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Gas Turbine Parts

Step 1. Pre-reading Activities

Activity A.   Look at the diagrams below and try to describe the way that the 
parts of a gas turbine engine are combined.  

Activity B. Now read the following text to check your answer.

Most modern passenger and military aircraft are powered by gas turbine engines, which are also 
called jet engines. Jet engines come in a variety of shapes and sizes but all jet engines have certain 
parts in common. 

At the front of the engine, to the left, is the inlet. At the exit of the inlet is the compressor, which  is 
connected by a blue colored shaft to the turbine. The compressor and the turbine are composed of 
many rows of small airfoil shaped blades. Between the compressor and the turbine fl ow path is the 
combustion section or burner, which is colored red. This is where the fuel and the air are mixed and 
burned. The hot exhaust then passes through the turbine and out the nozzle.

The F100 engine is used in the F15 and F16 fi ghter aircraft. As we can see in the picture, jet engines 
are complicated pieces of machinery. Jets have a lot of parts which spin on a central shaft. To enclose 
the spinning parts, a jet engine is shaped like a long cylinder. 
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All turbine engines have an inlet or intake (British) to bring free stream air into the engine.  While 
the inlet does no work on the fl ow, inlet performance has a strong infl uence on engine net thrust. Inlets 
come in a variety of shapes and sizes with the specifi cs usually dictated by the speed of the aircraft.

For aircraft that cannot go faster than the speed of sound, like large airliners, a simple, straight, 
short inlet works quite well. A subsonic aircraft has an inlet with a relatively thick lip. An inlet for a 
supersonic aircraft, on the other hand, has a relatively sharp lip. The inlet lip is sharpened to minimize 
the performance losses from shock waves that occur during supersonic fl ight. For a supersonic 
aircraft, the inlet must slow the fl ow down to subsonic speeds before the air reaches the compressor. 
Some supersonic inlets, like the one at the upper right, use a central cone to shock the fl ow down 
to subsonic speeds. Inlets for hypersonic aircraft present the ultimate design challenge. For ramjet-
powered aircraft, the inlet must bring the high speed external fl ow down to subsonic conditions in 
the burner. An inlet must operate effi ciently over the entire fl ight envelope of the aircraft. At very 
low aircraft speeds, or when just sitting on the runway, free stream air is pulled into the engine by 
the compressor. At high speeds, a good inlet will allow the aircraft to maneuver to high angles of 
attack and sideslip without disrupting fl ow to the compressor. Because the inlet is so important to 
overall aircraft operation, it is usually designed and tested by the airframe company, not the engine 
manufacturer. 

Answer the questions
1. How are the shape and the size of the inlet of each aircraft determined?

2. Which types of aircraft inlets are mentioned in the text?

3. What are the characteristics of subsonic inlets?

4. What are the characteristics of supersonic inlets?

5. How do the sharp lips increase the aircraft performance?

6. What is the role of the central cone?

7. For what particular function of the aircraft does the inlet play an important role?

Step 2. Reading Comprehension Activity

Read the texts and answer the questions that follow.

1. The Inlet
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2. The Compressor

                           

The purpose of the  compressor is to increase the pressure of the incoming air before it enters the 
combustor. The compressor performance has a large infl uence on the total engine performance. As 
shown in the above fi gures, there are two main types of compressors: axial and centrifugal. In 
the axial compressor the air fl ow travels parallel to the axis of rotation, whereas in the centrifugal 
compressor the fl ow is turned perpendicular to the axis of rotation. Centrifugal compressors, which 
were used in the fi rst jet engines, are still used on small turbojets and turboshaft engines and as pumps 
on rocket engines. Modern large turbojet and turbofan engines usually use axial compressors.

Why the change to axial compressors? An average, single-stage, centrifugal compressor can increase 
the pressure by a factor of 4. A similar average, single-stage axial compressor increases the pressure 
by only a factor of 1.2. But it is relatively easy to link together several stages and produce a multistage 
axial compressor. In the multistage compressor, the pressure is multiplied from row to row (8 stages 
at 1.2 per stage gives a factor of 4.3). It is much more diffi cult to produce an effi cient multistage 
centrifugal compressor because the fl ow has to be ducted back to the axis at each stage. Because the 
fl ow is turned perpendicular to the axis, an engine with a centrifugal compressor tends to be wider, 
having a greater cross-sectional area than a corresponding axial. This creates additional undesirable 
aircraft drag. For these reasons, most high performance, high compression turbine engines use multi 
staged axial compressors. But, if only a moderate amount of compression is required, a centrifugal 
compressor is much simpler to use. 

