for complete combustion by
the time the stroke is ended; but when moving
at high speed, ignition must occur much earlier
in the stroke, as otherwise the piston will have
completed the compression stroke and begun
to move outward on the power stroke before
the mixture is entirely burned. The instant
at which ignition occurs also depends on the
mixture that is used, for its quality and proper
combination make a difference in the rapidity
with which it burns. The better the quality
of the mixture, the faster and more completely
it will burn, and ignition may occur later in
the stroke than would be possible with a mixture
of poor quality. As the mixture is ignited
by the passing of an electric spark in the combustion
space, the difference in the instant at
which it occurs may be secured by permitting
the spark to pass earlier or later, and this is
under the control of the driver.



When ignition occurs early in the compression
stroke, the spark is said to be advanced,
in distinction to a retarded spark, which passes
when the compression stroke is more nearly
complete.

If the spark is advanced too much, combustion
will be complete before the piston has
reached the end of the compression stroke,
and it will be necessary to force it to the end of
the stroke against the pressure by the momentum
of the fly wheel, in order that it may get
into position to move outward on the power
stroke. In such a case, the momentum may
not be sufficient to overcome the pressure, and
the piston will be brought to a stop. A retarded
spark results in the combustion of the
mixture being completed after the piston has
begun to move outward on the power stroke,
and the pressure will then be reduced because
it is exerted in a larger space, the piston consequently
being moved with less force; if the
spark is still further retarded, the combustion
will not be complete by the time the exhaust
begins, and the heat from only a portion of
the mixture will be utilized, because it will
still be burning as it is forced out of the cylinder.

The position at which the spark occurs is
one of the means by which the speed of the
engine is controlled, for the low pressure that
results from a retarded spark moves the piston
at low speed, while the greater pressure from
an advanced spark drives the piston outward
with more force and higher velocity.

While high compression of the charge improves
its quality, and results in combustion
being more rapid and complete, it has limits,
and if carried too far the heat generated by
the compression will be sufficient to ignite the
mixture. This would have a bad effect on
the operation of the engine, for the pressure
would then be produced at the wrong point
of the stroke, retarding instead of assisting
the revolution of the crank shaft. Modern
practice has shown that in engines that are
maintained at a proper temperature the best
results are obtained by compressing the mixture
to from sixty to eighty pounds to the
square inch; there are instances in which a
higher compression is obtained, but the liability
to ignite the mixture prematurely makes it
undesirable.

POWER STROKE
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The increasing size of the combustion chamber
as the piston moves outward on the power
stroke permits the gases to expand, and in
doing so the temperature will fall, the pressure
decreasing in consequence. A further decrease
in pressure is caused by the hot gases being in
contact with the metal cylinder and piston,
which absorb heat. The more slowly the
engine runs, the longer the gases will be in contact
with the cylinder walls, and the more
opportunity there will be for loss of heat from
this cause; at higher speeds, there will be less
time for heat to be absorbed by the cylinder
walls, and more will be utilized in expanding
the gases and producing work.

Even at the outmost position of the piston,
the combustion space will not be large enough
to permit the gases to expand until their pressure
has dropped to that of the atmosphere, so that
they will still be exerting pressure. By opening
the exhaust valve, the gases will have an outlet
for expansion, and will begin to rush out.
While the pressure might be utilized against
the piston to the end of the power stroke, it
has been found that better results are obtained
by opening the exhaust valve before the piston
reaches the end of the power stroke. There is
then a higher pressure forcing the gases out
than there would be later in the stroke, and
the greater quantity of gases that escapes leaves
less to be expelled during the exhaust stroke.

EXHAUST STROKE
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The inward movement of the piston pushes
out of the open exhaust valve the gases that
have not escaped through their desire to expand.
The exhaust valve remains open for
the entire stroke, but when the engine is running
at high speed the piston moves so rapidly
that the gases cannot escape fast enough to
prevent their being slightly compressed. When
the piston is at its inmost point, the gases are
still flowing through the valve because of this
slight compression, and if the valve closed, a
portion would be retained. The best results
come from the closing of the exhaust valve not
at the end of the exhaust stroke, but a short
time after the piston has begun to move outward
again, during which period the compression
forces the gases out. The exhaust valve
closes at the point when the slight compression
has been reduced to the pressure of the atmosphere
by the escape of the gases and the enlargement
of the combustion space.

