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Design and flow analysis of partial admission

turbine for rocket engine

MAO Kai, WANG Xiaofeng, LI Changhuan, YUAN Weiwei
(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract : According to the overall performance and structure requirements of a liquid rocket engine,
a partial admission, conical nozzle and single-stage supersonic impulse turbine were designed with one-di-
mensional engineering method. By solving Reynolds-averaged Navier-Stocks ( RANS) equations, the
three-dimensional viscous steady-state simulation and analysis are performed for the internal flow field of
the turbine. For the rotor cascade channel, the influence of area varieties on turbine performance is studied.
The results show that the internal streamline of the partial admission turbine is irregular, and there are
more eddy flows, complicated rotor cascade shock and serious separation in the blade channel. The total
pressure loss in the nozzle channel and rotor cascade channel is more than 20% , and the pressure loss in
the later is greater. The variation of rotor cascade channel area has little effect on the overall performance
of turbine, but the convergent-divergent type channel can reduce the flow velocity and relieve the gas flow
separation, which is helpful in reducing the temperature difference stress of blade.
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Tab.1 System operating parameters
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5/ (v min ™) 40 000
A JE 1/ MPa 5.1
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Tab.2 1D design results
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Tab.3 Calculated results of 1D performance 2 = E,I‘i IE\E 11‘5 E&iﬁﬁjﬁd:ﬁ
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Fig.3 Computational model and mesh generation

2.2 HETEAEROAEZNG

BE TR CEX B 358 T A7 FRAR B X0t
FHXT AR AR ZR T 1 =4k 75 15 °F- 3 Navier — Stokes J7 2
TR AR, T BRI B HCR F o 220048 . i
FIARUEP TR b — & dim B A DA S T B pR B
WL ¥ 2Z [ SR s sg A AL . AT
JUR FHBAR SR, TR S B RS .

HERER IR O SR SR, W A
o Bizerfl 2K 21 FUFR R o T A ] 44 BE TH7 ¥ SR FH 465 30 G W8 78 1 3
%M
2.3 HEERERSH
2.3.1 KM

F4 B HTHE TORR ARSI

N
NN =

1 BREHTEE

Fig. 1 Nozzle structure diagram
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Fig. 2 Rotor blade profile
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Tab.4 Overall performances of turbine
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R 2 +5.7% +3.4%
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Fig.4 Mach number distribution of different span along

circumference at rotor inlet
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Fig. 5 Mach number at rotor inlet
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Fig.7 3D streamlines diagram of the computation area
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Tab.5 Parameters on main sections

L By e T T
AH WAL M o Ho
faXf kR 0.117  2.34 0.80 0.53

LERSRET 1.91 1.05
it &/ MPa 5.06 0.29 0.285 0.299
%%t B/ MPa 5. 10 4.08 0.48 0.37

AEX B He/ MPa 1. 86 0.61

34 KO OME 2018 4F 6 J
0.45 0.45 0.45F 4
i Uty
0.4 ——10% 0.4 ‘: ———5000ntEy 04 LR | - == -90%M
0.35 0.35 i 0.35E 0 1) )
< < II,,";I"L ] I::m it
< 03 & 03pm i £ 03¢ wh
< 0.28 0.8 uy Z0.28f 1 il
B z L S Em
¥ 02 L) i Eog2f U
0.15 0.15 0.15
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
JR AL EC ) S mALEC ) JR L)
Bo6 HFANORRBREMUEENGEA@SM
Fig. 6 Pressure distribution of different span along circumference at rotor inlet
HEE/(m - s7)
1.702e+003
1.277e+003
8.511e+002
4.257e+002
2.219e-001

N

10% M- 75
Y537

I

0.0 030508 1.1 131619212427

90% N 15

50% 5

ES HHRSEBERRRALEDHE
Fig. 8 Mach number of different span at the

partial admission channel
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channel area of different schemes
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Tab. 6 Overall performance of turbine

for different blade schemes
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Fig. 10 Mach number at 50 % span of admission

channel for different schemes
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