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1. Aviation Gas Turbine Engines: Diagrams, Equipment and Mode  

of Functioning 
 
There are various types of gas turbine engines used to propel aircraft. They 
usually fall into the categories of turbojet (TJE), turbofan (TFE), turboprop 
(TPE) and turboshaft (TSE) engines.  
 
A turbojet engine (TJE) is the simplest species of aviation gas turbine engine. It 
consists of such principal constructive components:  
1. Inlet device  
2. Multistage axial flow compressor  
3. Combustion chamber  
4. Axial flow gas turbine  
5. Outlet device with jet nozzle  
 
An afterburner may be installed before the outlet device.  
 
Inlet device 
The purposes of any aircraft gas turbine engine inlet device are:  
a) to provide a sufficient air supply to the compressor with as low a loss in total 
pressure as possible and with as small a drag force on an airplane as possible,  
b) to create a uniform field of velocities and pressures before the compressor,  
c) to provide stable operation regimes upon wide range of Mach numbers (M) 
of flight.  
These performances must not depend on an inlet device design specifications 
and arrangements.  
 
Compressor 
Any compressor is used for provision the necessary air pressure increase:  
a) under a great process efficiency,  
b) with an uninterrupted stable, without pulsations, air supply into the 
combustion chamber,  
c) having small overall dimensions and mass under the predetermined air flow 
rate and pressure ratio,  
d) with a simple construction, reliable operation and long term life time.  
 
Combustion chamber 
A combustion chamber has a difficult task of burning large quantities of fuel, 
supplied through the fuel spray nozzles, with extensive volumes of air, supplied 
by the compressor, and releasing the heat in such a manner when the air is 
expanded and accelerated to give a smooth stream of uniformly heated gas 
under all conditions required by the turbine.  
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This task must be accomplished with:  
a) minimum loss in pressure,  
b) maximum heat release for the limited available volume,  
c) uniform temperature field before the turbine,  
d) uninterrupted stable, without pulsations, gas supply into the turbine,  
e) small overall dimensions and mass,  
f) simple construction, reliable operation and long term life time.  
 
Turbine 
A turbine is intended for transformation of a heat energy part to the mechanical 
one used for the compressor and accessories driving.  
The turbine must have:  
a) high efficiency,  
b) operational reliability,  
c) small overall dimensions and mass,  
d) simplicity of assembly and disassembly.  
 
Outlet device 
An outlet device is used for transformation of the potential energy to the kinetic 
energy and an engine propulsive impulse creation.  
This task must be accomplished with:  
a) minimum loss under all flight conditions,  
b) provision of thrust vector control,  
c) effective noise suppression while exhaust gas streaming.  
 
Fig. 1 shows generally used (cross-) section indications of the turbojet duct as 
well as the change of basic parameters of air and gas state (total 0P  and static 
P  pressures, total 0T  and static T  temperatures, axial velocity aC ) under a 
flight condition.  
 
A real thermodynamical process of any jet engine consists of real processes 
accompanied by different losses. Fig. 2 shows the real cycle of the TJE 
operation having the same pressure and heating ratios as the ideal cycle has. It 
consists of such processes:  
 
0-1-2 – polytropical compression (0-1 – dynamical compression;  
1-2 – mechanical compression),  
2-3 – polytropical heat supply into the combustion chamber,  
3-4 – polytropical expansion in the turbine,  
4-5 – polytropical expansion in the outlet device (jet nozzle),  
5-0 – isobaric heat removal (arbitrary process).  
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While take-off regime an atmospheric air is delivered due to suction into the 
inlet device; axial velocity before the compressor is increased, but static 
pressure and static temperature are decreased. While flight regime under the 
high speed conditions the air is dynamically compressed in the free stream and 
in the inlet device; it is the first compression stage. The second compression 
stage is provided with the help of the multistage compressor. As a result of 
mechanical energy adding the pressure and temperature are increased and the 
compressed air is supplied into the combustion chamber.  
 

