2014412 A

7SO AR VI =

45 & B 12

doi:10.6041/j. issn. 1000-1298.2014. 12. 016

RINRATSBABRIN R EERED T

KAR

HTE O MER

B F

(ZINB T oR=2REIH 5 3 ) TR Bg, 2290 730050)

Ty BERIR T K I P RE SR T VOF IR P A U 2l R 28 b Y0 P 20 2 58 N0 0 = 2ol A 25 VRV R 3l i 47 %
AU o 3 I AR AU 0 BT I A B SR T Y R A R E AR RS A S g A L S P AR G U
F7 70007, X3 B 25 2R A AR vh JR N OB AR R 1Y ) ey 20 BT AT 08 B OF 20 M TR N OB P AR IR Ay g Y
TV A AR P L B 5 B AR PR S 2 o P B AR R AT I 38 0F 5, AU 5 20 5 i e 9 2R R A X L e R B, B o7
TR R G 1 45 SR AR — B, BE A8 50 Vi 0 3t 40 3R PR IR VA R A I O Sl ML A R I S T, TN R AR B K

JIVERE , PR A RE DL AL BT ST SR AL TR
KB IR OVOF B! SPIAIR  BER
hE S ES: TH31I XEKFRIRAD: A

51

VB B2 B S LUK A S R ik A% 33 v i) 4 S P ok
5 SR B B, B R A S
FE 45 S0 5, 2 I Tl T A T R
WA, 1 IE R TR R N B o B
A 2 T 0 2 W T R R, TR I R e T O
B AR B T AP AR IR B, 5 B BRCR
1%, 53 4% TAEA BRALIE J7 60 BRI, 03P 2% 5 4
R Rz Al o AT AE R BE 5 R L A5 R 1) 3
JEB | H A Z 1A IS B B L R A Ak F 9% 1 3 5 5
[ P AMIT9E %5 10 1 o Raizmam 25 5 143056 19 97
T, AR I ek 9 PR 25 B S [ 42 1 46T B D, 9
Xt VR B2 TR 14 B B 3 R 4T AF 98 . Kakuda 450 53
ARG 318 12 Bl 07 o (MPS) 68 035 5 P 3G 1k 37
B ] U AT R T, 2 BT T R R K BRI
R KRS T R SRR A T e, #
A R R B ] CFD BOPE 0 W R B N TR IR
AT RUE S, 0 T R N B IE 14 A A S 4y
A ST, HET, 6 TR N K A L A
FH 43 5 T8 TF R A A M % G 5 2 SN e ) 6 R G
2 VR A HT , AR R A 6 BB 52 14 9 3 A kAT
00 00 5, 5 BOHC R AL T X DA HE AT . AR SO R
FH VOF 03 P AH 0 A5 780 36 SZB T80 % 3 21 25 2 1 4
WS BEAT BB, O 5 1 B 4% S HEAT X L, 07 R

il

W fr H 3. 2014 -01 —08 &[0l H . 2014 - 03 - 21

XEHS : 1000-1298(2014)12-0099-05

PR SR AR S AL, 20 A 2R A A e S i e
N R N T E N R (TR 2 NS B i
[EE S

1 HEER

WA TS NS 8 S B B R o S O
PRRE I, 5 D 14 0 PR R T 5027 A T A 1 R R A
SRR BRSO O e X AR RO A
AR B AR T A A VOF Jrik (Level set Jy
2 Ot Rk (SPH) B gloki 42 Ba =X Jr i (MPS)
Kkt T34 R 25 8 J5 ik (LBM) %1075 JLvh Hirt Al
Nichols' """ & i fy VOF W Kl 37 155 8 B % AF 5 47 %k b
FAF X 2% B b 5 1SR A AL, BE A% X
H o S AT RS B0 0 B . AR B9 R A VOF 1 AH
DL TR T Y B S PN SR PR R I 2R A T B A
L1 #=iEa

