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Turbine engine fundamentals

1, Energy:
Energy 1s Typically Defined as something that:
» gives us the capability’s to perform work

2, potential energy
Potential energy is defined as energy at :
* rest, or energy that is stored

Potential energy may be classified into three groups:
L that due to position Water in an elevated reservoir, and an airplane raised off the ground sitting on jacks are examples of the first group
* that due to distortion of an elastic body, e mrsecordona biner Tnbaces or compressed spring are xamples of the

O that WhiCh pI'OdLICCS WOI'k through ChemiCal aCtiOIl. food, and storage batteries are examples of the third group.

To calculate the potential energy of an object due to its position, as in height, the
following formula 1s used:

Potential Energy = Weight x Height
PE = 450000 /b x 4 ft
PE = 1800 000 ft-Ibs

3, Kinetic Energy

Kinetic energy is defined as being energy in:
* motion

Kinetic energy has the same units as potential energy, namely :
+ foot-pounds

* inch-pounds

To calculate the kinetic energy for something in motion, the following formula is
used:

Kinetic Energy = % Mass x Velocity’



4, NEWTON'S LAWS OF MOTION

1, Newton's First Law:

(Giotion at the same speediafic in the same @feeion; unlcss acted on by an

external force.

2, Newton's Second Law:
*  When a force acts upon a body, theflmomentumi)ofthat body is changed.
* The rate of change of momentum is proportional to the

Bodies in motion have the property called : momentum

A body that has great momentum has a :

Newton's second law:

Force = Weight (Velocity Final - Velocity Initial)
(F = W) Gravity (Time)

P W (Vf-vi)
Gt

3, Newton's Third Law:



5, BERNOULLI'S PRINCIPLE

Or

The static pressure ofa fluid (liquid or gas) decreases at points where the velocity
ofthe fluid increases, provided no energy is added to nor taken away from the

fluid

My statement:

Bernoulli's principle states that anfincrease in the speed of a fluid occurs
simultaneously with afdecrease in pressuré or a decrease in the fluid's potential
energy

Velocity Pressure Velocity Pressure

Velocity Pressure

Figure 1-2. Bernoulli's principle and a venturi.

BOYLE'S LAW

Boyle's Law states that

when the temperature of a gas 1s kept constant and the pressure increased, its
volume 1s decreased proportionately.

In reverse:

My statement:

Meaning pressure and volume in Boyles law are : inversely proportional

when a gas is at a constant temperature and pressure decreases, volume
Increases

when temperature isiconstant and pressurefincreases volume will ddecrease
When temperature is ‘constant and pressuresfdecreaselvolume willincrease




6, Charles' Law

Charles' Law states that if air is

* heated at a constant pressure, the change in volume will vary with the change in
temperature.

My statement:

»  Charles' Law states that the volume of a gas is directly proportional to its
‘temperature (in Kelvin) when pressure is kept constant.

7, THE BRAYTON CYCLE

The Brayton cycle is the name given to the:
* thermodynamic cycle of a gas turbine engine to produce thrust
* This is a variable volume constant-pressure cycle of events and is commonly

called the €onstant-pressure cyclé) A more recent term is —

The four continuous and constant events are:

C
a”lbusﬁo,, Heat added in the
combustion cycle.

Expanding gas
through turbine
and exhaust.

Ambiantair /

entering intake.
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Figure 1-4. Pressure/volume relationship.



THE BRAYTON CYCLE

1, intake cycle:
e air enters at and

¢ Itleaves the intake at an and a decrease in volume.

2, compressor section

* air is received from the intake at anfincreased pressure, slightly above ambient,

+ Air cnters the/compressor where itis Gompressed:’

« It leaves the compressor with a large increase in pressure and decrease in
created by the mechanical action of the ¢ompressor )

3, expansion

» takes place in the combustion chamber by burning fuel, which expands the air
by heating it

* The@xpanding gases move recarward through the turbine assembly and are
converted from velocity energy to mechanical energy by the turbine..

4, The exhaust section
*+ whichiis a convergent duct, converts the expanding volume and decreasing

pressure of the gases to a

Conclusion:
* The force created inside the engine to keep this cycle(continuous has an equal’




convergent and divergent duct

1, The convergent duct :

The convergent principle is usually used for the

2, The divergent duct

The divergent principle is used in the :

»  compressor and diffuser where the air is slowing and pressurizing -
T

v

Supersonic



7, FORCE, WORK, POWER, MOTION
1, FORCE

force 1s the

or

Meaning:

Another way to look at it is that for work, power, or torque to exist, there has to be
a:
« (forcethat initiates the process

The unit for force in the English system of measurement is

2, WORK

Work, in the mechanical sense of the term, is done when a

Two factors are involved:

definition, work 1s accomplished only when an

To calculate work, the following formula is used:

the force is identified in newtons (N) and the distance in meters



3, POWER

consideration-time, In other words;

'The formula for power is as follows:

The units for power will be;

* foot-pounds per minute

* foot-pounds per second

* inch-pounds per minute or second

* possibly mile-pounds per hour.
The units depend on Qo AERCEEREEETERSIIREND
4, Torque

Torque is something that creates :

5, MOTION

Motion may be defined as a:

+ (continuing change of position or place, or as the process in which a body

+ relationship between velocity, acceleration, and distance 1s known as kinematics



6, Speed and Velocity
Speed refers to :

* how fast an object is moving

or

* how far the object will travel in a specific time.
speed 1s a scalar:

Velocity is that quantity in physics:
* _which dEHGESIBOHEESpeedIOaRIOh R aRARERESHon in which the object

7, Acceleration

Acceleration is defined as the:

formula 1s used:



FUNDAMENTALS OF OPERATION

Thrust
For an aircraft to remain in level flight:

This thrust, or propulsive force, is provided by a :

* suitable type of @ircraft heat engine)

All heat engines have in common the ability to:

(generally air) through the engine.

