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Abstract In this paper, blade tip clearance flow in axial-flow pump is
simulated based on three—dimensional N-S equations, RNGk — & turbulence model,
and SIMPLEC algorithm. It shows that numerical results agree well with experiment
data through vglidation. Flow field near blade tip and velocity distribution
at the exit of rotor are analyzed in detail. Experimental equipment is also
introduced in this paper.

Key words Axial-flow pump, Numerical computation, Clearance flow

RIS

iR A TR S VLS Z R RIBR, SR RSN, Bxtnti#E N #ish
FEAEAR KRS W o AR [A] BRUAL B 4 T B SR M him /b, S BomE 8 28 UL R 4 A 8,
PRIt I W X — PR BB S i — SR A A R SRR R FEEME L.

SAHERRTE, XTI R SN B EBRAISD, Inoue ™ SR M KB SGHAT T
HWAMLRTIF; Hah™, Jong-Shang Liu™'%%H AR, BT THUEE, BT

R e, EHEEAM. T CPD SAFMIEL, AR RSN B T H g,

ASCHET =48 N-S 77H2 . RNG k — & i ifitAi B! 5 SIMPLEC 3%, KWL 43 k44 FLUENT,
XA TR BRABHEAT T HEVH, H5EREGERET HEK.
2 BESH*E

BAE PR E M Navier-Stokes FREAFAIEHINFE, mEEELER RNG
k — g BER™, SR R E RS, B THOTHOF RAABIES MBS . % RS
A7 FEKH SIMPLEC Sk mBEACFE R A BEM RS . THEXEHM F TIEmE, &
i, MRARERAMEAR, R, B, timeE, RBEUEAO. HOME, RE1 (%
A5 H A EFKERFFESE (No.59979017) FBIIH

7



EEBREE). KA MRS, B AELA 175,000, ZETHXREE, HH

Xk 1/4 8iE.
AOBEANQLREE, SEBE. BE, JFRATREBR, RMehakRTE

FhEEM) 1% H . HEBE e AKX (2) #iE.
p, =p, +0.50v’ 1

£=C”k3/2/L (2)
L——IRAHHE KA

OEE A DA REAE, AR, HPs e R m P

. _ P -
or r

ARG A S, AR Thi(a]BRIX B A 5, BRIl & A

#(r,6,,2z)=¢4(r,6,,2) (4)
al =00 +27[/Z

MR TAFTE . W, RUREBIEEEILF &M, RAEETHB RN

K1 THE XA %

SITEEREEIHLE
(1) SLRRE
TIOREENE 2, ERRERLE L, KHAFLERBEH X8 O fispi#T
THE, URIFTHSER. #O0RNERMmESKiLS g 15, 1O 88 mmEE HKihs
21, 2R AR 7 mm A7 B — AN BRI IE T - B Q=580m’/h, #£3# n=995rpm, H=3. 2m.

(2)  WO%E. FEREES R
B 3 teE Tt DA RE R RS, r ARE AR, Vz ARRERE, RE

8



WHEERELRBEZ AFE—ERE, BHHEAR—BH. HEHIE CRFEERND
150mm), ZEPRZAFBHIZWE, FEELRE T, BETRRFEDIH EF#E)
HERERR. NE 4 TTLEN, EERZX (r T 129m), FREE Vu B2
EHTRA . BRFHIE (r FF 136mm Z£4), FEELE~EHBNES), ERIZHAR
f 3= T R R 1R VT R P 3 ] B R 3 B R

L
]
5, ¥R
ErTi [ ®&e | PN TP, i

{ L }><.Ii ! }]‘ : T T
A" 7 ol T v ol L) LAY
FE{R B

B2 WRREHEE

v Vu(n/s)
5 z(n/s) ! 3.5 ’
I 2§ N\‘\_‘/._. .
4 /_—z‘_&\\\ 2.5 | ]
3r —=—EXP 2t |
. ——me| 15} |
1r !
1 0.5 f ?
0 e t (nm) 0 N ¢ ")
94 101 108 115 122 129 136 143 94 101 108 115122 129 136 143

A3 4 ) O 4l 1) S BE AR (7] 2 A B4 wEEOFREERESR

(3)  MmMHERAS i

5(a~c) 4r Al T M pE 3 A EIRE EMEERRE, KP r AREEER.
ME (a) FTLUE it EEE E R TR A S, mEERREHER N E .
(b) RZEIF T EAIABN U352 2 E BRI . A (c) 7T LA s () Bt it o i 5
W E AR, MR BEE AR RN R, R AR S .

