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TECHNICAL MAM?AIT
FtJELS AND CARBURETION

CHANGES I [^^WAR DEPARTMENT,
No. 1 J WASHINGTON, October 13, 1941,

TM 10-550, December 27, 1940, is changed as follows:
21. Bulk of gasoline compared with bulk of air.—A cubic

foot of air weighs 1% ounces, but a cubic foot of gasoline weighs

about 48.5 pounds or 775 ounces. This means that a cubic foot of air
must be multiplied by 620 to equal the weight of a cubic foot of gaso

line. The ideal air-fuel ratio for an internal combustion engine is
15 parts air to 1 part gasoline by weight. Accordingly, to burn
1 'cubic foot of gasoline, 15 times 620 or 9,300 cubic feet of air are

needed. Converting this ratio to gallons, 1,240 cubic feet of air are

needed to burn 1 gallon of gasoline; or i/2 teaspoonful of gasoline
must be mixed with 1 cubic foot of air to obtain the ideal 15 to 1 ratio.

[A. G. 062.11 (9-17-41).] (C 1, Oct. 13, 1941.)

BY ORDER OF THE SECRETARY OF WAR :

G. C. MARSHALL,
Chief of Staff.

OFFICIAL :

E. S. ADAMS,
Major General,

The Adjutant General.
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TECHNICAL MANUAL] WAR DEPARTMENT,
No. 10-550 J WASHINGTON, December 27, 19.'tO.

FUELS AND CARBURETION

Prepared under direction of
The Quartermaster General
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SECTION I

CARBURETOR NOMENCLATURE
Paragraph

Definitions 1

1. Definitions.—Because of the various names given to the many

parts of the modern carburetor by manufacturers, the following gen

eral carburetor nomenclature will be used in this manual for pur
poses of clarity and uniformity :
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TM 10-550
FUELS AND OARBURETKXN' 1

Accelerating pump.—A device for injecting an additional amount of
fuel in the main air-fuel stream when the throttle is suddenly

opened.

Air horn.—That part of the carburetor air passage in which the

choke valve is located.

Body. —The principal casting of the carburetor, usually including

such parts as the mixing chamber, float chamber and bowl,
throttle valve, fuel and air passages, jets and nozzles.

Carburetor. —A device for metering and mixing air and fuel in the

correct ratios and amounts for all operating conditions of an

Otto-cycle internal combustion engine.

Choke valve.—A valve placed in the carburetor air intake passage

for the purpose of regulating the entrance of air.

Compensation.—The correction of unbalanced air-fuel ratios, which
are caused either by changes in engine speeds or fuel require
ments.

float.—A device used in conjunction with a needle valve to main

tain a constant fuel level in the float chamber.

Float chamber. —A small fuel storage space cast integrally with the

carburetor body. It contains the float and float valve which

automatically control the fuel level.

Fuel passage. —A cast or drilled opening in the body of the carburetor

through which fuel flows. Parts of the passage are often
threaded for the insertion of jets and nozzles.

High speed adjustment.—A means of adjusting the air-fuel ratio for
high speeds. It is usually accomplished by a needle valve,
metering rod, replaceable jet, or variable tension spring.

Idling adjustment.—A means of adjusting the air-fuel ratio for start
ing and low running speeds. It is usually accomplished by the

idling adjustment screw and/or by replaceable jets having dif
ferent sized openings. In many carburetors, the idling adjust
ment and the throttle stop screw adjustment are separate but
related adjustments which must be balanced during any adjust
ment of the idling speed.

Jet.—A metered opening in an air or fuel passage to control the flow
of air or fuel. It may be located anywhere from the entrance

of the passage to the tip of the nozzle.

Lean mixture. —A mixture in which the proportion of air to fuel is
greater than that required by the specific operating condition.

Low speed adjustment.—A means of adjusting the air-fuel ratio for
low speed. It is usually accomplished by needle valves and/or
replaceable jets having different sized openings.
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TM 10-550
1-2 QU'AETEKIMASTIER CORPS

Metered.—The controlled flow of fuel or air for purposes of carbure-

tion.
Metering rod (metering pin). —A small rod having a varied diam

eter, operated within a jet to vary the flow of fuel through
the jet.

Miming chamber. —That part of a carburetor body between the venturi
and the throttle valve in which fuel and air first mix.

Needle valve. —A small plain or threaded rod having a tapered point.
Its position can be changed with respect to its seat to regulate
the flow of fuel or air.

Nozzle.—That part of a fuel or air passage or jet which opens into the

air or fuel stream of a carburetor. Some jets are placed so

that their discharge ends act as nozzles.

Rich mixture. —A mixture in which the proportion of fuel to air is

greater than that required by the specific operating condition.
Throttle stop screw. —An adjusting screw which stops the throttle

valve from closing and thereby leaves sufficient opening for
idling.

Throttle valve. —An adjustable plate (butterfly) or other type valve
placed in the carburetor outlet to regulate the flow of fuel-
air mixture from the carburetor. The throttle valve controls
engine speed.

Venturi. —A throat type constriction placed in the carburetor body
to increase the speed of the main air stream as it passes a

fuel nozzle.

SECTION II
INTERNAL COMBUSTION ENGINE FUELS

Paragraph
General 2

Types of gasoline 3

Composition of gasoline 4
Energy contained in gasoline 5

High and low test (gravity) gasoline 6
Requirements of an ideal gasoline 7

Kerosene 8

Benaol T 9

Alcohol 10

Diesel fuels 11

2. General. —a. A fuel is a substance composed principally of hy
drogen and carbon in such proportions that it will burn in the

presence of oxygen and liberate heat energy. By burning fuel in
an internal combustion engine, this heat energy can be transformed
into mechanical energy. Liquid fuels are ideal for internal com-
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TM 10-550
FUEU9 AND OARBURETION 2-3

bustion engines because they can be economically produced, have a

high heat value per pound, an ideal rate of burning, and can ba

easily handled and stored.

&. The most common internal combustion engine fuels are gasoline,
kerosene, Diesel fuel oil, benzol, and alcohol. Gasoline, because of its

many advantages, is used to a greater extent than any other fuel in
internal combustion engines having spark ignition. It has a better

rate of burning than other fuels and due to the ease with which it
vaporizes, it gives quick starting in the coldest weather, smooth

acceleration, and maximum power. Diesel fuel oil ranks next to gaso

line in quantity used. It can be produced as economically as gasoline,
but its use is limited to Diesel type engines. The use of kerosene

as a fuel for internal combustion engines is usually limited to farm
tractors and to marine and stationary engines which operate at a

fairly constant speed. Its characteristics are such that it cannot be

properly mixed with air and controlled in variable speed engines. In
recent years, fuel and Diesel oil have for the most part taken its

place. Gasoline can be produced in greater quantities and sold more

cheaply than benzol or alcohol.
,.3.: Types of gasoline. —In general, there are three common types

of gasoline ; straight run, cracked, and natural or casing head. Most
commercial gasolines are blended from these three types in order to
obtain a fuel that contains the desired characteristics of each.

a. Straight run.— (1) Straight run gasoline is manufactured by
the fractional distillation of crude petroleum, the method first used

for refining gasoline. In this method, crude petroleum is gradually
heated in a still as shown in figure 1. The gasoline vapors are driven
from the oil, collected, condensed, and led to receiving tanks. The
still separates the light, medium, and heavy vapors into different
condensing units so that a light, highly volatile gasoline distillate
is led to one receiving tank, a medium weight less volatile distillate
to another, and a heavy distillate with a low volatility to a third tank.

(2) About 20 gallons of straight run gasoline can be produced
from 100 gallons of crude oil. Engineers seeking a greater yield of
gasoline from crude oil developed the "cracking process."

&. Cracked.— (1) There are a number of methods of producing
cracked gasoline, but the best known and most widely used are the
Burton, Dubbs, and Cross processes, which obtain 45 to 60 gallons
of gasoline from every 100 gallons of crude oil.

(2) Cracked gasoline is obtained by the destructive distillation
method. A cracking unit is shown in figure 1. Gas oil, the third
heaviest distillate, is directed to the cracking unit and heated under
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TM 10-550
3 QjUAR'TETtiMASTER CORPS

pressure at a temperature of approximately 900° F. This cracks or
partially decomposes the heavier hydrocarbons into light particles
which are distilled to make gasoline.

c. Natural or casing head. — (1) This gasoline is obtained from
natural gas that contains minute particles of gasoline in vapor form.
The number of gasoline particles contained indicates the "wetness"

of the gas. To make processing profitable, about 1,000 cubic feet of
gas should be wet enough to produce at least 3 gallons of gasoline.

HISH TEST
» LOW TEST

MOTOR FUEL

FINISHED
KEROSENE

__.',-,
cokeatf*att.

paraffinmar.roadoiletc H
KtroUKl • « "

lutricaxtl. >

CAS OIL
10ILS

ASPHALT

FIGURE 1.—Typical flow chart tracing crude oil from well to finished product.

(2) Certain grades of natural gasoline possess high antiknock

qualities and are satisfactory engine fuels in themselves. However,

because of their volatility, most natural gasolines are blended with
straight run and cracked gasolines to make cold engines start easily.

(3) Propane and butane are byproducts of natural gasoline.
These liquids can be collected and stored under pressure. They will
turn into a gas when released into the atmosphere. Propane, the

more volatile of the two, will gasify at a temperature of 43° F.
below zero, and butane at 33° F. above zero. These very light vola
tile fuels are seldom used in internal combustion engines because

they evaporate very rapidly and cannot be handled in open con

tainers.
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TM 10-550
FUELS AND OAKBURET1ON1 4-5

4. Composition of gasoline. —Gasoline is composed of fractions
or parts, each having different physical characteristics; some are

light and volatile and others heavy and less volatile. These frac
tions or parts will vaporize at temperatures ranging from 85° F. to
400° F. This range of temperatures, which measures the volatility
of gasoline, is called the "chain of boiling points" or distillation
range. The chain of boiling points is determined by distilling a

given quantity of fuel in a standard apparatus used by the petrole
um industry. The first drop of evaporated and condensed gasoline
will fall into a graduated receiver at 98° F. to 124° F.; 20 percent
of the sample will fall at approximately 212° F. ; 50 percent at 290°

F. ; 90 percent at a temperature of not more than 395° F. ; and the
entire amount will be distilled at a temperature not over 440° F.

5. Energy contained in gasoline. —a. The heat energy contained
in a fuel is its heat value, which is measured in British thermal units

(B. t. u.'s). One B. t. u. is the heat required to raise the temperature
of 1 pound of water 1° F. Therefore, 1,000 B. t. u.'s will raise the
temperature of 1,000 pounds of water 1°, or 100 pounds of water 10°.

6. Power (energy) can be converted into heat and heat into power.
The conversion of power into heat is illustrated by the frictional heat

developed in brake linings as power is applied to the brakes. The
conversion of heat into power is illustrated by the action of an in
ternal combustion engine which converts the heat of burned fuel into
the power that propels a motor vehicle.

c. The potential energy contained in a gallon of gasoline is
95,083,000 foot-pounds. If all this energy could be converted into
work without any loss, the modern motor vehicle would go well over

450 miles on a gallon of gasoline. However, only about 5 percent of
the heat energy of gasoline is converted into available power by the

automotive engine. The power losses in a gallon of gasoline may be

distributed as follows :

Engine : Percent

Cooling system 35. 8

Exhaust gas 35.6
Exhaust pipes 1.0
Muffler 1. 2

Engine friction . 5.6

Total..,. _.._- 79.2
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TM 10-550
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Power train : Pei-cent

Transmission friction 2.9
Bear wheels 3.7
Front wheels 1.7

Total. - _ ._ 8.3

Miscellaneous: Wind resistance and others 7.1

Total. _ 7.1

Total power losses 94. 6

Net amount of power actually used 5. 4

6. High and low test (gravity) gasoline. —Gasoline is some

times spoken of as high or low test. This rating is based on the

specific gravity of the fuel ; that is, the weight of a quantity of gaso
line compared with the weight of an equal quantity of water at 4° C.
While specific gravity does have some bearing on the blending of fuels
in the manufacturing process, it is now common commercial practice
to classify fuels according to their octane rating.

7. Requirements of an ideal gasoline. —The following may be

considered as some of the ideal properties of gasoline : volatility, in

cluding easy starting, minimum crankcase dilution, minimum vapor
locks, quick and smooth acceleration, and good distribution ; operating
economy ; purity, including minimum gum formation and minimum

sulphur content ; good antiknock qualities. Each of these properties
has a definite effect on the performance of an engine in which the

gasoline is used. However, other factors, such as engine and vehicle

design, climate, terrain, types of highway, and altitude must be con

sidered in determining the requirements of an ideal gasoline.
a. Volatility. —The volatility of a fuel affects starting ability, crank-

case dilution, vapor locking, smoothness and quickness of engine
acceleration, and fuel distribution. Volatility of fuels is determined
and compared by the temperatures (chain of boiling points or distilla
tion range) at which the fractions of the fuels can be distilled. This
characteristic is controlled by the refiner to suit the climatic tempera

ture in which the engine is to be operated.

(1) Easy starting. —If an engine is to start easily, it must have a

burnable fuel mixture in the combustion chamber at the moment of
starting. This is a mixture of about 15 parts of air to 1 part of fuel

by weight. When an engine is cold, only a small part of the fuel

normally supplied is vaporized. This makes it necessary to provide
a greater quantity of fuel so that ultimately a sufficient amount of

8
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TM 10-550
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vaporized fuel will be available for starting and continuing the opera
tion of the engine. This is accomplished by closing the carburetor
choke valve to reduce the air supply and increase the fuel supply and
form a proper air-fuel mixture for combustion. Full choking de

creases the air-fuel ratio until it is about 1*4 parts of air to 1 part of
gasoline. Refiners increase the volatility of fuels during winter
months to provide easier cold weather starting.

(2) Minimum cramkcase dilution. —Cold weather operation and
overchoking of the carburetor allow liquid (unvaporized) gasoline
to seep past the piston and piston rings into the crankcase during the

warming-up period. In order to minimize crankcase dilution, a fuel
should completely vaporize at the lowest possible temperature.

(3) Minimum vapor lock. —Vapor lock, which blocks the flow of fuel,
is caused by fuel vapors in the fuel system due to excessive heat in
carburetors, fuel pumps, and fuel lines. To keep the fuel system cool,

designers place it as far as possible from the exhaust pipe and mani
fold. Heat insulating material or baffles are sometimes placed be

tween the carburetor and manifold or between the fuel lines and
exhaust pipe. In order to lessen the tendency to vapor lock, summer

grades of gasoline are blended from low volatility fuels.

(4) Quick and smooth acceleration.—Quick and smooth accelera

tion depends upon a fully vaporized accelerating mixture entering the
combustion chamber.

