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Optimization Design of Non-axisymmetric End Wall in a
High Pressure Turbine Guide Vane

Na Zhenzhe, Liu Bo, Gao Limin
(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: In order to make optimization design of non-axisymmetric end wall in high pressure (HP) turbine
guide vane play a better role reducing the secondary flowlosses and enhancing the aerodynamic performance. a
HP turbine is taken as a reaserch object, using the methods which combined end wall parameterization, three-
dimensional Navier-Stokes(N-S) flow computation, and genetic algorithm(GA) based on artificial neural net-
work(ANN) to optimize the non-axisymmetric end wall in a HP turbine guide vane. The objective of optimiza-
tion design is to minimize the total pressure loss coefficient and secondary kinetic energy(SKE)at the stator exit
while the inlet mass flow, the exit Mach number and the exit flow angle are controlled. The influences on the
parameters at the stator exit and the stage performance of the HP turbine are compared and analyzed between
pre and post optimization, The analysis results indicate that the optimized non-axisymmetric end wall can effec-
tively improve the flow field through suppressing the development of secondary flow vortex system in the HP
turbine stator so as to reduce the flow loss at the stator exit., And the total pressure loss coefficient at the stator
exit reduces by 14. 85% , while the stage isentropic efficiency increases by 0. 456 %.

Key words: high pressure turbine; non-axisymmetric end wall; optimization design; total pressure loss coeffi-

cient; secondary kinetic energy
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Fig.1 Schematic diagram of the non-axisymmetric end wall
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Fig. 2 Height contouring of the optimized

non-axisymmetric end wall

2 WEKER

e} iR 3R AT SOE A LAY 5B ) A Nume-
ca [ AutoGrid5 #EH B34 & O4H KM#E, B*%H
FINE/Turbo Bt T2 =g KT EFIHE. K
B AT R B X SRR RN
MG E R 5T 5 %8 G m IR 50 A B AR A
BEELSIBRST. SEREIHHRAMEFRK
O4H FIKE S5 , 35 B T Ak P9 4 359 0 5 b 38, & U 5
BET MG SREM R BE 24 5X107° m, Fraf Rk Y
fEN 464, W ERGHEFARREE KN E AT
LIRS BB AN 51 T M FRAE
EiRFBREEBE M, RS FHR A O4H Mg
45+ R AH 5] 00 365 BE T DU A% 2 4k 38 O =X, o T ) B
PR R T I 35 e 4 1) OO 4% T & TR SR Sl o R A
T REELAR 50 7. BUEEM BT FMAE i 3 B



322 METEAR

B4

e S4B K A Spalart-Allmaras(S-A)
WREESREHNBIRR TR =40y piEA
Reynold-Averaged Navier-Stokes (RANS) #& | 5
B, EEBE A PO 2R . BREFENE
AGELRR..BE, FREMMAES; B S EH
E;BREGELEBAREME,

B3 HBEMERERE

Fig.3 Schematic diagram of numerical grids

3 ZRRBhEEEMUENX A&

ZIRAR AT E LW ARE—, AN RS ER
TEHA—BRBWER . N RRHEHEERE
X ERT I E. BT Numeca B A 7E T
GREENIBEPEA ST KRR RS
HoRREMA R TR B ERRITH D
Ak B IR FREAT AL E X B8 P33 B SN
H AR B 3 S B, B

Jpoutlet (r, §0) T outter (7' §0) ds

Jpoutlet (ry@)ds
BeHhotE—RRNERERESZERE
EERER Y, WA ERR RIS O AR KR
B, AP
Y eee (73 0) =V outtee (759) — U prim €Y
REFH I O AR mE R UERRER
W O AbE— R B IR SRR, BP

SKE =L pruae (@) |0 rod [ (5

&)

U prim =

4 RS

AT BT 4 » iR U0 Ak AT B4 %l X FR o BE A
Axisy_Ori, {46 J5 B9 JE #l X} %K ¥ BE 28 NAxisy
Opt,

4.1 BERRSHIEERSH

R T WAL ETIE BE R IR RS 4 5
HTBEEY, M TR E OARNSS
PERE.

4.1.1 BEBMREK

AL Bz —RBB/NEERESH B OL4K

RBESR R BEE XA

Cpt — {l)t_inlet - Pt (6)

2
gpoutlet Voutlet

AHF:poma ARERERMHO B po HEER
H I S TR 5 pouter I Vouted 70 9 O TR IR 1 HE
P R A DR

PR B R M 0 R ENECEY R
R R R BT L, Ik 2 B

£2 MAHESERRREOTEL
Table 2 Comparison of total pressure loss coefficient

at the stator exit between Axisy_Ori and NAxisy_Opt
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Fig. 4 Total pressure loss coefficient distribution at the

stator exit between Axisy_Ori and NAxisy_Opt
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Fig.5 Contouring of total pressure loss coefficient at

the stator exit between Axisy_Ori and NAxisy_Opt
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Fig.6 Mach number distribution at the stator exit

between Axisy_Ori and NAxisy_Opt
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Axisy_Ori and NAxisy_Opt at different blade span
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