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Unit 1 Theory and Construction of
Aircraft Engines

Text 1 General

For an aircraft to remain in level unaccelerated flight, a thrust must
be provided that is equal to and opposite in direction to the aircraft drag.
This thrust, or propulsive force, is provided by a suitable type of heat en—
gine. All heat engines have in common the ability to convert heat energy
into mechanical energy, by the flow of some fluid mass through the en—
gine.

In addition to the differences in the methods employed by the various
types of powerplants for producing thrust, there are differences in their
suitability for different types of aircraft.

Generally, all engines must meet certain general requirements of ef—
ficiency, economy, and reliability. Besides being economical in fuel con-
sumption, an aircraft engine must be economical ( the cost of original pro—
curement and the cost of maintenance) and it must meet exacting require—
ments of efficiency and low weight per horsepower ratio. It must be capa—
ble of sustained high-power output with no sacrifice in reliability; it must
also have the durability to operate for long periods of time between over—
hauls. It needs to be as compact as possible, yet have easy accessibility
for maintenance. It is required to be as vibration free as possible and be a—

ble to cover a wide range of power output at various speeds and altitudes.
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These requirements dictate the use of ignition systems that will deliv—
er the firing impulse to the spark plugs or igniter plugs at the proper time
in all kinds of weather and under other adverse conditions. Fuel-metering
devices are needed that will deliver fuel in the correct proportion to the air
ingested by the engine regardless of the attitude, altitude, or type of
weather in which the engine is operated. The engine needs a type of oil
system that delivers oil under the proper pressure to all of the operating
parts of the engine when it is running. Also, it must have a system of
damping units to damp out the vibrations of the engine when it is operat—
ing.

For aircraft whose cruising speeds will not exceed 250 m. p. h. the re—
ciprocating engine is the usual choice. When economy is required in the
low-speed range, the conventional reciprocating engine is chosen because
of its excellent efficiency. When high-altitude performance is required,
the turbo-supercharged reciprocating engine may be chosen because it is
capable of maintaining rated power to a high altitude ( above 30, 000
feet) .

In the range of cruising speeds from 180 to 350 m. p. h. the turbo—
propeller engine performs better than other types of engines. It develops
more power per pound of weight than does the reciprocating engine, thus
allowing a greater fuel load or payload for engines of a given power. The
maximum overall efficiency of a turboprop powerplant is less than that of a
reciprocating engine at low speed. Turboprop engines operate most eco—
nomically at high altitudes, but they have a slightly lower service ceiling
than do turbosupercharged reciprocating engines. Economy of operation of
turboprop engines, in terms of cargo-ton-miles per pound of fuel, will u-

sually be poorer than that of reciprocating engines because cargo-type air—
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craft are usually designed for low—speed operation. On the other hand, cost
of operation of the turboprop may approach that of the reciprocating engine
because it burns cheaper fuel.

Aircraft intended to cruise from high subsonic speeds up to March 2.
0 are powered by turbojet engines. Like the turboprop, the turbojet oper—
ates most efficiently at high altitudes. High-speed, turbojet-propelled air—
craft fuel economy, in terms of miles per pound of fuel, is poorer than
that attained at low speeds with reciprocating engines.

However, reciprocating engines are more complex in operation than
other engines. Correct operation of reciprocating engines requires about
twice the instrumentation required by turbojets or turboprops, and it re—
quires several more controls. A change in power setting on some reciproca—
ting engine installations may require the adjustment of five controls, but a
change in power on a turbojet requires only a change in throttle setting.
Furthermore, there are a greater number of critical temperatures and pres—
sures to be watched on reciprocating engine installations than on turbojet

or turboprop installations.

New Words and Expressions

suitability [sju: torbiliti] n. &4 .38 24,36 M

procurement [prarkjuomont | n. H(4%, fiF Il

sustained [soscteind | adj. FFA M, AT

durability [dzdjurarhiliti] n. FANE, TR AP

overhaul [dzouvorho: 1] v fFAEKEEE, BlfE n. WK 2, 2 HK &
accessibility [| kdzsesirbiliti] n. T IS5, 5T

reciprocating engine n. [HL 1 1:5 2 & shHl

turbo-supercharged engine 5% %18 1T % Zh#L



turbo-propeller engine & %8 12 fiE 3 & shHl
turbojet engine JRFCHT & L
throttle [r@rotl] n. J5JEH, 151, MEBE

I. Fill in the table below by giving the corresponding transla—

tion.
English Chinese
(FARSEOV]
theory and construction
BRI AE
turbo-propeller engine
]
the use of ignition system
HLIG s K AL 58
turboprop installations
HESET
meet certain general requirements
PRI HE TR
fuel-metering devices

IL. Fill in the following blanks with suitable words and translate
them into Chinese.
1. By the flow of some fluid mass through the engine, all heat en—

gines have in common the ability to convert into




2. All engines must meet certain general requirements of ,

and

3. Also, it must have a system of damping units to the vibra—

tions of the engine when it is operating.