(5) Good distribution. —If fuel is not distributed uniformly to all
cylinders, the engine will run unevenly and the movement of the vehicle

will be erratic. Good distribution requires that the fuel be almost
completely vaporized and properly mixed before it passes into the

cylinders.
b. Operating economy. —Cost per mile of operation is influenced by

fuel economy. This involves two factors; cost per gallon, and miles
per gallon.

c. Purity. — (1) Gum.— (a) Cracked gasoline has brought with it
the problem of gum formation on the intake valves. Gum is a res

inous, nonvolatile product formed by the oxidation of certain hydro
carbons during the cracking process. When gasoline evaporates, gum
remains as a soft, sticky mass which, when subjected to high tempera

tures, forms a hard, baked deposit.

(6) The color of gasoline is no indication of its gum content. A
gasoline may have a yellow color and still be comparatively free
from gum, whereas a water-white gasoline may have a high gum
content.

(2) Sulphur.— (a) Almost all known crude oils have a sulphur
content varying from slight traces to as high as 4 percent. During

278606°— 41 2 9
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distillation, the sulphur in a crude oil is distributed to all fractions of
the distillate, some of it going into the gasoline fractions.

(6) When gasoline is completely burned, two products are formed;
carbon dioxide, and water in the form of superheated steam. If any
sulphur is present in the gasoline, it too is burned and combined with
the oxygen in the air to form sulphur dioxide. This unites with the
steam vapor to form sulphurous acid first and then, under pressure,

sulphuric acid. Sulphuric acid corrodes all metal parts of the engine
with which it comes in contact.

(c) So exact are modern refining processes that sulphur has caused

very little trouble in recent years. At the present time, the generally
accepted maximum sulphur content is 0.01 percent.

d. Antiknock value.— (1) Combustion. —The burning of a fuel in
the presence of oxygen is called combustion.

(a) A gallon of gasoline weighs about 6.1 pounds, of which 5

pounds is carbon and the remainder hydrogen. The air necessary
to burn a gallon of gasoline is composed of about 19 pounds of oxygen
and 72 poundsl of nitrogen and other gases. In burning a gallon of
gasoline, about 11 of the 19 pounds of oxygen from the air combine
with the 5 pounds of carbon in the fuel to form carbon monoxide
and carbon dioxide gases. Complete combustion converts all the
carbon into carbon dioxide gas. However, complete combustion is
never obtained in an engine, and as a result, carbon monoxide is also
formed. While the carbon and oxygen are uniting to liberate heat,
which is converted into energy to run the engine, the hydrogen in
the fuel unites with the remaining oxygen in the air to form about
6.9 pounds of water ; that is

,

about .83 gallons of water is formed for
every gallon of gasoline burned. The water passes off with the
burned exhaust gases in vapor form. In hot weather it is not of great
importance, but in cold weather the water vapor partially condenses,

which usually causes rust and corrosion in the muffler. The nitrogen
in the air is not affected. It remains: stable and acts as a cooling

agent, reducing the maximum burning temperature that could be

obtained if pure oxygen were supplied instead of air.

(b) A Diesel engine differs from a gasoline engine. Operating on

an excess amount of air, a Diesel engine burns the fuel more com

pletely and the exhaust is ordinarily free from carbon monoxide gas,

which is
,

however, given off when the combustion in a Diesel engine

is incomplete, usually due to faulty engine operation.

(c) When fuel burns inside the cylinders of an internal combus

tion engine, the temperature of the mixture is raised by the heat given
off. Actual burning temperatures of 4,000° to 4,500° F. have been re

corded in operating engines.
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(2) Compression pressure. —Within practical limits, the more a

fuel is compressed in the combustion chamber (compression pres

sure), the more efficient it is and the more power it produces. As a

fuel burns, the pressure it creates (combustion pressure) is about four
times greater than the compression pressure. A fuel subjected to a

compression pressure of 100 pounds per square inch will develop about

400 pounds per square inch combustion pressure as it burns. Should
the compression pressure be raised to 120 pounds per square inch, the

power produced by the engine will be greatly increased because the

combustion pressure will have been raised to about 480 pounds per'

square inch.

(3) Detonation. — (a) When the compression pressure is very high,
the fuel mixture tends to ignite spontaneously instead of burning uni
formly and slowly, causing detonation, knock, or ping. Fuel knock,
besides being an annoying sound, results in loss of power, overheat

ing, increased fuel consumption, and severe shock to spark plugs,
pistons, connecting rods, bearings, and crankshafts. It has been

known in extreme cases to chip porcelain from spark plugs and crack

cylinder and valve heads.

(6)' Detonation occurs in an engine as the fuel is burning in the

combustion chamber. A special engine has been built permitting mo

tion pictures to be made which clearly show the combustion process
and when detonation occurs. The spark from the spark plug starts

the fuel mixture burning and the flame spreads evenly from layer to

layer of the fuel, compressing and heating the unburned portion.
Eventually the last of the unburned portion is so compressed and

heated that it explodes before the moving flame has reached it
,

gen

erating extremely high pressure. This explosive pressure striking
piston head and the walls of the combustion chamber with hammer-
like blows causes the knock and ping sometimes heard in engines.

(c) Improvements in combustion chamber design have helped to

reduce detonation. When the temperature of an unburned fuel can

be kept below the detonation temperatures by engine cooling, the in
creased compression pressures result in increased combustion pres
sures. Hot areas, like the exhaust valve, radiating heat to the un
burned charge may cause detonation. By placing the spark plugs
close to these hot areas so that the fuel starts to burn near them and
then moves away from them, the tendency toward engine knocking
can be minimized.

(d) Carbon formation in a combustion chamber increases the

tendency of a fuel to knock because, being an excellent heat insu
lator, it reduces the effective cooling surface in the region of the

last-to-burn portion of the fuel charge.
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(4) Octane, rating. — (a) The ability of a gasoline to resist detona
tion is called its octane or antiknock rating. A straight run gaso
line from asphaltic base crudes has better antiknock value than one
from paraffinic base crudes. Cracked gasoline generally has less

tendency to knock than straight run gasoline. All marketed gaso
lines are a blend of straight run and cracked gasolines, so unless

their blending is controlled, their antiknock qualities will vary.

(6) Engineers and refiners have devised a method of determining
and comparing the antiknock qualities of gasolines by using a spe
cial one-cylinder engine, known as the C. F: R. (Cooperative Fuel
Research Committee) fuel testing engine, in which the compression

pressure can be raised or lowered. A device records and measures

the knocking effect of the fuel being tested. A mixture of iso-octane,

which has a very high antiknock rating, and heptane, which pro
duces a pronounced knock, is used as a reference fuel to establish
an antiknock standard. The antiknock value or octane number of
a gasoline being tested is represented by the percentage by volume
of iso-octane that must be mixed with normal heptane in order to

duplicate the knocking of the gasoline being tested. Octane num
bers range from 50 in third-grade gasolines to over 100 in aviation

gasolines. Since an octane number of 100 indicates a fuel having
an antiknock value equal to that of iso-octane, a number higher
than 100 indicates that the antiknock value is that much greater
than that of iso-octane.

(c) If the octane rating of a gasoline is naturally low, the fuel
will detonate as it burns and power will be applied to the pistons in

hammer-like blows. The ideal power is that which pushes steadily
rather than hammers against the pistons as shown in figure 2. The

octane rating of a gasoline can be raised in two ways ; by mixing it
with another fuel, or by treating it with a chemical.

1. By the first method, gasoline is mixed with benzol or alco

hol. It takes from 30 to 40 percent of benzol to get a

good antiknock rating and an even greater percentage of
alcohol. Alcohol absorbs moisture from the air and the

the water formed has a tendency to collect in the fuel

system. Neither alcohol nor benzol have the ability to

produce as much heat as gasoline, so a richer mixture is

necessary to give good combustion when this blend of fuels

is used. In this country, no fuel mixed with alcohol is

sold. However, some fuel mixed with benzol is sold, es

pecially in territories which are close to coke ovens, the

principal source of benzol.
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FIGURE 2.— Ideal power is that which pushes instead of hammers against the pistons.

0. A treated fuel is one which contains a chemical that is

not a fuel. Iodine is effective but it is detrimental to the

metal of the engine. The most satisfactory chemical

known is tetra-ethyl lead compound, which is added to

gasoline in the proportion of about 1 to 1,200 by volume,
depending on the fuel and the antiknock value desired.

The chemical commonly used contains tetra-ethyl lead

(produced from alcohol and lead), ethylene dibromide,

ethylene dichloride, and aniline dye. Tetra-ethyl lead

is a liquid which mixes thoroughly with gasoline and

vaporizes completely. Ethylene dibromide prevents the

tetra-ethyl lead from forming lead oxide deposits on
spark plugs and on valve seats and stems. Dye is added
to identify an ethyl treated gasoline and to warn against

. its being used as anything but an engine fuel. Ethylene
dichloride assists the ethylene dibromide in eliminating
deposits.

(d) An engine which does not knock on a low octane fuel does

not increase in efficiency when operated on fuel with a higher octane

rating. An engine which knocks on a given fuel should use one of
a higher octane rating. If the knock does not stop, some mechanical
adjustments are probably necessary. By adjusting the spark of an

engine using a low antiknock gasoline so that it will fire later (retard
ing the spark) eliminates knocking, but fuel consumption will be
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increased and the engine will overheat. It may be less expensive

to use a higher priced, high octane gasoline with an advanced spark
than to use a cheap, low octane gasoline with a retarded spark.

(e) The Quartermaster Corps normally purchases for motor vehicle
use three standard commercial types of gasoline with octane ratings
of 70, 77, and 92. The octane 70 gasoline is used under ordinary
conditions when engine design and compression do not require a

fuel with a higher anti-knock quality. The octane 77 fuel is used

for emergency vehicles, such as fire engines and ambulances, and
when compression ratios require a fuel with higher antiknock octane

rating. The octane 92 fuel is used essentially in the radial engines

of tanks and similar combat vehicles. These radial engines usually
have a much higher compression ratio than the average car or truck
engine and consequently require a fuel with an exceptionally high
antiknock rating.

8. Kerosene. —Kerosene is not greatly used in automotive engines

because it is difficult to vaporize. It has been used with success in
low speed tractor engines and in many low speed stationary engines

which have constant loads. In all cases, the engines must be started
on gasoline and run until the operating temperature is reached before
the kerosene supply can be switched on and the gasoline turned off.

9. Benzol. —Benzol, a byproduct obtained in the manufacture of
coke, is blended with gasoline to give it very high antiknock quali
ties. Benzol can be burned alone; however, its exhaust is highly
objectionable and in the pure state it freezes solid at about 36° to

40° F. Commercial benzol, a product of additional refining and
available as an internal combustion engine fuel, freezes at 23° F.
Benzol has a tendency to form carbon, and if not carefully refined,

the free sulphur and sulphur compounds in it cause corrosion and

unnecessary wear in engines.

10. Alcohol. —Ethyl (grain) alcohol and methyl (wood) alcohol

are also used as internal combustion engine fuels. Alcohol differs
from gasoline or benzol in that it is not a true hydrocarbon but

contains a large amount of oxygen. Neither does it have the heat
value (British thermal units) of the other two fuels. It makes cold

starting more difficult because it is not easily vaporized, but this

same property permits higher compression ratios which give more

power. It burns without leaving objectionable odors, gives off no

smoke, and leaves no carbon deposits inside the engine. Alcohol
can be produced without drawing on crude petroleum resources

and there is no limit to the supply. Its high production cost restricts
its use as an engine fuel.
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11. Diesel fuels. —a. Fuels used for Diesel and semi-Diesel en

gines are generally of the heavy fuel oil type. These have a higher

specific gravity than gasoline fuels and are much less volatile. Vis
cosity, flash point, cleanliness, residue, distillation, and other char

acteristics are quite important in Diesel fuels. Perhaps the most

important characteristic is cetane rating, or ignition quality. This
ranges from 30 to 80, depending on the grade and type of the fuel.

Fuels with a cetane rating of 30 to 50 are classed as rough Diesel fuels

and those of 50 to 80 as smooth Diesel fuels.
6. Further discussion of Diesel fuels will be found in TM 10-575.

SECTION III
THE FUEL SYSTEM

Paragraph
12General

Fuel tanks 13

Fuel filters 14

Fuel systems 15

Air cleaners 16

Fuel gages 17

Fuel lines and fittings 18

12. General. —The fuel system in a modern automotive vehicle
usually consists of a tank for storing the fuel, a fuel gage, pipes for
conveying the fuel from the tank to the engine, filters and cleaners

for straining and cleaning the air and fuel, and a fuel pump for
transferring fuel from the tank to the carburetor. (See fig. 3.)

Air Cleaner
mmm

Carburetor

FIGURE 3.—Fuel system for an automotive engine.
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13. Fuel tanks. —a. The main fuel tank in passenger vehicles is

generally in the rear of the chassis. Trucks have them mounted
under the driver's seat, on the sides, or at any other convenient place
on the vehicle. Most modern vehicles have fuel pumps, consequently
the position of the tank has little effect on the quantity of fuel sup

plied to the carburetor.
&. As shown in figure 4, the tank is usually made of thin gage

tinned metal or of lead and tin alloy covered sheet steel known as

"terne plate." It has an inlet or filler pipe and an outlet. This out
let, with a fitting for the fuel line connection, may be in the top
or side of the tank. The lower end of the outlet pipe is placed about

% inch from the bottom of the tank so that any sediment which

TAWK UNIT OF ELECTRIC.. FUEL GASE

BAFFLES

FIGURE 4.—Main fuel tank with top cut away.

collects in the tank will not be carried to the carburetor. Baffle

plates may be placed inside the tank to reinforce the sides and bot
tom and to prevent the fuel from surging or splashing. The baffles

are welded to the sides and bottom and are notched or perforated
so that the fuel can flow freely from one" section to the other. A
drain plug is placed in the bottom so the tank can be drained and
cleaned.

c. Fuel tanks give little or no trouble and as a rule require no
servicing other than an occasional cleaning. However, if they are

punctured or develop leaks, they should not be welded or repaired
with or near an open flame until all traces of fuel and fuel vapors
have been completely removed. This is necessary to minimize dan
ger from possible ignition or explosive gases. Motor Transport
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School Technical Service Bulletin Z-ll and TM 10-450 give complete

instructions on cleaning fuel tanks preparatory to welding and re

pairing them.

14. Fuel filters. —a. These may be located any place between the

main fuel tank and the carburetor. They may be found in the main

fuel tank, vacuum tank, fuel pump, or carburetor. Types of filters
connected in the fuel line are shown in figure 5.

&. The most common type of fuel filter (figs. 7 and 8) is placed
between the fuel tank and a mechanical fuel pump. In this type,
the fuel enters the glass bowl and passes up through the filter screen

and out through the outlet. Any water and solid matter caught
by the filter falls to the bottom of the filter bowl where it can be

readily seen. and removed. Dirt in fuel generally comes from rust
scales in tank cars, storage tanks, and drums. Water comes from

FUEL INLET-

FIGURE 5.—Types of fuel filters used in the fuel line.

the condensation of moisture in metal containers or tanks. The
filter element is usually a metal screen. However, a recently devel

oped fuel filter is fitted with a clay filter element.

15. Fuel systems. —Fuel systems are of the following types:
gravity fed, pressure fed. and pump fed.

a. Gravity fed.— (1) In a gravity fed fuel system, the fuel moves

directly from the vehicle storage tank to the carburetor by gravity.

