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TURBOJET ENGINE WITH AFTERBURNER
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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)
THTUST

Typ = Mg apVo ap + Ao ap (P 94 — P a) —moly =
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mg_AB - m0+mf mf — Thf_B + Thf_AB

SPECIFIC FUEL CONSUMPTION

SCFAB = mf/TAB
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- Ms ap Energy balance:
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— gl nee Afterburner efficiency
L """"" i —— - heat added to the gas flow through the afterburner
AB =

heat contained in fuel suplied to afterburner
2 3 45 7=hB 3

UABmf_ABF HV = mgCpap(Teap — Tts)

qap = CPap(Trs — Ty3)

A

____________________________ Afterburner fuel mass flow Afterburner fuel-air ratio

. P MsCpap(Teap — Tts) _ M ap _ Cpap(1 + f5)(Tra — Ti3)
i J-AB NagFHV A5 g ngFHV

; i Pressure losses:  Tan = ﬁ Additional pressure losses for AB

. ) ey ON are caused by burning process,
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4B p const >ie—>! Entropy increase in the afterburner:

: A As Trap Pt7

: SAB : AB_p_loss

As g = cpABlnT—t5 — RABlnP_tS



TURBOJET ENGINE WITH AFTERBURNER

F|ight conditionV0>0 el hnes
inle=l
rf | e e _I R .‘-_______.--'"'
B .:-:nrrl:-uah:r atterburner
[ Lo =]

L sornknesler =

a 2 3 4 5 7=AB
A
e ——
p N\l
AB on
AN

v

v

AB off Outlet gas speed

Cg = \/ZCPt(T% —To)

AB on Outlet gas speed

Coan = | 2CPas(To; a5 — To 45)
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AB ON — AB_OFF OUTLET GASVELOCITY

fual linas

AB OFF
Cg = \/ZCPt(Tw —To) €9 = chptTt9(1 — (P9/Pt9)(kt_1)/kt)
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r combauEtor afterburner

AB ON

2 ] 4 5 r=AH 9

., Coap = \/ZCpAB (Tot ap — To aB)

(kap—1)/k
C9 AB = \/ZCPABTw_AB (1 - (P9/Pt9_AB) Fan AB)

For assumption that:
,’V9_AB * Gas parameters are similar Cpyp = Cpt, kap = k¢
* Pressure ratio in propeling nozzle is similar

Py/Pig ap = Py/Pyg

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
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Poap Po_ap

RAB T9_AB RAB Tt9_AB (P9/Pt9_AB)

Po_ap = (kap—1)/kap
Assumed that:
* Outlet mass flow is almost the same mg 45 = Mg
* Gas parameters are similar Cpyp = Cp¢, kap = k¢
* Pressure ratio in propeling nozzle is similar
Py/Prg ap = Po/Pyo
* Tt9=Tt5 for AB OFF engine mode

Engine outlet nozlle area grows after
Ag 4B T afterbu.rner on. The growth is
Ag T,s proportional to the square root on the
t :
temperature in the afterburner to the
temperature after the turbine.
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EXAMPLE OF AFTERBURNER TURBOJET ENGINE CALCULATION

G iven: Parameter Value
1 "Ambient temperature [K]' 217
2 ‘Ambient pressure [kPa]’ 22
3 |'Flight speed’ 1.5000
4 |'air mass flow [kg/s] 20
5 |'CPR 15
6 |TITKY 1400
7 |'TAB [KT 1750
a8 ‘Inlet pressure losses’ 0.9500
9 |"Burner pressure losses’ 0.9300
10 ["AB OFF pressure losses’ 0.9750
11 |"AB ON pressure losses’ 0.9500
12 ['Mozzle pressure losses' 0.9700
13 [‘compressor efficiency’ 0.8200
14 [“turbine efficiency’ 0.8900
15 ['Burner efficiency’ 0.9800
16 |"Afterburner efficiency’ 0.9500
17 ['Mechanical efiiciency’ 0.9900

Nozzle exit area for AB ON/OFF

Description param value relative error
"Exact method’ AOAB_AL 1.4296 0
2 "Aproximate method' 'ASAE_AS app’ 1.3111 -0.0829

A9AB_A9 app = |ltaE

Tts

Afterburrner ON vs. OFF performance comparison

Fual linae
irle=l ‘/
B = T —
COMLEICT afterburm=r
— AB ON '
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0 2 3 4 5 T=AB =]
Parameter Unit AB OFF AB ON
1 |"Thrust kN’ 12,2849 18.8670
2 |'Specific Thrust' N*s/kg' 614.2442 8933517
3 Tuel cons.’ 'kgls' 0.3629 0.8130
4 "‘Specific fuel consump’ kag/M/h 0.1064 0.1484
5 ‘therm. efficiency’ 05777 0.5070
i ‘prop. efficiency” 0.6036 0.3047
T ‘overall efficisncy” 0.3487 0.1545

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:

irle=|
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Section Temp. [K] AB_OFF | Temp. [K] AB_ON | Pressure [kPa] AB_OFF |Pressure [kPa] AB_ON
i |0 217 217 22 22
2 o 315 315 a1 a1
3 |2 315 315 T7 T7
4 12 TE3 TE3 1151 1151
5|4 1400 1400 1128 1128
] 5’ 1018 1018 258 258
7 7 1018 1750 252 245
8 |9 1018 1750 244 238
g £ HG0 1010 22 22
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