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• Jack D. Mattingly, Elements of Propulsion: Gas Turbines and Rockets, 

AIAA Education Series 2006 (Chapter 7)
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Hill Education Private Limited, 2013 (Chapter 7)

• Gordon C. Oates, Aerothermodynamics of Gas Turbine and Rocket 

Propulsion,  AIAA Education Series, 1997 (Chapter 7)



AB off

TURBOJET ENGINE WITH AFTERBURNER

AB on

• Temperature in section 7(AB) increases and by this in section 9

• Pressure in section 7(AB) slightly goes down due to additional 

pressure losses caused by burning process in the afterburner

• Engine outlet gas velocity increases by higher outlet gas 

temperature

• Outlet gas density goes down by temperature rise, therefore 

the outlet area should grow when AB is on (will be shown)P

T

AB on THTUST

𝑇𝐴𝐵 = ሶ𝑚9_𝐴𝐵𝑉9_𝐴𝐵 + 𝐴9_𝐴𝐵 𝑃9_𝐴𝐵 − 𝑃𝑎 − ሶ𝑚0𝑉0 =

ሶ𝑚9_𝐴𝐵𝑉𝑒𝑓𝑓_𝐴𝐵 − ሶ𝑚0𝑉0

ሶ𝑚9_𝐴𝐵 = ሶ𝑚0+ ሶ𝑚𝑓 ሶ𝑚𝑓 = ሶ𝑚𝑓_𝐵 + ሶ𝑚𝑓_𝐴𝐵

SPECIFIC FUEL CONSUMPTION

𝑆𝐶𝐹𝐴𝐵 = ሶ𝑚𝑓/𝑇𝐴𝐵

ሶ𝑚𝑓_𝐵 ሶ𝑚𝑓_𝐴𝐵



AFTERBURNER

Energy balance:ሶ𝑚𝑓_𝐴𝐵

ሶ𝑚5, 𝑖𝑡5 ሶ𝑚7, 𝑖𝑡7

𝜂𝐴𝐵 ሶ𝑚𝑓_𝐴𝐵𝐹𝐻𝑉 = ሶ𝑚7𝑖𝑡7 − ሶ𝑚5𝑖𝑡5 = ሶ𝑚7𝐶𝑝𝐴𝐵𝑇𝑡7 − ሶ𝑚5𝐶𝑝𝑇𝑇𝑡5

𝜂𝐴𝐵 ሶ𝑚𝑓_𝐴𝐵𝐹𝐻𝑉 = ሶ𝑚5𝐶𝑝𝐴𝐵 𝑇𝑡𝐴𝐵 − 𝑇𝑡5

𝜂𝐴𝐵 =
ℎ𝑒𝑎𝑡 𝑎𝑑𝑑𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑔𝑎𝑠 𝑓𝑙𝑜𝑤 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑎𝑓𝑡𝑒𝑟𝑏𝑢𝑟𝑛𝑒𝑟

ℎ𝑒𝑎𝑡 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑑 𝑖𝑛 𝑓𝑢𝑒𝑙 𝑠𝑢𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑎𝑓𝑡𝑒𝑟𝑏𝑢𝑟𝑛𝑒𝑟

Afterburner efficiency

ሶ𝑚𝑓_𝐴𝐵 =
ሶ𝑚5𝐶𝑝𝐴𝐵 𝑇𝑡𝐴𝐵 − 𝑇𝑡5

𝜂𝐴𝐵𝐹𝐻𝑉

Afterburner fuel mass flow

𝑓𝐴𝐵 =
ሶ𝑚𝑓_𝐴𝐵

ሶ𝑚0
=
𝐶𝑝𝐴𝐵 1 + 𝑓𝐵 𝑇𝑡4 − 𝑇𝑡3

𝜂𝐵𝐹𝐻𝑉

Afterburner fuel-air ratio

Pressure losses: 𝜋𝐴𝐵 =
𝑃𝑡7
𝑃𝑡5
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Δ𝑠𝐴𝐵_𝑝_𝑐𝑜𝑛𝑠𝑡

Δ𝑠𝐴𝐵_𝑝_𝑙𝑜𝑠𝑠Δ𝑠𝐴𝐵

Entropy increase in the afterburner:

∆𝑠𝐴𝐵 = 𝑐𝑝𝐴𝐵𝑙𝑛
𝑇𝑡𝐴𝐵
𝑇𝑡5

− 𝑅𝐴𝐵𝑙𝑛
𝑃𝑡7
𝑃𝑡5

Additional pressure losses for AB 

ON are caused by burning process,

𝑞𝐴𝐵 = 𝐶𝑝𝐴𝐵 𝑇𝑡4 − 𝑇𝑡3



TURBOJET ENGINE WITH AFTERBURNER

AB off
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AB on
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Outlet gas speed

