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Three dimensional numerical simulation of two-phase flow for
powder injection molding and separation of powder and binder
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Abstract: The density distribution and sink defects location characteristics of powder injection molding (PIM) green
parts for a gear part were analyzed. According to characteristics of PIM process, mathematical models of two-phase flow
with proper initial and boundary conditions were given for PIM filling process. Three-dimensional numerical simulations
of two-phase flow in PIM filling process were carried out for a tensile test specimen and a gear part using the CFD
software CFX. Based on the numerical simulation results, the velocity variation curves of powder and binder during the
filling process were compared and analyzed. The powder-binder two-phase separation of different degrees was confirmed
happening during PIM filling process for the tensile test specimen and gear part. The binder-powder separation
phenomena observed at different locations of the cavity were compared and analyzed. The results show that
powder-binder separation phenomenon is more possible to occur at those points far from the inlet and locates in the
narrow regions of cavity. The powder-binder separation occurs only at the initial stage of the time when the
corresponding position is filled and time duration of two-phase separation is different for different locations.
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Table 1 Boundary condition in PIM

Boundary parameter Parameter value

Velocity at inlet v=v;,=0.163 kg/s
01=0.52, ¢,=0.48

T1:T2ﬂ43 K

Volume fraction at inlet
Temperature at inlet
Temperature of solid wall 7=300 K
) Non-slip condition, vy, =0
Boundary type of solid wall ) .
Slip condition, vy, =V

Pressure of at air vent P=Po

3 PIM RE RIS

3.1 iEER USR5 RAgE] 9

SIATF TN A S T ik e P A 3 B8 I P AR T
A, ARSCYERE R R SERR AT s R T 28 b sl Fn
TEARB I A N e B A AT B E I 5. T BLhrfh
WL TR ZEO K 7 mm. % 2 mm. /& 1 mm,
RS A0 1 mm 187 1/4 17, T SRl J LA A
Wi 3 fios.

1 mm

| 7 mm
I |

B3 1R fnlRe LR
Fig. 3

I -type tensile test specimen

K VU TR A& 5 2 351053719 rU ik 3391, #
JCRECh 5 792, MIASEIST L 4 . BT
PR U 5 AR ) J LTRSS 28, [ R FH DA T A 1Y
R, 0 AECh 2 211, BATTRECK 7 443, KR
o e 5 s



F24 % 1

HNIE, 45 BRI S 1 W AR i 3 = A B 0 Bk A 5 R 4500 1 43 8 125

Inlet Outlet

B4 T ZRrilhe i ka2
Fig. 4 Mesh for [ -type tensile test specimen

N
‘%’A‘-}’,ﬂn
oK)
V4D, 7,7 ST
Y N '

B 5 AEELHI A 2
Fig. 5 Mesh for gear parts

32 IZ8HS5HRIESH
N T G SO A R AT L T, BUE AR

M PIM T ZZ XM B2 5 2 PIM 5246
WFSC S B 2 B[R] o TR WRORH IR 286 T2 W 2 o A
E![% 16]

1. =mgexp(T, I T)"" (5)

e m=0.34 Pas" il T,=3 512 K, ¥ K5k
(RIHEEG TR n WBTUIRALIEE, n=0.35, 0<
n<l, y WEBIUINAZRZ. RS FIKRE n AT A3
Bt AT A3 20 R 1) S5 R

4 HERBERSHARILETME
DES

4.1 PIM ZiER#NITIEBI = HEENL

MG S 2R, SRR AR S A
12 AE CFX X PIM Z ARSI FEHEAT — 4E B AR
Pl ARG LR (o R, B R
HeB, B i S WHE Y, R O A RIRL 4
TR A MR 70 il M, 3N FE I TR 0.25
so B 6 FIT SR ACE S O T 28 B il fe e i sh ik
FRAN ] I 20 B e JEL R IR S o AL 6 T DLW
A BRI T SRR, RN DA, B
IR HERE, B B AR O . 7

—

v

(b)

(d)

0

sinflan

.4
(@)
(©
K )
©)]
(2

Bl6 [ Rprfiulht =2 eiiyishd fe &l

(h)

Fig. 6 Schematic diagrams of 3D filling process in | -type tensile test specimen: (a) 7=0.2 ms; (b) /=0.6 ms; (¢) =1 ms; (d) =4 ms;

(e) =6 ms; (f) =8 ms; (g) =13 ms; (h) =16 ms
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