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Abstract: In order to solve the problem of low efficiency of high-speed airborne turbine power generation
systems, this paper investigates a transonic partial-admission turbine stage with a Rafael nozzle as the sta-
tor and a three-dimensional blade as the rotor through a combination of one-dimensional calculations and
three-dimensional numerical simulations. After analyzing the flow field of the prototype turbine stage, a
multi-island genetic algorithm is used to optimise the design of the turbine stage using the nozzle expan-
sion angle, expansion section length, circumferential arrangement angle, the blade inlet and outlet angles
and axial chord length as optimisation variables, through the integration of NX, NUMECA and ANSYS
modules using the ISIGHT optimisation software. Finally, the optimum geometry parameters under the
given design conditions are obtained. The optimization result show that the optimized turbine stage achieves
a power of 74.53 kW and an efficiency of 79.60% with an improvement of 5. 1% over the prototype.
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Fig. 1 Laval nozzle profile and rotor blade profile

of prototype turbine stage
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Tab. 2 Inlet and outlet parameters of turbine stage
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Tab. 3 One-dimensional aerodynamic calculation results
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Fig. 4 Overall model of computational geometry
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Tab. 4 Grid independence verification results
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Tab. 9 Optimized turbine stage geometry parameters
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3D calculation

= B oH
i kg s 7! 0.389
AL B/ Pa 750 000
A HEE/K 580
it A0 JE F1/Pa 150 135
kA FREE/K 379.438
it A TSRA o /() 15.263
A LN HE V, /moes 7! 635.295

AT May, 1.63

A TS B,/ (°) 39.978
Bk A FAX RV, /m - s 269.277
it A Ma,, 0.690
Bt R 41/ Pa 101 325
ik R /K 370. 968
St AR /() 41.876
it S B,/ (°) 21.292
Bt A4V, /m e s ! 171.1
it 0 Ma,, 0.44
B O RV, /m - s 7! 309.8
IR/ W 74 530
PR/ % 79.6
N N NI R
0.988 i, , t N/, !v \
0.635 }‘V N N NS ’*;
0.282 : N\ \v &v, ‘\‘:(}
.0 h\f \ ‘_": il N N \t
5% 25% 50% 75% 95%
EI 15 Zjlﬂ't'u'l'*ﬂﬂuu.l_m t!lﬁﬁ ETH
ISP o
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cascade channel at different spans
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