If the piston completely filled the combustion
space when at its inmost point, all of
the burned gases would be expelled, but the
necessity for leaving a space in which combustion
may take place renders this impossible,
and a small portion of the burned gases therefore
remains in the cylinder. The space between
the cylinder head and the piston when at its
inmost point, called the clearance, should be
as small as possible, in order that the amount
of these gases remaining in the cylinder may
not be sufficient to contaminate the fresh
charge and weaken the pressure of its combustion.

The passages through which the burned
gases are led away from the cylinder must be
large and free from obstructions, for if a free
flow is not permitted back pressure will be set
up, which will prevent the largest possible
amount of gases from escaping, and leave a
greater portion to contaminate the fresh charge.

The power that a gasoline engine is capable
of developing depends on the size of the cylinder,
the pressure acting on the piston, and the speed
at which it operates. A steam engine, which
obtains its pressure from a boiler, can do work
as soon as the steam is turned into the cylinder,
but a gasoline engine must be running before it
can be called on to deliver power. Because of
the cycle of events on which its operation
depends, the piston must be forced to perform
the inlet and compression strokes before pressure
can be developed, and it is necessary to
revolve the crank shaft by outside means until
a charge of mixture has been taken into the
cylinder, compressed, and ignited, when the
engine begins to work by the pressure from the
combustion, and takes up its cycle. Not until
this has been done can it be called on to do
work.

A steam engine can be made to deliver more
power than it is built for by increasing the
pressure acting against its piston, and the full
pressure of the boiler can be utilized when extra
work is necessary. The power developed by
a gasoline engine being greatly dependent on
its speed, and there being no reserve by which
greater power can be developed in emergencies,
it is necessary for an engine of this type to be
perfectly adapted to the work that is desired
of it. At excessive speeds the piston acquires
great momentum, which must be overcome at
each end of a stroke by the crank shaft, and
while a speed above normal may be attained,
it results in the quick destruction of the bearings
and the severe straining of the engine. The
best results in efficiency and long life accompany
the running of the engine at the slowest
speed possible for the development of the required
power.
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The sudden and powerful outward movements
of the piston under the pressure
from the combustion are transmitted
to a crank shaft, which must be of great
strength in order to resist the heavy strains
under which it operates. It is made of the best
steel available for the purpose, and has as many
cranks as the engine has cylinders. The cranks
are generally made in one piece with the shaft
for the sake of strength, and for stiffness there
are as many bearings as possible. The number
of bearings for the crank shaft of an engine
with four or more cylinders depends on the
arrangement of the cylinders. If the cylinders
are evenly spaced, there will be room for a
bearing between each pair of cranks, so that a
four-cylinder engine will have five bearings,
one at each end, the other three being between
the cranks. If the cylinders are in pairs, there
will not be room between the cranks of a pair
for a bearing, the only space for it being between
the pairs; a four-cylinder engine built in this
way will thus have but three bearings, one
at each end and one in the center. Crank
shafts are described
by their bearings as
three, five, etc., point
crank shafts.


[image: ]
Fig. 3.—Gasoline Engine in Section.









[image: ]
Fig. 4.—A, Two-throw crank shaft; B, four-throw crank shaft,
180°.




The relative positions of the cranks of a
crank shaft are expressed in degrees of a circle;
if, for instance, the cranks project from opposite
sides of the shaft so that they are a half revolution
apart, it is called a 180-degree crank shaft.

The outer ends of the crank arms, which
correspond to the cranks of a bicycle, support
the crank pin, which may be likened to the
pedal, and to this the large end of the connecting
rod is attached, the small end being connected
to the piston. The connecting rod must
be of great strength, tough but not brittle,
and is made of steel or bronze.


[image: ]
Fig. 5.—One-Throw Crank
Shaft.
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Fig. 6.—Connecting Rod.




The piston is a trifle smaller than the bore of
the cylinder, and its length is usually greater than
its diameter. It is hollow, with one end closed,
the closed end being that against which the
pressure is exerted. A wrist pin passes through
it, and through the small end of the connecting
rod, to enable the latter to swing from side to
side in following the turning of the crank shaft.
A tight joint is maintained between it and the
cylinder walls by cast-iron piston rings, which
are of square or rectangular cross-section,
split so that they may spring open, and fitted
into grooves cut around the piston. They are
of such shape that their tendency to expand
keeps them pressed against the cylinder walls,
but being split, their elasticity prevents their
binding; they fit the grooves
snugly, and while they may
move freely in them, they
hold the pressure from escaping.
The number of rings
varies with the design of the
engine, but the most usual arrangement is three
to a piston, placed around the upper end.


