201445 H

7SO AR VI =

LHENE PR |

doi:10.6041/j. issn. 1000-1298.2014. 05. 009

- T51 8] B X 4 it 2R %€ %5 [ 1 ok 3 =2 Ml Y B0 (R Tl -

e P

Ky

(P O R AE AR 5 AR TR 2= BE, Jtat 100083)

FE - o B AS (] I T50 (] BT Al 3 A8 48 2k DX AR S L SRR AIE SR R B 4005 325 R RS TR R, X5 b e 2 ) it
TR A B 0 R W R AT TR e B T B RS X SR AR R G il e R R S i R iE R 4 X
JE 3 WK S R PE RSN o &5 7R« i TR E] B AA 0. 001D, 38 fii 3] 0. 003D, , 5 47 2 R4 #4353 F Wi 6. 2% 1 5. 6% ; [i]
BRAE R T 0. 001D, i, 5 £ A Bt == 1k U 16 A 8 2 AR 40 I T T 1A 5 I A DR i s 9 5 32 Wt s s 52 0, - A 1 TG
o AT RN TS ) ik Sy W B 2 4 ) 80 TR 8 A 5 A T ) B RUST TR TR OO R A T g bk sl 2 AR O A
RS, , R L TR X IO A8 1S A K Bl 2 U0 B ) I A A A TR 2 S

KW R
hE 4K S TH312; 0351.2

METE B kMR Rk Sh
SCERARIRAD: A

51

TE A 18 47 38 TR T, 5 5 1) B O A 1D B I U
23 I 2 R XK TR Bk 3, S EUR TR Al
B ALALIR 3 25 1558 | fg LAl iy e 4 is 47

- F- X 7 Ik 32 L 5% i el 3 2 T TR 3
A K PAFA [ [ B R T A X R S
ok SRR AT LA A O A K Bt AR mHLAL B
PR MEAR BRI o PEUE 3 kst B 00 e B3 0y
WLl T |2 G N s AN G VA S B |
247 Bl I 5 I DX TR D Ik sl v AR R AR
W& CFD AR & B B4 © B oy BF 52 il i 2
A B T TR S Bk sh e i R TR

H A, o 2 &8 I i i BO(E B 2 ok A
RANS 75 % % Ir kxR N sh iy N - S J5
TR R T Boussinesq 115 KV M S 1A 3k 30 465 780 3 A 7
I 1] S 2 A B D 0 A L 5 T 3 bk 317 B 2 9
2 T A AR S ) BUSR i b AR — R R R, K
TR 7 1 (LES ) B4 5K A 38 Dl b RS B IR SN — S
7 SR A AR i R R R 3 0, /N RE R 0 R R
32 Bl 14 A 22 P A T, DU Ao A A ) A R
AL T LRSS N AR E R sh
W, WEOE S AT W fE B OB IR Bk B g
R

ARSCR A LES J5 i, % 7R [ 46 2% il B RS F
G e B8 e | BVl - W 0 S 11 NI PG

il

W H 9. 2013 -05-19  f& 5] H 9. 2013 -07 - 16
# E K [ RBF R34 % BT H (51009138)

PNLES )
L E 42 1000-1298(2014)05-0059-06

& 2 1] Bt T 199 22 25 R0 2R SR R B S 0 O X
A S kSRR BEAT 20 A, LR A I R 3R R f
25 s 77 Wk 3 Bt A [7) 48 2 18] B ROSF 928 A BLAE .

1 HRIIH

AR SCWFFE R R 22 e B4R D, =300 mm, i
WZ=6,F30EZ, =11, E%# n=1450 t/min,
BEW R 0,=0.35 m*/s, B EWHE H, =11 m, %
A A BRI H A 0. 001D, , %% Br A P 3R 36 45
R SCHR[10] .

