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Design and optimization of end zone of large meridional

expansion adjustable blades on variable geometry turbine

LIU Peng-fei'*, GAO Jie', NIU Xi-ying*, ZHOU En-dong', ZHENG Qun'

(1. College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China;
2. Harbin Boiler and Turbine Institute, China Shipbuilding Industry Corporation,
Harbin 150078, China)

Abstract: The high load design was adopted to reduce blades to increase diameter of disc
while reducing the circumferential leakage area. And aft-loaded cascades were employed to
retrofit design to minimize the secondary flow loss brought about by high load design. For
the fixed geometry turbine, only the flow field of the variable geometry turbine of driving ax-
is and disc type crown variable geometry turbine was numerically calculated. Three kinds of
turbine performance under all conditions were analyzed. Result shows that, under the big
clearance, intensity of the clearance leakage vortex was big. If merged with the passage vor-
tex, the leakage loss became bigger. The high load design brought the secondary flow loss.
The method reduced the circumferential leakage area, restraining greatly the merges between

the leakage flow and the secondary flow to reduce the clearance leakage loss. High load de-
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sign can effectively restrain the development trend of passage vortex, thereby reducing the

secondary flow loss. With two measures, the variable geometry turbine has high perform-

ance under overall conditions.

Key words:

variable geometry turbine; large meridional expansion; disc type crown;

clearance leakage loss; aft-loaded blade profile; aerodynamic performance
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ke gl
e
OVG ovC
o M/ (kg/s) 81. 85 81.91
MR /% 91. 15 93. 87
[a] Bt it U 2 m/ (kg/s) 3.4 0.6
)% P/kW 5832.7 5952.19

N T IERROVG R AUA 5K 3 fl i1 J5 5
A JUAn[ I A8 s OVC 3R 7 18] 45 U 3 11 52 78 A% J1An]
WA, B3R 1 AT LA L 7R A A K A
BT 5 AT 5 25 780 5 11 A% TLART 30 % 1) 508 A
9K Sl i AR LT iR A B TE T 2. 906 i ik U i B
T 82. 3% IhHETF T 2. 0%, X FW T 1E3 X
SN T I8 5 780 5 AT A AG A5 b s /0N R AR i R v S 1)
T TR /N A LA 5 A ) ik e 8 K L B R i
M PERE. R EEE B T 0 (B ) [ 45 7
56k 1) AR 1 PR s S o U o A R AR K. Wk T
— B4 R R BB T X I AR v R AT HE— 25 1
Ak
12,3 A8 JLAn[ 308 %6 vy DX 078 I 1) 9 3 3 A

Pl 2 g ol vk g HE T 8 T 40 A e T
DL s B TR RUBE [RI BRB A7 AE (A 3K 3l il i A%

JUAT 163 58 T2 B0 1 050 10 3t O b+ 7 A 1 A 1 it
It 2. I ELoh T L i BE 4 1] B2 3 S 369 790 52 0 1
FIR K. &5 b Bl B W TR RS 1. 100 o
BE Y ) B it D s © 22 5 RS 1T S BE T 1.
$e L)/ ST U8R T A6 Sl vl NP = B 2 i
Tk A AE AT /N T 738 LA S 58 9 A 1 it e
T AR AR 1 A2 L AT 36 A ) T U 450K 42 1R L
i i3 e B4 1 B ST i DX TS 16 25 8L R R AT 2K
19 3 1 A2 JLART I8 48 A9 AR ER L FE & 2 (h)ml L
B B TLAT 163 58 I 7 0 3 T i AR 5 L IX L 2 X R
JUAT 363 58 7 AR AR K A 82 0 2 AT T 48 O PR RE. i
I52] 2: 704 6 A2 3] - 8 R ) R A -t I 9 A Dk /) 8] B
Tt P 164 P[] Aot B /)N % % 114 00 T g A I
Tt b AR SORE X W FE I 45 A e g R o gk
A7 i A BT AU i 58 R B E G e I R
HT T R BT B P R A 36 e i T K Bl A R AR

Entropy/(J/(kg*K))

1085 1088 1091 1094 1097 1100

|- i M 578 1
|- i B i

it i 3 i %

(a) B RBE TLfTiRge  (b) WP AE 2 L i g
Bl 2 im0 o3 A

Fig. 2 Distribution of entropy at exit of

two kinds of turbine
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surface of three kinds of stator blade
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