 
Figure 1. Turbojet engine 

 
The working medium temperature is increased significantly greater while a fuel-
air mixture burning in the combustion chamber. The obtained combustion 
products are expanded in the turbine (it is the first expansion stage) for creation 
a power necessary for the compressor driving. Then these products are 
expanded in the outlet jet nozzle (the second expansion stage); axial velocity is 
significantly increased. At high 0

4T  and 0
4P  the pressure differential may rise to 

critical and supercritical values even under test rig conditions. If the turbojet 
engine is intended for the flight M numbers (more than 1.6-1.7), so the engine 
needs a controlled jet nozzle of Laval type or other special device. As a result 
of gas outflowing from the jet nozzle a reactive thrust is appeared, the value 
R of this thrust may be calculated using the equation )05 C-G(C=R .  
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A turbofan (or by-pass) engine (TFE) is basically a turbojet engine in which 
some front/end compressor stages have been removed and replaced by large-
diameter stages (usually called fans). This construction is illustrated in Fig. 3. 
More turbine capability is needed to drive the fan and compressor combination. 
The added capability depends on the fan pressure ratio and the amount G of 
air by-passing a basic gas generator (turbojet or core engine).  
 

 
Figure 2. Diagram for a turbojet engine 

 

The more by-pass ratio 
I

II

G
G

m =  (where IIG , IG  - mass flow rates per second 

through outer and inner turbofan ducts) the less the fan compression ratio.  
 
Main constructive TFE elements are:  
1. Common inlet device. 
2. Inner duct compressor. 
3. Inner duct combustion chamber.  
4. Inner duct turbine. 
5. Outer duct compressor (fan).  
6. Fan turbine. 
7. Inner and outer jet nozzles (or common jet nozzle).  
 
A turboprop engine (TPE) is the next type of gas turbine engine. Propulsion in 
the turboprop engine is accomplished by the combined action of a propeller at 
the front of the engine and the thrust produced by exhaust gases in the jet 
nozzle. A turbojet engine may be converted to a turboprop engine by adding an 
additional turbine to drive a propeller through a speed-reducing gear system. 
The propeller of a typical turboprop engine is responsible for roughly 90% of 



 

 8

the total thrust at sea level static conditions. This percentage varies with 
airspeed, altitude, and other flight parameters. This type of engine is shown 
schematically in Fig. 4.  
 

 
Figure 3. Turbofan engine 

 
A turboprop engine combines the advantages of a turbojet engine with the 
propulsion efficiency of a propeller. The turbojet engine derives its thrust from a 
large momentum change of a relatively small mass of air, whereas the 
turboprop engine develops its propulsive force by imparting a small momentum 
change to a relatively large mass of air.  
 
Turboshaft engines (TSE) are used to power almost all modern helicopters. 
The first shaft has the compressor and a high speed turbine (often referred to 
"Gas generator"), while the second shaft has a low speed turbine (“Free 
turbine” or "Power turbine"). This arrangement (see Fig. 5) is used to increase 
speed and power output flexibility. 
 

2. Axial Flow Compressor Stage 
 
The process of air compression in the multistage axial flow compressor 
consists of series of successive compression processes in separate stages, so 
for clarification of the compressor mode of functioning it is quite enough to 
consider operation of any single stage. A stage outline is presented in Fig. 6. 
The stage consists of rotor (R) and guide vane (GV). If a stage is the first of a 
compressor an inlet guide vane (IGV) is located before the rotor. It is used for 
creation an air preliminary aerodynamical prewhirl as well as for provision of a 
uniform field of velocities and pressures at the rotor inlet.  
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Figure 4. Turboprop engine 

 

 
Figure 5. Turboshaft engine 

 
Standard designations of the basic sections are:  
0-0 – before IGV  
1-1 – before R  
2-2 – after R  
3-3 – after GV  
 
An air density is increased through the compressor duct, correspondingly a 

blade height is decreased and the hub/tip ratio D
d

d =  (where d  - rotor hub 

diameter, D  - rotor tip diameter) is increased too.  
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Figure 6. Axial flow compressor stage 

 
Let us consider an axial flow compressor stage operation. For this purpose a 
plane scanning of cylindrical section at the stage mean diameter is presented in  
Fig. 6. The air absolute velocity at the IGV inlet is designated as 0С . Air 
increases its velocity to the 1C  value after confuser IGV passages and moves 
as a vortex with the axial aС1  and circumferential uC1  components. In this case 
the relative velocity 1W  at mean diameter is decreased so that the M number 

1

1
1 = a

W
M w  does not exceed 0.75-0.85 values affecting successfully the stage 

efficiency. Further whirl increase affects the pressure ratio unsuccessfully.  
 
