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Fig. 1 Schematic of prototype apparatus for
modified planar flow casting technique
1 —Thermal couple; 2 —Induction heating coil;

3 —Steel container; 4 —Rotating brush;

5 —Atomization box; 6 —Wheel; 7 —Nozzle;

8 —Resistance heating coil; 9 —Funnel;

10 —Automatic hydrostatic system; 11 —Stopper rod
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Fig. 2 Disintegration model of liquid flow sheet

[ —Growth of sinuous waves on liquid sheet;
Il —Sheet fragmentation and formation of ligaments;

[lI—Breakup of ligaments into liquid droplets
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Fig. 3 Schematic representation of

liquid metal ribbon formation
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Fig. 4 Typical streamlines and isotherms of molten metal in

dynamic puddle of modified planar flow casting atomization technique

(Material: Pb-Sn alloy; mass flow rate: 0.08kg/s; wheel speed: 45.0m/s; mozzle wheel gap distance: 0.000 1 m;

length of nozzle slit: 0.01m; width of nozzle slit: 0.0004m; casting pressure: 1.013 x 10° Pa;

ambient pressure: 1.013 x 10° Pa; heat transfer coefficient between molten metal and wheel: 10000.0W/(m?*K))
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(a) 8—Ligament diameter, 10 ° m (a) B Ligament diameter, 10 *m

®—Flow sheet thickness, 107" m
* —Actual breakup time, 10 s
X—Actual breakup length, 10 % m
A—Main drop size, 10"*m
w—Satellite drop size, 10 ®m

300¢

240r

180

120}
! — No drop fomation
\. s

0 S8 12 16 20 24 18
Nozzle length/cm

60

200;

(b)  B—Ligament diameter, 10 *m
®—Flow sheet thickness, 10" " m
160 * —Actual breakup time, 107¢s
X-—Actual breakup length, 10 * m
A—Main drop size, 10 % m

120 v—Satellite drop size, 10 ®*m

80

40k
‘\ w

0 510 15 20 25 30
Nozzle length/cm

B 5 I IS B R e Y AR K
Fig. 5
drop diameters and other variables

(8) —Mass flow rate: 0.008kg/s, wheel speed: 25.0m/s,
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Influence of nozzle length on

air density: 1.29kg/ m>;
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air density: 1.29 kg/ m?
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Mass flow rate: 0.004 kg/s
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Fig. 6 Effect of air density on ligament diameter,

actual breakup time and size of drops disintegrated
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Numerical simulation of a new powder process named modified

planar flow casting atomization

XIANG Qing-chun"?, LI Rong-de’, ZHOU Brde', TANG Zongjun®, XU Yugiao’
(1. School of Materials Science and Engineering, Harbin Institute of Technology,
Harbin 150001, P. R. China;

2. School of Materials Science and Engineering, Shenyang U niversity of Technology,
Shenyang 110023, P.R. China)

[ Abstract] Based on the traditional planar flow casting technique, a new powder process named modified planar flow casting atom-

ization was developed. The whole atomization process can be divided into three main stages, namely, the formation of a thin liquid

metal ribbon, the disintegration of the molten metal ribbon and the obtaining of metal powder. A complete mathematical model for

these three stages was established, and numerical computation of the modified planar flow casting atomization process for Sn60Pb40

alloy was carried out. The flow field and temperature field of molten metal in the dynamic puddle between the nozzle and wheel gap

were simulated during the course of liquid metal ribbon formation, and the sizes of metal powder produced were numerically comput-

ed.

It was found that the computed results agreed well with the experimental ones. The effects of main technological parameters,

such as nozzle size, air density in the atomization box, on the modified planar flow casting atomization process were discussed.

[ Key words] powder metallurgy; planar flow casting; metal atomization, mathematical model; numerical computation

.
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