(2) Another method involves the use of vacuum tanks which draw
fuel from the vehicle's storage tank by the vacuum action of the

intake manifold. The vacuum tank then becomes a secondary storage

tank, usually located under the engine hood, from which fuel flows
to the carburetor by gravity.

(3) The gravity method of supplying fuel to the infernal combus

tion engine is seldom used on the modern motor vehicle; therefore,
its details will not be discussed here. In the older type vehicles where

278006° —41- 17
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this method of fuel supply is found, reference should be made to
the manufacturer's manual.

b. Pressure fed.— In a pressure fed system, the tank, which must
be airtight, can be placed at the most convenient point in the chassis.
A small hand-operated air compressor is used to maintain a constant

pressure of about y2 pound per square inch on the fuel, forcing it
through the fuel lines to the carburetor. A gage mounted on the dash
indicates the air pressure. A safety valve relieves the air pressure
when it becomes excessive. This system is seldom used.

c. Pump fed.— In, a pump fed system (fig. 3), the supply tank
may be located at the most convenient point on the vehicle.

(1) Mechanical fuel pumps.—Mechanical fuel pumps are gener
ally of the diaphragm type shown in figures 6 and 7. The type

CAMSHAFT ECCENTRIC

FILTER SCREEN ^/JU_^
OUTLET
INLET VALVE

PUMP CHAMBER

ARM RETURN SPRING

OPERATING ARM—

ARM AND LEVER PIVOT

DIAPHRAGM

DIAPHRAGM
SPRING

DIAPHRAGM OPERATING LEVER
FIGURB 6.—Mechanical fuel pump with built-in fuel filter.

shown in figure 8 differs in that the pump has a vacuum booster sec

tion. This booster section has nothing to do with the fuel system,

except that it is operated by the fuel pump arm. As shown in figure
6, the inlet valve and the filter are built in the body of the pump, and
in the other two types (figs. 7 and 8), the inlet valve and the filter
are separate from the pump body but are part of the assembly.

(a) During the first or suction stroke, the rotation of an eccentric

on the camshaft actuates the pump operating arm, which pulls the
lever and diaphragm downward against the pressure of the dia

phragm spring, producing a vacuum in the pump chamber. The
vacuum holds the outlet valve closed and pulls the inlet valve open

making the fuel flow from the supply tank through the inlet up
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through the filter screen and down through the inlet valve into the

pump chamber. During the return stroke, the diaphragm is forced

up by the diaphragm spring, the inlet valve closes, and the outlet

valve is forced open allowing the fuel to flow through the outlet to

the carburetor.

(6) The operating lever is hinged to the pump arm so that it can

be moved down but cannot be raised by the pump arm. The pump
arm spring makes that arm follow the cam without moving the

lever. The lever is moved upward only by the diaphragm spring.
The pump, therefore, delivers fuel to the carburetor only when the

fuel pressure in the outlet is less than the pressure maintained by the

diaphragm spring. This condition arises when the fuel passage

from the pump into the carburetor float chamber is open and the

float needle valve is not seated.

(<?) Figure 7 shows a type of fuel pump which is now commonly
used. Its method of operation can be followed from the above

description.

CAMSHAFT
ECCENTRIC

AIR CHAMBER

OUTLET VALVE

PUMP CHAMBER j
.INLET

VALVE

FROM
TANK

ARM PIVOT

L^
DIAPHRAGM LEVER

FIQORB 7.—Mechanical fuel pump with a separate fuel filter built integrally with the pump.

(d) Vacwum sections in mechanical fuel pumps.—Many mechani

cal fuel pumps have a vacuum booster section which operates the

windshield wiper at an almost constant speed (fig. 8). The fuel
section (upper) functions in the same manner as that in ordinary
fuel pumps. However, the rotation of the camshaft eccentric in this
special type pump also operates the vacuum booster section by actu

ating the pump arm which pushes a link and the bellows diaphragm
assembly downward expelling the air in the lower chamber through
its exhaust valve out into the intake manifold. On the return
stroke of the pump arm, the diaphragm spring moves the bellows

diaphragm upward producing a suction in the vacuum chamber.
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This suction opens the intake valve of the vacuum section and
draws air through the inlet passage from the windshield wiper.

1. When the windshield wiper is not being used, the intake
manifold vacuum holds the diaphragm downward against
the diaphragm- spring pressure so that the diaphragm does

not function with every stroke of the pump arm. When
the manifold vacuum is greater than the vacuum pro
duced by the pump, the air flows from the windshield
wiper through the inlet valve and the vacuum chamber
of the pump and out the exhaust valve outlet to the

manifold, leaving the vacuum section inoperative. With
a high vacuum in the intake manifold, the operation of
the windshield wiper will be the same as if the pump
were not installed. However, when the intake vacuum
is low, as it is when the engine is accelerated or operated
at high speeds, the vacuum produced by the pump is

greater than that in the manifold and the vacuum section

operates the windshield wiper at a nearly constant speed.
2. Some mechanical pumps have the vacuum section placed in

the top of the pump instead of in the bottom as shown
in figure 8, but the operation is basically the same.

AIR CHAMBER

PUMP ARM

CAMSHAFT ECCENTRIC

EXHAUST
VALVE
OUTLET

TO INTAKE
MANIFOLD

VACUUM SECTION
DIAPHRAGM SPRING

SECTION DIAPHRAGM
VACUUM CHAMBER

FROM WINDSHIELD WIPER

INLET VALVE

>• VACUUM PUMP BODY

FIGURE 8.—Mechanical fuel pump with vacuum section.
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(2) Electric fuel pumps.— (a) This type of pump is designed to

supply gasoline to the carburetor regardless of the climate, terrain,
speed, or location of the tank, and to operate independently of any
vacuum in the intake manifold. Figure 9 shows the principal parts
of an electric fuel pump.

(b) The pump, connected between the carburetor and the fuel
tank, is operated by an electric current controlled from the coil side

of the ignition switch. When the ignition switch is turned on, the

pump will operate before the engine starts, drawing gasoline from
the main supply tank and delivering it to the carburetor under

pressure.

FILTER GLOB

SCREEN ASSEMBLY
FILTER BASE'

BRACKET

VALVE ASSEMBLY (2)
PUMP BASE'

INLET-*']

BELLOWSASSEMBLY'

cov:
ARMATUREASSEMBLY'

BREAKER

MAGNETASSEMBLY'
DRIVING SPRING'

CONTACTASSEMBLY

FIGURE 9. — Electric Impulse fuel pump with built-in fuel filter.

1. The metal bellows, expanded by the downward pull of the

electromagnet on the armature, draws gasoline from the

main supply tank through the inlet suction valve into
the pump chamber.

8. During this downward stroke of the armature, the electric
contact breaker opens the circuit and demagnetizes the

electromagnet, thus freeing the armature. The inlet suc

tion valve then closes and the driving spring pushes on

the bellows and forces gasoline through the outlet valve
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into the fuel line to the carburetor. When the contact
points of the breaker come together again on the upstroke
of the armature assembly, the electric circuit is closed

and the cycle is rapidly repeated.

(c) As soon as fuel fills the carburetor to the correct level, the

carburetor needle valve closes and the pressure built up within the

bellows prevents further pumping by holding the electric contact

points apart. With the contact assembly open, there is no current

flowing and therefore no drain on the battery. When the level of
the fuel falls in the carburetor float chamber, the needle valve is

unseated, relieving the pressure on the bellows, so that the electric
fuel pump again functions until the carburetor needle valve is re

turned to its seat by the rising gasoline level in the carburetor float

chamber. The suction in this type of pump is so great that it rarely
needs priming.

(3) Fuel pump performance.— (a) It is essential that the fuel

pump deliver sufficient fuel to supply the requirements of the en

gine under all operating conditions and that it maintain sufficient

pressure in the line between the fuel pump and carburetor to keep

the fuel from boiling and to prevent vapor lock. Excessive fuel

pump pressure holds the carburetor float needle valve off its seat,

causing high gasoline level in the float chamber which in 'turn in
creases gasoline consumption.

(&) The pump, depending upon fuel pump pressure and car
buretor float control, usually delivers a predetermined quantity of
fuel varying from 10 to 55 gallons, per hour. The pump operating
pressure varies from 2 to 4 pounds ; with an average of 3 pounds for
passenger care, %-ton, and l^-ton vehicles.

16. Air cleaners. —a. These devices (fig. 10) are designed to sepa

rate dust and other foreign matter from the incoming air before it
enters the carburetor. Since thousands of cubic feet of air are

drawn from within the hood and passed through the engine cyl
inders, it is important that this air is clean. When driving along
dusty roads, dust is drawn through the radiator and ultimately finds
its way into the engine unless the air is filtered or cleaned. Foreign
matter in the engine causes excessive wear and operating troubles.

&. The filtering element is usually made from copper gauze or
copper wool saturated with oil and packed into position between wire
or other openwork sections of the cleaner body. Air entering the

engine passes through the filtering element which traps the dust
and dirt. The filter element should be washed in gasoline or kerosene

approximately every 1,000 miles, or oftener if operating conditions
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warrant. After washing out old oil and dirt, treat the filter element

by dipping it into a pail of SAE No. 50 engine oil (Navy symbol

No. 3100). After cleaning and draining, the filter is reassembled.

AIR INLET

COPPER GAUZE
CLEANER ELEMENT
(Oil. SATURATED) i

SOUND
NEUTRALIZING
CHAMBERS

AIR GLEANER
BODY

TO CARBURETOR
AIR HORN

® Oil saturated type.

OIL LEVEL

© Oil bath type.

FIGURE 10. —Air cleaners.

The gauze (or wool) in the filter also acts as a flame arrester during
a severe flash-back or backfire. The filter shown in figure 10 (T) con

tains a silencing unit consisting of intake passages designed to muffle

air noises and a felt pad which acts as a gasket and absorbs engine
intake noises.
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c. The oil bath type of air cleaner is installed on the engines of most

military motor vehicles. A cavity in the base of this cleaner con

tains a quantity of oil. The incoming air is forced to reverse its
direction of flow immediately above the surface of the oil and the

heavier particles of dirt are carried into the oil by their momentum.

The air then passes through an oil saturated copper gauze where the

remaining dust and dirt are trapped. The change in direction of the

air stream also carries a small amount of oil vapor with it which

keeps the copper gauze (mesh) filter element saturated with oil. A
cleaner of this type is shown in figure 10 ®.

17. Fuel gages. —Early types of fuel gages were mechanically
operated. The indicator was incorporated as a single unit with the

fuel tank float and operating mechanism. Later types have an

operating mechanism within the fuel tank and a gage on the instru
ment panel to indicate the amount of fuel.

a. Liquid or hydrostatic. —In a liquid or hydrostatic type gage

(fig. 11) the instrument panel unit is operated by an air tube running

Air Line

Liquid

TANK EMPTY
Gasoline Outlet
not included
where separate
gasoline outlet
is provided

Vent Hole

TANK FULL

FUEL TANK UNIT
FIGURE 11. —Liquid or hydrostatic type fuel gage.
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between the tank unit and the instrument panel unit. The end of the

air tube at the instrument panel is fitted with a U-shaped unit having
a calibrated glass tube containing a colored liquid. The end of the

tube in the fuel tank is. fitted with an air chamber. When the fuel
tank is empty, there is no pressure in the air chamber and therefore
no pressure is applied to the liquid in the U-shaped glass tube on the

instrument panel. As the fuel tank is filled, air is trapped in the

air chamber and the pressure thus built up is transferred by the air
tube to the top of the liquid in the U-tube, making it move around
the bend and rise in, the glass tube to indicate the amount of fuel
in the tank. As the fuel is withdrawn from the tank, the air pressure
is gradually reduced and the colored liquid in the gage flows down
and back around the bend in the glass tube. Hydrostatic (liquid)
fuel gages are generally being replaced by electric gages.

b. Electric. —Most motor vehicles are now equipped with fuel gages
which are operated in conjunction with the vehicle's electrical system.
The two principal types are the electric meter and rheostat type and

the bimetal and resistance wire type. The details of their operation
are discussed in TM 10-580.

18. Fuel lines and fittings.—Fuel lines connecting the various
units of the fuel system are usually made of drawn copper tubing.
However, copper tubing is being supplanted by rolled steel tubing
usually rust-proofed by copper or zinc plating.

a. Fuel lines are placed away from exhaust pipes, mufflers, and
manifolds so that the excessive heat will not cause vapor lock. They
are attached to the frame, engine, and other units so that the effect
of vibration is minimized and so they are free of contact with sharp

- CONNECTORS

© Flared type. ® Compression type. ® Soldered type.

FIGUUB 12. —Three types of tube fittings used on fuel and oil lilies.
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edges which might cause wear. In places of excessive movement, as

between a vehicle frame and a. rubber mounted engine, short lengths
of gasoline resistant flexible tubing are used.

Z
>

.

Three principal kinds of tube fittings (flared, compression, and
soldered types) are shown in figure 12. Of the three, the flared
fitting, sometimes referred to as a refrigerator or marine fitting, is

probably the most popular.

SECTION IV

PHYSICS OF CARBURETSON
Paragraph

General 1£
Weight of air_._ 20

Bulk of gasoline compared with bulk of air 21

Vaporization 22

19. General. —All internal combustion engines require a fuel

charge in the engine cylinders. In the spark ignition type engine,
this fuel charge is a mixture of air and the vapor obtained from a

volatile liquid fuel. A liquid fuel is atomized (broken up), partially
vaporized, and mixed with the correct proportion of air in a carbure
tor. To understand the mechanics of a carburetor, it is first neces

sary to understand the principles of carburetion. There are a number
of methods by which a fuel mixture may be made, each one requiring

a different type of carburetor.
20. Weight of air. —It is not generally appreciated that air has

weight and that this weight decreases as the height above sea level

increases. The weight of air (atmospheric pressure) has a definite
bearing on carburetor design, construction, and adjustment. Mechan
ics are most interested in adjustment, since it varies with each grade
of fuel, with various load conditions, and with different altitudes.
To show that air has weight, two identical airtight vessels each con

taining 1 cubic foot of air are placed on a balance as shown in figure
13. If all the air is extracted from one vessel with a vacuum pump,

it will weigh 1*4 ounces less than the other.
21. Bulk of gasoline compared with bulk of air. —A cubic foot

of air weighs l1^ ounces, but a cubic foot of gasoline weighs about
48.5 pounds, or Y75 ounces. This means that a cubic foot of air must
be multiplied by 620 to equal the weight of a cubic foot of gasoline.
The ideal air-fuel ratio for an internal combustion engine is 15 parts
air to 1 part gasoline, by weight. Accordingly, to burn 1 cubic foot
of gasoline, 15 times 620 of 9,300 cubic feet of air is needed. Convert
ing this ratio to gallons, 1,240 gallons of air is needed to burn 1 gallon
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21-22

FIGURE 13. —One cubic foot of air balanced by 1% ounces, demonstrating that air has
weight.

of gasoline ; or, y2 teaspoonful of gasoline must be mixed with 1 cubic
foot of air to obtain the ideal 15 to 1 ratio.

