7SO AR VI =

201445 H

doi:10.6041/j. issn. 1000-1298.2014. 05. 008

wAAEASHHRREEKNERBES T

7 R R/ I/ Y - 7 /NG - S A

(L MR“E KR S RE IR 3 0 TR 2B, M 2251275 2. N R2ATL SR KRl 8 o TR AR S g &, # M 225009)

TR AR RN A B O i B BOR B TR IR BE O I T TR [ 4 A BE T ARl A ke R = 4
SE W BB BRIBCT 3 15 o ol O R ke K M RE T A £ S AR i e SE TR TR B O e R R R R
7K T3 1 BE TN £ 22 0l 2 1 [ ) O R MR R (R B R R = S R o B T TR O R e M
ol 9 2R 2 LK Ty M RE R I 45 R R T L R O S 22 A O I, A LG AN A T IR S A O R L T R A IX
B /N ik 0 AR Y A S P 2 2 ) B e RE AR AR AR /N, R ik B AR S i A K g 45 R R T S B 1
S B RCR T IR LB o BlHE O S 22 A phy O° 32 I 1) TE A R 3 ORI, R B A I B 1) NI R 5 R
i F , 2 1 1% A e A0 T 0 T A R T IR 0 A 5 B 1S <22 A O° 328 3 1) 7 R /N I 2R Y e

LHENE PR |

RO SN 38 TR Wl /I, 2R B ) e g AR KT L R R R AR U o
R B S0 TR Lk PRREMRZ BUE T

HE S %S TH3I2 CERARIRAD: A

51

] K AU HE 5 3 1 1 26 B A 40% ~
50% ,BEH FESE 135 7 ~8 kW-h/(kt-m) " ZE %k
BRI GB 50265—2010 ¢ A2 3l e i1 L ) BEoK 1y
RREWFMERZ  BE R L IRE1T T E
P BB L0, X T I Se IR AR A A, BR S 4K )
158 Y il 2 3 LB K T A1, BE A R 2 B e
FE e o IR B BB AT TOCHE TR Y A R R AR
BORJEHE BT EA . B AT, MR E T
AT A A O YT AR A R T RS AR A T, BR X 3
Tl LA iy 3 1 72U Ak, [N b A Y AIE 9T R R
WY AT E ST T A OB B PR 1 3B 4T T
B, B A ARG 0 98 5 AR AR SCHAE T N B 5T JE il
e, DA v PR Bt U A R B X 4, R TR 4 B
FVEE T3 AH S5 G 19 J7 1 0 B vl el 105 50 A 0
BN W AR A A I E VAL iFv RIS G B
B 2% BRIk RE T B2 AR A SRy I I 5 1L T L
{50 B At I 2 2 K ) i A A R R R i

1 #OSMHRRITRALRESH

1.1 #OSMHRETRITEREREST
Vi 57 N1 I8 i Bl 8 = R N T T s |

I

W Fe H 3. 2013 -04 -23 &[0l H . 2013 - 05 - 28

X E %S : 1000-1298(2014)05-0051-08

VA G R R b R R O R
1 SRR T, = wDo,, 5% 56 3 3 O
HEWEZER T =aD (v, —v,,), W 0] 88 1ot
e RS B R 25 5 A e O BT A R A 2
Z R

¢ _ g '7/'= u (1)

y y Vi — Uy

r
HEAE = m, SCHRCLS )i i LA m — O

=0.6 ~ —0.5; F XM — B 0.8 ~ 1551 7 |
SN (0.2 ~ 1 0) A5 Y I i B

BE TS 3 RS R AT 23 S 6 B 2 A X AR
HRY v R R A A IR R AR X RROE A
R M =M IR 1 B, B B R
Or N . SR I RAIE S SCIR[ 13 IS 4L,
T HOG BRI TE Sy o 101 - 14 32 B 3503 17 347 2 % Ak it
MR R Kok 1S i iR = e RN 2 e
Ro

ol O R T O DX B A < R K B TR
MBS RS K B S WY R R R R
S RANIE 3 Fros o AR R SRR S R RO
L1, Jo B A S Aol 5 ede i i Bk 3,
Fr B2 A g 0° i it 0 8] B2 O 0. 15 mm, %

 [E 58 RAEIE G B B H (51279173 (51376155 ) - 07 4 A 45Uk 1] 52 BB i3 B¢ B T H (2012BADO8BO3 —2) 47 M K 2 i J22 1K

NARIBE R 398 4 % Bh i H

EER N 0L, PRI, BN R R K et [ 2 AR AL BT 5L, E-mail : sqyzyangfan@ 126. com



52 & A Bl B ¥ i

2014 4

(a) (b)
e T
(©) (d)

K1 g0 S 3R
Fig.1 Airfoil profiles of inlet guide vane
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Fig.3 3D-model of axial-flow pumping system
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Fig.6 Performance curves of pump system
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Fig.9 Efficiency curves of axial-flow pumping system in

different installation angles
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Performance curves of axial-flow pumping system
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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



