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Abstract: Considering the difficulty to improve the performance of transonic turbine cascades under whole
operating conditions by the single point optimization method, and the problem to determine a reasonable objec-
tive function for the multi—point optimization method, a dual point optimization method was proposed. During the
process of optimization, the numerical simulation method of EIF (equivalent inviscid flow) model was used to
save the optimization time and cost. A penalty function was applied to satisfy the requirements of mass flow and
blade load. Meanwhile an objective function of linear averaged cascade efficiency was used to evaluate perfor-
mance. Two sets of transonic turbine cascades were selected and optimized. And the effects of blade profile chang-
es on Mach number, shock wave and loss were analyzed by using CFD method. Results show that the proposed op-
timization design method can improve the performance of cascades investigated for whole operating conditions
while ensuring the performance at the design condition. The effects of shock wave structure changes on loss at dif-
ferent working conditions were qualitatively studied. Based on the current study, a two—point optimal design ob-

jective function suitable for transonic turbine cascades was finally presented.
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Fig.1 Parametric modeling of turbine cascade
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Fig. 2 Schematic diagram of control points for Bezier curve
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Table 1 Design parameters of Ori cascade

Parameter Value
Specific heat ratio 1.4
Inlet flow angle/(°) 65
Outlet flow angle/(°) -69
Outlet Mach number 1.2
Axial chord length/mm 56.5
Axial solidity 1.165
Trailing edge thickness/mm 2.2
Angle of attack range/(°) [-10,5]
Outlet Mach number range [0.9,1.45]
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Fig. 3 Comparison of Ori and OPT 1 profiles
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Fig. 4 Total pressure loss of Ori and OPT 1 cascades
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Fig. 6 Schematic diagram of shock wave structures at

positive angle of attack and design Mach number
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& 16 X LE T Ori M4 5 OPT 3 W A T 450 4 42
ATLLE 1 OPT 3 M PERERT 25 . b SCHs | iE ol ff AN
AV T 758 250 T 50 488 2 1 iy 32 2 D R A O O R Rk SR
Ui AL . T OPT 3 Al b v 5 bk 2 T 0 0% % &
HEH bR oR B, 76 A RCHI 55 A1 R 0 0 [ B AR 3T
7 I R DN R TR T R A R of A o I 2 B
I DR B A e AL T ) A



/N 2021 4¢

2720 Eiia
028
[ ]

026 F i —a— Ori_i=-10°

f @ ! —&— Ori_i=0°
ol A 10

5 // ke 2  i=— o
022F  //\ \ = OPT 37i=0°
o200k W LY ®  OPT 3_i=5°
! i mge

S0.18 F A

. 4 \
0.16 | . e o

i X .
0.14 F NN g— =

n -
012 F AcATe o A
otok 1% —1
0.08 1 1 1 1 1 1 1 ]
08 09 10 1.1 12 13 14 15 16
Ma

2

Fig. 16 Total pressure loss of Ori and OPT 3 cascades
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Fig. 17 Total pressure loss of three optimized cascades
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Table 2 Design parameters of OPT A cascade

Parameter Value
Specific heat ratio 1.4
Inlet flow angle/(°) 0
Outlet flow angle/(°) -75.0
Outlet Mach number 0.95
Axial chord length/mm 37.1
Axial solidity 0.608
Trailing edge thickness/mm 1.37
Angle of attack/(°) 0
Outlet Mach number range [0.90,1.13]
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Fig. 18 Comparison of cascade loss of two numerical

simulation methods
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Fig. 19 Comparison of three groups of cascades’ blade

profiles
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Fig. 20 Total pressure loss of cascades at i=0°
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