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Non-axisymmetric endwall modeling for large meridional

expansion turbines based on pressure field distribution

HUANG Jingwei, MENG Fusheng, SONG Yikang, GAO Jie

(College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: To improve large meridional expansion turbine side area of pneumatic and
heat transfer performance, based on the large meridional expansion turbine upper wall static
pressure distribution in detail, non-axisymmetric endwall modelling technology was em-
ployed for eight kinds of asymmetric design for a 1. 5 magnitude large meridional expansion
level 2 of a turbine upper wall, by combining the Bezier curve with a sine curve of trigono-
metric function; and the SST (shear stress transfer) turbulence model was used to solve the
RANS (Reynolds-averaged Navier-Stokes equations) equations of end wall before and after
the modelling of the flow and heat transfer characteristics research. Results showed that the
non-axisymmetric design of the upper endwall of a large meridional expansion turbine can ef-
fectively improve the distribution of transverse pressure difference in the blade passage at the

upper end of the turbine. The total pressure loss at the outlet can be reduced by bulking the
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upper endwall pressure surface in the channel. When the bulking amplitude is 5% of the S2

blade height, the total pressure loss at the outlet can be reduced by 1. 1% at most. The heat

load of the casing and blade can be reduced by hollow modeling on the suction and pressure

surfaces of the upper end wall. When the sag amplitude is 5% of the blade height of S2, the ther-

mal load of the casing and blade can be reduced by about 3. 1% and 2. 8% respectively at most.

Key words:

1. 5 stage large meridional expansion turbine; non-axisymmetric endwall;

modelling methods; end zone flow; heat transfer characteristics
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Table 1 Design parameters of low-pressure transonic S2

S8 Bl
B E /kPa 1947.4
#H IR /K 1543.9
B # e /kPa 396.7
O WA/ O 0
J A/ (kg/s) 76.5

HE OB/ 42k 4R (S1L,R1,S2) 0. 864,0. 886,0. 863

WO A/ 4R 42 1 (STL,R1,S2) 0. 886,0. 868,0. 797

B B R/ mm(S1,.R1,S2) 71,36,61
M B % (S1,R1,S2) 40,86,45
T/ T 1.5
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Table 2 Grid independence validation
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Fig. 16 S2 static pressure distribution contour of different upper endwalls

1724 B2 AR ARIE IE Fh ] T

(a) J5iRUEE (b) NOA (=5%H) (c) NOA (5%H)



1060 o= s h ¥ W 35 %

|

(d) NOA (-5%H , 5%H) (€) NOA (5%H) (f) NOA (-2%H )
(2) NOA (-3%H) (h) NOA (-5%H,) (i) NOA (~8%H,)

B 17 S2 38 A [a] 3 i #E  A  E

Fig. 17 Static pressure distribution contour of the middle section of S2 channel
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Fig. 18 Diagram of upper endwall static pressure coefficient S2
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Table 3 Loss coefficient and area-averaged shroud/blade heat flux
. C T A 3 HL I T AR 2 )y JB ik 3 ik /
Jifif B 2 , .
' AU/ (W/m®) AL/ (W/m?) (kg/s)
JE Y 0.147 344 461643 477777 67.9505
NOA(—5%H) 0.146 801 473308 480318 67.7993
NOA(5 % H) 0.147716 447000 464478 67.8075
NOA(—5%H,, 5% H.) 0.148035 453849 470684 67.8111
NOAG Y% H,) 0.147482 451027 472133 67. 800
NOA(—2%H,) 0.147199 460577 474675 67.811
NOA(—3%H,) 0. 145244 462683 475295 67.8112
NOA(—5%H,) 0.136281 465947 476195 67.7994
NOA(—8%H,) 0.143477 469466 476724 67.8064
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