4. It is required to be vibration free and be able to

cover a wide range of power output at various speeds and altitudes.

5. Aircraft intended to cruise from high subsonic speeds up to

~are powered by turbojet engines.

III. Fill in the blanks with the words given below according to

the definition.

1. engine 2. plug

3. power 4. ignition system

5. turbojet engine 6. reciprocating engine

( ) electrical device that fits into the cylinder head of an inter—

nal-combustion engine and ignites the gas by means of an electric spark

( ) the mechanism that ignites the fuel in an internal-combus—
tion engine

( ) an internal-combustion engine in which the crankshaft is

turned by pistons

( ) jet engine in which a turbine drives air to the burner
( ) the rate of doing work; measured in watts
( ) motor that converts thermal energy to mechanical work



IV. Mark the following sentences with T( true) or F( false) ac-
cording to the passage.

1. For an aircraft to remain in level unaccelerated flight, we must
provide a thrust that is equal to and opposite in direction to the aircraft
drag.

2. Not all heat engines have in common the ability to convert heat en—
ergy into mechanical energy.

3. In the range of cruising speeds from 350 to 180 m. p. h. other types
of engines perform worse than the turbo-propeller engine.

4. The reciprocating engines are not simpler in operation than other
engines.

5. A change in power setting on some reciprocating engine installa—
tions may require the adjustment of five or six controls, but a change in

power on a turbojet requires only a change in throttle setting.

V. Answer the following questions briefly.

1. What should we do for an aircraft to remain in level unaccelerated
flight?

2. What requirements do all engines meet?

3. Which engine performs the best in the range of cruising speeds
from 180 to 350 m. p. h.?

4. Are reciprocating engines more complicated or not in operation
than other engines?

5. The cost of operation of the turboprop may approach that of the re—

ciprocating engine. Why?



Text 2 Reciprocating Engines

Reciprocating engines may be classified according to cylinder ar—
rangement with respect to the crankshaft ( indine, V-ype, radial, and
opposed) or according to the method of cooling ( liquid cooled or air
cooled) . Actually, all engines are cooled by transferring excess heat to
the surrounding air. In air-cooled engines, this heat transfer is direct from
the cylinders to the air. In liquid-cooled engines, the heat is transferred
from the cylinders to the coolant, which is then sent through tubing and
cooled within a radiator placed in the airstream. The radiator must be large
enough to cool the liquid efficiently. Heat is transferred to air more slowly
than it is to a liquid. Therefore, it is necessary to provide thin metal fins

on the cylinders of an air-eooled engine in order to have increased surface

Fig.1 -1 opposed engine



for sufficient heat transfer. Most aircraft engines are air cooled.

The opposed-type engine, shown in Fig. 1 — 1, has two banks of cyl-
inders directly opposite each other with a crankshaft in the center. The
pistons of both cylinder banks are connected to the single crankshaft. Al-
though the engine can be either liquid cooled or air cooled, the air-cooled
version is used predominantly in aviation. It can be mounted with the cyl—-
inders in either a vertical or horizontal position.

The opposed-type engine has a low weight-to-horsepower ratio, and
its narrow silhouette makes it ideal for horizontal installation on the air—

craft wings.

Fig.1 -2 radial engine

The radial engine consists of a row, or rows, of cylinders arranged
radially about a central crankcase ( see Fig. 1 —2) . This type of engine
has proven to be very rugged and dependable. The number of cylinders
composing a row may be either three, five, seven, or nine. Some radial
engines have two rows of seven or nine cylinders arranged radially about

the crankcase.



The basic parts of a reciprocating engine are the crankcase, cylin—

ders, pistons, connecting rods, valves, valve-operating mechanism, and

crankshaft. In the head of each cylinder are the valves and spark plugs.

One of the valves is in a passage leading from the induction system; the

other is in a passage leading to the exhaust system. Inside each cylinder is

a movable piston connected to a crankshaft by a connecting rod. Fig. 1 -3

illustrates the basic parts of a reciprocating engine.

i i i i i The cylinder forms a part of
Every.mternal combustion engine must ha.ve certain basic Lo chamber in which the
parts in order to change heat into mechanical energy. “fuel is compressed and burned.

An exhaust valve is neeed

An intake valve is needed to let the fuel/air| to let the exhaust gases out.

into the cylinder.

l The connecting rod forms a link
between the piston and the
crankshaft.

