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Abstract: In order to explore machining characteristics of the soft abrasive flow field in a structured
mold surface, the Single Dynamics Model(SPD) was applied to the solution to the motion characteris-
tics of particles in different types of turbulence fields numerically. By taking a U-shaped flow passage
for an example, the velocity and pressure of fluid in a two-phase soft abrasive flow field were solved
by using the N-S equations,a Realizable k¢ model of turbulence and the SIMPLEC method. Then the
velocity, locus and the density of particles in the two-phase field were also obtained by the SPD mod-
el. The results are that when the initial fluid velocities are 5, 10 and 20 m/s, the particle deposition is
the largest for the first case. When the particle diameters are 0. 01, 0. 05 and 0. 1 mm, the first value

causes the particle deposition to be most obvious. In turbulence fields with different viscosities, the

IS HH#A:2011-01-07 ;48T H#A:2011-01-29.
HEL2T B : BHEARB2ER 4 W H (No. 50875242, No. 50905163) ; #iiT44 A ARl 384 8 535 H (No. Z107517)



5939

TS L 25 - S50 A TRV ER T T BOBRLR B U S e o A 2093

water, gas-oil and engine-oil show similar two-phase soft abrasive flow characteristics. It concludes

that the initial velocity of the fluid field and the diameters of particles have more severe effect on the

moving characteristics of particles,and the viscosity of the fluid influences them the least.

Key words: die polishing; structured surface; soft abrasive flow machining; single particle dynamic

model; numerical simulation

1 7]

Uu\«

BB R 0 L (Soft Abrasive Flow Machi-
ning, SAFMD) J i A T 458 FL 1) &5 4 1 3% T in T 1
— PR BB . Z5 AL R (structured sur-
face) — ] J& A 2% TC 14 450 J A 5 i ot L 7E 3%
FORREH s R AL R R HE RS R R
TUTR A GERR o B RL I N T2 DLEA Jo R 1 =l 558
RPE TR AR R R B AR R B R R T
T v, MRS B P U S A BB Y AR
(Reynolds number) Ji /4 7E i i R 2 T #1625 i
Bl 52 S L 45 Ky A 3% T B R DD
LI A | R = e A 1)1 =
WA SN s (8] JRy B o B AR HL R S g/ R
ST YA R PG A T AR T ARG 0 M ) 36k R
[R5 A9 o T ) 7 LAl R R

FH XF B ki 3 0 L ( Abrasive Flow Machi-
ning , AFM) EAR , BCERL I T 1k 2 2R )
N LATR PN RRAE « — 2 B0 ORE I i R B 2 7
TR i U BR A TR AT R i 48 2 R A R 7
2 BT LA A AT O 3 R L R PR R D Y
Fiale oyl A Bt 2 R e 3 i ) B
AR 8 22 5 9k 0 3 TR 2H BT R AR Y U A L LAk T
280 DI S Gt S5 B VP R 3T XoF 45 ) A 3% T 1Y
B8 TET BN T TR R N T LA — 2 Y TR ) 5 A
2 3t Sl R S B RG B R G A i TR, A
HG e BB L 0 ) 1 P 25 R T A 3R T OV A - b1
I35 B % TR e TR H S B
R I T B U A R M O B R e U S
22, ULIE A2 2 R Ry BR A DL K 2 1w £ 2 B
TS MRS Jo

AP L 2 — TR Y R 4 ' U v S i
TN T2 A 0 A e R Ok — B
[F1) 75 SR A R A A o RS AT AN T S A
S N 0T R T P R A2 Bl S R G BE TR AR
TET P 00 L A1 S B 5 3 AR o L ARy i) 2 A0 B X

KL 12 2l R C AL B 58 L2 S B
HA AR H B 5 o AR ORI AR o T8 39 9 A
WLHEIE SR U FEHUBE R 7 3 0T T /EA
[ 40 s 25 AF I B KL 114 3 Bl R A S 5 X5 9 oA [ A9
U5 A5 PF T B0 L 30 ) L A K AR AT
TR

2 HEFEA

o] Y 9 A 3 9 TR 20 S R O ) S AL
W BE R AR A 5 UKL 22 8] A S A AT AR o 2
B ] 1 o RPASUREL 4 32 Bl 23 32 21 R (952 0 1 A0k
XoF YA £ 5 ) 220 6 A o 3 A B UKL B ) 2R A
# (Single Particle Dynamics, SPD)#) |
2.1 mEmimiRRE