2 HETEHER

2.1 THRFRENDER

b o Bl 3 5 A Al S R PR BT 4 3 B Y LES
Tk o B i 9 o 05 L, 8 2 2 1 3 9 Ak U AT
1531 I i 26 28 1 7 B A0 2l AR TSR A K R
W WEBT /N R 5 KRB I8 ) B 3
BB WA TR RS 7 A

25 DAY i I A L R A ) R A
B B M TR R BB (SGS BER) . kTR
W6 T RUBE L 5 0k RBE 43 4k 19 I 78 2 i 1F B 1 B
5E , Smagorinsky 5 . 35 T I8 R W% TR
Sy Y Lilly B T R R B K i B
Bt K B B T T IZ B9 Smagorinsky — Lilly W7
e T RBERIA % SGS # I (B E W T R BE I )
[y % N

TEFE BN BEE, B2, B8NS FARVA R 2 IS 5T, E-mail : liyaojun@ cau. edu. cn



60 & A Hl

L

2014 4

1
T; = ?’TM,(SU -2u,S,; (1)

Heb u,=(CA)ISI A=(AAA)7

< —— 1 o, oy
S1=y258 S=5 (G )
o

A 7, —— WA REEIEN
S, Kronecker delta P& %5
M, AR ¥ RO fi 3t R
- T T

C.——Smagorinsky %\
U UV JE A

A A, A —x .y 7T A R
i kAT (T, 2, 3)

Smagorinsky — Lilly V. #% + R85 AU J& T #E 1L
YN BB S B i 3 /0N ROBE 32 3l ) R ORBE I 3l ) e
BET AR /N RUBE Rl £ 77 A= FRE Y T4 2 IR 4 7
FAEAR S HUMOR S L A5 3] T 8 E 7"
I, AR S ] Smagorinsky — Lilly SV A% 5~ RUBE B g 5
TUAE byl 22 PN 30 v T R TR B4 1Y) SGS LAY
2.2 HEEMME

IS I 11 314 A R AN I B VR i R A
WA, G 4R B Y WOK = e B R B M 60°
KT EEAER I, B 1 iR, o B A R 56 2
() B2 RO [R) Bt 3tk s 368 SRR A S i X g ik Bl
P O A BAR M S R HA AT §6 2 (A R
it At BB RL, 8] B RS 8 43 il o 0.000 5D,
0.001D, .0. 001 5D, 0. 002D, 1 0. 003D, ,

B i sEos HE
Fig. 1 Sketch of computational domain

LER 2.0 3.5 40T 5. A

A Tl A IS PN O T L R AR TR B IX
SER S 2% R T 43 B2 K8 Ak 7S TR A% X I 4 X3
HEAT IRAS R 43, 5 Gk E] BR IR F € — HO RS R 4% 25 44
W 2 R o TR A 43 R X A2 2% 300 L3 g
5 ) A 25 48 DO T A A% i ] LRI 2 (] B X
HEAT T R EB IS I . % F WA xR 25 R A
A LS T AT R T R T DX e 2% [ R
DX P RUBE >R FHAN 7] 19 A% J7 58 ) il it 8 6 % 1 T
I LR MBS S AT T A TC 4 BT
ME R, FE1L2 M3 HEEINE RS
AR5 2243 3k 2. 83% 1. 08% F1 0. 81% , 7%

2 M3 RIS K A 3, IR B BUE A
M) 2205 1 A TR 2R, AR SR A 5 58 2, X6 g A [ (1]
B RST T e S 1) Bt IX I A 1) BE TR ] -1y T 3 2
10, TF s A BT BB 419 x 107 ~
4.48 x10°,

P2 oA T R e 2 ) B 0 A s [
Fig.2 Computational mesh of impeller and tip clearance

(a) MAERMMAE  (b) Fogkal B R A% 40 Hh 4544

x1 MBI FR
Tab.1 Meshing scheme

UES A% 7] B DX -3y R/ m
1 3175 820 18.17 7.61
2 4210344 10. 01 7.48
3 6 196 456 5.73 7. 46

2.3 HWREURENMRHENSHE

TEFE MK 2 HE 1, 25 78 U it 3l BE it L 46 1
ARG AEE D BRCE N A R AL B
C 2B RN FE K RS, 45 € B TR ) i 5l RE
FE BRI 103 1) B O % 5 8] BE SR G T % BE
T 2% AF 5 25 A2 sl 20 A AR B 2l 38 2 22 18] 9 58 B T
FIAM R WA R AT b3