(4) HEEETN
RTF=4RRaRHEREUE R, HAARX (5) TTLIF{ERFREEREMHEH M E.
my =2mgH/o( - 1) (5)

HATHGRE, o AMBMAREE, . LAWRENOMTFEEERE, 7, 4
KAKE. A, HKBEKAKEL 8T. T,

9



[ S
! \h%k i&\t |; .
h \

AR e
\\‘\%}M‘?ﬁ
!
\

\ §\x

I o & F

X‘ S
v W { Ty
) Wi i\
VAN E}Q\\‘\a A
1 Wy 3 \
RN ] R ﬁ%\kﬁi\\’?&! A N:t
(a) r=149 (b) r=145 (c) r=135

K5 b el T A R B
4 ig

230K FH B % 4 Bk FLUENT, A= 4E 85 i35 N-S 7 R4 Aisdl i, 1M
RNG k — & i fiid %Y &% SIMPLEC 5i%, XTHiZRMAEAF (REP) MshdkiT T HIE
W W SERAr, R\THEES RS LREIEA S K LV AR FEER T L O
. BREE S, UURGEER PR . RERIEA S RS REGE T ER,
Wl iR B TS, BT — PR AT B 8] B /it il 2 1 R A Sy s it — 25
GEAFUETHE S LDV LR 3T LT 5T .

SEH

[1]Inoue, “Behavior of Tip Leakage Flow Behind an Axial Compressor Rotor” , ASME Journal
of Engineering for Gas Turbine and Power, Vol. 108, 1986, pp. 7-14

[2]C. Hah, “A Numerical Modeling of End-Wall and Tip-Clearance Flow of an isolated Compressor
Rotor, ” ASME Journal of Engineering for Gas Turbine and Power, Vol.108, 1986, pp.15-18
[3]Jong-Shang Liu and Riccardo Bozzola, “Three-Dimensional Navier-Stokes Analysis of Tip
Clearance Flow in Linear Turbine Cascades,” AIAA Journal, Vol.31, 1993, pp.2068-2074
[4] F. S. Lien and M. A. Leschziner. Assessment of Turbulent Transport Models Including
Non-Linear RNG Edﬁy—Viscosity Formulation and Second-Moment Closure. Computers and Fluids,

23(8) :983--1004, 1994
(5138 7°%, & DX I 43 e S 10 0 - TOL U RR 0 3% () U AR 0L, TRE SV 2441, 2000, 21(4), pp. 443-445

10



FETEMEES AP
2002 FEEREIN %5 : 027010

N VA » » ‘\ 1)
25 1 fk /)N 0 3 U RELAR P P B ELAR U
B FRER &7
(Sl A Eh ) SREE TS, Ll 200030)

BEZAHE: 021-62934262 E-mail: yangwh-sjtu@163.com
WE. HLL N-S FTEXRAEERRT. 25 dh AmNEE P TS tEET T 3
HOIR, ERHTEERERRERGEARKNER. EXHRARIEF TR
SIATHRRER T REXT Z U N-S AT IE, T4 R0 AR AR o
H04E RS RREY & BT

REEA: TEGONEE,: BEEM: R AR

The Numerical Simulation of the Flow Characteristics

of the Curving Microchannel

Yang wei-hua Cheng hui-er Cai an
(Institute of Thermophysics and Energy ,Shanghai jiaotong University, Shanghai, 200030)

Abstract: The flow characteristics of the liquid in curving microchannel was numerically
studied by the classical N —S equation, and the obvious difference between the results of
the numerical calculation and the experimental results was found. The classical N -S§
equation was corrected by means of introducing a roughness-viscosity model, and it was
found that the prediction of roughness-viscosity model was in agreement with the
experimental data.

Key words: Curving microchannel; numerical simulation; roughness-viscosity model
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