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Fig. 1 Geometric model of the I impeller
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Fig. 2 Comparison of the blades thickness
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Fig. 3 Blade geometric models of the A and B impellers
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Fig. 4 Blade geometric models of the C-T impellers
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Fig.5 Finite element model of T impeller
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Tab.1 Maximal von Mises stress of impellers
s W SE/MPa | MEFS W SI{E/MPa
A 1 100 F 1408
B 1120 G 1298
C 1379 H 1 387
D 2162 1 1444
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Fig. 6 Stress contour of A impeller
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Fig. 7 Stress contour of D impeller
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Fig. 8 Stress contour of G impeller
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Tab. 2

The results of aerodynamic performance

parameters

RRE| MIELL ZIMA) e R %

B 1.322 1 95.750 6 95.584 2
E 1.327 4 95.196 6 95.003 8
G 1.326 6 94. 249 1 94.018 0
H 1.3327 92.812 6 92.516 0
1 1.346 1 93.695 7 93.425 0
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Fig. 9 Stress contour of meridian plane

e B M5 E

WG
S/(J'kg'*'K") S/(J'kg"'K") S/(J'kg"'K") .y

;
d / it / ] /

B 10 5000 & 4L A 1 F m o o A
Fig. 10  Contour of entropy at 50% span in

circumferential direction



F% . BB oA B AL B A R R 33

13 BN
Ma, Ma, Ma, WG Al
0.6 0.6 0.6 A
05 Fos 05
0.4 0.4 0.4
0.3 0.3 0.3
02 02 02
01 j01 01
0 0 0
{ A

Ma, "WEEH va, PRI

06 0.6

0.5 05

0.4 104

0.3 03

02 02

01 01

0 0

B 11 5000 v+ 4L B | @ A AT B oA
Fig. 11  Contour of relative Mach number at

50% span

e R RN B e, ok it A B 54 H ML,
SERCRAR R T 300, JLUCRM R EL X AT R A
Oy B T L JR T 1) DA v ] 81 10 AR R 3 i L
Ja AR RRE BN T RS A i i E Y
P71 SRR 2 L BT R B4 97 TR
WU AR RIS 1 MR B e

M A8 4 TR T o A T LA L 5 RfE
A 48 s J7 DAt 1210 H AR S 249 20 38 s i
MR TR D T de o 34 20 HO O i e
Gy AT ECR ) R EE TR B HL R 5 A B A
F I v i i B4 3K T RE S T e JRE R U 3
7 1) W ] 80 1T R R 98 e — R L Y
RT U BTk BE T B T R E B PR
RE 1 o B it A A 1 3 BT SR L DR g
B TRIBOREAR.

M A it R A S 1] F- T A4 005 23 A al DL L5
P A 48 R B0 20 A DA it AR 3 i TR 2
TS TN ELAE W R B W g A A i e
HA S L3 e T I R A I D T ) S A B
G AT AT R K. Zr BT R BUE B9
AR 23 A7 o AR 0 ok T ) 5 W LR AR/ L
A I 90 W O 1) ) O B4 R /N L R B
P E 3 I 58 R B

L8 LPTIR X — R RO R T A A
2 MHE 1B 0 R R AR A A — A e A
DAPRAIE 48 (05803 FUR HE Fo A 722 A0 A BRI, Gk
FIRH X e AL XA SCRIFSE B 51 & AR 5
JIoA SR R AR T Al R iR G 2R

RO G T LI 2 A vy 1, B0 458 JRE B2 v 7 ] AR
-2 B4 28 3 A T B s B 3 v g K SF TR) B e
T M LA BE A I e SR PR RS0 AR
B 5K BETF UG AR /N BE T FEAR 147 3Rk L Fe 2%
{75 I ) R0 184 o HL 2 e I 25 5 SO R e m
A TRECl 2R 2 7 R R Fe 89T B AR B A X 8
AN TR R SR LB LT X R s gt
A7 38 25 BN n] LA 25 4 B e I HE S0