Answer the questions
1. What are the names of the two types of compressors shown in the pictures?

2. What is different in the two types of compressors?

3. Which of the two types was designed and used fi rst?

4. In which types of aircraft is each of these types of compressors used now?

5. What is a multi-staged axial compressor?

6. What is the main advantage of an axial compressor over the centrifugal?

7. Are multi-staged centrifugal compressors manufactured? Why/why not?

8. In which case is a simple centrifugal compressor preferable? 
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3. The Combustor or burner

          

All turbine engines have a combustor, or burner, in which the fuel is combined with high pressure 
air and burned. The resulting high temperature exhaust gas is used to turn the power turbine and 
produce thrust when passed through the nozzle.

The burner is located between the compressor and the power turbine. The burner is arranged like 
an annulus, or a doughnut, as shown in the fi rst fi gure above. The central shaft that connects the 
turbine and compressor passes through the center hole. Burners are made from materials that can 
withstand the high temperatures of combustion. A burner usually has an outer casing and a liner. 
The liner is often perforated to enhance mixing of the fuel and air. Modern combustion chambers are 
totally annular. The fl ame tube makes a ring around the entire engine. This results in much higher 
combustion effi ciency-nearly all of the fuel is burned completely. This reduces noxious emissions. 
Such burners are, however, more diffi cult to service.

The earliest type was the multiple can burner shown in the fi gure in the middle. This operated by 
totally separating the fl ow into eight or so cans, each of which contained a fl ame tube.

The fi rst major improvement on the can combustor  led to the can-annular burner, which retained the 
multiple fl ame tubes of the previous type, but allowed the outer air to fl ow free around all the fl ame 
tubes. Can-annular designs have less effi cient combustion, but because of their modular design they 
are easier to repair or replace.

Answer the questions
1. What is a combustor?

2. How is the combustor connected to the turbine?

3. Why must the combustor be constructed with very strong materials?

4. What characteristic of the combustor enhances the air-fuel mixing?

5. What are the names of the three different types of combustors shown in the fi gures?

6. Which of them is the oldest type and which one is the most modern?

7. What is the main advantage of the annular type?

8. What is the difference between the can burner and the can-annular burner?

9. What is the advantage of the can-annular design?
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4. The Power Turbine

                                           

The purpose of the power turbine is to extract energy from the hot exhaust fl ow coming from the 
burner and turn the compressor.

The turbine, like the compressor, is composed of several rows of airfoil cascades. Some of the rows, 
called rotors, are connected to the central shaft and rotate at high speed. Other rows, called stators, 
are fi xed and do not rotate. The job of the stators is to keep the fl ow from spiraling around the axis by 
bringing the fl ow back parallel to the axis.

Depending on the engine type, there may be multiple turbine stages present in the engine. Turbofan 
and turboprop engines usually employ a separate turbine and shaft to power the fan and gear box 
respectively. Such an arrangement is termed a two spool engine. For some high performance engines, 
an additional turbine and shaft is present to power separate parts of the compressor. This arrangement 
produces a three spool engine. The power turbine shown on the upper left of the fi gure is for a two 
spool, turbofan engine.

There are several interesting turbine designs. Since the turbine extracts energy from the fl ow, the 
pressure decreases across the turbine. A single turbine stage can be used to drive multiple compressor 
stages. Because of the high pressure change across the turbine, the fl ow tends to leak around the tips 
of the blades. The tips of turbine blades are often connected by a thin metal band to keep the fl ow 
from leaking, as shown in the picture on the left.

Turbine blades experience fl ow temperatures of more than a thousand degrees Fahrenheit. Turbine 
blades must be made of special materials that can withstand the heat, or they must be actively cooled. 
At the upper right of the fi gure, you can see  a picture of  single, actively cooled turbine blades. The 
blade is hollow and cool air, which is bled off the compressor, is pumped through the blade and out 
through the small holes on the surface to keep the surface cool.

Answer the questions
1. What similarity exists between the turbine and the compressor?

