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ABSTRACT

The details of engine manufacturer’s engine simulations are generally kept secret
and only those parameters that are used for control purposes are accessible to users.
Hence, there is often only a limited amount of data accessible for creating a
performance model of the engine. The performance modeling of a low bypass
turbofan engine for supersonic aircraft is described herein. The Pratt and Whitney
F100-PW-229 engine has been employed for low bypass turbofan engine performance
modeling. Published data from the open literature are used as initial data for building
the F100-PW-229 engine performance model. The unknown components’ characteristics
were estimated by optimization of parameters using by adaptive random search
method and sensitivity analysis with respect to design variables. The engine
performance model was evaluated to be properly constructed through the comparison
of result of engine performance analysis and engine deck data.
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Nomenclature

W . Mass flow Rate OPR : Overall Pressure Ratio
FPR : Fan Pressure Ratio
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n :  Efficiency k, Distribution coefficient
PR : Pressure Ratio (positive odd integer)
LPC : Low Pressure Compressor 0 Random number between 0 and 1
HPC : High Pressure Compressor f rss Corrected Mass Flow Scaling Factor
HPT : High Pressure Turbine Firs Efficiency Scaling Factor
LPT : Low Pressure Turbine fryn Pressure Ratio Scaling Factor
NGV : Nozzle Guide Vane fseca : Corrected Speed Scaling Factor
Vi* New Value of optimization variable Fum : Corrected Mass Flow Reynolds
Vi : Value of V; producing the best numbers effect(assuming 0.996)
figure of merit furar ¢ Efficiency Reynolds number effect
R, Search region for variable V; (assuming 0.99)
kp :  Range reduction coefficient R,map: Reference Map
(positive integer) dp Design Point
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Table 2. +4 & SMA
Ref.9
Parameters 1965 | 1985 | Ref.4 |Ref.7| Ref.8
1985 | 2005
Fan n 82 86 | 79 | - -
0.96
Bypass PR - - - |5 -
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HPC n 84 88 ~85 - -
105ke] Q=7] 2vk ALedst 2g wmetE o Buner PR | 092 |09 | - &% 005
Z FAEY e A2E HEA dF Y E ) Burner n %4 99 - 9| -
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Fig. 6. Search Sphere
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Table 4. Constraints and Objective Function

Constraints Min Max
Net Thrust(kN) 63.6 63.64
Total Fuel Flow(kg/s) 1.605 | 1.606
Objective Function
Total Fuel Flow(kg/s) Minimize

3.26 dAH M 2o

AR X 32 Military PowerZ AA 3}
At
Military Powere $7194717} 2&3HA]
el Aol HAdl 718 FEHS vt Sea
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°l #A7k Fig. 6ol vt itk Parameters Values
S, ={17m17_17kj1 _RiH“} 1) |Fan PR 4.04
Compr. Interduct PR 0.99
V,v*,Ri%_n 214 ‘é‘JEii*i A=A HA A HP Compressor PR 9.1
f—??ﬁ—f 1] ] }11] < 9msh ELDL :i}}\;'ﬁ] ng}j Bypass Duct PR 0.975
o E]_ = hul by nkuL— P
otk R o] 08} Adaptive Random Search Turt_)' e P IRE P_R 098
Methods @A7AA =5k AAH =90 An Design Bypass Ratio 0.36
& WAe HAHHS 2A "k @AzAe) 5 | Bumer Ext Temp.(K) 1700
23t PO 2RH vF A FAYEAE 23 Burner Design n 0.98
ste AT oty 2& AMS3Th Fuel Heating Value(MJ/kg) 40.788
‘ ) Overboard Bleed(kg/s) 0
"k, - @ IHPT NGV Cool Air%) 1
HPT Rotor Cooling Air(%) 18
&5 =A K n
3252 HHst =2 } LPT NGV Cooling Air(%) 11
Table 3, 4= Military PowerE W&3h= 84 - =
o oah Fa wWoe HazAS Ut T4 LPT Rotor Coollng Air(%) 2.6
27AC Table 1, 28] N7 7249 FAHE = HP Spool Mechanical n, 0.99
AR e 298R Fe2 DAY LP Spool Mechanical n 0.99
HPT n 0.8749
Table 3. Design Variables LPT n, 0.8888
Design Variables Min Max Burner PR 0.98
Inner Fan Pressure Ratio 1 4.05 Turbine Exit Duct PR 0.98
Inner Fan n, 0.7 0.88
HPC Pressure Ratio 0.895 9.2 Table 6. AAAE &AM &1t
HPT Rotor Cooling Air(%) 0 0.2
LPT Rotor Cooling Air(%) 0 0.1 Delta(%)
LPT n 0.8 0.91 Gross Thrust 0.048
HPT n, 0.8 0.91 Fuel Flow 0.052
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