The propulsive force is obtained by the :
» displacement of a working fluid (again, atmospheric air).

Atmospheric air is the principal fluid used for

in which the total combustion gases are accelerated and
displaced.

A rocket carries its own

Propeller
The propellers of aircraft powered by reciprocating or Turboprop engines:

+ accelerate a large mass of air at a relativelyslower velocity by turning a propeller

The same amount of thrust can be:

The working fluid (air) used for the:
* propulsive force is a different quantity of air than that used within the engine to
produce the mechanical energy to turn the propeller




Turbojets, ramjets, and pulse-jet

Turbojets, ramjets, and pulsejets are examples of engines that :

They use the same working fluid for propulsive force that is:

»  used within the engine ( Air |

One problem with these types of engines is the:

Many aircraft use a form of the gas turbine engine to produce :

These enines are normally the

+fow turbojet engincs. "INiFHOJeEiS the ormmer terii for any usbiiie engiiie)

The term turbojet was used to describe any; ‘j
*  gas turbine engines, but with the differences in gas turbines used in aircraft, this term is used to describe a
type of gas turbine that passes all the gases through the core of the engine directly.

By all means All aircraft engines must meet cer tain general requirements of




DURABILITY AND RELIABILITY

An aircraft enﬁ'ne 1s reliable when it can Eerform at the
Durability 1s :

+ the amount of engine life obtained while maintaining the desired reliability

reliability of the engine is determined by the :

§ =

OPERATING FLEXIBILITY

Operating flexibility is the:

+ ability of an engine to run smoothly and give desired performance at all speeds
from idling to full power output.

The aircraft engine must also function efficiently through all :

COMPACTNESS 4 sidae axall 5 Joal

To affect proper streamlining and balancing of an aircraft:

+ the shape and sizelof the engine must be as @HPAGHS possible



CONSTRUCTIONAL ARRANGEMENT

A significant feature of the gas turbine engine is that
+ and all functions are performed simultancously without interruption.

A typical gas turbine engine consists of:

1. An air inlet,
2, Compressor section,

3, Combustion section,
1, Turbine sction,

5. Exhaust section,

6. Accessory section,

7. The systems necessary for starting; lubrication. fuel supply. and auxiliary

(urposes,such as anti-icing, cooling, and pressurization.

There are two sections in the gas turbine engine:

Cold section refers to the parts of the engine from

» (iheiinlets up through the COMPIESSors and/ o diflisess.

Hot section refers to the areas past the

- GOMPIESSON from the COMbUSHORCHATBER through the EHAHSH
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One of the greatest single factors influencing the construction features of any gas
turbine engine 1s the type of

Four types of gas turbine engines are used to propel and power aircraft. They are

1, TURBOJET
Definition of Turbojet

Technological Evolution
As gas turbine technology advanced, new engine types were developed to replace pure
turbojets.

Issues with Turbojets

Turbojet engines have problems withfnoise and fuel consumption, especially at airliner

Limited Use of Turbojets
Due to these drawbacks, the use of pure turbojet engines is now—

Turbofan Engines as a Replacement

Most aiiners today usc bt egines which ave Jargely seplaced fubajesi)

A Turbojet, turbine engine is one in which a

Ignition causes the gases to :

Forward thrust is generated as a




2, TURBOFAN ENGINES

+
+
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3, TURBOSHAFT

A turboshaft engine is a :

that has been optimized to:

Turboshaft engines are most commonly used in applications that require a:

turboshaft engine uses the same principles as a:

The primary difference between the turboshaft and the turbojet is that an:

In most cases, the power turbine is not mechanically linked to the gas generator

This design, which is referred to as a free power turbine:

* allows the speed of the power turbine to be optimized for the machinery that it
will energize without the need for an additional reduction gearbox within the
engine.

power turbine extracts almost :
 all of the energy from the exhaust stream and transmits it via the output shaft to
the machinery it is intended to drive



4, TURBOPROP

Turboprop engine uses the same principles as a:

* turbojet to produce energy

+ that is, it incorporates acompressor, combustor and turbine within the gas
generator of the engine.

The primary difference between the Turboprop and the turbojet is that:
1, additional turbines

2, a power shaft and a reduction gearbox

* have been incorporated into the design to drive the propeller.

The gearbox may be driven by the:

* same turbines and shaft that drive the engine compressor,

* mechanically linking the propeller and the engine, or the turbines may be
separate with the power turbine driving a concentric, mechanically 1solated
shaft to power the gearbox

N
The latter design /

is referred to as a free power turbine or, more simply, a "free turbine" engine. In
either case, the turbines extract almost all of the energy from the exhaust stream
using some of it to power the engine compressor and the rest to drive the propeller.
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Figure 1-8. The four primary types of gas turbine engines.



