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Analysis on pressure fluctuation within volute of centrifugal
pump based on large eddy simulation

Yuan Jianping, Fu Yanxia, Liu Yang, Zhang Jinfeng, Pei Ji
( Research Center of Fluid Machinery Engineering and Technology, Jiangsu University, Zhenjiang, Jiangsu 212013, China)

Abstract; In order to study the characteristics of the pressure fluctuation in volutes caused by unsteady
flow in centrifugal pumps, the whole flow field including those in the suction casing, impeller and dis-
charge casing of a centrifugal pump was simulated based on large eddy simulation( LES). The impeller of
the pump has three long blades and three splitter ones. The pressure fluctuation in the volute was ana-
lysed in time and frequency domains. The results show that the obvious fluctuation content depicts the in-
teraction of the flow in impeller and that in volute. At design flow rate, the maximum fluctuation ampli-
tude occurs at the interfaces between the impeller and volute and near the tongue. The dominant frequen-
cy of the monitor points in volute is of long blade passing frequency, and the sub-dominant one is of the
splitter blade passing content. It can be found that the pressure fluctuation for different sections of volute
is basically identical while the pressure fluctuation is more regular in the diffuser part than that in the spi-
ral. There have no significant high-frequency components in volute at design flow rate.
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HEr, X FELORARMSE S KSR E
BEPAERRFE, ZOURA — B KE # fl
B H KSR/, Wang %0 2 iRIGBRST T Gtk
B E TRk 3, 19 K E B R B ks h B R
BT A AR AL AR R R IR
Hub b, 59T B Bk EhPE AU, 1 5 R A Bk
SR FIRMK TR T, S5 1 bk s Bk F 3 #
FHERE. NARRA M ERRESOCENEN K
SFERT I T K, T P sh BB AT DAAR 4 b 55 #b
XEARR. BET, B OE NSRRGSR S
R FH #9125 B 29 (RANS) 36177 i K i 4 41
(large eddy simulation, LES) & 7E/K IR IEE F
FBHELH BHE B R A 3. Byskov %17 32 i K
PRI B B R TR S AT T #5480, 3F
H5EFNHTENITBELS RN RBUE#T T
H AR RIREAE feAA B & M S TR B 2 30
AL W, M AKRELT RS OCEARYIEE
HULE, BESE A b s R IR B L Ak, B
PIEB I 37 B Bk s dedE .

SEEFI A Fluent 244N FH AR IR AR 2554 8.0
ERRKE MR ST 4B & B 1T =4k
EHBETE M 8.0 KR E SRS TR
A5HHT.

1 BEITEERS5HE

1.1 RHEXSH

HEERy— B R R EIR LR, KK
KZH D EHRER 65 mm,Hi2#HD EREHK 75 mm, i
ROBOHRELRN 180 mm, A=K =4, 73R8
B E %4 210 mm. ERY i FEER 1 450 r/min, %
HHE R 25 m'/h, BitHE RN 8 m.
L2 HEXERITEME

HE XA R AR K E 4 R 2 WIE.
SE7E Pro/E RLHIR NG Z 4R, i 1 B
N RIE S A Gambit B 1T R 2. HH B R R
FAE B PR AR #3811 1 44 JE 25 AL AR R A%, IF XoF %
FoRR AL M PS4 SRR N 9, H 3 AR 2R
£ 159 815, 372 iy W s HUR 308 902 (. & a5
R , RKZE MRS ER 373 124, i E B HHER
B BN 1189 242 HNR 2 FFR.
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Bl HEOoR=HEH
Fig.1 Three-dimensional model of centrifugal pump
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Fig.2 Grid near tongue
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FE P ) i 6 A8 Bl 0 e AR RUBEZ S VN RUE
BT KRERETRERBIBEFHN-S
BHMITERG, DR EZ 8% KR E S 3 8 %

- W R B BT R DL AT AR R B L A1 T, B O AR

FE N T, W8 o T R AL AR R T
BFEENIMRARBEGEHN-S FEREA T
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Hofh T i, FLAR T I IR EC A e g b B A E
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AR ERKIERE ¥ RshitHE.

Smagorinsky # &: Smagorinsky F 1963 4E48 4
RIS — A PR, AL R BB T, B %
Ry LIRS B Z WA, KA Smagorinsky - Lilly I
PR, KB wN AR
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HE DA R IAEROK E O 3R =40, B H
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Fig.3 Static pressure near tongue with different
relative positions of blades

MHE 3 AT AR
(1) M R 32k & 4b it BEHH R F S R L,

BAER SR EGRELRE, SRR EH L EL
% 1 Wi — WA RFBE D FHE (I 3a,3e FiR).
(2) Y40t ¥ 2R et , RERHEMEANX
) ST ERR AR (N 3a,3b FFR) , BPM - #5 2IFR
Ei O R ER K, BRSO RER/D, X
53Hk[9 145840
GRETEBENEARZHAMBRRAZE
W, X4k HPlERES E AR/ (A 3a BiR),iE
Bk E R E SRR (IR 31 BiR).
2.1.2 Fa-&EREE M SRS BRS
KT RMIRERE R E SRS, ERE
BFH I SE 6 AN ST BKBh Wi 5, G 4 .

B4 B B = B o

Fig.4 Pressure monitoring points near tongue
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Fig.5 Pressure fluctuations at P; — P
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Fig.6 Pressure monitoring points in volute
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Fig.7 Pressure fluctuations at monitoring points of
volute at design flow rate
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Fig.8 Frequency spectra of pressure fluctuations at monitoring
points of volute at design flow rate
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Fig.9 Change of pressure maximum at interface
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