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Fig.5 Relationship between numerical results of the flow velocity
circulation at guide vane outlet and hydraulic loss of outlet conduit

0.68 & B K A A

w KR

hd | I
0 6 12 18 24 30 36

PR/ (°)
B 6 HAAKIF T v AR R A HIREK AN MR X A
Fig.6 Relationship between numerical results of flow average swirl
angle at guide vane outlet and hydraulic loss of outlet conduit




58 Fk T3

2012 4F

X EIRIGHIA AT M7KIREE N KR E I
eI BN E KR, AR 7S s U R Ak )
TSI IR TR FOKFEA — €&, 15
D JIVERT N KU A ) R IE T BE RIS B, AN B A
JBBE . [, T R K S AR R A2t
" REPRAT e s DX N R A, BB R X 1Yk, B,
I FATIE 4 Jig e vl e KU IE Y IR A b oK
T3 . AR S KB R, 2 BRK e
LS AINE RS SUDNITE Y8 E RPN

3 FMRbKREREKE

NI UEAEAN ) S KGR R I 45 AN H K e
IKIIRBUET IS5 3, Bt 7 R/ INRK Sk, K
TR A B A ORI A o KR R K 8k
3.1 RIKEEMLIT

FEASCHTFT Sk Y K 3 0 3R 6] H K T 7K 7 43
PRFMFERIE T, SR T 85 0h 791 HHRI IR K A,
FERRHE LK AL S50 T 45 2R R R 4 30 1 &R
HIRE T
3.1.1 &%

1ER YR PR REFFLL R 3 NS HAE: D
SRR EG 2) S EE DL BRI R
W2 AR, 3) S sk,

AR N A SR S SRR D S
Kgs 20 S M.

3.1.2 &kitrE

RONRIE ST 745, kA 2 AR5 S & 1,
REFHTE2, ... , WIS R T, KRS
Wk 1 He, 28k, ... , THUN AR (7. K8 .

T N B

a. gl b. Ji %

I EEEE

d. Ji4 e HES f. i &6 g iR

c. &3

e J5HEI~T SRR 1~7 B .
B/7 Z7XBFrtEan
Fig.7 Perspectives of experimental guide vane series

oA MR e A T I, AER B A
BVHE, SR BAREINGE TR SR . it
KM rs 1 BRER A R B IER, H—Puh
R A BEA UK . %07 S I itk 1 5
[ AT HEASAS A At 38 NS I KR 8 7 1
O PRSI B K

I 37 5 2 4577 % 1 AR E g n— Pty
SER RIS 52— BN it (K R R 1 2 Al L
) Pkt (B 8) o e %07 & (M A B, 73
BAETT— A7 S MEERS BRI — SN, IFIZ B
e N E o= Ul i S0 R A N DA T

BPLge AT, A TARZIEANKTE, KBS TR 6
AR T 55 7 AERK P75 5 IAEAE 235 50
I L PR 2 P by BB E AT RO .

AT

Aubire

Aupis

AN Fra

G

kA3

2
‘ /_

NI

B8 ZF|KI-Frt h 69t R
Fig.8 Structure of the series experimental guide vane

3.2 EEANEKE
3.2.1 BAKAEEARERE
SR HH SCHR[8] 1 4R 1 HE 7K St i A 7R i 2 o AT 5 1
T ERE0) H K R 7K 7 4 2 g e Rk . AT AR I
AT DASE e, 380 B AN [R] 1R R ARG 3 SR LA 3
AN I R IR
3.2.2 MKEE
1) Yt &
TR A B GRRCR T A W R
Tt EE U R ANE S B A £0.5%
2) R 2SI
KA RE . PR R R DRI . KR
TEE ORI s i e fE ELIR A B, %l Wi S Am 8 A
WUEE, K5KRESEREHRNEE .
3D ~PIA H RE  E
S KR I S P B VAR OG, R
gb, BETE T R G K O A 1 e R
BERETH 4 FOPEM AR, MR SEIEL AT . A
DI s M E TR, e B i 5K IR D e, IE
8 A A P T A 34 A TR A T PR I 0 T A
GrJE s RIS AT R A R A A e B AT e AR K
we N HNRL AR K, eS8 A I v
Jie#e 22 0k e At R i I BIDRE D' TR S R [ s, A s B
ST TR P BT 77 A P i Rk et 50 58 P 000 2 AU PR~ 2 S
3.3 REENRFE
WK IE N I E, BREnN RGeS R A
FIBH IV I7 X, 38 R R AR Bk D)
@34 (13)
A4,
A, A, AR, BRUE T LG A0 R BT R L
Ay M RIS BRI L.
TR 5 S R AR Al ], A, =1, i)
Ay =47 (14

N T BRAF R A 1, TR R U e 5 it




551 B MR R B T I 1 KR L PR 6 H K 7K ) UK IR S 59

TEARSE, Bl
A=1 (15
ARG A, AL, B (Al TE K )
R (ORI N
Ay, =1 (16>
,1Q:,1L2 an
X, A MIRAL, BRI R L A A R, BEAY RSE LG
EEMERIE AT, T K B 2 R
R B2 ST RN
. T, 270, (RS, RS,)
rm 27Z-a)m (Rizm _R22m)
A, A AR BIRIRELL; AR p I m 23R R R A
MR,
K FE 7K J388% A v B R 20H 5