T 3 A A TR A ] B 1 e 3l 2 0 T B R 3R
T 5 2% O s 3 ok Bl R AR R R A R T AN
P 3 i 7 19 T 7 ok 2 s 0

Hh

: S34
(a) (b)
B3 i T s ) Ik sl W e A R A

Fig.3 Pressure monitoring locations on the blade

(a) MHFIEE (b)) MR TFFI

2.4 MEKRBHE

W o5 7 5 L 8 R T A R L
i VLU 3 0 8 R P 0 SR 5%, P
VL O A5 5K R R A SIMPLEC S53% . R A = 45
B AR T A B T B B . e i G
R B A Wt A SR B R 25 K



55 1

BRZAE A 00 A] Bt X fil U A 48 G T T3 bk 5l 2 ) ) S8 S 61

Bl Ar=1x10"" s, 4 413 AWHEE Ky — A0 48
e e J 39

3 HERam

3.1 HE#EBBIES M ERN

Shy 56 UE BSCME T B AR B A AT S X TR 2 (R
BR(8=0.001D,) F 5 A~ MR T3 (i Q' 437l
0.70Q,.0.80Q,.0.90,.Q,H1 1.1Q,) i % M i 3h #E 47
TR F A R ORI R AT T w9
S5 RIAT T, WA 4 R SR A,
SR FH B R A0 SRR 2 AT LA L ¢ o Ay b, Y0300 it 9
FEHMRPE B 1. 10, 00 N RCR B -5 1 56 (A X 5%
250 4. 67% b, Ho 100 s BUE IO BT 15 4 1 B0 A
DA 5 50 W) & R, e KO X R 225 40 50 ok
4.03% 3.39% 1 1.75% o] AW E , K A48 7
DA BB A AR E H AT A A R T E

50r 127 190
e
R—— A
45 L 0 —
10 ]
wl Xo \A 80
S o 8 d \o A
e £ 1 N '8
&~ M 6 =~
#3005 —o— R I @ {60
5 AL —o- R SN =
25t —A— 3% I “
N 150
20 | —m— DR G
—o— DA E
15L 0 L I 1 1 L 40
0.7 0.8 0.9 1.0 1.1

A Q10,
B4 o AN P B (5 3k e (0
Fig.4 Comparison of performance curves of the pump
Wit TR, A& RN Z R 0%
Ty 2 0 A ARG DL AN & 5 BTN o Bl FS 2% (8] PR
TE 3 K S FE TR 0 0 0 R Bk 5 sl o %
2N i (1) B0 R~ 385 v 90 AEL W BN K. e % () R
8/D, ]\ 0. 001 Jdi/NF] 0. 000 5 i, 37 T8 Rk R H4 484 i
RN, R TR B B S il b — 2D 8N e S (B
XS AR B B A B IF A B 5 T 2 48 2% 1] B A
0. 001D, 3 Jii ] 0.001 5D, , 7 & Fl & 2R 43 51 [ A%
2. 1% F 2. 2% 53— I Fe 4 1A B RST8] B R
ik 0. 003D, B, 5 A1 RF 1 B2 i W 08 185 o, 4 R RN &SGR A
XF BT ] R X 7 4 Tl FEAI 6. 2% F11 5. 6%
3.2 MTmERET R &ittiRRE SR
R 43 B AN TR) it T ] BT 8 2% it T i B S RRAE
K P Hunt 2817 38 i Q45 {1 1 7 v A0 T 7 =
A, QELH
101> - 1S1°

Q=f (2)

L IS1=,/28,S; 1021 =,/200,

Aorf S, —— AT it R R S R g

M

36 8.0 -84
r F —m— PR MG
35+ 7.8 A— —A— M(’)f TU!;'J!'HJJ -8
L L | . —o— TP
MpF _T6F \ T 80
E | § | I\ \ S
L33k G741} = A 478 =
ﬁ I § [ \ ‘M‘
Sl 72 ® — o e B
e
31 70F 14
oL egl o . o+ v p
5.0%x107* 1.5%1073 2.5%1073