[image: ]
Fig. 7.—A, Piston; B, piston in section.
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Fig. 8.—Piston Rings.






The cylinder should be of the highest grade
of cast iron, with the smoothest possible surface
for the piston to slide against.


[image: ]
Fig. 9.—Conical Valve
Seat.
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Fig. 10.—Automatic Inlet
Valve in Cage.




The valve openings, or seats, are circular,
and are usually made slightly funnel shaped,
the disks that cover them being slightly conical
to fit. The large
end of the funnel is
toward the combustion
space, so that when the disk is lifted
from its seat it moves inward. Valves are
held against their seats by coil springs that
surround the valve stems, which are rods extending
from the center of the disks, and there
are two methods by which they are opened.
In an automatic valve, the spring that holds
the disk against its seat is weak, and the higher
pressure outside of the cylinder during the
suction stroke forces the disk away from its
seat against the pressure of the spring. The
valve remains open until the pressure in the
combustion space is about equal to that outside,
when the spring draws the disk back to its seat,
to which it is held as long as the pressure inside
is higher than that of the atmosphere. This
arrangement is only possible for inlet valves,
and is largely used, but exhaust valves, and
often inlet valves as well, are mechanically
operated; that is, they are opened and held
open by a mechanism driven by the crank
shaft, in the form of a cam. A cam can best
be described as a “wheel with a hump on it,”
or, in other words, it is a piece of metal mounted
on a shaft, cylindrical in form except for one
portion, which projects farther from the shaft
than the rest. The cam revolves with the
shaft, and the projection, called the nose, will
displace anything resting against it. The
illustration shows a cam in three positions of
its revolution, with the end of a valve stem
resting against it—the roller being attached
to the stem to reduce the friction. The valve
stem is held in guides, so that the only movement
it may have is up and down; when the
cam revolves, the nose lifts the stem and opens
the valve, holds it open as long as the flat end
of the cam is under the stem, and when the nose
passes from under, the valve is drawn to its
seat by the spring.


[image: ]
Fig. 11.—Cam Action.




The moment at which an automatic valve
opens is governed partly by the tension of its
spring; if it is too strong, greater pressure will
be required to open it, and it will close sooner
than if the tension is light. Accurate adjustment
of this spring is necessary in order that
the charge may enter the combustion space
without delay, and continue to enter as long as
possible. The opening and closing of mechanically
operated valves depend on the shape of
the cam, and not being affected by the more
or less uncertain action of a spring, they are
more positive in action.



The cam shaft on which the cam is mounted
is driven by the crank shaft, but as the valve
opens but once during two revolutions, the
cam shaft revolves at half speed, making one
revolution while the crank shaft makes two.
This is done by means of gears.

If two gears running together, or in mesh,
have the same number of teeth, they will make
the same number of revolutions, but if one has
twice as many teeth as the other, the smaller
will revolve twice while the larger revolves once.
As the cam shaft must revolve but once while
the crank shaft revolves twice, its gear must
have twice the number of teeth as the gear on
the crank shaft. The cam shaft is also called
the secondary, or half-time shaft, and the gears
that drive it the two-to-one gears.

In some designs of engines, the nose of the
cam bears directly against the valve stem, but
it is more usual to place a valve-lifter rod, or
push rod, between them, the cam acting on the
rod and lifting it, and that in turn lifting the
valve stem. When the nose of the cam is not
acting on the stem or rod, there must be a small
space between them, for if the stem or rod
rests firmly against the cam at all times, the
valve disk might be prevented from seating
firmly. The space is left between the stem and
lifter rod, the spring acting only on the stem.
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Fig. 12.—Four Arrangements of Valves.




The valves may open into the cylinder in a
variety of ways; both may be in one pocket,
or one may be in a pocket and the other in
the head, or each in a separate pocket, or both
in the head. The first two illustrations show
automatic inlet valves, and the third and fourth
mechanically operated valves; when two mechanically
operated valves are in the head, it
is necessary to open them by means of rocker
arms, for because of their position it would be
impossible for the valve-lifter rod to act directly
on their stems.

If after the explosion the burned gases were
permitted to escape directly into the open air
from the cylinder, the effect would be the same
as the firing of a gun, and for the same reasons.
The pressure in the cylinder being higher than
that of the atmosphere, the sudden expansion
of the gases would produce a report, and as this
would be most undesirable for an automobile,
provision is made by which the gases are cooled
and permitted to expand gradually, so that
when they reach the open air they are at its
pressure, or nearly so. This is done in the
muffler, or silencer, to which the exhaust pipe
conducts the products of combustion. The
muffler consists of a series of chambers of
different sizes, one inside of the other; the
gases pass from the smaller to the larger, expanding
as they go, until from the largest they
should escape without noise, having lost their
heat and pressure.

