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Abstract: Kerosene—based turbo—pump with small flow rate is highly possible to be applied to the fuel sup-
ply system of expansion cycle scramjet. A method of numerical simulation and optimal design for supercritical/
cracking kerosene—based turbine with low pressure ratio under interested conditions was proposed. Turbine de-
sign scheme was obtained according to the classic technology in liquid rocket engines. Turbulence simulation
combined with a multi—species kerosene surrogate model was employed to study objective characteristics by simu-
lating supercritical flow inside the turbine at 25ki/min. Shaft power of turbine design scheme is 20% higher than
the required value, which has an adverse effect on the stable operation of turbo—pump. Constraint that turbine
shaft power must be higher than the required value was employed. Structure parameters of turbine were chosen as
design variables. Shaft power and efficiency are the performance parameters for turbine, and the optimization ob-
jective is to maximize the given weighted combination of two target variables (the variation of shaft power and effi-
ciency comparing to design scheme). A successive optimization process based on Response Surface Model and

Multi-Island Genetic Algorithm was implemented to obtain an optimized turbine scheme. The C++ program and
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software for 3D parametric modeling and flow field simulation were integrated within iSIGHT platform to realize

an automation process for numerical simulation. The sample database was built on a basis of the Design of Experi-

ment method, then parametric sensitivity was analyzed carefully, which indicates that most design variables have

same effects on shaft power and efficiency. Comparing with design scheme, shaft power and efficiency of the opti-

mized scheme decrease by 16.5% and 2.9% respectively, where the former one is basically consistent with the re-

quired value at a low price of the later.

Key words: Scramjet with expansion cycle; Turbine; Supereritical/cracking kerosene; Numerical simu-

lation; Optimal design
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Table 1 Operation parameters of the turbine at design state

Parameters Nomenclature Value
q./(kgls) Fuel mass flow rate of turbine 1.1
p,/MPa Fuel pressure at turbine inlet 45
p,/MPa Fuel pressure at turbine outlet 2.5
w/(kr/min) Rotational speed of turbo—pump 25
T./K Supemriticag;:i:ﬁ;zf lf:llf:t temperature 900
Table 2 Structure parameters of the turbine
Parameters Nomenclature Value
h;,/ mm Inlet height of turbine nozzle 12.0
h,,/ mm Outlet height of turbine nozzle 5.5
af(°) Setting angle of turbine nozzle 20
n Number of turbine nozzles 3
d,,/mm Intermediate diameter of turbine blade 48.0
b,/ mm Width of turbine blade 11.5
hy/ mm Height of turbine blade 7.4
BI°) Installation angle of turbine blade 23
Z Number of turbine blades 30
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Fig. 1 Expansion cycle scheme of the scramjet system with an ethylene assistant subsystem for start-up
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Fig. 4 Mesh generation for turbine flow field
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Table 3 Grid independence examination

Mesh 1 Mesh 2 Mesh 3
Grid number of inlet section 43918 81033 181986
Grid number of rotating section 155709 332656 886852
Grid number of outlet section 180519 351086 522057
Total grid number 380146 764775 1590895
Shaft power P/kW 33.52 31.09 30.85
Efficiency n/% 54.9 52.8 53.6
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Fig. 5 CFD simulation results of initial design scheme
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Fig. 6 Reliability demonstration of numerical simulation
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Table 4 Optimization results of turbine

Variable  Initial value ~ Optimal value Relative increment
hi/mm 12 12 0
he/mm 5.5 5.1 -0.073
d../mm 48 45.7 -0.048
by/mm 11.5 11.7 0.017
hy/mm 7.4 7.2 -0.027
BI(°) 23 23.2 0.009
PIkW 31.09 25.95 0.165
/% 543 52.7 0.029

[ NN R e |
Pressure/MPa 2.0 2.6 32 38 44

‘

(a) Pressure distribution in the cross section of turbine

Velocity/(m/s) 0 80 160 240 320

)

(b) Velocity distribution in the cross section of turbine
Fig. 12 CFD simulation results of optimal design scheme
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