RLRE /Dy
ST 2 DT D 11170 N R R B
1 TN L2 2
Fig.5 Predicted values of head and efficiency for different

tip clearances at design flow rate

0, — T il R I 36 B e i oK

B Lo, A FA S BIBE T (e =1 s BFZ1) LL Q
LM FMEN R G MR IR G E 6 iR (Q=
1 x10°s™%) , Horr[&] 6a v JEAE g SR I0 A A . rlr [
A% ,8/D, =0.000 5 A, 5 2% = it 1 40 /0, i T5 ]
Bt 3 B0 ek 0 U e, 0T ] B DX B0 4 5 o S T
22 B S R] B AR e b 0 o)1 O 908 6T A X3 1Y
M. MR BB S FREE ,8/D, K 0. 001 i1 0. 001 5
P R0 ] BT ) 2 i U e S5 AR AR S Vi U R 2
TSR B — IR A%, S BB R W B T B —
AR, FE M T T A R R AR AR T, R B R A
R U U R I B R R 2 RS, A&l 6e Al
6f i . 4 6/D, % 0.002 F1 0.003 i}, iU i 4k &
HREME R O, U LE A AP i I TR I O K /N IR
S5 K6 I S REA ] B X o

© [65)
K6 AIF %2 mIBR T it s =408 25

Fig.6 Three-dimensional structure of tip leakage

vortexunder different tip clearances
(a) WIS (b) 6/D, =0.0005 (c) 8/D, =0.001
(d) /D, =0.0015 (e) 6/D, =0.002 (f) §/D, =0.003

3.3 MARBEENKEFES T
J 3 ok 8 9 {0 SRe P P Jm Ay R A RS0 i e 0 {1 11
FHXTEREAT 2, 1) PR 4 L i A8 8 (FFT) |, 4R 4%



62 & Ml

U

2014 4

B T3 Bk s B3 FR Ak o O T 4R FFT 23 47 59 350K o
BEA LA 8 A B e B JR A O SR A I [8] 3 47 3L 3 00
WA o Hs 1 kgl e A LAE ) Bk sl R & €, 3R AL, B

c, == (3)
P 1 )
TPUnp

L p——BRELE S, Pa
p— R BRI A I F- 44 7, Pa
p—— IR  kg/m’
U, —— - T8 3 B, m /s
17 g Bt T, A I 6 SR TS I A T
L A PP6 AL i FE J Tk 30 I8 B A T P A A
RPN ¢ =1 s B2, MWBIEIEIF ,6/D,% 0.000 5,
0.001 1 0.001 5 =Fj ] Bl 4 1 & H J1 ik 3l B AR
0.06
0‘03_-
S O M A s 0
0031

_0.06- 1 1 1 1 1 1 1 ]
0 004 0.08 012 0.16 020 0.24 028 0.32

t/s

(@)

0.06 -
0.03

o L LWL LY
-0.03F

" 1 " 1 L 1 " 1 " 1 " 1 " 1 " ]
0 0.04 0.08 0.12 0.16 020 0.24 0.28 0.32
t/s
(b)

-0.06

0.06
0.03

SO et o,

-0.03

L 1 L 1 L 1 L 1 L I L 1 L 1 L |

0 0.04 0.08 0.12 0.16 020 024 028 032
t/s
©)

-0.06

I
A | Ll |
R A
( |
i i

L 1 " 1 L 1 n 1 n 1 L 1 L 1 L |
0 0.04 008 0.12 0.16 020 0.24 0.28 0.32
t/s

(d

0ogl—m—~— b B L
0 0.04 008 012 0.16 020 024 028 032

t/s
(e)
K7 ANEGEZEIBET M PPe [k J ik sl i 35
Fig.7 Pressure fluctuation at PP6 under different
tip clearances
(a) 8/D, =0.0005 (b) /D, =0.001 (c) 6/D, =0.0015