While the pressure exerted during the power
stroke depends on the heat of the gases, and
it is necessary to have the engine hot in order
that there may be as little loss of heat as possible,
the temperature must not be permitted
to rise to the point at which the lubricating oil
would burn. Lubricating oil for gasoline engines
is made to stand high heat, but if heated
beyond its limit it will burn, and then, besides
the loss of its property of lubrication, a deposit
of carbon, hard or gummy, will form, fouling
the combustion space or piston rings, and
interfering with the operation of the engine.
Overheating is prevented either by circulating
water through channels surrounding the combustion
space, or by directing a blast of air
against it.
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Fig. 13.—A, Force circulation water-cooling system; B, thermosiphon
circulation water-cooling system. (Flow of water
indicated by arrows.)







The channels, called water jackets, provided
for the circulation of the water, are usually
cast with the cylinder, or formed of sheet metal.
Cool water enters at the bottom and escapes
at the top, absorbing heat during its passage.
Of the two systems of keeping the water in
circulation, the most usual consists of a rotary
pump, which forces the water through the
jackets and then to a cooler, or radiator, which
is so placed that it is exposed to the air currents
set up as the car moves. In order to cool the
water, the radiator must have a large surface
exposed to the air, and the water must pass
through it in small streams. The early types
consisted of coils of small copper tubing, on
which were strung disks of copper, the water
flowing through the tubing, and the disks absorbing
its heat and giving it up to the air,
but these are being abandoned in favor of
cellular or honeycomb radiators. These types,
which are usually placed at the extreme front
of the car, are made up of a great number of
short lengths of small tubing,
in any one of several
shapes, placed side by side,
and held together either by
plates or by soldering their
ends.
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Fig. 14.—A, Centrifugal pump; B, vane pump; C, gear pump
and cover.
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Fig. 15.—Radiator Constructions. A, Spiral flange (water
passes through the tube); B, cellular, and C, honeycomb (air
passes through the tubes; water passes between the tubes).
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Fig. 16.—Radiator
and Fan.




The heated water enters
at the top of the case in
which the tubes are contained, and flows to
the bottom, finding passages between the tubes,
while the air passes through, being assisted by
a fan driven by the engine.

The second system of keeping the water in
circulation follows the principle that heated
water tends to rise, its place being taken by
the cooler water that tends to sink. This,
called the thermosiphon or gravity system,
requires all of the parts and connections to be
large and completely filled with water. The
water in the jacket rises as it absorbs heat from
the cylinder walls, and flows out to the radiator,
which it enters at the top. Its place in the
jacket is taken by the cooled water from the
bottom of the radiator, and this circulation
continues, being more rapid as the difference
in temperature between the heated and cooled
water increases. It is naturally not so rapid
as circulation that is forced by a pump, and
more liable to become inoperative by the
clogging of the pipes, jacket, or radiator.

Of the methods of increasing the surface of
a cylinder in order to cool it by a blast of air,
the most usual is to cast it with flanges that
project from all parts of the combustion space.
These become heated as the temperature of the
cylinder walls increases, and the air that is
blown against them carries off the heat. Other
methods consist of setting pins or copper strips
into the cylinder walls, of such form that the
air current strikes a surface composed of points,
by which the heat easily passes to the air.
Another system consists of surrounding the
combustion chamber with a jacket open at
the bottom, air being blown into it from the
top by a powerful blower.

Other things that are necessary for successful
air cooling are large valves by which the hot
gases may be quickly discharged when their
period of usefulness is ended, and small cylinders
rather than large, as the heat from small
quantities of gases may be carried off more
quickly than from large.

The lubrication of a gasoline engine must be
carefully looked after, as on its thoroughness
depends the continued delivery of power.
The most usual method of lubricating the
piston and cylinder walls is to keep the crank
case filled with oil to such a point that the end
of the connecting rod dips into it in turning.
This spatters the oil to all parts of the crank
case, and a portion is caught in a groove cut
around the lower end of the piston. The inward
movement of the piston spreads the oil on
the cylinder walls, and it is distributed around
the piston rings, so that they move easily in
their grooves. As the oil is used up, it is replaced
from a lubricator so that a constant level is
maintained, and this operates either by gravity,
or by a small force pump driven by the engine, or
by the maintaining of pressure in the oil tank.
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