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Aerodynamic optimization for twisted S, stream surface of

multi-stage turbine considering cooling air
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Abstract: To shorten the turbine aerodynamic design cycle and further explore the po-
tential improvement of turbine blades, an aerodynamic optimization platform of twisted S
stream surface for multi-stage turbine with advantages of fast speed and short design period
was presented. The platform could conduct multilayer parallel optimization for multi-column
blades under the premise of cooling air, avoid disadvantage of poor matching between blade
columns in single column optimization, and overcome the defect of aerodynamic efficiency
shift for multilayer S, stream surface. A two stage high pressure turbine has been optimized;
the results showed that, aerodynamic efficiency considering cooling air of three S, stream
surfaces of 10%, 50%, 90% blade spanwise height was increased by 0. 569% , 0.490% and
0.405%, the first stage and second stage aerodynamic efficiency considering cooling was im-
proved by 0.18% and 0. 05% , and aerodynamic efficiency considering cooling air of the tur-
bine was increased by 0.15% , showing the significant effect of optimization. The analysis

indicated that, the optimization reduced the channel transverse secondary flow loss of first
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stage stator blades and the shock loss of first stage rotor blades effectively, and the original
blade design of turbine second stage was more reasonable. Coolant injection of flow channel

hub was the important reason to reduce the effectiveness of S; stream surface optimization.

Key words: blade profile optimization; twisted S, stream surface;

multi-stage turbine; cooling air mixing; aerodynamic efficiency
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Fig. 1 Flowchart of optimization design
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Table 1 Range of optimization variables

1) M/ % mESM YC) R /O

10 28.0~32.0 9.5~15.5
1R
. 50 26.5~30.5 11.0~17.0
90 26.0~30.0 10.0~15.0
20. U™~ . .U~ .
10 58.0~62. 0 14.0~19.0
%1%
- 50 48.0~52.0 14.0~20.0
psy
90 40. 0~44. 0 13.0~17.0
0% 10 52.2~57.0 13.0~18.0
Tt 90 46.0~50. 0 12.0~18.0
50 %% 10 66.0~70.0 14.0~18. 5
gt 90 46.0~50. 0 13.0~18.0
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Table 2 Variable values before and after optimization

GRS/C) RO
5/
WA R R B R

A MR s

10 30.00  31.31 12.50 12.22

1%
ot 50 28.50  30.49  15.08 16.74
90 28.00  29.99  13.00 13.70
10 60.00  58.07 17.00 16.82
%1%
- 50 50.00 48.04 18.00 14.19
pay
90 42.00  40.83  15.90 13.40
0% 10 54.25  54.85  16.00 14.72
Tt 90 48.00  46.14  15.00 15.41
50 %% 10 68.00 66.88 16.88 18.20
st 90 48.00  47.67  16.00 17.92
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Table 3 Energy loss of a single S, stream surface
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Fig. 10  Pressure distribution of stator 1



Fle ©AF BB M YR S Ui m i< sh e

1705

() [RAf0 Y
B 11 %51 2S5 m 50 %M &b Dz #

(b) Fzffnt#

T3 1 sl G AR, A B T R 1 geshnt
TS £t T 452 2.

Bl14 250 T 58 2 U0 3 DR S, W
1% 2R T s 7 o A AR TR B R AR AR AR/ AR T
SR T7 S0 BT TR B A A A] L 26 2 g5 nt
Sy Uit THT A4 38 G YRR R AN
¥ B b 20 2 PRI A S I i 2 5 S v L e iR T Y
AR AV 157 B 1) J % o8 45 e R B b K0 P R I i
Ll R IX S B o /)N S D A5 R R A R 3 A T
N

Fig. 11 Mach number contour of stator 1 50% spanwise
0.7 0.7 0.7
B [ A
i v [
0.6 R 0.6 Lk WR\\ 0.6 K
2 (0.5 ﬂ%\ \¥ =05 NR\ \ 2 05f QR \
0.4 A 0.4 \\\ 0.4 F - &\
T A —— RN [—— 5Lt
e tf o S o 2 et Na
0‘30 02 04 06 08 1.0 0‘30 02 04 06 08 1.0 0'30 02 04 06 08 1.0
(a) 109015 (b) 50% 1% (c) 0%t 1%
Bl 12 25 1 gshmt py BT & 71 4 A
Fig. 12 Pressure distribution of rotor 1
Ma —
.Ll ~ > 2.3 Z#ZESSN
1.0
“1o9 ;\ \ X LU Ji 4 it R R A B Y A = R e S
g =N\ [V BT 18 4 T UL 4% 9 3 Q) W
2% \ \ CR)SM. e ESCRI AR AR 55 1 9% % 0P 24 5
f 04 A\ A\ BT BT | 2 S T I O B )y 6

(a) JLfnt 75 (b) Fffrt

F13 55 1 geahint 50 0o it i 4k L A = 4]