(d) 8/D, =0.002 (e) 8/D, =0.003

81, PP6 &b % Iy bk 2l B A W1 5wy A M 24 /D,
0. 002 #10.003 i}, PP6 &b [t Jy ik 2l Jc WA & 1) Jid) 31 ¢
fIE, 2 B R R) Bt T 9tk O 3o X6 o X TG+ (D 3T e 2
(4 FE 3 Ik 2l 5% me B2 BE 8 0 . 43 B Fs 0 Bk 8 R 18] e
S B, B2 18] Bt RS 38, PP6 4k J 7 ik 20 i {5 844
R, f G M BN /D, = 0.001 H K %
0.001 5 I, R AR0BUIE 0 W {E AC, 22 A IR B AN R, 1
THHBR R AC, 258 2.78 x 1077, # 4 A bR 6/D, K
F0.002 i, AC, K4 ,8/D, =0.003 i, K 73 ik
8 AC, e KAEZY R 0. 12, TR BR T 1 4. 32 £%;
8/D, = 0.000 5 i J& 77 Jik 30 i {4 &% /N, AC, 25 K
0.018 6, I P T 1Y 0. 67 15,

BT XN PP6 W g He 77 ok 2 A R P 40
Bl 8 fin o N v m] LLE 2], X4 6/D, 2 0.000 5,
0.001 F10.001 5 if, PP6 &b & J1 bk s 4 % £ ¥ 1
fEH5e F A f, ST, A DL 1L A% f, o FE . 8/D,
0.002 #1 0. 003 i,/ A P42 £ 5 PP6 ik & 1 ik ol 4
BURRPER A . I 8 WL, KA S BN PP6 i
WL T RS S ks :6/D, =0. 002 i, E A
181, JE J1 Bk S B3 R 7.6 x 10 *;6/D, = 0.003
B, 550 197, 1 J1 bk sh 45 3% (8 k2. 60 x 10 7%, 4
T P e R AR AE LTS, 18/, R 207, 5 FE B A L
AL UL, [EBRAE 8/D, KT 0. 001 5 [, M4 lie % iz 2l A
TSR 52 M I 1 T ) 3 S 0 R g ok 3l A e g 32
TR R SR I A R AL Fs ) KSR 2 %t
F & 6e F1 6f n] 1, % 2 32 1Mt U 105 19 15t B2 5 B0
LRt R IE TR R A8 g bk i 32 R

2.0%1072
// -
,/ 5
/ —1.5%10
—1.0%x107% &
—{5.0x1073
d 0
J( T 0.0005

ﬂw ; ="
WA AWM TR 0.0015

Dttt T 0,0020 _
0.0030 3!
0 4 8 12 16 20 24
71,

P8 N[l 4 2 8] B W0 i PP6 T ) ik gy 43 ]
Fig. 8 Frequency spectra of pressure fluctuation at

PP6 for different tip clearances

9 g AN [a] [ BT - R 35 1 3L 5 2% 4% M ) st
3 WK SR ATORUE e W (o I Hponl LA 21 R] B R
SO IR IE T DT 8 G 0N T 3 Bk Sl i R A4 5 e AR
JEAFAE W] R 25 5% o AE M R IE AT, B 48 2% (8] B R 3
T, 2% I A5 s g Bk s i {2 98 K, 87D, A 0..001 5
40 0..003 I, Jk 7 ik B i {E 3 e 0O 2 E . e
R THT, 2% W D00 T g ok 3 i {1 2% e i (] it R



%5 1

BOMEZE S5 o I T (E] BN b 3 2 50 % Ty Ik 2l 5 i) 1) A S0 63
oA . R OL A o Y o 0 i O T AT $E 2 20x107
100 FE 3 Bk 5 6 5 R B 3 K A TR O _ 1L5x107
HS[E]6EI%D LEm?%%ﬂﬁ?&E@ﬁ}%’/\{%ﬁl— ;l.OXIOZ &
W A A28 A0 AR £ 4 Toonts
T YO 32 10 0 4 L | ]
TR 1 5 0 4 5% SR 809 /0 R J I i e