𝑐9 = 2𝐶𝑝𝑡 𝑇9𝑡 − 𝑇9

Flight condition V0>0

AB off

t9_AB

9_AB

AB on   Outlet gas speed

𝑐9_𝐴𝐵 = 2𝐶𝑝𝐴𝐵 𝑇9𝑡 𝐴𝐵 − 𝑇9 𝐴𝐵



AB_ON – AB_OFF OUTLET GAS VELOCITY

𝑐9 = 2𝐶𝑝𝑡𝑇𝑡9 1 − Τ𝑃9 𝑃𝑡9 𝑘𝑡−1 /𝑘𝑡
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t9_AB
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AB OFF

𝑐9 = 2𝐶𝑝𝑡 𝑇𝑡9 − 𝑇9

AB ON 

𝑐9_𝐴𝐵 = 2𝐶𝑝𝐴𝐵 𝑇9𝑡 𝐴𝐵 − 𝑇9 𝐴𝐵

𝑐9_𝐴𝐵 = 2𝐶𝑝𝐴𝐵𝑇𝑡9_𝐴𝐵 1 − Τ𝑃9 𝑃𝑡9_𝐴𝐵
𝑘𝐴𝐵−1 /𝑘𝐴𝐵

For assumption that:

• Gas parameters are similar  𝐶𝑝𝐴𝐵 = 𝐶𝑝𝑡, 𝑘𝐴𝐵 = 𝑘𝑡
• Pressure ratio in propeling nozzle is similar 

Τ𝑃9 𝑃𝑡9_𝐴𝐵 = Τ𝑃9 𝑃𝑡9

𝒄𝟗_𝑨𝑩
𝒄𝟗

≅
𝑻𝒕𝑨𝑩
𝑻𝒕𝟓

Engine outlet gas speed grow after 

afterburner on is proportional to 

the square root from the temperature 

in the afterburner to the temperature 

after the turbine.



AB_ON – AB_OFF OUTLET NOZZLE EXIT AREA

𝜌9 =
𝑃9
𝑅𝑡𝑇9

=
𝑃9

𝑅𝑡𝑇𝑡9 Τ𝑃9 𝑃𝑡9 𝑘𝑡−1 /𝑘𝑡
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AB OFF

𝐴9 = Τሶ𝑚9 𝜌9𝐶9

AB ON 

𝐴9_𝐴𝐵 = Τሶ𝑚9_𝐴𝐵 𝜌9_𝐴𝐵𝐶9_𝐴𝐵

𝜌9_𝐴𝐵 =
𝑃9_𝐴𝐵

𝑅𝐴𝐵𝑇9_𝐴𝐵
=

𝑃9_𝐴𝐵

𝑅𝐴𝐵𝑇𝑡9_𝐴𝐵 Τ𝑃9 𝑃𝑡9_𝐴𝐵
𝑘𝐴𝐵−1 /𝑘𝐴𝐵

Assumed that:

• Outlet mass flow is almost the same  ሶ𝑚9_𝐴𝐵 = ሶ𝑚9

• Gas parameters are similar  𝐶𝑝𝐴𝐵 = 𝐶𝑝𝑡, 𝑘𝐴𝐵 = 𝑘𝑡
• Pressure ratio in propeling nozzle is similar 

Τ𝑃9 𝑃𝑡9_𝐴𝐵 = Τ𝑃9 𝑃𝑡9
• Tt9=Tt5 for AB OFF engine mode

𝑨𝟗_𝑨𝑩
𝑨𝟗

≅
𝑻𝒕𝑨𝑩
𝑻𝒕𝟓

Engine outlet nozlle area grows after 

afterburner on.  The growth is 

proportional to the square root on the 

temperature in the afterburner to the 

temperature after the turbine.

AB ON



AFTERBURNER



EXAMPLE OF AFTERBURNER TURBOJET ENGINE CALCULATION

Given: Afterburrner ON vs. OFF performance comparison

AB ON

Nozzle exit area for AB ON/OFF

A9AB_A9_app =
𝑇𝑡𝐴𝐵

𝑇𝑡5

For Afterburner on:

- Thrust and Specific thrust grow about 60%

- SFC grows about 50%

- engine exit area grows about 40%, caclation with simplified formula gives 8% lower 

result



EXAMPLE OF AFTERBURNER TURBOJET ENGINE CALCULATION

Temperature and pressure comparison in engine cutsections:

AB ON



THANKS FOR YOUR ATENTION

Questions and Comments ?
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