2. Do all the airfoil cascades of the turbine rotate? Explain.

3. Which engine is called two spool engine?

4. What is a three spool engine?

5. What can prevent the fl ow from leaking around the turbine blades?

6. What is the purpose of the small holes on the surface of the turbine blades?

7. What is the purpose of a power turbine?
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5. The Nozzle

A nozzle is a relatively simple device, just a specially shaped tube through which hot gases fl ow. 
Nozzles come in a variety of shapes and sizes depending on the mission of the aircraft. Simple turbojets, 
and turboprops, often have a fi xed geometry convergent nozzle. Turbofan engines often employ an 
additional  co-annular nozzle. In a co-annular nozzle, the core fl ow exits the center nozzle while the 
fan fl ow exits the annular nozzle. Mixing of the two fl ows provides some thrust enhancement and 
these nozzles also tend to be quieter than convergent nozzles. Afterburning turbojets and turbofans 
require a variable geometry convergent-divergent - CD nozzle as shown on the left. In this nozzle, 
the fl ow fi rst converges down to the minimum area or throat, then is expanded through the divergent 
section to the exit at the right. The fl ow is subsonic upstream of the throat, but supersonic downstream 
of the throat. The variable geometry causes these nozzles to be heavier than a fi xed geometry nozzle, 
but variable geometry provides effi cient engine operation.

Recently engineers have been experimenting with nozzles with rectangular exits. This allows the 
exhaust fl ow to be easily defl ected. Changing the direction of the thrust with the nozzle makes the 
aircraft much more maneuverable.

Answer the questions
1. What is the job of a nozzle?

2. Which type of engine often has two nozzles? What kind of nozzles?

3. What is the advantage of having two nozzles?

4. How does the fl ow of the exhaust gas behave in a convergent-divergent nozzle?

5. In which part of the convergent-divergent nozzle is the fl ow speed higher?

6. What is the advantage of a zozzle with a variable geometry?

7. Which characteristic of the nozzle can make an aircraft more maneuverable?
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Step 3. Vocabulary Recycling

Exercise 1:   Find the terms that are defi ned. Some of the terms are not given to you.

exhaust gases     annular nozzle     shock wave     axial compressor     casing     
pump    emissions     two spool engine     lining     afterburner     nozzle

1.  A pipe or duct that directs the exhaust gases and accelerates the fl ow to create thrust: ..............

2.  A nozzle with a ringshaped opening: .................................

3.  A wave of extremely high pressure air caused by supersonic motion of a body: ..........................

4.  A compressor in which the fl ow enters and exits the compressor in a direction parallel with the 
axis of rotation: .................................

5.  A device incorporated into the tailpipe of a turbojet engine for injecting fuel into the hot exhaust 
gases and burning it to provide extra thrust: .................................

6.  Gases ejected from an engine as waste products: .................................

7.  A device that raises, transfers, delivers, or compresses fl uids: .................................

8.  An outer cover or shell: .................................

9.  A covering or coating for an inside surface: ................................. 

10.  Exhaust fumes or radio broadcasts that have been released into the world: ...............................

11.  An engine with two shafts rotating independently, two  compressors and two turbines: ...........

Exercise 2:   Fill in the blanks with suitable words.

The basic idea of the turbojet engine is simple. 

Air taken in from the [1] ......................... in the 

front of the engine and is [2] ......................... 

to 3 to 12 times its original pressure in the 

compressor. Fuel is added to the air and burned in a

[3] ......................... chamber to raise the temperature 

of the fl uid mixture to about 1,100°F to 1,300° F.

The resulting hot air is passed through a [4] ..................... which drives the compressor. If the turbine 

and compressor are effi cient, the [5] ......................... at the turbine discharge will be nearly twice the 

atmospheric [5] ........................., and this excess pressure is sent to the [6] ......................... to produce 

a high-velocity stream of gas which produces a [7] ......................... High increases in thrust can be 

obtained by employing an [8] ......................... This is a second combustion chamber positioned after 

the turbine and [9] ......................... the nozzle, and this results in a 40% increase in thrust.
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Exercise 3:   Find the defi nitions and fi nd the corresponding geometrical shapes.

1. A solid object with two identical circular or elliptical ends and a curved side.: ..........................

2. Flat shape with four sides of equal length and four right angles: .................................

3. A fl at shape with three straight sides: .................................

4. A solid object with a polygon base and triangle sides which meet at the top: ..........................

5. A box shaped solid object with four identical square faces: .................................

6. Two dimensional shape made by drawing a curve that is always the same distance from the 
center: .................................

7. Three dimensional object shaped like a ball; each point of the surface is the same distance from 
the center: .................................

8. A fl at shape with four straight sides and four right angles: .................................

9. A solid object with one circular base and one vertex: .................................

10. A two dimenisional shape with two or more straight sides: .................................

Exercise 4:   Name the geometrical shapes and objects below.

 

1. ........................    2. ........................    3. ........................    4. ........................    5. ........................

                                                      

 6. ........................    7. .....................    8. ......................     9. ........................     10. ....................... 
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Exercise 5:   Fill in the blanks with the correct synomym words.