22. Vaporization. —a. General.— (1) In order to secure a good
air- fuel mixture, gasoline must first be atomized (broken up) and

vaporized. If y2 teaspoonful of gasoline is poured into a cubic foot

of air (fig. 14 ©), the gasoline simply drops to the bottom of the

vessel and remains there without mixing with the air except by the

slow process of evaporation.

(2) Vapor is a gasified liquid. When a liquid vaporizes, it oc

cupies more space and it will also float in air. Evaporation occurs

at all temperatures but it is usually more rapid in hot weather. All
volatile liquids placed in contact with the air will start to evaporate
and in this vapor form may present extremely dangerous fire and
explosion hazards. The loss from evaporation is considerable, es

pecially in extremely warm weather, and must be considered when
handling fuels in bulk. As a rule, the evaporated particles are not
visible, but in most cases the vapors from an evaporated liquid fuel
give off an odor which may aid in detecting abnormal evaporating
conditions.

(3) It is possible to accelerate vaporization of a fuel by a number
of methods. The vaporization of gasoline in an internal combustion
engine is carried out progressively. The breaking up of a fuel is
started by the action of the needle valve and the venturi tubes. It
is partially vaporized and atomized by the vacuum produced in the

top of the venturi tube. It is further vaporized, as it passes through
the intake manifold, by the heat transferred to the manifold from
the engine and it is almost completely vaporized during the com
pression stroke of the piston by the heat of compression and the heat
left by the previously burned fuel. In carburetor design, the trend
is to start vaporization as soon as possible.
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b. Vaporization by spraying. —If an atomizer is used for vapor
izing a fuel (fig. 14 @), it is possible to spray yz teaspoonful of
gasoline into a cubic foot of air very quickly and have it mix fairly
well, since it enters the air in the form of a mist. The use of an

atomizer represents one of the most important principles of carbure-

ICu.Pr AIR

© Pouring % teaspoonful of gasoline into a

cubic foot of air does not mix them.
© Spraying % teaspoonful of gasoline into a

cubic foot of air mixes them fairly well.

FIGURE 14.

tion. When the bulb is pressed, the suction created at the nozzle by
the expelled air draws portions of the gasoline up through the tube.

As it draws the gasoline out, the air from the bulb strikes it and

breaks it up into small particles; that is
,

atomizes it. "Atom" is a

FIGURE Ifi.—Demonstrating use of heat to vaporize fuel and mix it with air.

term applied to very small parts of any element and atomization
means breaking into small particles.

c. Vaporization by heat.— (1) A liquid can be vaporized by apply
ing heat. The greater the heat, the more rapid the vaporization.
If heat is applied to % teaspoonful of gasoline (fig. 15), the gasoline
will be driven off quickly in the form of gasoline vapor. This vapor

28

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

3
 0

2
:5

4
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
FUELS AND CAEBUBETION 22

rises, and if the vessel containing the cubic foot of air is immediately
above it

,
the air and vapor mix fairly well.

(2) This heating principle is made use of in carburetors by several

methods. The older method was to make use of a "stove" built
around the exhaust manifold at a point close to the carburetor so that
the air being drawn into the carburetor was first passed around the

manifold and heated. While stoves are still used, the more modern
practice is to use the "hot spots" around the manifold passages. The
atomized gasoline, as it passes! from the carburetor into the manifold,
comes in direct contact with a heated surface and vaporizes rapidly.

d. Vaporisation ~by vacuum. — (1) The earth is surrounded by an

ocean of air, many miles in height, that presses upon the earth with
a pressure of 14.7 pounds per square inch at sea level. Atmospheric
pressure is exerted in all directions. Air is continually forcing its

way into any place that contains no air ; that is
, air will always try

to fill a vacuum.

(2) Air can be exhausted from a bottle half filled with water by
connecting it to a vacuum pump (fig. 16). As pressure is lifted
from the water, it begins to vaporize and it will then boil at 80° to

FIGUKEJ 16. — Vaporization of fuel by vacuum.
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90° F. instead of the normal 212° F. If half the air is removed from
a sealed container, the air left will expand as the pressure is re

moved, leaving the air pressure within the container only about half
that of the atmospheric pressure on the outside of the bottle. This
unequal pressure speeds up the vaporization action.

(3) Vaporization by vacuum has a very important place in carbu
retor operation. .A vacuum is the principal means of drawing fuel
into the mixing chamber of a carburetor. A venturi tube, which is
located just ahead of the mixing chamber, is used in combination
with the suction of the engine to increase the vacuum. The lowered

pressures due to the vacuum in the venturi allow the atomized fuel to

expand and vaporize more quickly.

(4) The vacuum created in the intake manifold is also used to

operate windshield wipers, clutch operating mechanisms, power
brakes, and gear shifting devices.

SECTION V

PRINCIPLES OF CARBURETION
Paragraph

General 23

Action of carburetor 24

Puddle type carburetor _ 25

Elementary carburetors 26

Elementary type carburetor with venturi 27

Float chamber 28

Venturi action 29

Fuel spray nozzles 30

Air bleed • 31

Choke valve 32

(Throttle valve 33

Compensation 34

Starting, idling, and slow speed device 35

Auxiliary air valves 36

Metering rods 37

Compensating jets 38

Accelerating device 39

Ratio of carburetor size to engine size 40

Accelerator, throttle controls, and linkage 41

Automatic choke 42

23. General. —The carburetor long ago lost its originally intended

function as an instrument for vaporizing fuel only. It has reached a

comparatively high state of development as an instrument for meter

ing fuel and air, and as the means for atomizing and vaporizing the

fuel charge.
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24. Action of carburetor. —a. When the engine piston descends

on' the intake stroke, it creates a partial vacuum within the cylinder
and air tries to get in to fill this partial vacuum. The only entrance

to the cylinder is through the carburetor. As the air rushes through
the venturi tube, it creates a partial vacuum at the carburetor nozzle.
In some carburetors, the float bowl is opened to the atmosphere so

that atmospheric pressure is exerted on the fuel in the bowl; in
others, the float bowl is vented to the carburetor horn and the pres
sure in the bowl is the same as that in the horn. Since this horn

pressure is greater than the pressure at the carburetor nozzle, fuel is
drawn from the float bowl to the nozzle and out into the passing air
stream. As the fuel is drawn from the tip of the nozzle, it is
struck by the rapidly moving air stream and carried with it into the

engine cylinder. The force of the air stream striking the fuel atomizes

it into a mist, which is the first step toward vaporization and the

mixing of the air and fuel.
&. The delivery of fuel at the nozzle is controlled by a needle valve,

jet, or metering rod. These may operate anywhere and in any com

bination along the fuel passage from the float bowl outlet to the
tip of the nozzle. For convenience in servicing, they are generally
placed at the float bowl outlet.

25. Puddle type carburetor. —In the original type of carburetor,
known as the puddle type, vaporization was completed before the
air-fuel mixture entered the intake manifold. An air stream directed
across the surface of the fuel collected the vapor off the top. This
was a fairly acceptable method of carburetion because prior to 1903

commercial gasolines were extremely volatile. Jt was necessary to

drain the bowl at frequent intervals because the air stream picked
up only the lightest particles of the fuel and left the heavy ones.

Eventually, when the bowl contained nothing but the heavy non
volatile parts of the fuel, the carburetor ceased to function and the

engine stopped running. This type in itself is no longer in common

use.

26. Elementary carburetors. —a. The simplest form of carbu
retor consists of an air passage containing a choke valve, fuel jet,
and butterfly throttle, and a float chamber which maintains the fuel
in the jet at a constant level. Since all fuel passing through a car
buretor of this type is discharged from the one nozzle without the
influence of any means of compensation, it is usually referred to as

a plain tube carburetor.
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&. (1) Figure 17 ® shows an elementary type carburetor in
which the gasoline supply tank is placed below the carburetor and
the fuel is pumped up through the fuel line to the fuel chamber. The
overflow pipe maintains the level of the fuel at a constant height.
The fuel supply to the nozzle is controlled by the needle valve. The
gasoline level in the nozzle is always just below its tip. The car
buretor flange is fastened to the intake manifold of the engine. The
suction of the engine pistons draws air through the air passage and

up past the choke valve and the nozzle. A spray of gasoline is drawn
into the air from the nozzle and mixes with the air. This atomized
mixture forms the fuel charge for the engine cylinders.

(2) When the engine is being started, the suction or vacuum is at

its lowest point. In order to increase the suction on the fuel in the
nozzle, the choke valve should be partially if not entirely closed.

^-CARBURETOR FLANGED

f I
NEEDLE
VALVE THROTTLE

VALVE

Heitlc

Ovtrtlm,

TO MAIN
FUEL TANK

FUEL NEEDLE
VALVE

FROM FUEL PUMP

FIGURE 17. —Two elementary types of plain tube carburetors.

When the engine is running, it should be completely open to admit
sufficient air to the cylinders. The adjustment of the choke valve,
used on all modern engines, is controlled either by hand from a con

trol mounted on the dash or by an automatic mechanism.

(3) This type carburetor can be used on only a constant speed

engine, because there is no method included for increasing or decreas

ing the air supply at varying engine speeds.

27. Elementary type carburetor with venturi.—Figure 17 ©
shows another elementary type of carburetor and the application
of two fundamentals, the constant level float and the venturi tube,

which are explained in paragraphs 28 and 29 below. In this type
carburetor, the fuel is kept at a constant level in the supply or float

chamber by a hollow metal float operating a ball valve.
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28. Float chamber. —a. Types.—When the float chamber sur
rounds the nozzle (fig. 18), it is concentric. When the float chamber

is at the side of the nozzle (fig. 19), it is eccentric.

FUEL NOZZLE

FLOAT CHAMBER

FIGURE 18. —Concentric float chamber.

LEVEL TILTED

KIOUHE 10. — Kccentric float chamber.

b. Float rnfchanixms. — (1) There are two general types of float-
control mechanisms. In figure 20, the needle valve passes through
the float. It is controlled by the float rising against two weighted

FLOAT CHAMBER
NEEDLE VALVE

FLOAT LEVERS

FLOAT CHAMBER
FUEL ENTERING
FROM BOTTOM

FICURE 20. —Float with weighted lever arms operating the needle valve.

lever arms, which are pivoted to lugs on the float chamber cover.

With this type, the fuel entrance to the float chamber must be placed
in the bottom.
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IDLING ADJUSTMENT SCREW

NEEDLE VALVE

FUEL ENTERING FROM

CARBURETOR FLOAT CHAMBER

(5 Fuel entering from top of float chamber.

© Fuel entering from bottom of float chamber.

Fioi'RE 21. —Level type float.

TO arrs
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(2) Figure 21 © shows a lever type of float mechanism with the

fuel entering from the top of the float chamber and figure 21 ©
shows one with fuel entering from the bottom. !<; is considered

advantageous for the fuel to enter from the top because the needle is
less likely to be held off its seat by small particles of dirt and any
accumulation of water in the float chamber.

(3) Floats Avere formerly made of shellacked cork but difficulty
was experienced because the float finally absorbed moisture, became

heavier, and caused a change in float level position and the level of
the fuel in the float chamber. Most floats are now made of metal.

29. Venturi action. —a. If a constriction (venturi) is placed in
a pipe as shown in figure 22, and water is forced through the pipe,
the water in the constriction will flow faster than the water in other

VENTURI

FIGURE 22. —The principle of the venturi tube.

parts of the pipe. This is caused by the spreading tendency of the

water as it leaves the constriction. Similarly, if two buckets are

placed side by side, both filled with water, one with a 1-inch plain
opening in the bottom as shown at A (fig. 22), and one with a 1-inch
venturi or bellmouth opening as shown at B (fig. 22), the water will
flow out of the venturi opening at a faster rate than out of the plain
opening. This same accelerating action takes place as air flows

through the venturi of a carburetor.
&. (1) The venturi principle has long been known, and a venturi tube

in a carburetor (fig. 23) will develop increased air flow and a higher
vacuum within the venturi throat. A problem in carburetion is to
secure the correct amount of suction around the needle valve at slow
engine speeds and still allow enough air to enter at high engine speeds
to maintain the desired ratio of air and fuel. The venturi tube lends
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itself to these extremes by increasing the vacuum at low speeds without

restricting the flow of air at high speeds.

(2) As the piston within the engine cylinder moves downward on

the intake stroke, a suction is created around the fuel nozzle in the

narrowest part of the venturi and air enters and picks up the gasoline
as it passes. After passing the venturi, the partially atomized air
or gasoline enters a mixing chamber and completes atomization. In
updraft carburetors, the mixing chamber is always located above the

gasoline fuel nozzle and near the upper part of the venturi. A par
tial vacuum exists in a mixing chamber and just as water boils more

readily in a vacuum than it does under normal air pressure, so gaso

line tends to vaporize more readily in this partial vacuum.

;i$£ I
'•'O'.OU

'—ATOMIZED FUEL

VENTURI

FIGURK 23. —Venturi principle applied to a carburetor.

c. Some carburetors contain two or even three venturi tubes. Fig
ure 24 shows one with two tubes. The use of two or more tubes

greatly increases the air speed at the mouth of the fuel nozzle. This
increased speed is of great value under light loads (small throttle

opening) because better atomization is obtained, giving better low

speed performance.
30. Fuel spray nozzles. —These constitute a very important part

of the carburetor. It is necessary to have more than just an ordinary
opening by which the fuel can enter the mixing chamber. In addi
tion to being a passage for fuel, it must also assist in breaking the

fuel into small particles or mist, so that they can be more easily picked
up by the inrushing air and more easily converted into a vapor. The
most efficient opening is that which will atomize the fuel into the
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DOUBLE VENTURI

FUEL
NOZZLE

FLOAT CHAMBER
FIGURE 24. — Elementary double or compound venturi tube principle applied to a

carburetor.

smallest particles. Designers differ in their opinion as to which shape

is the most efficient. Therefore, fuel spray nozzles of different shapes

are used in the various makes of carburetors. They can be placed in
four general groups as shown in figure 25.

NEEDLE VALVE

A B C -

FIGURE 25. — Different designs of fuel spray nozzles used in modern carburetors.

a. The fuel spray jet, type A (fig. 25), is a round tube with an

opening at the top through which the fuel passes. The size of the

opening being fixed, it delivers fuel on a constant basis.

b. Type B (fig. 25) is the same as type A except for an adjustable
needle valve inside. This needle valve, which is manually adjusted,
changes the flow of fuel by controlling not only the quantity but also
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the shape. When the knurled screw is down, only the needle point
enters the hole and the stream or column of fuel passes through it
in the form of a spray, hollow in the center. When the screw is
raised so that most of the opening is closed by the point of the needle,

the stream is reduced.

c. The third type, C (fig. 25) , has an inverted, external needle valve
which descends from above into the opening. It produces much the

same effect as type B.
d. The fourth type, D (fig. 25), is like type C except that instead

of having a solid screw point, a series of separated small channels

break up the surface of the point. The screw point can be moved

up and down to change the size of the channel openings.
31. Air bleed. —By comparing the simple carburetors shown in

figure 17 with the diagram of the form shown in figure 26. it will be

FUEL NOZZLE

i.AIR
BLEEt

— ..ssyras
BLEED JET

MAIN FUEL JET

FIGURH 26. — Elementary air bleed principle.

noted that a new method of controlling the quantity of gasoline
flowing through the fuel nozzle has been introduced. This is an air

opening or an air bleed jet into the fuel jet. Instead of a solid stream

of fuel being drawn from the nozzle to mix with the air, air bubbles

are first mixed with it. These air bubbles break the fuel into small

particles before it reaches the nozzle so that the further action of the

main air stream upon the fuel particles results in a better atomized

fuel charge.