TR R I O R L AR AR A Y 5 B
& i i » PRI 3 10 Bl 7 AR AH bR s 3l U7
PRI T 7R VN R RE T, Oy 1l T FR AL RE S
B DA SR A L 12 M e 5 00 i) 12 ] 52 B (Realiz-
able) ke fERI . #F Realizable ke SERIFG] A T W
ASARFN i S BE & Fi Sh AR B e o 5 Z AR N

D b oy — gty I
570k Gt =57 Lt 2

dx ]+

J

du;  dJu,  du;

#'(axk axi>axk_'0€ » (D
ERNL I SN E R
at(pe)—Faxj(pu,e) a.r,[(#—’_ae)afj]—i—
CioEe—Cop——— . (2)
' ke

(D) .3 (2) 3 B 4%k (Prandtl number) g, =
1.096521. 292%3@’:%’%& szl- 99

_ e
C, max|:0. 43,77+5:| , (3)
ENGILR
n—CE, - EU)”2£3 , 1)
A,



2094 e R Y i 519 %
du; | du, ACR Y
‘ ‘ e Re=0%lu—ul (1)
KD K2 L sh EEE 2z
/l\:pcr,, kf_ ’ (6) it(lO)EF‘:
€ by =exp(2.3288—6.45814+2. 4486¢*) , (12)
EMOOL b, =0.0964-+0. 556 5¢ , (13)
1 _ 2 ;
P P b, = (4.905—13. 8944¢-+18. 4222¢* —10. 2599¢°) ,
A TFAU ke O hmer ’ ’ f14)
FECC, AR B M S AR R Rk, .
. Léﬁ . ST AE‘% SRR jé b, =exp(1. 4681+12. 2584$—20. 73224 +15. 88554")
Xk & Realizable ke AR UE (standard) ke $5 7Y (15)

FEIEAL#E (RNG) ke BRIy Z 40, (D)
SNE S UGN
2.2 BRI SIFER

BAIGURL By ) 2 R J T RR iz - R B H R
(T W AN 25 T8 UK AH 19 7 6 X 3% 25 AH I A I
Bl A A AN 2 R BORL 22 (8] ) AH AR AR
KL K 3l I A R SR AR R S E R A5 TR A
UKL TE % 2 i A AH H 1 52 1 Fniz 8

[E] A JURL AE PR AR G v 32 B SE B ) Fa 8 )
Fo B i & J) Fous B Sy 86 2 J1 Fp . Basset J)
Fy . BEk 2 (Saffman) J1 Fs. 5 #% %% 41 (Magnus)
71 Fy EAE R g ol A0 0205 — e A4 S 1 0L 1Y
BT
" du,

Pode

:Fd,' +Fg+Fl,m,'+Fp,'+FBi +FM; +F5,'+Fx.

(8)
A Fy Sy HAt R 25 & b 71 A
Xt i A AT I 5 73 21

4, duy 1
Frren g = Co o) Lu = |

4 . 2 5 d 4 L dp
gnrﬁppg,+§nr;(o E(u,—up,)—grtr3 aﬂL

67 /mppe flfiw—uw>d+mriw<uz—uw>f
- T

, [du
+6.46 /pprs, @|ui*up,~\. D)

AP w R TRARAHH L s w, g ORL S
p RTEN TIRERE s o R BE L p, R UKL JEE
ry HERIE BURL A%, o S UKL B 3l 1Y #1 3 L Cy
LIS V8

LKL AR BRIE I B R 8 Co Rl 51 AR
¥ Z ¥ ¢, Bl Haider and Levenspiel'™ 158 1 1)
YN

cd:%uﬂlzeehzw (10)

bgRe
b,+Re’

ARSI S B I O R R A5 R BURE
PRI g A ) R 5

3 KA H

3.1 Ri%

PL U BT L stk e m 4, an i 1 e
R TR AR A HE L K FE R T4 5 & 2 mm,
1 mm, JFEEAEA 6] 40) 4h B2 UKL I RL A2 LA B It
AR FE TR B 0BV B2 43 A 5 URL B

BL U IR i aE B A )
Fig. 1

U-shape passage and its mesh
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