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Construction method of aero-engine thermodynamic model
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Abstract: In order to establish a thermodynamic model of aero-engine in an approximate real
operating environment, a thermodynamic model construction method based on QAR (quick access
recorder) data of aero-engine operation was proposed. According to the thermodynamic equation of the
traditional design point of the engine, and using the least square identification principle, the equation for
solving the pressure at the 25 station was corrected, and the dry air thermodynamic model was obtained;
according to the additivity of the entropy value of the mixed gas, a thermodynamic model of wet air under
rainfall conditions was constructed; finally, combined with particle swarm optimization optimized by
genetic algorithm, the parameters of dry air and wet air thermodynamic model were calculated and verified
according to QAR data. The results showed that the maximum error between the dry air and wet air
thermodynamic parameters calculated by the thermodynamic model and the QAR data was less than 13%,
which was closer to the actual adiabatic parameters. The feasibility of constructing a thermodynamic

model of an engine based on QAR data and the effectiveness of the thermodynamic model construction
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method for solving thermodynamic parameters were proved.

Keywords: thermodynamic model; QAR data; least square identification;

particle swarm optimization; genetic algorithm
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Fig. 1 Schematic diagram of the flow of the turbine cooling airflow
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Table 7 Comparing the calculation results of
thermodynamic parameters of wet air

thermodynamic model with QAR data

21 W PSO-GA  QARIL% X
SRUK iR RREEE RE%

Tos 387 379.36 2.01

1
Ty 757 773.51 2.13
5 Tos 374 374.14 0.03
Ty 774 767.15 0.89
3 Tos 366 387.20 5.47
Ty 749 803.14 6.74

®8 EEEANFRBBRERRBBETESH
Table 8 Calculation parameters of combustor and turbine

components of wet air thermodynamic model

B 21 W SHL PSO-GA 5%
Dysr [ (kg/kg) 0.026 2
©2571% 03263
Dsy/(kg/kg) 0.376 2
®30/% 0.001 1
Ppas/Pa 146 895
: T,/K 1667
Tyor/K 1616
Ps,/Pa 68116
Gmwet/ (kg/s) 36
f 0.0206




o RA: BT QAR B M A & S HLIA I 2= A AR 3 vk 2599

5113
B 221 LA PSO-GA 358

Dysi/(kg/kg) 0.0472
2571% 0.5363
D5/ (kg/kg) 0.104 4
30/% 0.108 6
2 Pasi/Pa 164219

T/K 1548

Ty /K 1502

ps/Pa 74369

Gmwet/ (kg/s) 39

/ 0.032 1
Dosi/(kg/kg) 0.0028
251% 0.546 0
D5/ (kg/kg) 0.028 7
30/% 0.1590
3 pasv/Pa 144,000

T/K 1601

Ty /K 1557

pso/Pa 64222

Gmwet! (kg/s) 34

/ 0.0315
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