1
Ah:(Hj—Hc)+g(vj2—vf)—Ahzg (19)

=4, (18

b, H-H 3 KGE . O W R 25, m;
vi KL P30, miss v i HZK P34 3,
M/S: Ahyg A 7RI TE T 0 Hs W 1 4 /K U 3F 11 IR T
AR EAE YRR UK, m, TN RS
JIPITIX, IR IR R B% e ERL 25 2 5 A i B
3.4 RELERRENH

BV E AT, W R B A = KR G HE K
HRINEE SN S SNV RSN b e b WAE BN PSS Y81l I e <
9. A 10.

0.9 F
0s | *  UEMEA AR S
0.7 F s FE KL

0.6

A A e fm

0.5 F

0.4

0.3
07 09 1.1 13 15 L7 19 21 23 25

Hd/(m*s")
B9 REZMFotd o KRR ERTEREKAMAL X Z
Fig.9 Relationship between test results of flow velocity
circulation at guide vane outlet and hydraulic loss of outlet conduit

0.8 | & BT HY K R

LINEREE WY S 1§

15 20 25 30 35 40
FE A/ (2)
B 10 RKIEEN-FHRA L REKAMEN X Z

Fig.10 Relationship between test results of average swirl angle and
hydraulic loss of outlet conduit

RIEE 8 R 9 BRI 4h I, EARSCATHIILN
RABE T, W H KA AT L X K IR IE i A ER
000 0.972 F1 1.308 m?/s, MW H /K 8 A B 2
HK G IE () AP X930 £ 53 90 Ok 20.8° 11 25.2° 0 X — 1A%
gt LR E R A — 5L

4 % i

1) S H KR PR HH K A K P e R
LSS N IS W L) = R I NE K = G W AW (b B G B 5
TR I R A4 /) 0.126 A1 0.180 m;

2) AFAEAEAF H /K IE K )48 2Kk Je /N e L S
IO IR a, MR A K 3 N A X K A I ) B
PR FARKAE 5 51 4 0.972 Fil 1.308 m/s;

3) BT 1 7K AL R PR R S i 7K ) 5 R R AR
[ERARG AP O - RItRrN R 4eh "B NY/

4) ARSCWFFTESE 0T st KRR S8 i Kt
TR S AR K D ek A SN ME

(& % x #]

[ xgEs, JDAR, %R, & Srmsed a2 O0NgER
WFF[]. ARk TRESER, 2005, 21(9): 80—84.
Liu Jianrui, Shi Weidong, Kong Fanyu, et al. Research of
double-stage pump combined with diffuser and volute[J].
Transactions of the CSAE, 2005, 21(9): 80—84. (in Chinese
with English abstract)

[21 G, sk, R SRR SRS SR DTS ]. K
JIRHEEAR, 2008, 27(1): 32—36.
Hu Jian, Huang Sheng, Wang Peisheng. Research on
hydrodynamic characteristics of axial waterjet pump with
guide vane[J]. Journal of Hydroelectric Engineering, 2008,
27(1): 32—36. (in Chinese with English abstract)

[81 KEEJL. BREMFNRRIM]. LRt o B S ot
2009: 32—36.

[4] Kaya D. Experimental study on regaining the tangential
velocity energy of axial flow pump[J]. Energy Conversion
and Management, 2003, 44(11): 1817—1829.

[5]1 28, BfCE, Tmedh. R RE e AR5 ).
HERENLA, 2009, 27(1): 15—18.
Li Zhong, Yang Minguan, Wang Xiaokun. Experimental study
of guide vane influence on performance of axial-flow pump[J].
Drainage and Irrigation Machinery, 2009, 27(1): 15—18. (in
Chinese with English abstract)

[6] TWFEz, X, Efhm. RAUKGhR GG A
IKFTETERERIZNAN]. AU TARE 4R, 2000, 36(7): 74—77.
Qiu Baoyun, Liu Chao, Yuan Weisheng. Influence of blade
outlet angle of axial outlet diffuser of large pump on
performance of its discharge passage[J]. Journal of
Mechanical Engineering, 2000, 36(7): 74—77. (in Chinese
with English abstract)

[71 S WML dest: JEstR% iR, 2006: 124—
125.

[8] Flibk) ™, RITV, Wi, A& SRl HKERIY K ) 45Kk
FIMAR[I]. HERENLBY, 2005, 23(5): 23—26.



