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Performance Modeling and Off-design Performance
Analysis of A Separative Jet Turbofan Engine Using
SIMULINK
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ABSTRACT

In this work, a steady-state performance modeling and off-design performance analysis of the 2-spool
separate jet turbofan engine named BR715-56 which is a power plant for the narrow body commercial
aircraft is carried out for engine performance behaviors investigation and condition monitoring using a
commercial code MATLAB/SIMULINK. Firstly, the engine component maps of fan, high pressure
compressor, high pressure turbine and low pressure turbine are generated from similar component
maps using the scaling method, and then the off-design performance simulation model is constructed
by the mass flow matching and the work matching between components. The model is developed
using SIMULINK, which has advantages of easy steady-stare and dynamic modelling and user friendly
interface function. It is found that the off-design performance analysis results using the proposed
model are well agreed with the performance analysis results by GASTURB at various operating

conditions.
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Figure. 3 High Pressure Turbine
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Table. 1 Max Take-off Performance of
BR715-56 Turbofan Engine[1]

Major Performance Parameter Performance
Net Thrust: FN (Ibf) 19,696
Specific. Fuel Consump. :SFC (Ib/hr/1bf) 0.375
Overall Pressure Ratio: OPR 318
Fan Tip Pressure Ratio: FPR 1.694
Fan & Booster Pressure Ration: FBPR 2.0
High Pressure Comp. PR: HPCPR 15.93
Limit Turbine Entry Temp.: ETT (K) 1725
Bypass Ratio: BR 4.67
Max. High Press. Rotor RPM: NH (RPM) 16496
Max. Low Press. Rotor RPM: NL (RPM) 6404
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Table. 2 Performance Analysis Results at Max.
Take-off Condition (Design point)

SIMULINK | GASTURB % Error

m, (kg/s) 2716 271.553 0.025
m; (kg/s) 0.9306 0.93062 -0.002
BPR 4672 467 0.043
SOT (K) 1634 1635.0 -0.061
Net Trust(Ibf) 19533 19696 0.828

SFC(Ib/hr/Tbf) 0378 0375 08

Fn/m, 32.62 329 -0.851
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Table. 3 Performance Analysis Results at Max. Climb

Condition

SIMULINK GASTURB % Error

m, (kg/s) 111.450 111.15 0.270
m; (kg/s) 0.3863 0.37663 2,568
BPR 434 440 -1.364
SOT (K) 1517.4 1535.0 -1.147
Net Trust(Ibf) 4296.4 4435 -3.125
SFC(Ib/ hr/1bf) 0.6659 0.674 -1.202
Fn/m, 17.49 18.1 3372

Table. 4 Performance Analysis Results at Max.
Cruise Condition

SIMULINK | GASTURB | % Error
m, (kg/s) 91.02 89.22 2,02
m; (kg/s) 0.24073 0.24123 0.207

BPR 4.65 474 -1.899
SOT (K) 1347.8 1369 -1.549
Net Trust(Ibf) 2932.8 29348 -0.068
SFC(Ib/hr/Ibf) 0.6345 0.649 2234
Fn/m, 14.62 15.0 2533
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Figure. 6 Air flow and fuel flow variation at

various operation point
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Figure. 7 Overall pressure ratio variation at

various operation point
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Table. 5 Performance Analysis Results at NL: 96%,
NH:96% Condition

SIMULINK | GASTURB | % Error

m, (kg/s) 256.02 256.253 -0.091
m; (kg/s) 0.628 0.636 -1.260
BPR 4.68 475 -1.474
SOT (K) 1545.34 1555.34 -0.643
Net Trust(Ibf) 13015.4 13017.5 -0.016
SFC(Ib/hr/1bf) 0.338 0342 -1.169

Fn/m, 23.05 23.04 0.043

Table. 6 Performance Analysis Results at NL: 98%,
NH:98% Condition

SIMULINK GASTURB % Error

m, (kg/s) 261.44 262.54 -0.419
m; (kg/s) 0.758 0.775 2194
BPR 4.715 4.725 20211

SOT (K) 1599.45 1609.34 -0.615
Net Trust(Ibf) 16481.5 16482.84 -0.008
SFC(Ib/hr/Ibf) 0349 0358 2514
Fn/m, 28.59 28.47 0.421
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