Fig. 13 Mach number contour of rotor 1 50% spanwise

FEJR AR T R MR T b, I 15 WSS 2
G 50 06 i e b B RR AR 2 1 22 AR /N, 5 A T
JE 77 53 A 5 A K [ 1 25 38 — B0, B K LT
AR,

K16 K5 2 geshint 3 ARy S, I if 1 R
TR S o0 A e SRR T R R i A A
— 25 TR AR S i Y bR TR A R AR
e Pt 280 Ty 28 v R e A S RS R B SR AR D A
— W TR DRSS T A R e RO R

17 4556 2 et 50% by S I

2R 1 90T 5l BE I T 8 W AR BE 8 0/
55 1 Gzl To0E 1] B A 3tk e 451 2K 5 56 2 G 3h
FEAVE A AL — 25 R B A AR X 8 B 40k AL
KBS 1 HAE R,
51 GRS 1 R R R BOR,
T E b i RE T dig RE A LRV SO S  E DLERA 45
B A Y BB B G Y s AL SO g g
FEAR I KE 1) BE A 0 S U s g A, an AL 19 & 20
FE7s s Ao E D0 Ak 0 i 803 2 M A s i K AR R
JE FIRL I 67 . R 40 2R 1 AN (9).
&g =1—m (9
K19 MO HT S M R IR A5 1 9050 2
REEL PRI & o A A L T IR R T 2 i %
HE TR AR SR 1 GLTE 020 it s ~ 40 V6 Iy 1Y AE &
PR B9 T A1, I I AR S R I W L 40 0 Bt

75~ 70 00 It i Ak B BE 5 R B AR R R 7006



1706 i o= 3 1 % i 530 %
0.5 045 R 045
f\"—'—-—--—--...._\ 040F -_H‘“-\ 0.40 _!
0.4 N i i
v \ \ 0.35 \\ 0.35 \\
2 03} ~\ = 030} \\\ S 030 y
i o o N
[ — JFiRnt Al 020F [ty #5Y 0.20 f —— bG8
i frefnt# s fefint s fg 5
O b 0.15 . : 015 b e
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 1.0
(a) 109075 (b) 50% 7% (c) 90% M5
B 14 55 2 ok py 8w s ) oA
Fig. 14  Pressure distribution of stator 2
Ma O3 R T B8 Y RE B R W I KN R AR

1.2
I

1.0

0.9

0.8

0.7 :
b " -
Iy , g
B 4
0 | -

(a) [FHR AT (b) fz it

F15 5 2 gLt 50 o it i b L B = 4]

Fig. 15 Mach number contour of stator 2 50% spanwise

1R~ 85 0 M e Ak B BE 4% W BT L 8504
75~ 100 0o -8 Ak 14 BE 2k 453 % W Rl e A, 45 9 T
W FE S 1 LAY R MR RE B AR R A DR AL v T i
AR 1 PSRRI 0. 1800, i 3% 3 it ik
JE SR 1 2% 5 I Y BE R 45 2k R T sl i ) fE R 4R
Thin UL AR 5 1 9 S U gh PR RE Y ks 2
o T T A R AR RCR P ) R BRI 2R 2 G0 L
P BE 2 4 G W 8 O 1] S8 T L B AR
PN G

20 & H e T 309 56 1 BE 48R (G0 WY

ab L

He 5

F Y Gl AR, o A S R 1 R
RE 2 458 % 1 I g 20 A R TRk U B v T i e 2R 1
ZUHY RE B 1% S B R I B RE B R B 3 R
oy A AL BE 5 A B X 1R A4 Bl ag K3l R BE B 2
4 3 77

B SR A 5 T i A 5 1 Ry Bl e RE
WO X i A A 2 S AR /N, S T
Hr B4 Al v R AR B Al H L I 21 18T 22
Oy AR 1 G FIER 1 G Bl A i R T
ik B oA, 511 g5 A ] Bt
AR T 2 IR D T FR) R S b X s K [ I
EEAR A RS DU L v D AR
(R 55 155 1 905 il R AR R s A
F T RFZ BRI R SR S i AT 5 1
% S It AR S g R A S AR A A 1006 I i Ak
Sy T B B RCR S TR

Kl 22 LA AT 205 1 G sh it W g 1 S bk AR
Xt AT fie I T 58 v v e T ) g b 5 X dml
JELU6 7 5 1 A8 788 /1 66 0K - T ) st ) it e £ 2 o 3
ST IS HE LT A 45 12

0.30 : 0.30 —
> \ FAET [ —mgerm]|  O0F =
\- fefiot N s A —_ T R
025 | N 025 -""'"'--\ 025 f "“"-.._{ft T
2020 f\‘\ \\)) 2 0.20 V\ \ = 0.20 'V\‘ \
0.15 | S 0.15 R"V:J' 0.15 F H‘\J
010 L d vy F—— O R
0 02 04 06 08 10 0 02 04 06 08 1.0 0 02 04 06 08 1.0
(a) 10901 (b) 50901 (¢) 90% i

P16 5% 2 g Ay BT TR ) 20 A

Fig. 16 Pressure distribution of rotor 2
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Table 4 Efficiency of S, and high pressure turbine

o S Yl = 5 R
/% N , N , e
& Y R/ % w2/ %
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Table 5 Main stream inlet mass of S; and 3-D S,
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