1.  The bad news about the fi nancial crisis sent a shock wave through the stock market.
a.  severe disruption             b. emergency             c. emission             d. great enhancement

2.  As the three rivers fl ow downwards, they converge at a point near the forest.
a. separate             b. expand             c. meet             d. direct

3.  The plane crashed perpendicular to the ground, just like an arrow.
a. directly             b. at right angles             c. centrifugally             d. axially

4. Martin Luther King once observed that returning violence for violence multiplies violence.
a. retains             b. diverts             c. perforates             d. increases

5.  Our fl ight had to be diverted to Newark because of the storm.
a. diverge             b. be retained             c. be extracted             d. change direction

6.  The laws in each country dictate the citizens’ rights and obligations.
a. determine             b. order             c. require             d. depend

7.  The metalic construction is made of perforated stainless steel. 
a. galvanized             b. reinforced             c. composite             d. drilled

8.  Every year, a million tons of oil are leaked, or deliberately dumped into the sea.
a. produced             b. dripped             c. fl owed             d. removed

A Boeing 787 Dreamliner is taking off almost perpendicular to the ground.
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Step 4. Use of English

Practice Prepositions of Time

Exercise 1:   Fill in the blanks with Time Prepositions. 

1.  I have an appointment with the dentist ....................... 8 o’clock ............................. the evening.

2.   We haven’t seen each other ................................. I moved to London ................................. April. 

3.  We have arranged to meet ................................. Saturday morning.

4.  When is the graduation ceremony? ................................. July 15th, in the conference hall. 

5.  ................................. the age of 20 he joined the army and ............................. 30 he got married.

6.  This library was established ....................... 2002 but we have extended it ...................... then.

7.  Is it convenient for you to meet me tomorrow ................................. midday in my offi ce?

8.  Will you be traveling ................................. New Year’s Day?  

9.  We’ll be in N. York ........................... Christmas but ............................. Easter we’ll be in Greece. 

10. He didn’t leave the offi ce ................................. he had checked all the fi les.

Exercise 2:   Fill in the blanks with time prepositions from the list below.

by –  by the time – on time – in time – during – while – from…to

1.  He nearly had an accident ……………….. he was driving.

2.  The lecture will have fi nished ……………………. we arrive.

3.  There was a heavy traffi c on the road, but we managed to arrive at the station …………………

4.  Many people tried to leave the city ................................. the earthquake.

5.  I promise to be back ................................. next weekend.

6.  The six o’clock train didn’t leave ................................., so we managed to catch it.

7.  Where were you ................................. the storm?

8.  Will you have repaired our car ................................. my husband gets out of hospital?

9.   ................................. the end of the semester, we will have learnt a lot of grammar.

10. We couldn’t fi nd a taxi, so we were not ................................. for the beginning of the fi lm.

11. ................................. you serve dinner, we will be there.

12. We are going to have a lunch break ................................. one ................................. two o’clock.

Note!
For more information about the theory of Time Prepositions and more exercises, see pages 264-265 
in the Grammar Section.
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Turborprop Engines

Step 1. Pre-reading Activities

A.   Look at the above diagram showing a turboprop engine. Can you make a 
descrtiption?

B.  Fill in the blanks with the  correct word chosen from the list below.

combustor        proportion        power       added         turbine          converts        exhaust

consists          expand          transmitted         reciprocating            pressure

A turboprop engine is a [1] ................................. engine that drives an aircraft propeller. In contrast 

to a turbojet, the engine’s [2] ................................. gases do not contain enough energy to create 

signifi cant thrust, since almost all of the engine’s [3] ................................. is used to drive the propeller.

The propeller is coupled to the turbine through a reduction gear that [4] .................................the high 

RPM, low torque output to low RPM, high torque. The propeller itself is normally a constant speed 

type similar to that used with larger [5] ................................. aircraft engines.

In its simplest form a turboprop [6] ......................... of an intake, compressor, [7] .........................., 

turbine, and a propelling nozzle. Air is drawn into the intake and compressed by the compressor. Fuel 

is then [8] .............................. to the compressed air in the combustor, where the fuel-air mixture then 

combusts. The hot combustion gases [9] ....................... through the turbine. Some of the power 

generated by the turbine is used to drive the compressor. The rest is [10] ................................. through 

the reduction gearing to the propeller. Further expansion of the gases occurs in the propelling nozzle, 

where the gases exhaust to atmospheric [11] ................................. The propelling nozzle provides a 

relatively small [12] ................................. of the thrust generated by a turboprop.
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