S AR, SO I T 9 K 3l i R L%WMwmﬁm%ﬁﬁ%ﬁmw1
- - - - 0.0030
0.12 2 8/D, =0.000 5 0 4 8 fl//% 16 20 24
0.10 N 6/D, =0.001 0 o
PLL AN ) R I 8 PPO e g ik 2l 43 4k 141
0.08 - 0/D, =0.001 5 .
R 81Dy =0.0020 Fig. 11  Frequency spectra of pressure fluctuation at
) L i io clearances
5 006 % 81D, 0,003 0 PP9 under different tip clearances
2.0x107?
0.04 i
N ] s
000 § | 1.5X10
3 _ -2 s
N \ = § ]10x107 S
PP3  PP6  PP9  PS3  PS6  PS9 _Is.0x10-3
W)y 4
PO 7 [l 1] BT 4 B 3 T ik 5 96 430 X g 0 £ | Ak 900
Fig.9 Peak-to-peak pressure fluctuation at each monitoring .,»dhAM( e et 0.00105"0010
pointunder different tip clearances - L - 0003% 0020 $\D?
4 8 12 16 20 24
h Y 2B W ST B RS0 i R 3 T g ik 8l 11,
SR AL K I A IE T O E AR S T ) Bk P12 [ R W A PS3 1 K Sl
zj]ﬁrj‘jgjzbh‘[‘i/ﬁz FFT 75 # jﬁ;@‘[ E 10 ~ 14 sy & Fig. 12 Frequency spectra of pressure fluctuation at
Sk SRER A AE . W E PR LB B, & S E Sk PS3 under different tip clearances )
" . 2.0%10°
AL R o 5 AP O AR B S, B VLS, B T K e
S5 L, F I F 3 T I 4 2 DX S FE 1 Ik A 2 e
58] - 4 T A 2 250 TR 94 £ 4L S 0 S ) 6 % 1) roxioE S
B B T B R ) Ik 3 A1 5 4 Jsoxi0
W TE T4 025 9 K 3l 2 00 00 1 e K 2 5+ | Jo
RN s o e —1 )
R AR 5 L R B 039 0 1 PSO (il ngxm T
O T Y T ) L A 0 1 L %’ L5000 0
PP6 1143 85 431 FE 13 Kk 3l BEAIE , 9 1 4 2 U 4 P
N N S b I ¥ 7 52 i A5 B IEIE
ﬁ%%lﬁjKﬁ\IZ:E/J}j_ijjﬂﬂ(zjj}?:umﬂeﬂfrlegélélifﬁj]uﬁﬁiEl FE] 13 Z:Ia]y\%lmlgf?‘]:‘n/‘{m[ ,5 PS6 }_‘jjﬂﬂ(zjyfﬁj;ﬂjz.
j: ’ é 5/D2 j(ﬂ: 0. 002 EH‘ ’ i%%ﬂﬁ{% s [l['ﬁj ’ [H‘H‘ Fig. 13 Frequency spectra of pressure fluctuation at
1 T 3T %8 2% X 3k E@%b@j}fﬁ Jok 8l b F 32 B A o PS6 under different tip clearances
_zoxlo’2 2.0x1072
—_15X|0’2 1 1.5%x107?
—_1.0><10’2 S ] 1.0x1072 &
—{5.0x1073 ) 5.0x1073
. 0 ]
J@"L 4 L{ — G0t "L Y O PO, 50010
. BYes | LTI 0.0015 Lﬂlﬂ > 0.0015
- 0.0020 4 D> o~ e 0.0020 41D
0 4 8 12 16 20 24 "0 T 0.0030
S, 11,
[K] 10 TI”JIEH%TIIP{EI 'J—" PP3 Fﬁﬂﬂ(@%h’ﬁlﬁl [z] 14 Z:IE]IEJB}?T”/A PSg H:Jjﬂdkij]ﬁﬁiﬂﬁ@
Fig. 10  Frequency spectra of pressure fluctuation at Fig. 14 Frequency spectra of pressure fluctuation at

PP3 under different tip clearances

PS9 under different tip clearances



64 S A | R /A= - 2014 4
. mn B PERR A, S J4 T T8 3 6 2 000 1 Ik 3 0 5 0
e e T T 5
(1) BT B R 48 e | 547 7 AR 4 12 (3) R[RIEIBET 0 F- 45 1 30 46 2 0 FE 7 Bk 3

