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AA103
Air and Space Propulsion

Topic 12 - The Turbojet Cycle

Suggested reading – AA283 Course reader Chapter 4 
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Turbojet cutaway schematic
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Cutaway of a GE J85 turbojet
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Cutaway of a GE J85 turbojet



5/31/21 5

GE J85 turbojet with afterburner
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J85 applications

F - 5, T - 38 White Knight
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Thermal efficiency of the ideal turbojet

Recall the definition from Chapter 2

(4.3)

If the nozzle is fully expanded
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Rearrange

(4.4)
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For the ideal ramjet the factor in brackets is one.

For the ideal ramjet the thermal efficiency is determined
by the flight Mach number. 

If the Mach number is zero then the thermal efficiency is
Zero and there is no thrust!

(4.5)
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The turbojet uses a compressor to produce compression 
at zero Mach number.
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(2.50)

Station 0 – This is the reference state of the gas well upstream of the engine 
entrance. The temperature and pressure parameters are

Note that these definitions are exceptional in that the denomintor is the static 
temperature and pressure of the free stream.

Station 1 – This is the entrance to the engine inlet. The purpose of the inlet is 
to reduce the Mach number of the incoming flow to a low subsonic value with 
as small a stagnation pressure loss as possible. From the entrance to the end 
of the inlet there is generally an increase in area and so the component is 
appropriately called a diffuser.

Station 1.5 – The inlet throat
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(2.55)

Station 2 – The compressor face. The temperature/pressure parameters across 
the diffuser are

Station 3 – The exit of the high pressure compressor. The temperature/pressure 
parameters across the compressor are 
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(2.56)

Station 4 – The exit of the burner. The temperature and pressure parameters 
across the burner are
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(2.57)

(2.58)

(2.59)

afterburner



165/31/21

In the absence of an afterburner

(2.54)

Two additional parameters

(2.55)

(2.56)

(2.60)

(2.61)

(2.62)
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Compressor - turbine power balance.

(4.6)

Across the burner.

(4.7)

Subtract (4.6) from (4.7).  Across the engine

(4.8)

The inlet and nozzle flow are assumed to be adiabatic.
Therefore (4.8) is equivalent to:

(4.9)
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(4.10)

Recall the thermal efficiency.

Use (4.9) and (4.7) to rewrite (4.10).

(4.11)

or

(4.12)
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For constant heat capacity

(4.13)

Ideal Brayton cycle

(4.14)

The heat interaction occurs at constant pressure.

(4.15)
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Thermal efficiency of the ideal turbojet.

(4.16)
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Turbojet cycle P-V diagram.
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Turbojet cycle T-S diagram.
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4.2 Thrust of an ideal turbojet
Thrust equation

(4.17)

We need to work out the velocity ratio.

(4.18)
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Begin with the pressure

(4.19)

Express (4.19) in terms of engine parameters

Assume

(4.20)

(4.21)

(4.22)
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Now

(4.23)

Assume the nozzle is fully expanded

(4.24)

Assume the compressor and turbine behave isentropically

(4.25)

Exit Mach number

(4.26)

(4.27)
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Now the temperature

(4.28)

Express (4.28) in terms of engine parameters

(4.29)

Assume the inlet and nozzle flows are adiabatic

(4.30)

From (4.30)

(4.31)
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It is convenient to express the temperature ratio as

(4.32)

Thrust formula

(4.33)

Fuel/air ratio

(4.34)
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Apparently the turbojet thrust is a function of four variables.

(4.35)

But the turbine and compressor are not independent variables.
They are coupled together by a shaft that transfers the work 
Done on the turbine to the compressor.

(4.36)

(4.37)

or

(4.38)
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Finally the velocity ratio is

(4.39)

where the fuel/air ratio in (4.38) has been neglected

Specific impulse

(4.40)
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4.3 Maximum thrust ideal turbojet
How much compression is optimal ? 
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Maximize the velocity ratio.

The maximum velocity ratio occurs when

(4.41)

(4.42)



325/31/21

4.4 Turbine - nozzle mass flow matching

(4.43)

The turbine inlet is choked and the nozzle throat is choked.

(4.44)

Assume the turbine operates isentropically.

(4.45)

Thus

(4.46)
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4.5 Free stream - compressor inlet mass flow matching

(4.47)

(4.48)

(4.49)

(4.50)
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4.6 Compressor - turbine mass flow matching

(4.51)

(4.52)

(4.53)
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4.7 Summary - engine matching conditions f<<1

(4.54)

(4.55)

(4.56)

(4.57)



365/31/21

T0 = 216K
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 0.62      
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Suppose we add a diverging section to the nozzle. What happens to the thrust?

Rearrange to express the thrust in terms of the nozzle exit Mach number.
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T/P0A0

Me

MeMaxThrust = 3.585 Ae/A8MaxThrust = 7.347

Ae/A1 = 1.05

Pe = P0
Fully expanded nozzle
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4.11 Inlet operation
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Condition for inlet choking

(4.104)

(4.105)

(4.106)
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Supersonic flow
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4.8 How does a turbojet work ?
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Recall the engine matching conditions f<<1

(4.54)

(4.55)

(4.56)

(4.57)
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The compressor operating line

Use (4.55) and (4.56) and

(4.75)

(4.76)
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The compressor operating line is approximately a straight line
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4.10 Turbojet engine control
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4.13 The effect of afterburning

Assume no stagnation pressure loss across the afterburner

(4.123)
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(4.124)

Velocity ratio

Exit stagnation temperature

(4.125)

Note that the exit velocity increases in proportion to the 
square root of the increase in stagnation temperature ratio 
across the burner.
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4.14 Nozzle operation

With the afterburner on, the turbine temperature ratio is

When the afterburner is turned on the nozzle area must be increased 
to keep the temperature across the turbine the same. Otherwise a 
reduction in corrected mass flow, f(M), through the engine may occur.

(4.126)



575/31/21

4.12 The non-ideal turbojet cycle

Inlet - shocks, boundary layer losses, non-adiabatic flow

Nozzle - incomplete expansion, shocks, boundary layer losses, 
non-adiabatic flow

Burner - stagnation pressure loss due to heat addition,
burner drag, non-adiabatic flow, incomplete combustion

A rule of thumb

Combustor efficiency

Compressor - turbine - shaft efficiency

(4.107)

(4.108)

(4.109)
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Compressor and turbine efficiencies
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Compressor efficiency

(4.110)
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Turbine efficiency

(4.111)
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In terms of temperature

(4.112)
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Polytropic efficiency of compression

Define

(4.113)
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For an isentropic process

For a real process

(4.114)

(4.115)

Assume the polytropic efficiency is constant over the 
range of a finite compression. Across the compressor

(4.116)
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Compressor efficiency

(4.117)
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Polytropic efficiency of expansion

Define

(4.118)
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For an isentropic process

For a real process

Assume the polytropic efficiency is constant over the 
range of a finite expansion. Across the turbine

(4.119)

(4.120)

(4.121)
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Turbine efficiency

(4.122)
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Combined non-ideal engine analysis
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Non-ideal engine matching relations and performance

Turbine

Compressor

Fuel air ratio

f(M2)

Thrust

Air mass flow

Inlet/diffuser

Nozzle area ratio/Mach number

Efficiencies and Isp
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