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Experimental Study on Particle Motions during Fabrication of
Functionally Graded Materials by Centrifugal Solid-Particle Method

Satoyuki TANAKA, Shuichi TORII, Toshiaki YANO, Yoshimi WATANABE

The purpose of the present study is to investigate the transport phenomena in the casting mold during fabrication
process of Functionally Graded Materials (FGMs) by centrifugal solid-particle method. Emphasis is placed on the
particle motion in the casting mold by the use of a cold model centrifugal casting. An acrylic cylindrical drum is used
as the casting mold, and spherical-glass-particles and linolelic acid are used as the particle-fluid mixture. Transport
phenomena in the rotating drum are visualized, and the velocity profile in the drum is obtained by PTV method. The
velocity profile near the wall is good agreement with the theoretical one predicted by BBO
(Basset-Boussinesq-Ossen) equation.
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Fig. 1 Exper imental apparatus
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Fig.2 Photograph of unsteady liquid-particle
mixture in rotating drum
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Fig.3 Time history of the particles in rotating drum
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Fig.4 Velocity profile of the particles
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Fig. 6 Comparison of theoretical values obtained from
Eq. (6) with experimental values

M 5B OOk F- 3 1L BBO HRER ) DB X H X7
B o 52 S8 EE S IRV ELY 7T
Z e, AEOFEEC BB FEX A @St D 2 b
OFRAEMNIERA SN, LL, 77 7 THLHEET
XD LI EER—EETRL TR, ZOFERKE
LCZo0ERMNEST NS, — B, EAEK
PR OBEE->TEEL TS ZE, Ho—
i, SEIOERIZBT, %*%Vm#bm%%@
FTOEBERBIZHABEORBEIRELTLEH>TD,
Ew%%Tﬁ%hﬁ?iMﬁW@ H%L”wa\
PEBSHIRIR D/ N S WKL T2 BT L T L o7/ &
%bﬂéclwﬁﬁ%ﬁ&fétMV\EﬁPﬁf
O E L TEET AL, £-, EHT AR
FTOWREED TERALITOLEND S,

4 15R

O EREAE R \f:{@%%*%%ﬁ%*ﬂ“*ﬁr@*\*?i@ﬁ z
45 a— L T IVERAITOUTOMERE &

(1) #HALRERFOARILEL, FEEM &
NEOREA SR L, K FOBEN4 TR
LT DD EHITHD

(2) PTV 0>fffﬁwpf VJ[jirP% N SR T-0D 33H
EOHAEB/D I LINTED,

(3) Tﬁkﬁ@mkﬁ&ﬁiwltsmﬁ&f
VJ\b THINT-HEHKX6) L 2T 5
—_ Q;J: U BB(J jjfgght(/)ﬁﬁﬁ _4:7% i")x7 -

& DNATRE T
j:Jzé)f&uEF
D+ 727 UNAHEOER (mm)
d, © RIFERE ()
G EHFH

g o ENMEE (nt/s)
m  REOEE (kg)
m : RTOEE (kg)

n o [EEEEC (rpm)

Re 1 LA JILZX¥

t o ERE (s)

u o REOEE (w/s)
u, © RIFEE (m/s)

x - JERE (cm)

o IKOEE (kg/m’)
0, RLFOEE (kg/m?)
Wt VEAEROBEEMELREL (n/s)

EE P

1. Watanabe, Y., Yamanaka, N. and Fukui, Y.,



10.

Control of composition gradient in a
metal—ceramic functionally graded material
manufactured by the centrifugal method.
Composites Part A, 1998, 29A, pp.595-601.
Watanabe, Y., Yamanaka, N. and Fukui, Y.,
Orientation of Al,Ti platelets in Z
Metallkd. , 1997, 88, pp.717-721.

Fukui, Y., Fundamental investigation of
functionally gradient material
manufacturing system using centrifugal force.
JSHE Int. J. Series III, 1991, 34, opp.
144-148.

T¥MES. BERBEEERM L. pp. 349-356.
Watanabe, Y., Kawamoto, A., Matsuda, K.:
Particle size distributions of functionally
graded materials  fabricated by the
centrifugal solid-particle method
Composites Science and Technology.
Yamanaka, N,. Watanabe, Y,. Fukui, Y. and
Nunomura, S., Manufacturing process of
Shirasu/Alminium FGM and its thermal
conductivity. J. Jpn Inst. Light Metals, 1994,
44, pp.330-335 (in Japanese).

Basset.A.B. On the motion of a sphere in a
viscous liquid. Phil. Trans. R. Soc .Lond. A
179, 43-63. (1888)

C.Crowe, M.Sommerfeld, Y.Tsuji: Multiphase
Flows with Droplets and Particles, Chap4, CRC
Press (1997).

S.L.Soo: Fluid Dynamics of multiphase
Systems Chap2, Blaisbwll Publishing Company.
B2 AN FEANCRNT v BRFBEDY
2w, LEHRAESHT