As a result of the rotor blades rotation the relative velocity 1W  does not 
coincide with the absolute velocity 1C  and may be determined as 111 UCW −=  
when UUU == 21  - vector of the rotor circumferential velocity. Triangle of 
velocities at the rotor inlet is presented in Fig. 6. While flowing along the curved 
rotor blades an air changes its flow direction and leaves the rotor with the 
relative velocity 2W . As it is seen (Fig. 6), change of air flow direction while its 
relative movement through the rotor leads to the 2W decrease in comparison 
with the 1W . This effect is accompanied by increase of each air streamline area 
between the adjacent blades )FF( 12 . The air pressure in the rotor arises as 
a result of the relative velocity decrease.  
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At the same time during air flow change in the rotor the pressure (+) occurs on 
the concave blade surface and the suction (-) on the convex surface. As a 
result the pressure difference appears at each blade leading to the 
aerodynamic force P  appearance. This force has the axial aP  and 
circumferential uP  components.  
The force uP  acts opposite to the rotor rotation direction; for overcoming this 
force the work UPL u=0  is done every second. On the basis of momentum 
change principle the amount of this force for 1kg/s is equal 

uuuu WWWP 21 −=Δ= . 
 
Correspondingly the work 0L  is equal to UWuΔ  product. This work is 
transferred from the rotor to an air increasing energy. As a result not only the 
pressure but the exit absolute velocity 2C  appears greater than the inlet 
velocity 1C  and is equal 222 += UWС  (in vector presentation). Triangle of 
velocities at the rotor outlet is presented in Fig. 6.  
 
As a result of flow turning in the rotor the velocity 2C  is found deviated to the 
rotor rotation direction (an air in the rotor is whirled). Under this velocity the air 
is directed to the guide vane blades. The absolute GV exit velocity 3C  is not far 
from the 1C  velocity direction but is less in amount because of air density 
increase. Air flow turning in the GV leads to each air streamline area increase 
between the adjacent blades )FF( 23 . Therefore the absolute velocity in the 
GV drops but the pressure arises.  
 
Hence the flow through the compressor stage rotor and the guide vane may be 
considered as a flow through the system of curvilinear diffusers and must be 
accompanied by decrease of relative velocity in the R and increase of pressure 
in the GV in both cases. Change of air parameters along the stage passages is 
shown in Fig. 6.  
 
The foregoing states that the guide vane participates in the process of pressure 
rise as well as the rotor of the stage. But distribution of the compression work 
between these units may be different depending on the stage design and is 
evaluated with the help of so called “degree of reaction”.  
 
As the IGV and the GV both have energy-isolated operations ( extQ =0; 0L =0; 

rL 0) so the total temperature 
pc

C
TT

2
+=

2
0  is constant but the total pressure 

0P is decreased due to hydraulic friction. In the R the mechanical energy 
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)( 0
1

0
2

0 TTcL p −=  adding leads to the rise of the total temperature )TT( 0
1

0
2  

and the total pressure )PP( 0
1

0
2 . The pressure ratio 0

1

0
30 =

P
P

π st  created in the 

single compressor stage (1.2-1.35) is not sufficient for the modern gas turbines. 
So they use only multistage flow compressors when the necessary 0

stπ  is 
obtained owing to successive step by step air pressurizing in which connection 

∑ 00 = stс ππ  exists.  
 

3. Centrifugal Flow Compressor 
 
A centrifugal flow compressor has a lot of disadvantages in comparison with an 
axial arrangement:  
a) limited pressure ratio and mass flow rate,  
b) less efficiency,  
c) greater dimensions for the same obtained parameters etc.  
 
These objectives have forced designers to decline centrifugal flow compressor 
practice for the future aviation engines design. However centrifugal flow 
compressor may be successfully used for fuel-tank pressurization units, pump-
turbines of liquid-propellant jet engines, jet engines with axial-centrifugal flow 
compressors etc.  
 
A centrifugal flow compressor use is tightly connected with such advantages: 
a) high pressure ratio of a single stage ( 0

сπ =4.0-4.5),  
b) stable operation under wide operational range,  
c) structure and production simplicity,  
d) high level operational reliability.  
 
Outline of a single-stage single-entry centrifugal flow compressor is presented 
in Fig. 7.  
 
Main components are:  
1. Inlet device and guide vane (ID)  
2. Impeller (Imp)  
3. Vaneless diffuser (VlD)  
4. Vaned diffuser (VD)  
5. Outlet device (OD)  
 
The centrifugal guide vane has the same purpose as the axial one. Basic 
component of the centrifugal compressor is the impeller (rotor) transferring 
(with the help of blades) the mechanical energy to the air working medium. This 
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energy is spent not only for the air pressurizing work but for a hydraulic friction 
overcoming and the kinetical energy increase. Increase of air temperature 
takes place simultaneously.  