32. Choke valve. —a. (1) An excessively rich mixture is required
to start a cold engine because the only heat available for vaporiza
tion comes from the heat of compression within the cylinders. Since
only about 10 percent of the fuel will be vaporized within a cold en

gine under average conditions, about ten times the usual amount of
fuel must be taken into the cylinders in order to provide sufficient

vaporized fuel to obtain a correct burning mixture.

38

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

3
 0

2
:5

5
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
FUELS AND CARBURKTION 32-34

(2) This is usually accomplished by means of a choke valve in the

air inlet or carburetor horn (figs. 28 and 29). The position of this

valve may be regulated either manually by the operator or auto

matically by a thermostat controlled by the temperature of the

exhaust manifold. Closing the choke valve restricts the air supply
and greatly increases the suction at the fuel nozzle. Much more

fuel is drawn into the mixing chamber than would be if the choke

valve were open. As soon as the engine starts, the choke must be

partly opened or the overrich mixture will "kill" the engine.

b. While the choke valve is an effective aid in starting, it should be

sparingly used. If it is left partly closed, the carburetor will deliver

an overrich mixture which will lead to incomplete combustion. This
will leave liquid fuel in the cylinder, which washes lubricant from
the cylinder walls, causes crankcase dilution, fouled plugs, and other

defective conditions.
33. Throttle valve. —Engine speed is controlled by the position of

the throttle valve (fig. 27). As the throttle is opened wider, a larger
fuel-air charge is admitted to the cylinder.

34. Compensation. —a. A simple carburetor can deliver a cor

rectly proportioned mixture of fuel and air at only one engine speed.

Since the rate of the fuel flow varies if the air speed is increased or

decreased, some means of compensation is necessary during these

variations to prevent too lean or too rich a mixture. The correct
mixture generally occurs when the air velocity allows about 200 cubic

feet of air per minute to pass through a carburetor having a correct
balance between the size of the venturi and the jets involved. Air
delivery begins just above the zero point of suction, whereas fuel

delivery begins only after suction has been considerably increased.

This is due to the fact that the fuel must be lifted to the top of the

nozzle before it can flow into the mixing chamber. Once started,
the rate of fuel delivery increases faster than the rate of air delivery,
and in all simple spraying types of carburetors the mixture is too

lean at a low suction, becomes correct at some higher suction, and
as the suction becomes still higher due to the increased air speed, the

mixture becomes too rich.
b. There are two general methods of overcoming this inherent de

fect in the simple carburetor. The first is to increase the air speeds
around the nozzle at slow engine speeds and the second is to decrease
or restrict the flow of fuel at high engine speeds. The balancing of
the air-fuel ratio in the carburetor under various throttle positions
is known as compensation. There are five basic compensating de

vices used in modern carburetors : A starting, idling, and slow speed
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device; auxiliary air valves; metering rods; compensating jets; and

accelerating devices. These may be used singly or in combinations.
35. Starting, idling, and slow speed device. —a. Engine speed

depends on the forces developed during the power stroke. This is
controlled by the throttle valve which regulates the amount of fuel
and air admitted to the cylinders. A suction of about % pound per
square inch below atmospheric pressure at the mouth of the nozzle

must be reached in order to lift fuel from the passage into the mixing
chamber. It is difficult to obtain this suction in carburetors with a

fixed air passage at cranking or low engine speeds with the throttle

nearly closed. To overcome this difficulty, a second nozzle is re

quired at the edge of or above the throttle to feed the fuel. Such a

nozzle may be called a starting, idling, and slow speed device. (See
fig. 27.) After the engine is started and as the throttle is opened to

increase engine speed, the vacuum above and below the throttle is

equalized and the suction on the idling nozzle becomes less until fuel
is no longer pulled from it. As engine speeds increase, due to the

IDLING
NOZZLE

THROTTLE
VALVE

IDLING
ADJUSTMENT SCREW

IN AIR RftSSAGE

IDLING
JET

COMPENSATING
NOZZLE

COMPENSATING
JET,

POWER AND
ACCELERATING

JET

MAIN JET
FIGURE 27. — A starting, idling, and slow speed device.
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FROM EXHAUST THROTTLE LEVER

THROTTLE VALVE

MIXING CHAMBER

SPRING TENSION

ADJUSTMENT SCREW

DASHPOT AND SPRING

AUXILIARY AIR VALVE

INCOMING AIR TO

CARBURETOR HORN

CHOKE VALVE

FUEL ADJUSTMENT

NEEDLE VALVE

FIGURE 28. —Use o£ an auxiliary air valve to control fuel mixture in a carburetor.

throttle valve being opened wider, the main supply of fuel begins to

come from the main jet.
6. The idling device will become inoperative at a vehicle speed of

about 20 miles per hour. The starting and idling mixture is con

trolled by an adjustable screw in an air opening in the passage to the

slow speed jet somewhere above the normal fuel level in the float
chamber.

36. Auxiliary air valves. —a. (1) Some carburetors are equipped
with a device that will automatically maintain the mixture of air and

fuel within the limits of approximately 15 to 1, irrespective of en

gine speed or load. If this is not done, an engine could only run at

one speed and with a fixed load.

(2) If an attempt is made to increase the engine speed without in

creasing the air volume, the increased suction enriches the fuel mix
ture out of all proportion to the demands of the engine.

6. (1) An auxiliary air valve located between the high speed nozzle

and the throttle automatically controls the volume of air required
for correct fuel mixture. A valve of this type is shown in figure 28.
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(2) As the throttle valve is opened, the suction of the engine

draws air through the smaller venturi tube; the fuel is sucked out

of the fuel nozzle in the venturi and mixed with the air in the

mixing chamber. With further opening of the throttle valve, the

engine speeds up, increasing the suction within the carburetor and
the auxiliary air valve is sucked open admitting additional air
from carburetor horn which cuts down the richness of the mixture

coming from the fuel nozzle. As engine speed increases, the auxil

iary air valve opens wider and the increased air flow begins to act

on the high speed nozzle. The movement of the auxiliary air valve
is controlled by a spring and dash pot arrangement.

c. (1) Owing to the peculiar action of air due to its lightness
and elasticity, the dash pot, as shown in figure 28, is used to keep

the auxiliary air valve from fluttering in and out as the engine
pistons deliver their suction impulses to it. Fluttering of the air
valve would cause uneven operation of the engine.

(2) This type dash pot has a piston operating within a cylinder.
As this piston moves away from the bottom of the cylinder it
creates a partial vacuum which produces a slight pull on the piston,
tending to steady its movement. The auxiliary air valve connected

to this piston is thus freed from any fluttering tendency created

by engine suction. The auxiliary air valve shown in figure 28 is

adjusted by the spring tension adjustment screw.

37. Metering rods.—a. As varying engine speeds demand varying
quantities of fuel, the high speed main jet opening on metering rod

type carburetors is increased or decreased by the movement of a

metering rod. The metering rod varies the fuel flow as the engine

speed changes, supplying a correctly proportioned fuel mixture for
all speeds above that at which the main jet becomes operative.

&. Metering rods are controlled by the opening and closing of the

throttle mechanism or by air suction through an automatic air valve.

A throttle controlled metering rod type carburetor is shown in

figure 45, and is discussed in detail in paragraph 46.

38. Compensating jets.—a. General.—The compensating jet (fig.
29), sometimes referred to as a supplementary jet, is used in some

carburetors in conjunction with the main jet to control the richness
of the fuel mixture at variable speeds. This type of jet is usually
connected with the float chamber and has its nozzle placed in the

air stream in such a position that it is least affected by changes in

suction within the venturi. Since its fuel flow is fairly constant,
it tends to make the mixture lean at high speeds. It acts with the

main jet to give an average mixture of air and fuel throughout the

driving speed range.
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IDLING
ADJUSTMENT SCREW

THROTTLE VALVE LEVER
'AND STOP SCREW

VENTURI

COMPENSATING
NOZZLE

COMPENSATING
JET,

FLOAT CHAMBER

: POWER AND
ACCELERATING

JET

•MAIN JET
DISCHARGE NOZZLE

FIGTKE 29. —Compensating compound nozzle type updrat't carburetor (section through the
body).

&. Full throttle compensating valve. — (1) This device, sometimes

referred to as an economizer valve, is used in some makes of carbu
retors to provide an additional amount of fuel for three-quarter to

full throttle operation. A valve of this type (fig. 30) is operated

by the accelerating pump piston. It is located in the bottom of

the accelerating well in such a position that the accelerating pump

piston will push it open at about three-quarter open throttle.

(2) This fuel compensating effect is similar to that produced by

the mechanically or vacuum operated metering rod discussed in

paragraph 37.

39. Accelerating device. —a. When the throttle is opened sud

denly from an idling speed, the carburetor should deliver a richer

mixture to meet the increased demand for power.
b. Quick acceleration is made possible by maintaining a reserve of

fuel near the outlet of the main nozzle in an accelerating well. When
the engine is accelerated to meet high speed or heavy load demands,

the reserve fuel in the well may be either drawn out by increased

air movement or pumped out by action of a piston within the well.
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The fuel reserve accumulates only when engine speed is low and
conditions are normal. Figure 30 illustrates a type of accelerating
pump mechanism.

40. Ratio of carburetor size to engine size.—a. Carburetors
are fitted to engines experimentally and not altogether by calcula
tion. However, a few simple calculations help to simplify the experi-

5UCTION RASSASE

COMPENSATING AND
ACCELERATING
PISTON ASSEMBLY

SWING

COMPENSATES
VALVE

ACCELERATING WELL' I SPRING

FIGURE 30. — Section through a compound nozzle type carburetor, showing accelerating
pump and full throttle compensating valve assembly.

mental work. Modern automotive engines under full load consume

about 0.6 pounds of fuel per horsepower hour and use an air-fuel
mixture of approximately 15 to 1 by weight. Hence, the air con

sumption is 15 times 0.6 pounds or about 9 pounds of air per horse

power hour; or, 9 divided by 3,600, which is 0.0025 pound of air per
horsepower per second (3,600 being the number of seconds in 1 hour).
On most carburetors, the maximum amount of air that will pass a

1 square inch throat is about 0.29 pound per second.
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&. The carburetor in a large truck engine needs a throat area

greater than the throat area of a passenger vehicle carburetor be

cause of the increased quantity of air necessary for satisfactory
heavy duty engine operation.

c. When it is necessary to procure and install a new carburetor,
the new one should be of the same size and type as the old. Barrel
diameters and the distance between bolt hole centers in the flange

are standardized. These are measured as shown in figure 31.

41. Accelerator, throttle controls, and linkage.—a. These link
ages (fig. 32) control the speed of an automotive engine by opening
and closing the throttle valve (fig. 27 and 28) on the carburetor.
This is done with the foot-operated accelerator linkage or with the

hand throttle which is usually located on the instrument panel.

CARBURETOR FLANGE BOLT HOLE DIMENSION

FcfiURH 31. — How to measure the l1arre! diameter of a carburetor and the distance between
flange bolt holes.

&. The accelerator consists of a foot pedal and connecting linkage
which opens and closes the throttle valve independently of the hand
throttle control (fig. 32). When the foot accelerator pedal is de

pressed, the throttle rod is moved by the linkage and opens the

throttle valve to increase the speed of the engine. When the pres

sure on the pedal is released, the accelerator return spring returns
the throttle valve to the idling position, reducing the engine speed.

The hand control on the instrument panel is connected to the hand
throttle connection on the opposite side of the carburetor as shown
in the insert in figure 32. When the hand control is pulled out from
the panel, the throttle is opened, and when it is pushed in, the throttle
is partially closed to the idling position. When the choke is com-
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HAND THROTTLE CONTROL

CARBURETOR CHOKE CONTROL

CARBURETOR THROTTLE KICKER

IDLE ADJUSTING SCREW
ACCELERATING
POMP CONTROL

ACCELERATOR PEDAL

THROTTLE ROD /

V
AND THROTTLE

ONNECTION

ACCELERATOR CROSS SHAFT

ACCELERATOR RETURN SPRING

FuiURE 32. — Controls and linkages for the accelerator, throttle, and choke valve.

pletely closed, when starting a cold engine, the carburetor throttle

kicker opens the throttle a trifle in order to increase the idling speed.

42. Automatic choke. —a. This control unit replaces the conven

tional hand choke and not only controls the fuel-air ratio for quick
starting at any temperature but also automatically provides the

proper amount of choking to enrich the fuel mixture for all condi
tions of engine operation during the warm-up period. (See fig. 33.)

b. (1) This carburetor choke unit is mounted on the intake mani
fold where its operation is governed by changes in manifold temper

ature, manifold vacuum, and carburetor inlet air velocities. A short,
positive linkage connects the control lever with the carburetor choke

valve. The choking action is regulated by a spiral bimetal ther
mostat and an internal bellows. Engine vacuum, immediately after

starting, collapses the bellows and rotates the thermostatic spring
to relieve the tension on the choke valve, which makes the mixture
lean. The spiral thermostat spring, connected between the choke
and the bellows linkage, controls the tension on the choke valve

according to the temperature. It gradually decreases the choking
action during the warm-up period until it is completely eliminated
when the engine has reached a normal operating temperature.
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FUELS AND 42-43

(2) When the engine has stopped running and the temperature
has dropped to about 70°, the thermostat coil spring again moves

the choke valve in the carburetor to the closed position.
c. Another automatic choke is shown in figure 47. Its operation,

which is similar to that discussed in this paragraph, is described in
detail in paragraph 46z.

CHOKE VALVE LINKAGE

BIMETAL THERMOSTATIC
COiL SPRING

BELLOWS
LINKAGE

FIGURE 33. —Automatic choke mechanism mounted on intake manifold and connected to

the carburetor.

SECTION VI

CARBURETORS
Paragraph

General types 43

Compound nozzle type 44

Combination plain tube and air bleed type 45

Mechanical metering rod system 46

Mechanical air valve, high vacuum system 47

Adjustments 48

43. General types. —a. Updraft and downdraft. — (1) Carbu
retors are classified as updraft or downdraft, according to their
position with respect to the intake manifold. If the carburetor is
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located below the manifold, it is an updraft (fig. 35) and if placed

above the manifold, it is a downdraft (fig. 33).

(2) In all early fuel systems, the necessity of having fuel flow

by gravity to the float chamber made the use of an updraft car
buretor necessary because of its low position. However, with the
advent of the mechanical fuel pump, it is possible to locate the carbu
retor in any position with reference to the intake manifold.

