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Effects of Orthogonal Design on Flow Performance of Compact
Transition Section of Large Meridional Expansion Turbine
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(School of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: In order to reduce secondary flow loss and flow loss in the end—wall of large meridional expan-
sion turbines, and reduce the influence of shortening transition section on turbine, aerodynamic analysis is car-
ried out on the design of the compact transition section with large meridional expansion of the low—pressure tur-
bine transition section, and the radial length of the compact transition section is reduced by 30%, and the aerody-
namic performance and flow field state of the original turbine transition section and the shortened compact transi-
tion section are analyzed. In addition, the orthogonal design is adopted for the static turbine blade, and the ef-
fects of the orthogonal design on the flow performance of the large—meridian expansion turbine compact transition
section are preliminarily explored. The study found that the compact transition section increased aerodynamic
loss, but the overall efficiency increased by 1.32% after the turbine stator blade was designed with the orthogonal
design. The orthogonal design can also improve the pressure distribution on the blade surface. The low—pressure

core area on the suction surface is reduced from two to one. The exit loss of the flow passage is reduced and the
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overall aerodynamic performance of the turbine is improved.

Key words: Low-pressure turbine; Transition section; Blade; Flow performance; Aerodynamic perfor-

mance; Othogonal design

1 3l

RSB ALI R IR S s hikse s, T2
2 A F AT 08 e e R R i, S 3K
TR e o Sk [ 1-2 38 a2 56 MUBUE BF 5T, 15
)3 3 3 KR 48 7 3 5K A T LU R0 i Y
BT AR S5 X AR A IR IR B e B AT R
5K I R E . KK I 2 b R e R A 5 2 1Y
TR AR o AN A TN IR AR ST R L R
8 A 3k U B 1A T 0 R 5 R i B A S o
B P A SR Ok o R A A R — AR S AT
U AT 2 7 31 8% e 3ok VB B oy DX 48 2K 1) i o

N T U /IR BIL A AR S R R K R
B R AN ] kA 0 25 A . 38 TS R R A SR A S
& B HLRE % 1k BB B B9 20 O @ 80K sh il Rl A
BE AT RE b 45 R U B A — R R e R S LM RE Y
Tk I E R A &R T AIDABFSE IR, %3 K
R A 2 4 0 8 R TR AL A 3o I B4 0 20% , 42 1) fig
B 1K 20% , 5 K sh WL 08 4% 1% ~2% , IR < 56
MLER B AR I R 19,35 8 CO,HEC T 2% i B
BT BR TR R T U B A LA 3 B A R e A < sh
PERE AL, T % o I B B9 100 3 I IR 00 2 B R TR B
B ERES  EB N s R A
A L 3k U B L U 1 e R A s L DT 4
T P B AR S B R

X R Tk ad U B b i AR R R A R
Az R T BRLR I 45 R AT TR AR T A Bh T 4R
T e (0 SR B, SR [ 4 ]38 2 1 40 B B (B RLARF 5T 15
HH A i X988 2 A Al = R 8 R 2 173 1SS
% O D O N G R 1 7 L) Y o e e | V4 |
AL AEL I Bl 4 ] o B o 38 Ak G AR S R £ 1 4 BT 5
S B, A Ak S MR O AR 1 A A A A . DR
f L A AR IO R o B A B, AR A T 9
343 B I 1 I B g

i 2o B R AN O Ak B AT (0 TR e i R, R aT g e 2D
Uity X VR Bl A AR BE % T 2 4 o X3 3 i
3R AT i DX 28 X 30 Bl A R R T 3 22 B A S
6 BF 55 #0UE W1 T R 0 AR A A . R P A R AT B
AR T B 2 A RS BEAE T, DA Sk i e A5 i A
Uity X 463 2 DX 38k PN 14 A1 B8 T 1A A R T, DT

T

AR T A i M A RE R 0 Verelst 5510 HEAT
IPINGE 3 SOEZUINN-IE A I k7S e U= L
A — B .

IEAZ I R 5 0 A 3 TR e SOPL B JE IR A
RA TS IE A R X R 97 5K e 5 o 95 B i IR
B PR E R WA B AT ST o X ST RS T g e e A e
ORI e S U I R ) B (3 9 i SR T O W/
TR TE T 58 B 5 AR SRR R i FE i I 2R AT IE 32
BT R T IE A AL BT K F R T 5K i F i X
UC LA I et 88 B A4 ) B9 R W

2 H{EHER

AR SR AT 2o P B R 17 T i AR e 199 e PR 2
A RUE RN . I IR 1P R AR R SR AL 1A 1
BoRT FAMEE, KRN Fray kitiss
W R g Py sk o 220, R BCF YTk
70, B LAAE L v BE AR o2 A S5 BN A R Bl . o P B
N R KRB, I 9K A 250,

Shroud

Fig. 1 Large meridional expansion turbine of transition

section
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Table 1 Boundary conditions of large meridional expansion

turbines
Parameters Value
Inlet total pressure/kPa 637.27
Inlet total temperature/K 1225.2
Exit static pressure/kPa 333.38
¢ /(kJ/(kg-K)) 1.004

Adiabatic index 1.4

Speed/(r/min) 7440
Angle of inlet and axial direction/(°) 23.15
Design mass flow rate/(kg/s) 63.26

Stator Rotor

Fig.2 Computational mesh domain of turbine

Rotor

Stator

Fig.3 Blade-to-blade grid view of the turbine
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Table 2 Grid-independent verification based on total

pressure loss coefficient and mass flow rate of stator blades

Number of Loss coefficient Mass flow/

mesh nodes c, (kg/s)
Mesh 1 3.09x10° 0.1217 73.177
Mesh 2 4.26%10° 0.1159 74.392
Mesh 3 5.32x10° 0.1157 74.406
Mesh 4 6.16x10° 0.1157 74.422
Mesh 5 7.34x10° 0.1156 74.415
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Fig. 6 Static pressure coefficient of shroud along the flow

direction
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Table 3 Comparison of aerodynamic performance at

transition section after modification

P . Efficiency/  Mass flow/ Specific energy/  Power/
arameter % (ke/s) (kJ/kg) MW
Original 68.81 73.18 168.16 12.31
Compact 66.32 73.14 160.01 11.70
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Table 4 Comparison of performance parameters between compact and orthogonalization at transition section

Parameter Efficiency/% Mass flow/(kg/s) Specific energy/(kJ/kg) Power/MW
Compact 66.27 73.149 159.75 11.686
Orthogonalization 67.59 73.237 164.52 12.049
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