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Numerical simulation and design optimization of subsonic

partial admission turbine

MAO Kai, WANG Xiaofeng, YUAN Weiwei, JIANG Jianyuan
(Xi’an Aerospace Propulsion Institute , Xi’an 710100, China)

Abstract; Based on the SST turbulence model, by solving RANS-Navier-stokes equations, a three-
dimensional , viscous, steady analysis was performed for turbine full flow field with partial admission and
subsonic characteristics. In order to obtain the specific amount of loss of each channel, four models were
calculated, which contain different loss passages. Results show that the original turbine’s blade passage
loss, leakage loss and partial admission loss are at a low level. The performance of intake and exhaust
structure is poor, with messy internal flow and a large amount of separation vortexes, which has a great
impact on turbine efficiency and great space for improvement. Finally, through the optimization of turbine
intake and exhaust structure, the variable cross-section volute structure with tangential intake and tangen-
tial exhaust was adopted. Three-dimensional calculations show that efficiency of turbine components after
optimization is increased from 0. 675 to 0. 706 (an increase of 4. 59% ) and turbine axial size is greatly
reduced.
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Tab.1 Design parameters of turbine
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Fig. 1 Fluid area of vane passage
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Fig.2 Intake and exhaust structure
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Fig. 3 Mesh of blade and maze clearance
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Tab.2 Overall performance of turbine
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i
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Fig. 4 Turbine loss value
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Fig. 5 Total pressure and entropy contour at

outlet of vane
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Fig. 6 Mach contour at different span of blade
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Fig.7 Streamline of the original intake and exhaust

structure
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Fig.8 Intake and exhaust 3D structure after optimization
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Tab.3 Turbine overall performance before and

after optimization

S flotemr  ALE ARtk
Wi/ (kg-s™") 4.5 4.5 0
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Fig. 9 Streamline of the optimized intake and

exhaust structure

P10 25 1 T AT IR T2 AR FRIATER X L
M 10 Hn] LAFE | Bt S5 R Al ) 1k < O
2 BT A V0 F IR, 1l T
SRS, RN LB S, T A AT T BT ke
KON HE R EEA ), o TR DT 1) A
FC T A H O BOR B S ORS8NI 7 iy
SRl I s . MIE 10 (b) Hrr RUA i i)



30 kPO

2019 42 H

FAKEST T W T T A oy Sk B, Ak
AR, Xt V) 1 3 JEE 1) < a PR A5 o (I
10(b) Hn] RUAC B, AT BRI fe) 4531 i i AR
HB B

AR R, SR YD 1) AR S T
BRSO 22 , AE A 1) RO R

(b) fitba

B 10 #HFRERRTL

Fig. 10 Extra streamline of vane
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