(3) The air speed from carburetor to manifold is of major impor
tance in obtaining a correct fuel-air mixture. In an updraft car
buretor, it is necessary to have a minimum air speed of about 40

r
FLOAT CHAMBER

THROTTLE
LINKAGE"

FIGURE 34. — Top view of duplex carburetor with horn and cover removed showing float
chamber and two individual venturis.

feet per second through the air horn, venturi, and mixing chamber

in order to break up, mix, and lift the fuel charge. Should the air
speed be less than this minimum, incorrect carburetion will result.
In order that this minimum air speed may be obtained at low engine
speed, an updraft carburetor must have a small venturi. However,
this is apt to restrict the fuel flow during wide open throttle opera

tion. With the downdraft type, the fuel, once started from the

nozzle, will flow by gravity to the intake manifold.

48

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

3
 0

2
:5

5
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
FUELS AND CABB'UBETIIOir 43-44

5. Duplex. —This design includes two carburetors within a single
body unit (fig. 34). Both carburetor units draw their fuel from a

single float chamber and their throttle valves operate on a common

shaft connected through linkage to the accelerator foot pedal and
the hand throttle on the vehicle's instrument panel. Each carburetor
unit is adjusted separately. This type carburetor is used, as a rule,
on eight-cylinder engines and occasionally on six-cylinder engines.

44. Compound nozzle type.—a. This type is illustrated by the

updraft Zenith carburetor shown in figure 29. Two jets are used ; the

main jet, which is connected directly to the fuel in the float chamber
and to the air stream in the carburetor venturi through the discharge
nozzle, and the compensating jet opening into the float chamber and

connected to the air stream in the venturi' by means of the compensat

ing nozzle.

b. The main jet flow varies with the changes in suction (vacuum)
around the discharge nozzle (fig. 29) and delivers more fuel as the

speed of the engine increases; thus the fuel mixture tends to become

rich at top engine speed. The compensating nozzle, located well out

of the center of the air stream, is not greatly affected by changes in
suction caused by changes in engine speed so the fuel supply is rela

tively constant. This tends to create an insufficiency of fuel from
this nozzle at top engine speeds. The action of the compensating
nozzle offsets the excessive richness of the fuel mixture from the main
jet and the combination results in the required average fuel charge
at engine speeds between one quarter and three quarter throttle

openings.
c. (1) The idling system (figs. 27 and 29) functions only when

starting an engine and during low speed operation (up to about 20

miles per hour). This idling nozzle action is controlled and regu

lated by an idling adjustment screw in the air passage from behind
the venturi, an idling jet (fuel passage from float chamber) and a

throttle stop screw. The desired idling fuel supply is fixed by the

size of the opening in the idling jet. To provide proper air-fuel
mixture, the idling adjustment screw is used to vary the quantity of
air. When a correct idling mixture is obtained, the throttle stop

screw is then adjusted to provide the final desired idling speed.

(2) When the throttle is slightly open, a very strong suction (vac

uum) is produced on the idling nozzle. The fuel drawn out of this
nozzle passes over the edge of the throttle valve at high velocity
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and is atomized. The high vacuum aids in vaporizing the fuel and

mixing it with air. This gives the first few fuel charges needed for
starting the engine. When the throttle is opened past the slow
speed position (about 20 miles per hour), the idling system auto

matically goes out of operation and fuel is then supplied through the

main and coflipensating jets.
d. (1) Wide open throttle, either for top speeds, accelerating or

hard pulling, requires an increase in fuel delivery in addition to that
supplied through the main jet. This increased fuel is provided by the

accelerating piston assembly, the accelerating well and its valve, and

the changes in suction developed during engine acceleration. (See
fig. 30.)

(2) No adjustments, other than changing the size of the power and
accelerating jet, can be made to the accelerating assembly.

(3) This accelerating piston assembly operates only when a sudden
and heavy demand for additional power is made. When the throttle is
partially closed, the vacuum above the throttle is high and holds the pis
ton assembly in place at the top of the well against the spring pressure
and no accelerating action takes place. As the throttle is opened wider,
the vacuum in the suction passage decreases and the spring in the

accelerating piston assembly pushes the piston downward in the well.
The moving piston presses on the fuel in the well and creates a pressure.
This pressure forces the check valve to its seat, preventing the fuel in
the accelerating well from being forced back into the float chamber. As
the piston goes down, it pushes open the compensating valve and fuel is
forced into the venturi at the discharge nozzle from the power and
accelerating jet. This provides the additional fuel required for acceler

ation. If the throttle valve is held wide open after the accelerating
charge has passed into the venturi, the vacuum in the suction passage
above this valve is still low and the accelerating piston will remain at

the well bottom, holding the compensating valve open. Immediately
after the fuel has left the accelerating well and passed into the venturi,
the pressure on the check valve into the float chamber is relieved. It
opens and fuel flows from the float chamber through the power and

accelerating valve to the power and accelerating jet and out into the

venturi. This jet then allows only enough additional fuel to enter the

discharge nozzle to continue full power engine operation.

(4) When the throttle is partly closed, the vacuum in the suction

passage increases and lifts the accelerating piston toward the top of
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the well. When the moving piston clears the accelerating valve, the

latter is closed by its spring and no fuel flows through it until the

next accelerating charge is needed. At the same time, the upward
movement of the piston draws fuel from the float chamber through
the check valve into the accelerating well. The compensating valve

(fig. 30) functions only when the suction above the throttle valve is
low, which is from about three-quarter to wide open throttle. From
starting, through idling, and up to about the three-quarter throttle

opening, the fuel passes in sequence or in combination through the

idling, compensating, and main jets. In the compound nozzle type
carburetor, the idling system, the compensating and main jet, and the

accelerating device are all coordinated to measure the correct fuel-air
mixture at any engine speed or under any load condition.

e. (1) When starting a cold engine, it is necessary to provide an

air-fuel mixture richer in fuel than that required by an engine at

normal operating temperatures. The choke valve is used to cut off
the air supply and increase the suction on the fuel nozzle. The choke

valve plate is off-center with relation to the shaft, and the wider half
has a spring controlled poppet valve, as shown in figure 35. When
the choke valve is closed, as when starting a cold engine, very little
air passes through the horn to mix with the fuel. As the engine in
creases in speed, more air is needed to mix with the fuel to keep the

engine running smoothly. The attempts of the air in the carburetor
horn to push past the choke valve and the partial vacuum on the other
side cause the poppet valve to open despite the pull of the spring that
tends to keep it closed. The open valve allows more air to pass through
the carburetor, giving a leaner mixture and keeping the engine run

ning smoothly. As the engine warms up, the choke valve should be

opened by pushing in the control on the instrument panel. A (fig.
35 ©) shows a choke valve in the open position with the poppet valve

closed, allowing air to flow through the main choke valve into the

carburetor after the engine has started. B (fig. 35 ©) shows the

choke valve in the closed position and the poppet valve in an open

position. This device is usually known as a spring loaded choke

valve.

(2) In another type of spring loaded choke valve, the valve plate
is divided into two parts. One part is permanently fastened to the

choke valve shaft and the other is hinged to the same shaft as shown
in A (fig. 35 ®). These two parts are connected by a spring.
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When the choke valve is in the closed position, the unequal pressure

due to the vacuum on one side pushes the hinged half inward against
the spring pressure allowing more air to pass.

(3) Spring loaded chokes operate only when the carburetor choke

valve is closed. Although a greater proportion of fuel is added to
the air-fuel mixture during the period the choke valve is closed, the

spring loaded device aids in minimizing crankcase dilution and

avoiding excessively rich mixtures during warm-up periods by. in
creasing the quantity of air passing through the carburetor.

CARBURETOR
AIR INLET —

CARBURETOR
AIR INLET

CARBURETOR
AIR INLET

B

®

FIGURE 35. —Two common types of spring loaded choke valves.

45. Combination plain tube and air bleed type.—a. The plain
tube and air bleed system is used in all Stromberg carburetors. Be

fore describing its operation, the principles of the air bleed must be

understood.
&. (1) In a plain tube elementary carburetor (fig. 36), the correct

fuel supply is maintained by the jet. A venturi is placed over the

nozzle of the plain tube (jet) that receives fuel from a simple carbu-
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retor float chamber. When the engine is in operation, the action

of its pistons produces suction on the nozzle. Particles of fuel are

drawn from this nozzle into the venturi tube (fig. 36). Such an

arrangement gives fairly satisfactory operation at a vehicle speed of
about 16 miles per hour. However, the mixture becomes so lean at

a lower speed that the engine slows down and stops due to lack of
suction in the venturi.

(2) If it is desired to have the engine operate at a speed of 10

miles per hour, the size of the fuel jet must be materially increased.

However, this enlarged jet would increase the fuel delivered at speeds

over 16 miles per hour, giving too rich a mixture for satisfactory

FUEL PARTICLES

CARBURETOR

FLOAT CHAMBER

VENTURI

PLAIN FUEL JET
AND NOZZLE

FIGURE 36.—Plain tube elementary carburetor.

operation. In addition, the engine would not idle properly no mat

ter what size opening was used, because the suction on the nozzle
at extremely low speed would be so weak that fuel would not be

lifted into the mixing chamber.

c. To prevent the fuel in any carburetor float chamber from over
flowing at the nozzle, it is necessary to design the float and needle

valve so that the fuel level will always be slightly below the nozzle

tip. Consequently, considerable vacuum (suction) is required to lift
the fuel from the nozzle into the mixing chamber. At low engine
speeds, the fuel is likely to come out of the nozzle in large drops
and not atomize properly (fig. 36).

d. (1) To help break the fuel into smaller particles as they leave
the nozzle, the air bleed principle is used in plain tube air bleed

carburetors. This principle is illustrated in figure 39. As the
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liquid is sucked into the tube, shown at A (fig. 37), it is drawn up
in a solid column free of air. If a small opening is placed in the

tube above the level of the liquid, as shown at B (fig. 37), air
bubbles will enter the tube and the liquid will be drawn upward in a

continuous series of large drops with air spaces between them. At
C (fig. 37) which illustrates the air bleed principle, an air bleed tube

with one end open to the air has been set into the main tube at a

point below the surface of the liquid. Suction on the main tube

now introduces a considerable quantity of air along with the liquid.
The constriction in the lower end of the main tube makes the air

PLAIN TUBE

TUBE WITH
AIR OPENING

ABOVE

TUBE WITH

AIR BLEED

CONSTRICTIONABC
FIGURE 37. —Air bleed principle.

bleed opening larger, so that the liquid will be more completely
broken up and mixed with the air as it is drawn upward. A very
fine balance of the two openings must be maintained when the air
bleed principle is applied to a carburetor.

(2) The arrangement C (fig. 37), when incorporated in a car
buretor jet, usually takes a form similar to that shown in figure 38,

in which the air bleed is located in the plain tube. This type of
fuel jet will give a relatively uniform mixture at ordinary engine
speeds. .

e. (1) Since the suction at the nozzle would not be sufficient to

maintain full engine power, a venturi is placed around the nozzle
to increase the suction.
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(2) In all plain tube air bleed carburetors, the advantage gained
by using a single venturi (fig. 38) can be increased by using a double

venturi (fig. 39).

ATOMIZED FUEL

AIR-BLEED
t

FIGOUR 38. —Air bleed principle witn single venturi.

DOUBLE VENTURI
AIR

BLEED

FIOURB 39. —Air bleed principle with double venturi.

/. (1) Some types of plain tube air bleed carburetors have a vari
able air bleed opening entering the discharge nozzle as shown in
figure 40, while others have a fixed air bleed opening.
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(2) A needle valve raised and lowered by the throttle lever regu
lates the quantity of air passing into the air bleed tube. When the

throttle is in closed position, the needle valve is raised from the tube,

as shown in figure 40 (7), allowing an increased quantity of air to pass

into the tube. When the throttle is wide open, the needle valve is
seated and air can pass only through the very small hole drilled from
the side and through the point of the needle valve as shown in figure
40 ®. This enriches the mixture during wide open throttle for hard
pulling or for high speed.

(3) The idling system of this carburetor and its principles of
operation are essentially the same as that described in paragraph 35.

NEEDLE VALVE
IN VARIABLE
AIR BLEED JET
AT LOW SPEED

THROTTLE
VALVE

NEEDLE VALVE
IN VARIABLE
AIR BLEED JET
AT HIGH SPEED

THROTTLE
VALVE

DISCHARGE
NOZZLE

IDLING JETS

PIGDRB 40.' —Variable air bleed used with a plain tube double venturi carburetor.

g. (1) The Stromberg model "SF" carburetor (fig. 41) is a plain
tube air bleed updraft type designed for heavy duty engines. It
contains a double venturi ; a fixed high speed air bleed entering the

main discharge nozzle, an idling system; a vacuum controlled com

pensating valve for open throttle operation and an accelerating
device.

(2) The idling and low speed system is controlled the same as

the one described in paragraph 35.

(3) The intermediate speed and high speed fuel mixture is con

trolled by the fixed main discharge jet and the vacuum operated com

pensating valve. The main discharge jet may be replaced by another
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having an adjustable screw type needle valve which gives finer ad

justments; this needle valve may be regulated from the outside of
the carburetor. The main fuel jet supplies fuel up to about three-

quarter open throttle. As the throttle is opened wider, the accele

rating device functions and adds the necessary additional fuel for
immediate acceleration. After this accelerating charge has entered

the mixing chamber, the low vacuum created by the throttle valve

opening actuates a piston which opens a compensating valve! allow

ing the additional fuel required for continued high speed (wide open

throttle) to flow out of the main discharge nozzle.

IDUNG DiSCHSTCE NOZZLES

JMP ADJUSTMENT SCREW

IDLE AWUSTINE SOREW FUEL

VACUUM PiSTON

•VALVE ;

__________________________ <T,SOH,,, ,E, ::;

FIGUKH 41. —Sectional view of an air bleed, updraft, heavy duty type carburetor.

(4) The accelerating pumps in these carburetors are of two types.

The carburetor shown in figure 41 has a vacuum operated pump, and

the type operated by a linkage connected to the throttle lever is shown
in figure 42.

(a) The vacuum operated accelerating pump (fig. 41) is similar to
that described in paragraph 44c.

(b) The accelerating pump, operated by a linkage connected to the

throttle lever, delivers additional fuel to the main jet when the throttle
is suddenly opened during accelerating periods. It consists of a cylin
der with its upper end closed as shown in figure 42. This cylinder is
forced downward as the throttle is opened. Within the cylinder is
a piston riding on a spring which slides up and down on a stationary

57

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

3
 0

2
:5

6
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
45 QUARTERMASTER CORPS

LINKAGE TO

THROTTLE

PISTON
RETURN SPRING

FIQORE 42. —Linkage controlled accelerating pump.