VO 111 ) 3 B 00 vy | 75 3 A4S 3 3 v o
M —EFR G EAE R C(Ce [0,1]),C M HIT
Hh AR AR B RS RS IR R BB . TR
P REH

{p:Cpl+(l—C)p2 ()
m=Cu +(1-Chu,

A p— IR AWM
IR LR 14 Bl 3RS 1R 2R %

AR 1.2 23 BRI AA B PIAR

 [E 5 A ARAHEIE G BT H (51109104 ) - 7 [ K ABH S48 R BT B 5T H (2013BAFOL1BO2) 1 44 i 58 3 A BHWF e 55 9t % T B¢

BT H 22 B TR 2 A i 4 BT B 00 H Q201101 ,X1006XC002)

EF B AT : sk N2, BIBUR, 3B K T HUA A 38 3 3 & A BE AR AL AT 52, E-mail : zhangrh@ lut. en



100 & Ak Bl B ¥ iR

2014 4

U A AR 23 B i 1) Ko O AR R

a—C+uia—c=0 (2)
ot 0x;
A ——H ]
7 [0 9 0 e

x,— R LA BR R AR AR B
R =R RS W Y N - S Oy # 07 ik, i
TSR RNG k — & S5, 85 20 W% AR A ot Y fiE
(19728 Ak S K R A Ak
1.2 IR AR VA0 T R A% B9 A B
AWFFE LA SZB BRI FF FL 28 MW FE X R, /i Ak
e FUHEACR I, 8 2 HE T T A A AR, 4
L 0 B DX e Lk A A 40 | O T
O3 FERE 48 3 R 2. I A B AR AR R
DI AT = e L, Q18] 1a FiR o SR ICEM 2R
XTSRS AT WURS 3 23, 75 18 BE TR 1R X 40z 3l
RIS, DA 1 4 e (A DU T, 78 & 3l B 1 4 SR T
SRR P I - BN R WANTTR NI V<N B E B u i 8
W b FF7R o G A% BT S EC 128.5 7
HOERBE  HT

1R K R
Fig.1 Computational domain and computational grid
(a) WA (b) RS
1.3 RfFsRRBFEH
S5 A T A AR A AR B B A3 BT 1 AR
PR T TR AR R AT S O ] 2 Ky
2 x 1077 s, Ji JH PISO ik #l& wk B 3 I h . it
PSR FH 3G dk U o 2 1, 1) 3 A BT 1R R
PR 8 150 s 55 o T BE SR G i % BE T 4% 1F
4 R T A BE XOR A o BE TR R, SR I S
PA% B AR I T 5 FZEME R, ZIBE N
SN, s B ) 5 E R R e A TR
1.4 RENYERBIEIRSHE
A QIER eIl N T T O 1
0.002 kg/s, TIP3 Ky 1 450 v/min, T/E KR
FR A BT (2530 MR EE 1 Oy 20°C

2 EUMERSRBER

2.1 HEMER
2 25 2 BT 20 (0 =0. 04 s) 3P L 25 RN

i =4E R A, T LA AR 0 S e b T S 4
St TT 5 S A2 7 A WY S 4 T, 7 A T e B 4 ) D
S I 4 e 4% 2o i A T 11 S VDT T 5 I R i T 52 B
Ab A 1432 Bl Al 1) B 1 A 1) O EL e O E A
M55 N T MV o TR AR A M T SE b T
A5 i AT 5 S A A R B i, XK B R Y
A 5, BORBIBOR T R
Wit

M2 W EHE RN =4k
Fig.2 Three dimensional streamline in liquid ring pump
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Fig.3  Streamline and distribution of volume

fraction on meridian plane
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Fig.7 Pressure on pump inlet varies with

number of iterations

il 7 R % A (g TR R R4 TR 1 2%
Tl o HIZ A B RF ZEAE 0. 002 kg/s It & A 4%
R R AU E B R 5 B 5 ) Ry 15. 05% F1 13.89% ,
I AT L O VR PR AEAE 23 831 Pa fIR EL A8 FE R MR AR
0, L5 R A T AN T 1T s — 2 E VR B A A D R
(), TE IR A 5 N AETE B2 2% 1 IR 450 , 2 BOK I3 4
RBR,NE 2 B 5 iR s R 85 A R s i
M RSHEIN AL, BT R SE 0N 9 A7 78 45 %0
R 3R I 8508 31K