TR, /D, N 0.001 HfmE 0.003, F 47 FEA FROGHERFA £, 0 7 IR T P AT AE 2k AL PP6 AR
BRI AR 6. 2% F1'5. 6% o 1 I 7 bk Bl 5 0 i 18] Bt A2 Ak 22 55 W12, (] B & /) T

(2) WM PR T 0. 001D, I, 48 Zx (W] B £t 0.001 5D, W F= 45 Jy o5& e Wit f,, A B 6 4% T

T I8 & 8 = AR AR TE T e JB] B RS 38 ik 3 T 0. 002D, F1 0. 003D, i} == 4 43 531 >y 187, F1 19,

10
11

17

18
19

2 £ x W

Inoue M, Furukawa M. Physics of tip clearance flow in turbomachinery[ J]. ASME 2002 Joint U. S. -European Fluids Engineering
Division Conference, 2002, 2B 777 —789.

EREE, K, KER. BRRARE WS EI KSR Er 5 (1], KF% 4, 2007, 38(8) : 1003 - 1009.
Wang Fujun, Zhang Ling, Zhang Zhimin. Analysis on pressure fluctuation of unsteady flow in axial-flow pump[ J]. Journal of
Hydraulic Engineering, 2007, 38(8) : 1003 —1009. (in Chinese)
WA, Wb ), SREEE, S5, R A N AR I D Bk S P RE B SR (V] AR AU E R, 2011, 42(5) : 44 -48.

Shi Weidong, Leng Hongfei, Zhang Desheng, et al. Performance prediction and experiment for pressure fluctuation of interior flow
in axial-flow pump[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(5) : 44 —48. (in Chinese)
FERE, k3, BEE, & B UK IR E B i AR LA A T OGRS [ T]. PR TR % 4R, 2008, 44(8) : 73 - 77.
Wang Fujun, Zhang Ling, Li Yaojun, et al. Some key issues of unsteady turbulent numerical simulation axial-flow pump[J].
Chinese Journal of Mechanical Engineering, 2008, 44(8) . 73 —=77. (in Chinese)
Zhang D, Shi W, Chen B, et al. Unsteady flow analysis and experimental investigation of axial-flow pump[J]. Journal of
Hydrodynamics, Ser. B, 2010, 22(1) . 35 —43.
SRIEMT, AL, VPSR R B AR SR A M. Je st AR ORAE AL, 2008 :54 - 86.
UTEE, AR, ANEE, . BRSO R MR KRBk ST [T]. R PR, 2011, 42(9) 279 - 84.
Qu Lixia, Wang Fujun, Cong Guohui, et al. Pressure fluctuations of the impeller in a double-suction centrifugal pump [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(9): 79 —84. (in Chinese)
Pei J, Yuan S, Benra F K, et al. Numerical prediction of unsteady pressure field within the whole flow passage of a radial single-
blade pump[J]. Journal of Fluids Engineering, 2012, 134(10) . 101103.
Wi, . KRR B KR A AT J]. A BLBRE IR 2013, 44(5) 141 - 44,

Qi Lan, Wang Wei. Characteristics of fluctuating pressure in super size centrifugal pumps[ J]. Transactions of the Chinese Society
for Agricultural Machinery, 2013, 44(5) . 41 —44. (in Chinese)

T E AR AU AL AT T BE . R s R A [ R JEsT: v E AL LR AL B BT 5L Be , 2005.

Smagorinsky J. General circulation experiments with the primitive equations: I. The basic experiment[ J]. Monthly Weather
Review, 1963, 91(3): 99 - 164.

Lilly D K. A proposed modification of the Germano subgrid-scale closure method [ J]. Physics of Fluids A: Fluid Dynamics,
1992, 4. 633 - 635.

Ngahara T, Inoue Y, Sato T, et al. Investigation of the flow field in a multistage pump by using LES[ C] // Proceedings of 2005
ASME Fluids Engineering Division Summer Meeting, 2005 1321 - 1329.