MAIN FUEL JET
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stud. When the throttle is almost closed, the piston is seated against
the upper end of the stud as shown in figure 42 ®. This closes the
fuel valve through the vertical stud to the main fuel jet. When the
throttle is opened, the pump cylinder is immediately pushed down.
At the same time, the fuel trapped above the piston forces it down
ward against the spring pressure and a quick spurt of fuel is delivered
through the stud valve to the main jet as shown in figure 42 ®. As
the throttle is held in this wide open position, the spring slowly lifts
the piston and a gradual flow of fuel continues until the space above
the piston is empty. When the throttle valve has been closed to about

three-quarter opening, the piston in the cylinder has reached the top.
From three-quarter to wide open throttle, the required extra fuel is
drawn directly from the float chamber through a compensating valve
such as shown in figure 30. As the throttle is closed, the accelerating
pump cylinder is drawn upward, the valve in the vertical stud is closed

by the rising piston as shown in figure 42 ®, and fuel from the float
chamber enters the cylinder between its inside wall and the piston.
This provides the fuel charge for the next accelerating period.

46. Mechanical metering rod system. —a. General.—This sys

tem, illustrated by the downdraft Carter carburetor (fig. 43), uses
the metering rod principle of carburetion. In addition to a metering
rod, it has some special features such as a triple venturi, automatic
choke built into the carburetor, automatic fast idle, antipercolating de

vice, and slow-closing throttle device.

MAIN NOZZLE

IDLING AIR INLET

FLOAT CHAMBER
INLET NEEDLE

VALVE

METERING ROD

FLOAT

FLOAT CHAMBER

MAIN JET

IDLE JET

IDLE ADJUSTMENT SCREWHIGH SPEED
SECTION

UPPER IDLING NOZZLE'

LOWER IDLING NOZZLE'

FIGURE 43. —Sectional view of mechanically controlled metering rod type carburetor.

59

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

3
 0

2
:5

6
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
46 QUARTERMASTER GO'RPS

b. Carburetor operation. — (1) Closing the throttle lowers the me

tering rod and the economy sections are lowered into the main jet,
reducing the flow of fuel for the lower ranges of speed and power.
The smallest or high speed sections offer less restriction to the flow
of fuel from the main jet, giving a rich mixture for acceleration and
hill climbing. Figure 43 shows an enlarged metering rod with these

various sections. The position of the metering rod with respect to
the throttle opening is important. If the metering rod does not
change from one section to the other at the correct throttle opening,
it will cause poor gasoline mileage, poor performance, and "flat spots"
in acceleration.

(2) The mouth of the main nozzle and the top of the idle jet are

slightly higher than the normal level of fuel in the float chamber so

that fuel will stand near the end of the nozzle but will not run out.

c. Low speed operation.— (1) When the engine is cranked with
the throttle in the closed (idle) position, shown by the dotted lines
in figure 43, a vacuum is created below the throttle. This permits
only a small amount of air under atmospheric pressure to move past
the edge of the throttle. However, the air passes the main nozzle
in the first venturi in such small quantities that it does not have

enough velocity to pick up any fuel.

(2) The vacuum below the closed throttle valve, however, draws
air through the idling air inlet and down through the idling air pas
sage. This air picks up fuel from the idling jet and the air-fuel
mixture is delivered to the mixing chamber by the upper idling noz
zle near the throttle valve and by the lower idling nozzle just below
the closed throttle valve. The richness of the mixture is determined
by the setting of the idle adjustment screw located in the lower
idling nozzle.

(3) Opening the throttle increases the quantity of air and exposes
more of the upper idling nozzle, allowing more fuel mixture to enter

the mixing chamber. This provides for increased engine speed.

(4) As the throttle valve is opened still farther, the quantity and
velocity of air passing it increases. The air passing the main nozzle
now draws fuel from it which is carried through the three Venturis.

(5) Further opening of the throttle causes the vacuum to extend
upward so that the difference in vacuum between the idling air inlet
and the idling nozzles is equalized and the flow of air and fuel

through the idling system ceases. At speeds above 20 miles per hour,
no fuel mixture is supplied through the idling passage. The idling
system, therefore, has no effect on performance or fuel consumption
at speeds above 20 miles per hour.
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d. High speed operation.—Fuel flows from the main nozzle at speeds

greater than about one-quarter throttle opening. It is atomized in
the first venturi (fig. 43) and kept in the center of the air stream by
the surrounding blanket of air passing into the second and third
Venturis. This air blanket, in addition to increasing the vacuum in
the first venturi, prevents liquid fuel from coming in contact with the

walls of the carburetor where it is hard to atomize. This minimizes
the possibility of liquid fuel being drawn into the intake manifold.

ACCELERATOR
PUMP PLUNGER
AND CYLINDER

AIR SPACE

FUEL

CHOKE VALVE

LINKAGE TO
THROTTLE VALVE

PUMP CHECK
VALVES

FLOAT CHAMBER

ACCELERATING
NOZZLE

MAIN
NOZZLE

MAIN VENTURI

FILTER SCREEN

THROTTLE VALVE
SHAFT LINKAGE

FIGURE 44. —Accelerating pump mechanism in a metering rod type carburetor.

e. Accelerating pump.— (1) The quantity of fuel available through
the main jet is not sufficient for rapid acceleration, so an accelerating
pump, controlled by a lever linked to the throttle valve, is used to
force extra fuel out of the accelerating nozzle into the main venturi
when the accelerator is depressed rapidly. Figure 44 shows a sec

tional view of an accelerating pump.

Cl

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

3
 0

2
:5

6
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
46 QUARTERMASTER CORPS

(2) As the throttle is closed, it pulls the plunger (piston) upward,
drawing fuel out of the float chamber through a filter screen, through
an inlet ball check valve, and into the pump cylinder.

(3) The opening of the throttle moves the plunger downward,
compressing the air, and causing an immediate discharge of fuel past
the upper pump ball check valve and through the accelerating nozzle
which points downward into the large venturi. When the throttle is
fully opened, the discharge is continued for a number of seconds by
the compressed air in the spare between the plunger and the fuel.

(4) An air space always remains between the fuel in the cylinder
and the plunger. When the pump is not delivering fuel, a ball check
valve arrangement in the upper passage above the accelerating nozzle
allows air to be drawn from the top of the float chamber. This pre
vents a vacuum in the pump passages so that no fuel can be delivered
from the accelerating pump jet except by the action of the accelerat

ing pump.

/. Antipercolating device. — (1) While a vehicle is being driven, the

carburetor is kept cool by the large volume of air passing through it
and by the heat absorbed during atomization and vaporization of the

fuel. When the engine is stopped, the cooling system is not able to

carry off the heat stored in the engine parts and it is radiated into the
air under the hood. The carburetor absorbs this heat so that in hot
weather or after hard driving, the fuel in the float chamber often
becomes hot. The vapor from the hot fuel rises in bubbles which are

trapped in the passage to the main nozzle. They push fuel ahead of
them and out of the nozzle into the venturi. As the bubbles con
tinue to form, the fuel that is forced out collects in the manifold
until the float chamber is empty. The flooded manifold makes restart
ing the engine difficult.

(2) To prevent this action, known as percolation, an antipercolat-
ing valve controlled by the throttle (fig. 45) is incorporated in the
carburetor. With the throttle closed, the antipercolating valve opens
a vent connected directly to the passage between the main jet and

nozzle which carries off any vapor bubbles that may form in the float
chamber.

g. Slow closing throttle. — (1) When driving at high speeds with
wide open throttle, there is a rapid flow of fuel through the carburetor.
If the throttle is suddenly closed, cutting off the flow of air to the

engine, the inertia of the fuel will make it continue flowing. This
will momentarily result in a rich mixture which may cause the engine
to run unevenly or possibly .stall. By preventing the throttle from
closing rapidly when pressure is released from the accelerator pedal,
this rich mixture may be avoided.
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(2) Slow closing of the throttle is accomplished by a slow closing
plunger (fig. 46) connected to the throttle lever. When the acceler

ator pedal is released, the throttle spring attempts to close the throttle
valve. However, the ball check valve in the slow closing throttle

plunger goes to its seat and the speed with which the throttle valve
closes is retarded because the fuel below the plunger can escape only
through the single small hole in the plunger stem below the check

valve.

ANTI -PERCOLATING
VENT VALVE

VALVE LINKAGE
TO THROTTLE

VENT

FLOAT
CHAMBER

MAIN NOZZLE

FIGURE 45. —Antipercolating device in a metering rod type carburetor.

h. Automatic ohoke. — (1) The automatic choke, sometimes called
the climatic control, is an integral part of the carburetor and consists

primarily of two major assemblies : a bimetal thermostatic coil spring
and a piston plate housing, as shown in figure 47. The! thermostatic
coil assembly consists of cover, insulators, and a bimetal thermostatic
coil spring. The housing assembly consists of the piston plate hous

ing, choke shaft lever, screen, and piston.
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(2) The operation of the automatic choke depends on intake mani
fold vacuum and exhaust manifold heat. On starting a cold engine,

the thermostatic coil holds the choke valve closed. As the engine
starts, the vacuum created in the intake manifold tends to pull the

piston down, exerting tension on the thermostatic coil and opening
the choke valve far enough for initial running. Hot air is drawn
from the heater on the exhaust manifold and through the filter screen

SLOW CLOSING
THROTTLE
PLUNGER. AND
CYLINDER

BALL CHECK VALVE

THROTTLE LEVER
AND SPRING

FIGDRB 46. —Slow closing throttle device in a metering rod type carburetor.

into the housing and around the piston to the intake manifold. As
the thermostatic coil is heated by engine operation, it loses its tension
and allows the choke valve to open gradually.

(3) After the choke reaches full open position it is held open by
the action of the intake manifold vacuum on the piston. When the

engine is stopped the thermostatic coil cools and closes the choke

valve. The choke valve ig fully closed at a temperature of about
70° F.
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L Slow and fast idle.—When the choke valve is closed by the auto

matic choke, a fast idle bar (fig. 47) falls behind the throttle adjust
ing screw and holds the, throttle valve open to give an idle speed of
approximately 15 miles per hour. This gives the correct throttle
valve opening for starting and prevents the engine stalling during
the warm-up period. As the engine becomes warm and the choke

valve opens, the fast idle bar is raised so that the throttle can close

to its normal idle position.

PISTON PLATE HOUSING

CHOKE VALVE SHAFT LEVER-

5-BI METAL THERMOSTATJC COIL

•

PISTON WITH
ITS CYLINDER
CUT AWAY

THERMOSTATIC COIL
HOUSING COVER

PASSAGE TO
INTAKE MANIFOLD

'AST
IDLE
BAR

HEATER ON
EXHAUST.
MANIFOLD

THROTTLE AOJUSTIN6

FIGUIU: 47. —An automatic choke mechanism built iuto a metering rod type carburetor.

47. Mechanical air valve, high vacuum system. —a. This sys

tem, illustrated by the downdraft Mallory carburetor (fig. 48), has
but one fuel jet which functions as the idling jet, the part throttle
jet, and the full power jet. There are no air bleeds, compensating
jets, idle jets, or bypasses. The combined air valve and choke is both
vacuum and mechanically operated. The metering rod, the air valve,
and the throttle valve are synchronized with the foot accelerator
pedal.
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J. Carburetor operation.—When idling, the throttle valve, air
valve, and metering rod are nearly closed (fig. 48). The vacuum
between the throttle valve and the air valve and around the nozzle

produces a high suction of about */2 pound per square inch, giving
better atomization of the fuel and increased vaporization. As the
throttle valve is progressively opened, the air valve and metering rod
are also opened. The air flow, fuel flow, and vacuum (suction) all
increase at the same time and at each speed automatically operate

SLEEVE SEAT'

SLEEVE

CONNECTING ROD

AIR VALVE

FUEL NOZZLE

CONNECTING ROD
SPRING

VENTURI

MIXING CHAMBER

METERING ROD

THROTTLE VALVE

INTAKE MANIFOLD
FIGURE 48. — Section through body of a mechanical air valve, high vacuum, downdraft

carburetor.

together to maintain the proper ratio of air to fuel. The air valve
is attached by an arm to the sleeve that encloses the connecting rod.
The rod is linked to the throttle valve. Suction in the mixing cham

ber pulls the air valve open and keeps the spring on the connecting
rod compressed. The spring has no effect on the air valve, except on

part throttle openings and warm-up periods. Under these condi
tions, there is a slight drop in vacuum in the mixing chamber which
reduces the pull on the air valve. The spring then tends to close

the air valve, which increases the vacuum and slightly enriches the
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mixture. After the engine is warm, the vacuum will completely

compress the spring and the operation will be the same as if the

spring were eliminated or as if the air valve and throttle valve were

rigidly connected.

c. Suction. — (1) In all carburetors, the suction or vacuum is main

tained as high as possible. In some carburetors, this suction is con

trolled by spring loaded air valves, but not in the mechanical air
valve high vacuum system. With spring loaded air valves, the suc

tion is practically zero at engine speeds up to 15 miles per hour.

Idling sections are used and are relied upon to run the engine up to
about 20 miles per hour before the suction is high enough to cause

fuel to flow from the main or power nozzle. When there is an idling
section, there is a lapse of time or "cross-over" from the idle section

to the main jet which tends to cause a "flat spot" when accelerating.

That is
,

when the fuel supply is shut off in the idling jet, a short

period of time elapses before fuel starts to flow from the main jet.

(2) Due to the high suction of about i/2 pound per square inch
in the mixing chamber of a mechanical air valve, high vacuum carbu
retor at low and idling speeds, the correct fuel mixture is supplied
to the engine without using an idling or slow speed device. As the

throttle valve and the air valve are opened progressively, the "still"
suction in the mixing chamber blends into a "moving" suction due

to the increase of air flow through the venturi. This gives increased

suction or vacuum for all throttle positions. If the throttle valve

is suddenly opened wide for full power, the air valve opens wide
and the full sucking action of the engine is thrown on the venturi,
developing a higher vacuum or suction for acceleration.

48. Adjustments. —a. All carburetor adjustments, cleaning, and
repairs should be made whenever possible by an experienced carbu
retor mechanic using the correct tools.

&
. It sometimes happens that faults not in the carburetor have

an effect on engine performance and indicate that the carburetor
needs adjustment or repair. These faults may be due to low intake
manifold vacuum, low compression, leaky carburetor and manifold
flange gaskets, loose intake manifold bolts, incorrect gap on the spark
plugs, incorrect gap or pitted breaker points, incorrect ignition tim
ing, or poor action of engine valves. Before removing or adjusting
any part of the carburetor, the above should be checked and cor
rected if necessary.

c. Carburetor tools, gages, and test equipment should be used in
making carburetor adjustments and repairs. Special jet wrenches
for removing and installing jets are preferable to the ordinary
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screw driver bit, which, is likely to chip or distort jet slots and open

ings. Proper gages should be used in adjusting float levels and

metering rods to insure correct settings. Exhaust gas analyzers and
manifold vacuum gages are often helpful in adjusting carburetors.
These analyzers indicate the completeness of combustion by regis
tering the amount of carbon monoxide gas present in the exhaust

gases. The dial of the instrument may be calibrated in air-fuel
ratio or in percentage of combustion. The manifold vacuum gage

indicates when the vacuum is constant and the amount of vacuum.
d. (1) Modern carburetors usually have six principal adjustments.