8a AL F IR 1 =0.04572 s (EARKELN
2286) B4 A7 B K B 43 SRR b B S
HLZSJE N 29 048 Pa; ML 4R /R ¢ =0.049 88 s (1%
RRECNy 2 494) I i 46 07 8 K B | 2 ST IR,
U B 2R 3E 11 25 B Oy 26 802 Pa, Hi B[ AT LLE Y, )



102

g ok HLOB ¥ R

2014 4

X H o B T B ] 72 3 1) A8 s o i TR
Pl 8a nJ &t B W X IR FR By B T () $E 43 AT A I
RWAEZJEZH T . B 8b SRR ¢ =
0.051 60 s(IEFQUKECH 2 580) I iy -4 101 B 12 [ Hh
Iy SR AR (0 I R 1 B A5 B O 21 365 Pag HL 5K
ZFER 1=0.05392 s (IEARIRECH 2 696) I (14 15
A K o oy AT AR, B SR g 0 s
30 403 Pao MR IR UIX A H o B B i 1) 2 A

Pk, 7 n] A IR AR B 2 580 Bk AL
WHCN 2 696, BN X A B 5 32 7 17 S84 7K 5%
M AL BT R

3 5

(1) A2 SR WM o AR R X, HEM
o s X, A e 5 I A S e HE H S A 58 B A A7 A A
R R JRE i3 53 %, % AT S B B8 FEZ ) Bl 47 R T

Ao ST % B o3 S L R AR A R
(2) WA AR R v, H AR 3 8 o 3R 5d
Tl A AR i 2 B 1) AH B il 1) i
W, 5 J P A2 TE B2 2% 1 R, T E I R
BRI RER B o
(3) MR N BARR b BT b A R S A

s 10051608 RN R 2 F K 7 B 0 7 BB IR ) 2 f 1t
@ ® AP R IR M, T B 1R [ 4 5 R R
B8 AN A B 51 a ARk

Wi it B 3, B BRI R A S EATRE

Fig. 8 Free interface varies with iterations
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Abstract. With the aim to improve the hydraulic performance of liquid-ring pump, the three dimensional
transient gas-liquid flow in liquid-ring pump was simulated by using the volume of fluid ( VOF) method.
The streamline, the distribution of velocity, press and the volume fraction were investigated. The
secondary flow in pump was analyzed. The free interface of gas and liquid phase in pump was traced, and
the relation between the shape of the free interface and the hydraulic performance of the pump was
analyzed. The experimental research was carried out. The numerical results and the experimental results
show good agreement. The numerical method of VOF is suitable for simulating the gas-liquid flow in
liquid-ring pump. The free interface could be traced exactly and the hydraulic performance could be
evaluated with enough accuracy, which pave the way for hydraulic optimization of liquid-ring pump.
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Flow Instability in Centrifugal Pump Based on Energy Gradient Theory

Dou Huashu' Jiang Wei' Zhang Yuliang’ Zhu Zuchao' Cui Baoling' Li Yi'
(1. School of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. College of Mechanical Engineering, Quzhou University, Quzhou 324000, China)

Abstract; Mechanism of flow instability in a centrifugal pump was studied by using the energy gradient
theory. Numerical simulation was performed for the three-dimensional turbulent flow field in the
centrifugal pump. The whole flow parameters in the centrifugal pump at different flow rate conditions were
obtained from the simulation. The distributions of the energy gradient function K at various flow rates were
calculated by using the data of the numerical simulation. According to the energy gradient method, the
area with larger value of K caused instability and high turbulence intensity. The results show that
instability was easier to be excited near impeller outlet area and volute tongue. In addition, as the flow
rate was reduced, the unstable areas moved from the outlet to the inlet of the impeller.

Key words: Centrifugal pump Instability Energy gradient theory Turbulence Numerical simulation