 
Figure 7. Centrifugal flow compressor stage 

 
After the impeller exit the air is directed to the diffuser where the kinetical 
energy is transformed to the static pressure similarly to the axial guide vane but 
value of the transformed energy is greater in the centrifugal case.  
 
As usual a centrifugal flow compressor has the combined diffuser (vaneless 
and vaned components). The vaneless diffuser is the circular gap between the 
impeller and the vaned diffuser. It is used for the inlet flow parameters 
smoothing at the impeller exit and for smooth transformation of supersonic flow 
to subsonic one (in the case 2M 1). As an air flow path is close to logarithmic 
spiral type then the sufficient velocity decrease is possible only with great 
diametrical sizes; it is a disadvantage of this diffuser. The second imperfection 
is considerable friction loss as the flow path length is approximately four times 
more than the radial diffuser extent. Therefore the vaned diffuser is arranged 
against the air flow path. The vaned diffuser blades are forced to whirl flow as 
their profiles are more “curved” than the flow path in the vaneless diffuser, 
decreasing rapidly the velocity.  
 
Standard designations of basic sections are:  



 

 14

0-0 – before ID 
1-1 – before Imp  
2-2 – after Imp  
3-3 – before VD  
4-4 – after VD  
5-5 – after OD  
 
Let us consider a centrifugal flow compressor stage operation. For this purpose 
a plane scanning of cylindrical section at the stage mean diameter is presented 
in Fig. 7. Triangle of velocities at the impeller inlet is presented in the section 1-
1 (for positive prewhirl). Triangle of velocities at the impeller outlet is presented 
in the section 2-2, for the impeller radial blades, especially frequently used. 
There are also velocity vector directions at the inlet and outlet of the vaned 
diffuser ( 3C  and 4C ). Fig. 7 shows also the change of basic flow parameters 
along the centrifugal flow compressor stage duct.  
 

4. Axial Flow Turbine 
 
A stage of an axial flow turbine (Fig. 8) consists of the fixed nozzle vane (NV) 
and the rotor (R). The turbine is supplied by gas after air pressurizing in the 
compressor and heating in the combustion chamber. The gas flowing through 
the turbine is expanded with the work performance.  
 
Standard designations of basic sections are:  
0-0 – before NV  
1-1 – after NV  
2-2 – after R  
 
Let us consider an axial flow turbine stage operation. For this purpose a plane 
scanning of cylindrical section at the stage mean diameter is presented in  
Fig. 8. The gas at the NV inlet has parameters 000

0
0

0
0 C,P,T,P,T . Gas is 

expanded there from the initial pressure 0P  to final 1P , the velocity increases 
from 0C  to 1C  (equal approximately 500-650 m/s), the temperature drops to 1T .  
 
This transformation of the potential energy to kinetical one is based on energy 

equation for energy-isolated operation ( 2

2
0

2
1

10
CCii −

=− ). With the velocity 1C  

and some angle 1α  (as to the frontal plane of the NV cascade) the gas is 
directed to the rotor cascade rotating with the DnπU =  m/s circumferential 
velocity. For the rotor inlet triangle the vector equation 111 UCW −=  may be 
used. Gas flows at the rotor inlet with the velocity 1W  and leaves blade-to-blade 
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rotor passages with the velocity 2W  (when 12 WW  in especially widely used 
reactive turbines); the temperature drops more and more.  
 

 
Figure 8. Axial flow turbine stage 

 
Abovementioned operation takes place in the convergent NV and R passages 
when blbl αα 10  and blbl ββ 21  correspondingly.  
 
As a result of flow stream turning and acceleration the force occurs which is 
applied to the rotor blades and directed along rotational direction; this force 
produces the mechanical work (see also the description of an axial flow 
compressor stage operation). The absolute velocity 2C  at the rotor exit is 
determined as vector sum of the relative velocity 2W  and the circumferential 
velocity 2U . Note that the 2C  is considerably less than the 1C . It is explained 
by the fact that a part of the kinetical energy obtained by gas while its 
expansion in the NV is used for the rotor movement. The direction of 2C  must 
be as close to axial direction as it is possible for the outlet loss decrease. There 
are triangles of inlet and outlet velocities in Fig. 8. Fig. 8 shows also the change 
of basic flow parameters along the axial turbine stage duct. 
 
A single-stage axial flow turbine is used rather seldom in the modern gas 
turbines (as usual in the case of ≤0

сπ 5-6 or special requirements for structure 
simplicity, less mass and dimensions); in most cases multistage axial flow 
turbines are used.  
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