The piston,moving within the cylinder,
forms one of the walls of the combustion chamber
The piston has rings which seal the gases .
in the cylinder,preventing any loss of GGl
power around the sides of the piston. i

The crankshaft and connecting rod change the straight
line motion of the piston to a rotary turning motion.The
crankshaft in an aircraft engine also absorbs the power
or work from all the cylinders and transfers it to the
propeller.

Fig. 1 -3 Dbasic parts of a reciprocating engine

An internal-combustion engine is a device for converting heat energy

9



into mechanical energy. Gasoline is vaporized and mixed with air, forced
or drawn into a cylinder, compressed by a piston, and then ignited by an
electric spark. The conversion of the resultant heat energy into mechanical
energy and then into work is accomplished in the cylinder. Fig. 1 —4 illus—
trates the various engine components necessary to accomplish this conver—

sion and also presents the principal terms used to indicate engine opera—

tion.
Spark pl
Intake valve Por Plug Exhaust valve
T.D.C.
Combustion
chamber
Piston ul @
— Stroke
Connecting
rod
Cylinder . B.D.C.
flange
’ 2
4
- o !
Top center =7 \ \\\
/ N\
/ )|\ A
{ ~ \
Crankshaft }
\ \ !
\ L !
\ Pl /
l’,"\\\ ,’

Bottom center —}'5-.'_",’-’/

Fig.1 -4 components and terminology of engine operation

The operating cycle of an internal combustion reciprocating engine

includes the series of events required to induct, compress, ignite, burn,
10



and expand the fuel/air charge in the cylinder, and to scavenge or ex—

haust the byproducts of the combustion process.
New Words and Expressions

crankshaft [ckr pkfa: ft] n. HLEH, i

coolant [rku: lont] n. ¥

silhouette [dzsiluret] n. SZF, 4005 or. {5 80
crankcase [cMr pkkeis] n. Hifl4

rugged [eragid ] adj. AT, HUBE Y

rod [rod] n. fF,#%

induction [incdak fon | #3818

scavenge [rsk vindz | vt. T4, HERIES

I. Fill in the table below by giving the corresponding transla—

tion.
English Chinese
TRV K BhL
the method of cooling
]
aircraft engines
b v W
the radial engine
R[] m] 5
internal-combustion engine

LK AE

the operating cycle

11



English Chinese
B A

either liquid cooled or air cooled

IL. Fill in the following blanks with suitable words and translate
them into Chinese.

1. Reciprocating engines may be classified according to or

2. Therefore, it is to provide thin metal fins on the cylinders
of an air-eooled engine in order to have increased surface for sufficient

heat transfer. Most aircraft engines are

3. has two banks of cylinders directly opposite each other

with a crankshaft in the center.

4. The number of cylinders composing a row may be either ,

s , Or . Some radial engines have rows of

or cylinders arranged radially about the crankcase.

5. The basic parts of are the crankcase, cylinders, pistons,

connecting rods, valves, valve-operating mechanism, and crankshaft.

6. Gasoline is and mixed with air, forced or drawn into

~, compressed by and then ignited by

III. Fill in the blanks with the words given below according to
12



the definition.

1. crankshaft 2. coolant

3. radial engine 4. piston

5. vaporize 6. valve

( ) a fluid agent ( gas or liquid) that produces cooling

( ) a rotating shaft driven by ( or driving) a crank

( ) mechanical device that has a plunging or thrusting motion

( ) turn into gas

( ) a structure in a hollow organ ( like the heart) with a flap to

insure one-way flow of fluid through it
( ) an internal-combustion engine having cylinders arranged ra—

dially around a central crankcase

IV. Mark the following sentences with T( true) or F( false) ac—
cording to the passage.

1. Not all engines are cooled by transferring excess heat to the sur—
rounding air.

2. The opposed-type engine has two banks of cylinders directly next
to a crankshaft in the center.

3. Gasoline is vaporized and mixed with water, forced or drawn into a
cylinder, compressed by a piston, and then ignited by an electric spark.

4. Every internal combustion engine must have certain basic parts in
order to change heat into mechanical energy.

5. The connecting rod forms a link between the piston and the crank—

shaft.

13



V. Answer the following questions briefly.

1. All engines are cooled by transferring excess heat to the surround-
ing air. How do the air-cooled engines and liquid-cooled engines work?

2. Which engine can be either liquid cooled or air cooled?

3. How does an internal-ecombustion engine convert heat energy into
mechanical energy?

4. What is the operating cycle of an internal combustion reciprocating
engine?

5. What parts does the radial engine consist of?
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