60 Al TR 2 2012 4F

Lu Linguang, Wu Kaiping, Leng Yu, et al. Measurement for [15] BE#R), X%, ZRestk, 25 KIgEub HKRE =4Ehsh

hydraulic loss of outlet conduit of pumping station[J]. FoK IR BAE T 9], HEFENLAR, 2008, 26(3): 51—54.
Drainage and Irrigation Machinery, 2005, 23(5): 23—26. (in Lu Linguang, Liu Jun, Liang Jindong, et al. Numerical
Chinese with English abstract) simulation of 3D turbulent flow and hydraulic loss in outlet

[9] American hydraulic institute, ANSI/III 9.8-1998, American conduit of large pumping station[J]. Drainage and Irrigation
national standard for pump intake design[S]. 1998. Machinery, 2008, 26(3): 51—54. (in Chinese with English

[10] Bfibk)™, SR, HifE KRBT K E Ak K abstract)

Tt ). AR, 2005, 36(4): 60—63. [16] &iE, FAIL, BRICIE. ST MR RIE 52
Lu Linguang, Gao Dongyan, Zhu Jie. Optimum hydraulic i W R[], RN TR, 2009, 25(6): 115—
design of siphon outlet in large pumping stations[J]. Journal 120.

of Agricultural Machinery, 2005, 36(4): 60—63. (in Chinese Zhao Binjuan, Yuan Shougi, Chen Huilong. Unsteady flow
with English abstract) characteristics in double-channel pumps based on sliding

[11] Bb, IV, B, 55 KEUCEHRER A H KRG mesh[J]. Transactions of the CSAE, 2009, 25(6): 115—120.
PRI ). A IbEF4R, 2007, 38(8): 196—198. (in Chinese with English abstract)

Lu Linguang, Wu Kaiping, Leng Yu, et al. Optimum [17] FA&%E. VSRS %504 CFD AR 5 N H [M].
hydraulic design of straight outlet conduit in large low head dbat: Ee A A, 2004: 148—150.

pumping stations[J]. Journal of Agricultural Machinery, 2007, [18] Muggii F A, Eisele K, Casey M V. Flow analysis in a pump
38(8): 196—198. (in Chinese with English abstract) diffuser—Part 2: validation and limitations of CFD for

[12] SiEe, Féhm. =4EKmEqEBRI]. KPR, 1996, diffuser flows[J]. Journal of Fluids Engineering, 1997,
27(8): 39—44. 119(12): 978—984.

Ma Fuxi, Wang Jinrui. 3-D flow numerical simulation[J]. [19] Muggli F A, Holbein P. CFD calculation of a mixed flow
Journal of Hydraulic Engineering, 1996, 27(8): 39—44. (in pump  characteristic from shutoff to maximum  flow[J].
Chinese with English abstract) Journal of Fluids Engineering, 2002, 124(9): 798 —802.

[13] AR, EARZE. iU £ Sk BE K It e s AL 0 ) 3 [20] JAWe, JEDZR, BhEABRIL JETBUEBEU R E LA
FAMERTFE[I]. Ak TRE2%3%, 2008, 24(6): 31—35. PEREATITI]. Ak TFE %), 2011, 27(9): 38—42.
Cong Guohui, Wang Fujun. Applicability of turbulence Zhou Ling, Shi Weidong, Lu Weigang. Performance analysis
models in numerical simulation of vortex flow in pump sump on deep-well centrifugal pump guide vanes based on
[J]. Transactions of the CSAE, 2008, 24(6): 31—35. (in numerical simulation[J]. Transactions of the CSAE, 2011,
Chinese with English abstract) 27(9): 38—42. (in Chinese with English abstract)

[14] Blazek J. Computational Fluid Dynamics: Principles and [21] Constantinescu G S, Patel V C. Numerical model for
Applications(Second Edition)[M]. Oxford: Elsevier Ltd, simulation of pump-intake flow and vortices[J]. Journal of
2005: 8—10, 243—246. Hydraulic Engineering, 2007, 133(2): 123—134.

Influence of flow velocity circulation at guide vane outlet of axial-flow
pump on hydraulic loss in outlet conduit

Liang Jindong, Lu Linguang, Xu Lei, Chen Wei, Wang Gang
(College of Hydraulic Science and Engineering, Yangzhou University, Yangzhou 225009, China)

Abstract: In order to study influence of the velocity circulation at the guide vane outlet on the hydraulic performance of
outlet conduit for a large pump system quantitatively, the methods to calculate velocity circulation and to measure the
average angular velocity for the flow at the guide vane outlet of the pump system were put forward, the influence of
circulation on the hydraulic losses of both siphon and straight outlet conduit were studied numerically and
experimentally. The results indicated that the hydraulic loss of the outlet conduit was obviously influenced by the
circulation at the guide vane outlet. There was an optimum circulation for the hydraulic loss of the outlet conduit to be
minimized, the optimum circulation for siphon and straight outlet conduit was 0.972 and 1.308 m?/s respectively. The
hydraulic losses calculated of the siphon and straight conduit under the condition of the optimal circulation were
respectively lower 0.126 and 0.180 m than those under the condition of zero circulation. This study above could be
helpful to optimal hydraulic design both for outlet conduit and guide vane of an axial-flow pump.

Key words: pumps, optimization, numerical methods, axial-flow pump, guide vane outlet, circulation, outlet conduit,
hydraulic loss