The first adjustment is the idle needle valve screw, referred to as the
idle or slow speed adjusting screw. This controls the ratio of the
fuel-air mixture for idling and slow speeds up to about 20 miles per
hour. The second is the throttle valve stop screw which usually con

trols the idling speed of the engine. The third adjustment is the

high speed main jet which controls the ratio of the fuel-air mixture
during cruising or high speed operation. In some carburetors, this
adjustment is made by an adjustable screw or needle valve, in others
it is made by changing to a larger or smaller main jet or a richer or
leaner metering rod. The fourth adjustment, usually made to some

part of the automatic choke mechanism, provides for a greater or
lesser amount of choking effect when starting the engine. The fifth
adjustment usually requires correction of the distance of accelerating
pump travel to produce the proper amount of fuel required for ac

celeration and to time its movement to meet the sudden demand in
cident to such acceleration. The sixth adjustment is that of float
level which regulates and controls the movement of fuel from the
fuel pump into the carburetor float chamber.

(2) Other minor but no less important adjustments include bend

ing levers or lengthening and shortening control rods to regulate the
action of float valves, metering rods, accelerator pumps, and similar
parts.

SECTION VII
INTAKE AND EXHAUST SYSTEMS

Paragraph
General , 49

Intake manifolds 50

Exhaust system 51

49. General. —Intake manifolds are usually separate from the ex

haust manifolds. Figure 49 shows intake manifolds for a four- and
six-cylinder engine.
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50. Intake manifolds.—a. This is the passage or system of pas

sages which conducts the fuel mixture from the carburetor to the

intake valves of the engine. Manifold design has a great deal to do

with the efficient operation of the internal combustion engine. For
smooth and even operation, the fuel charge taken into each cylinder
should be of the same strength and quality. The distribution of fuel
to a cylinder should, therefore, be as even as possible. This depends

greatly on the design of the intake manifold. Dry fuel vapor is the

ideal form of fuel charge but present day fuel prevents this unless

the mixture is subjected to high temperature. If the fuel charge is

w Ho,

rn m
Four-cylinder intake manifold with one branch for each cylinder.

® Six-cylinder intake manifold with one branch for each two cylinders.

FIGURE 40. —Four- and six-cylinder engine intake manifolds.

heated too highly, the power of the engine is reduced because the
heat expands the fuel charge. Therefore it is better to have some of
the fuel deposited on the walls of the cylinders and manifold pas

sages. Manifolds in modern engines are designed so that the amount
of fuel condensing on the intake manifold walls is reduced to a

minimum.

1
). The inside of the intake manifold should be smooth and the

passages should be large enough not to obstruct the flow of the fuel
mixture. The bends or curves in the manifold should be designed so

that a minimum amount of fuel will be condensed on the walls of the
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manifold. A manifold with a flat bottom can be more easily heated
than one with a round bottom, and it permits quicker vaporization of
fuel that has condensed on its walls. This applies to all manifolds
whether for four, six, or more cylinders.

c. Intake and exhaust manifolds are usually fitted closely together
so that considerable heat is transmitted from the exhaust to the intake
manifold to help vaporize the fuel. In some types, the two are bolted
together with a gasket between them so exhaust gases will pass through
a chamber around the intake manifold and heat it.

d. Four-cylinder intake manifold. —Firing order and valve timing
influence the design of the intake manifold. When two cylinders
next to each other in the same cylinder block or bank fire imme-

ONE BRANCH
TO EACH TWO
CYLINDERS

FIGURE 50. — Intake manifold and duplex carburetor for an eight-cylinder "in line" engine.

diately after each other, the second intake valve opens a little before
the first intake valve closes. The fuel supply to the first cylinder
may be diverted by the suction of the second cylinder. (See fig.

e. Six-cylinder intake manifold. —The design of a six-cylinder
intake manifold (fig 49 ©) is also governed by the firing order of
the engine. In most six-cylinder engines, the intake valve and ports
are designed so that two intake valves draw their charge from
the same manifold branch. Usually the most desirable six-cylinder
manifold arrangement is one in which there is alternate suction
coming from opposite ends of the engine.
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/. Figure 50 shows an intake manifold design used in an eight-

cylinder "in line" engine fitted with a duplex carburetor. It will
be noted that there are four connections running to the engine.

Each is designed to supply two cylinders.

g. In most manifolds, round bends (fig. 51) haVe been used

because it was thought that abrupt turns prevented the easy flow

of the fuel vapor. However, a manifold with square bends (fig. 52)
has been successfully used on some engines. This manifold has a

flat floor and all fuel passages are shaped exactly alike. It is
claimed that the abrupt turns tend to direct the fuel mixture in a

INTAKE MANIFOLD

EXHAUST
MANIFOLD

<.

y «1, "*«S«; J'' _ . \ W

^^^ "
1

^^P^pa %
^PUpIPP^ '

\ v'l.
I 1 /

FIGURB 51. —Separately cast intake and exhaust manifolds for six-cylinder engine. (Note
round section and smooth curves at corners.)

straight line. The turbulence set up by the abrupt turns helps to

keep the particles of fuel in suspension at all times. Any particles
of fuel that accumulate on the roof of the manifold tend to drop

straight down and fall into the fuel stream rather than run down
the sides. The square section gives a greater surface area for the

evaporation of condensed fuel that might accumulate there.

h. Hot spots. — (1) It is very desirable to place the carburetor
close to the cylinders so that there will not be a great deal of con

densation in the lower part of the intake manifold. With an up-
draft carburetor, a long connection between it and the manifold is

necessary and a great deal of the condensed fuel drains back into
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® Side view.

FIGURE 52. —Six-cylinder intake manifold having a square section and square corners.

FIGURE 53. —Carburetor with "hot spot" or heated intake manifold.
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the carburetor. The "hot spot" manifold was designed to overcome

this. (See fig. 53.)

(2) The intake manifold is constructed so that a portion of it
,

which is in constant contact with the exhaust manifold, becomes

heated. This "hot spot" is so located that all fuel must pass it before

entering the cylinders. Any unvaporized particles remaining in the

fuel mixture are thrown against the highly heated surfaces and

vaporized instead of being carried into the engine cylinders as liquid
fuel in small drops.

(3) Some engines having "hot spots" or exhaust heaters around the

intake manifold are fitted with a thermostatically controlled valve
in the exhaust manifold. This valve is open while the engine is cold,

allowing the exhaust gases to pass around the intake manifold. As
the engine becomes warm, the thermostatically operated valve par-

FIGURB 54. —Diagram of an exhaust system.

tially closes the exhaust gas passage to the intake manifold "hot

spot" and most of the exhaust gases pass out through the exhaust

manifold. This prevents excessive temperatures at the "hot spot"
point.

51. Exhaust system. —a. (1) This system consists of an exhaust

manifold, exhaust pipe, muffler, and muffler outlet (tail) pipe (fig.

54) . The burned gases from the engine are conducted to the muffler

and from there they are led by the muffler outlet pipe to the

atmosphere.

(2) Sharp bends in the exhaust manifold and exhaust pipe should
be eliminated because they cause back pressure. The exhaust mani
fold should offer the least possible resistance to the burned gases

passing from the exhaust ports, otherwise part of the burned gases
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remains in the cylinder and mixes with the fresh fuel mixture drawn
into the cylinder.

(3) In multiple cylinder engines, the piston strokes overlap. At
certain events of the cycle, two cylinders exhaust at the same time
and the manifold and the exhaust pipe are designed large enough
to care for the exhaust from both cylinders without too much

resistance.

PERFORATEO TU6IN6 -t x ^MUFFLER CASE
-SPIRAL REINFORCING

FROM ENGINE- „_ ^^^, m-ji^aj

—TO TAIL PIPE

MHPP*V
EXHAUST 6AS EXPANSION CHAMBER

FIGURE 55. — Spiral type exhaust muffler with expansion chambers.

b. (1) The muffler quiets the noise of the exhaust by reducing the

pressure of the burned gases by slow expansion and cooling. This
is generally done in a number of expanding chambers. The gas is

allowed to expand from the first passage into a much larger second

one, then to a still larger third one and so on, to the final and largest
passage which is connected to the muffler outlet pipe.

(2) The muffler shown in figure 55 is of the spiral type, its name

being derived from the continuous spiral rib which is used to rein-

PERFGRATED
INNER PIPE

TO TAIL

PiPE

FIOURE 56. — Straight through type exhaust muffler.

force the outside case. The expansion chamber is designed so that
the small perforations will give a "scooping" action to the incoming
exhaust stream, deflecting it into a series of chambers where it is
allowed to expand gradually.

(3) Figure 56 shows a straight through type muffler. This muffler is

provided with a central tube, perforated with many openings which
lead into an outside chamber packed with a sound absorbing (insulat
ing) material. As the exhaust gases expand through the perforated
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inner pipe into the outer chamber, they come in contact with the insu
lator and escape to the atmosphere under a constant pressure. In this
manner, the expanding chamber tends to equalize or spread out the

pressure peaks of the exhaust from each individual cylinder.
c. Engines of the V-type require two exhaust manifolds and either one

or two mufflers. If one muffler is used, the exhaust pipe from one mani
fold meets the other one in the form of a Y. The muffler outlet pipe,
made of seamless tubing, is connected to the outer end of the muffler. It
is rigidly supported to the frame. As a rule, this outlet pipe does not
extend beyond the rear of the vehicle, thus eliminating the possibility
of its being damaged.

SECTION VIII

SUPERCHAKGERS AND GOVERNORS
Paragraph

Superchargers 52

Governors 53

52. Superchargers. —a. The supercharger is a device that feeds

the fuel mixture into the engine cylinders under pressure instead of
making them dependent upon their own suction. A supercharger tends
to "pack" the fuel charge into the cylinders and enables an engine to

develop more power.
&. When a supercharger is used, the manifold pressures are positive at

all engine speeds. Since with an unsupercharged engine a vacuum
ranging from one to several pounds is required to draw the mixture into
the cylinders, the effect of the supercharger is actually much greater
than any gage pressure reading would indicate. Several pounds of
vacuum are replaced by several pounds of pressure.

c. The demands for greater power placed upon racing engines led to
the development of superchargers. The supercharger is considered a

necessity for airplane engines because air grows rarer or thinner (less
atmospheric pressure) as the altitude increases. Unless a supercharger
is used, the airplane engine only receives a partial charge of air at high
altitudes. Because of the decreased atmospheric pressure when the
automobile engine is operated at high speeds, it is faced with much the
same condition as an airplane engine at great altitudes.

d. Several types of supercharger blowers designed to give a positive
flow of fuel mixture to internal combustion engine cylinders are shown
in figures 57 and 58. The centrifugal type (figs. 57© and 58) , operates
on much the same principle as the water pump on an automobile engine.
Tremendous speeds are attained by superchargers of this type. The
rim or edge of the rotor travels at about 720 miles per hour, creating a

75

G
e
n
e
ra

te
d
 o

n
 2

0
1

5
-1

0
-2

2
 0

6
:4

7
 G

M
T
  
/ 

 h
tt

p
:/

/h
d

l.
h
a
n
d

le
.n

e
t/

2
0

2
7

/u
c1

.b
3

2
4

5
4

0
8

P
u
b
lic

 D
o
m

a
in

, 
G

o
o
g

le
-d

ig
it

iz
e
d

  
/ 

 h
tt

p
:/

/w
w

w
.h

a
th

it
ru

st
.o

rg
/a

cc
e
ss

_u
se

#
p
d
-g

o
o
g
le



TM 10-550
52 QUARTERMASTER CORPS

pressure of about 16 pounds per square inch which forces air and fuel
into the cylinders. This pressure added to the vacuum of the engine
gives an appropriate pressure of about 20 to 28 pounds per square inch,
insuring even distribution of the mixture to all cylinders.

ROTORS

© Centrifugal type.

ROTOR

® Vane type.

ROTORS

® Eoot blower type.

FIGURE 57. —Three types of supercharger rotors.

e. The vane type blower (fig. 57 ®) works much the same as a

vane type oil pump. The supercharger blower (fig. 57 ®) works

on the same principle as the Root air blower by confining the air
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and forcing it ahead of the rotating units in much the same manner
as oil is forced through a gear type oil pump.

/. (1) The Graham supercharger (fig. 58) is a true centrifugal
type. It is mounted between the carburetor and the intake manifold
of an engine. It consists of a casing containing a rotor, similar in
form to that of a vacuum sweeper, that operates at speeds up to
35,000 or 40,000 revolutions per minute. The suction developed by
the rotor draws the mixture of fuel and air from the carburetor into

PRESSURE FEED
OIL LINE

erne

-SUPERCHARGER DRIVE

FIGURE 58. — Supercharger showing drive mechanism ami method of lubrication.

the center of the casing and expels it under pressure at the edge of
the rotor, forcing it through the intake manifold to the combustion
chambers.

(2) The supercharger is mounted on the side of the engine, approx
imately at its center, with the rotor revolving horizontally.

(3) The downdraft carburetor is mounted directly upon the cover

of the supercharger rotor. After passing through the supercharger,
the fuel-air mixture (more completely mixed by contact with the
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rotor) is carried over the top of the engine through a tube connected

to the intake manifold and forced under pressure into the combus

tion chamber.

(4) The lower part of the unit consists of a gear case inclosing a

•worm gearing (insert, fig. 58) especially developed for driving cen

trifugal superchargers. The worm wheel is driven by the super

charger drive shaft connected by a double V belt to a pulley on the

main crankshaft.
53. Governors. —a. Governors are used on motor vehicle engines

to limit their speed to some predetermined figure. The governor,
placed between the carburetor and the intake manifold, is set at
whatever maximum speed is desired and then sealed. The driver

THROTTLE PLATE

THROTTLE SHAFT

ROLLER BEARING

FIGURE 59. —Velocity or vacuum type engine governor.

can never exceed the speed for which the governor is set. The gov
ernor is used to prevent undue racing of the engine when changing
gears or releasing the clutch. The average driver will work his

engine at high speeds a great deal more than is necessary, straining
the entire vehicle mechanism and wasting both fuel and oil.

&. Engine governors commonly used are of two types ; the velocity
or vacuum operated type and the mechanically driven centrifugal
type.

(1) The velocity or vacuum type (fig. 59) is the more commonly
used. It has no connection with any moving part of the engine. It
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needs no lubrication, allows full acceleration, and requires minimum
maintenance. Vacuum, governors are operated by the force of the

fuel mixture as it is sucked by the manifold vacuum through the

governor housing. The throttle shaft in the governor throat, slightly
offset from the center line of the throat, operates the throttle plate.

Both of these are similar to the carburetor shaft and throttle, except

that the governor throttle is set at an angle so that it will be moved

by the flowing fuel mixture. The force of the fuel tends to close the
governor throttle, but the spring attached to the throttle shaft is
adjusted so that its force will just equal the force of the fuel mixture
on the throttle at the maximum engine speed desired.

(2) The centrifugal type governor, sometimes used on heavy duty
trucks and tractors, has fly weights attached to pivoted arms which
are revolved by a gear drive from the camshaft and work against a

spring tension. In one model, the centrifugal force of the weights
actuates a needle valve in the main carburetor jet to limit the quantity
of fuel delivered to the main nozzle thereby limiting the engine
speed.
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APPENDIX
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