4 &4 ®

(1) NZS K 55 88 1) £ JEE 1S A, — JBCT 5 i
JELJEE £ 386 T 58 11 0 M % g I A A R L AL ke L
W S JRE R X I A A 5 BE AR N AL (H: L Bl
&M AR S5 B RN, 48 B K von Mises
IO 3 {EL% IR SE B I T W A AL AR Al DAL, 2 i
i Ji % JBE JEE 34 0 B 3 A4 BOELIN A fiE 3 M 4R
e P A8 10 235 4 5

() SRS J1 2 1 f BE R R, 5 78 JRE E Iy
HH B L A TR I AT LA A A AR A TR EE
BRI X B P el o A RT R BRI RS 2R
JEEF S8 T - R BB 5K R T A 7 /1N T AR
TP IR R AL T A ORI (R U
25 5 2O R FEM T WL R 7R 2L B R FE Y
DL X 5 St AT 4 A BT LR w5
W55 45 K B4 22 A R, SCRT LB I M 4 g T 4 L
LgibE &

(3) 2 JE B M F (Y AT 58 23 A R K 0 T
A8 WL S A, 32 2 A T e MBI B A A T 4
T EE A S H K.

2% SCk -

1) RAG, KA, BEHA,E. KA FOEFEIL R
FEFTRELMI] K& HEL A, 2008(8):1-3

(2] X . KREFSEFI G Rt 88 E 047 R4
MBI RID]. k& kEE T Ak¥, 2009

[3] SAUER K, MULLER R, VOGELER K. Reduction
of secondary flow losses in turbine cascades by
leading edge modifications at the endwall [J]. ASME
Journal of Turbomachinery, 2001, 123(2).:207-213

[4] ZESS G A, THOLE K A. Computational design and



34 X % ¥ LT kK ¥ ¥ #H %52 %

experimental evaluation of using a leading edge fillet Effect of the decaying overshoot of the Rankine

on a gas turbine vane []JJ]. ASME Journal of vortex on the axial flow field behind the inlet guide

Turbomachinery, 2002, 124(2):167-175 vane of centrifugal compressors [R] // ASME Paper,
[5] CHEN G T, GGEITZER E M, TAN C S, etal. 2000-GT-427. New York: AMSE, 2000

Similarity analysis of compressor tip clearance flow (8] Tm&. B H.EZwM%H. THEE>AXMBE KHE

[]]. ASME Journal of Turbomachinery, 1991, Bt B e)] BLRAEKXRFFR, 2004,

113(2) :260-271 38(9):975-979

[6] HOFFMA N W H, BALLMAN J. Some aspects of (9] 4 #.E L.3%FF. BOARe ey HEor

tip vortex behavior in a transonic turbocompressor 5 &k AlT]. wANA, 2004, 32(11):8-10

[R] // ISABE Paper. Bangalore:International Society [10] Xx#H . FHE.Z¥E. BURATR =45 MK

for Air Breathing Engine, 2003 KA T R LT]. MU R . 2006, 28(6):833-
[7] CHEN Y N, HAGELSTEIN D, KASSENS I, et al. 838

Influence of variable-thickness blade on structural strength
and performance of centrifugal compressor

SUN Tao', WANG Yi', WANG Xiao-fang”', XIE Rong's MA Zhen-yue’

( 1.Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education,
Dalian University of Technology, Dalian 116024, China;

2. Institute of Water Conservancy and Hydropower Engineering, Dalian University of Technology, Dalian 116024, China )
Abstract: A systematic investigation to understand the impacts of the variable-thickness blade on the
structural strength and performance of the first stage impeller for a domestic large flow centrifugal
compressor is undertaken. The geometric models of 9 shrouded impellers with variable-thickness blade
are mainly established by CAD software Solidworks, static structural analyses are carried out using
finite element software ANSYS, and CFD simulations are performed with the CFX code. Emphases
are placed on the variation of maximal von Mises stress in FEM analyses, and the distinction of
impeller internal flow behavior in CFD simulations. The variable thickness of blade is found to exert
the great influence on the structural strength and performance of a centrifugal compressor.
Furthermore, the computational results indicate that the appropriate increase of blade thickness close
to trailing edge can remarkably improve the strength and aerodynamic characteristics of a shrouded
impeller. Finally, the theoretical bases are given for the structural optimization and the performance
improvement of a large flow centrifugal compressor and a nuclear reactor coolant cycling pump

impellers.

Key words: centrifugal compressor; variable-thickness blade; strength and performance