Yang Z, Wang F, Zhou P. Evaluation of subgrid — scale models in large-eddy simulations of turbulent flow in a centrifugal pump
impeller[ J]. Chinese Journal of Mechanical Engineering, 2012, 25(5): 911 - 918.

B VLW, I AR S I T ] B Al U 2 e G TR A IR B R AR LT ] KR 23R 2014 ,45(2) 2235 - 242,

Li Yaojun, Shen Jinfeng, Yan Haijun, et al. Investigation of the effects of tip-gap size on the tip-leakage flow in an axial-flow
pump using LES[J]. Journal of Hydraulic Engineering, 2014 ,45(2) :235 —242. (iin Chinese)

Byskov R K, Pedersen N, Jacobsen C B. Flow in a centrifugal pump impeller at design and off-design conditions-part Il : large
eddy simulations[ J]. Journal of Fluids Engineering, 2003, 125(1) :73 - 83.

Posa A, Lippolis A, Verzicco R, et al. Large-eddy simulations in mixed-flow pumps using an immersed-boundary method[ J].
Computers & Fluids, 2011,47(1) ;33 -43.

Ferziger J] H, Peric M. Computational methods for fluid dynamics[ M]. Berlin: Springer-Verlag, 2002.

Hunt J C R, Wray A, Moin P. Eddies, stream, and convergence zones in turbulent flows[ C] // Proceedings of the 1988 Summer
Program, Center for Turbulence Research Report, 1988: 193 -208.

(TH % 58 M)



58 & A Bl B ¥ i 2014 4

Abstract: The theoretical analysis and numerical simulation method were used to study the influence of
inlet guide vane on the hydraulic performance of axial-flow pumping system. The inlet guide vane was
designed based on design requirements. The three-dimensional internal flow of axial-flow pumping system
was simulated in different installation angles of inlet guide vane. Overall performance curves of axial-flow
pumping system with adjusted inlet guide vane were obtained and the multiple non-liner regression
prediction mathematical models of the hydraulic performance were established based on the results of
numerical simulation and velocity triangle analysis. Compared with the pumping system without inlet
guide vane, the hydraulic performance of pumping system with inlet guide vane changes little in the high
efficiency area and small flow rate condition, but the efficiency of pumping system drops greatly because
the hydraulic loss of inlet guide vane increases greatly in the large flow rate condition. With the increase
of positive installation angle of inlet guide vane, the high efficiency operating condition is offset to small
flow rate and the whole efficiency curves of pumping system would drop. While, with the decrease of
negative installation angle, the high efficiency of pumping system increases firstly then decreases. The
flow rate doesn’ t change in the high efficiency operating condition of different negative installation
angles.

Key words: Axial-flow pump Inlet guide vane Installation angle Performance curve Numerical

simulation
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Numerical Investigation of Pressure Fluctuations on Axial-flow
Pump Blades Affected by Tip-gap Size

Li Yaojun Shen Jinfeng Hong Yiping Liu Zhuqing
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract.; The effects of tip-gap size on the unsteady flow characteristics in an axial-flow pump at design
flow rate were investigated using large-eddy simulation with sliding mesh technique. Five configurations
with different tip-gap sizes were considered, and the tip-leakage vortexes and pressure pulsations of near
tip zone on the blades were studied in detail. The results indicate that as the tip clearance increased from
0.001D, to 0. 003D, , the head and efficiency of the pump reduce by 6.2% and 5.6% , respectively.
When the tip-gap is larger than 0. 001D, , the dominant tip-leakage vortex extend to the pressure side of
adjacent blade and the secondary tip leakage vortexes formed in the tip-gap region. Affected by the tip
leakage vortex, the amplitude of the pressure pulsation of the monitoring point PP6 (on the pressure side
and near the middle of the blade tip edge) increases with the tip-gap size. For different tip clearance
configurations, the rotating frequency (f,) dominates the pressure pulsations of near tip zone on suction
side of the blades, while the dominant frequency of near tip region on the pressure side changes with the
tip-gap size.

Key words: Axial-flow pump Tip clearance Tip leakage vortex Pressure fluctuation Large eddy

simulation



