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Abstract: In the engine control system design, in order to shorten the design cycle of control system and re-
duce the cost of research and development, it is necessary to establish a good real-time scramjet engine model
oriented to control. In order to ensure the model accuracy and improve the calculation speed, the real-time opti-
mization of one—dimensional scramjet model for control was carried out based on the multi—core high—perfor-
mance computing simulation platform. Firstly, the calculation speed of one—dimensional model was improved ef-
fectively by simplifying the calculation process, improving the C language program and expanding the cache area.
Subsequently, the computational fluid dynamics parallelization method was tried innovatively, which decom-
posed the one—dimensional model of isolation section and combustor. The computing grids distributed multiple

central processors in a balanced way and realized multi—core parallel computing with the help of inter—core data
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communication.Compared with the calculation results of the serial model, the deviation of the performance param-

eter of the seven—core parallel calculation model is less than 0.1% and the calculation time of the whole working

condition is less than 30ms, and the calculation time is shortened by more than 75% compared with that before

optimization. After real-time optimization, this parallel model has high computational accuracy, fast computation

speed, good convergence, and can be used as a platform for scramjet control system design and hardware—in—

the=loop simulation verification.

Key words: Scramjet engine; Computational fluid dynamics; Aerodynamic; Parallel computation; Re-

al-time model
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Fig. 1 Schematic of the sub-model of isolator and scramjet

combustion
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Fig. 2 Parallel computation and interaction diagram

Fig.3 Schematic of VPX high-performance computing

platform
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Fig. 4 Schematic diagram of isolation-combustor geometric

model (mm)
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Table 1 Model input conditions

Ma 5 6 7
Ma of isolator inlet 2.5 2.7 2.7
Isolator inlet/K 1027 1480 1865

Static pressure of isolator inlet/MPa ~ 0.089 0.059 0.063
Total pressure of isolator inlet /MPa  1.5025 1.4071 1.5025
Fuel ratio of front and rear injectors 48%+52% 65%+35% 100%+0

Equivalence ratio 1 1 1
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Fig. 5 Distribution of static pressure along the engine axis
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Table 2 Precision comparison of the parallel model and the

Table 4 Comparison of simulation time between serial

baseline model before optimization and after optimization model and parallel model (ms)
(%) Ma=5 Ma=6 Ma=7
Ve Parallel model Errorof - Error of specif- Serial model 88~92 90~98 102~109
thrust ic impulse Parallel model 20~30 20~30 20~30
Before optimization 4.3058 9.3540 Speedup(S) >4.4 >4.5 >5.1
After optimization 0.0567 0.0598 Parallel efficiency(E)/% >62.86 >64.29 >72.86
Before optimization 5.5525 7.2772 Reduced time ratio/% >77.27 >T77.77 >80.39
After optimization 0.0834 0.2803
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Table 3 Comparison of performance parameters and

accuracy under various operating conditions

Baseline  Parallel

Ma  Performance parameters " 75 T T Error/%
Thrust/N 1466.24  1466.08  0.0108

’ Length of shock train/mm ~ 21.02  21.02  <0.0001
Thrust /N 921.11  921.87  0.0834

Length of shock train/mm 14270 142.30  0.2803
Thrust /N 644.34 64397  0.0567

Length of shock train/mm ~ 334.00  333.80  0.0598
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