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Droplet dynamic and solidification progress during
rotating disk centrifugal atomization
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Abstract: A mathematical model of droplet dynamic and solidification progress during rotating disk centrifugal at-
omization was developed and numerically solved by Runge Kutta s method. The flight and solidification of a nickel
droplet was simulated. The effect of process and materials parameters was studied. The results show that the drop-
let experiences a large undercooling of about 0. 27, and the cooling rate is not constant during the flight, about 5 x
10* K/ s at the melting point. With increasing disk speed the cooling rate increases, and this leads an early start and
completion of solidification. A small atomizing chamber can be used. The droplet superheat has a weak effect on nu-

cleation temperature and cooling rate, but the flight distance at f = 1 increases. Therefore, a high droplet superheat

is not suitable for the design of atomizing chamber.
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Fig. 1 Schematic of solidification of

pure metal droplet
(I —Undercooling; II —Recalesence;
[II—H eat transfer controlled solidification;

IV—Cooling in solid)
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Table 1 Physical properties of pure nickel and aluminum
Nbetal o q 1% Twl Vil AGan/
ca (kg* m™?3) (N*m™ 1) (Ns* m™?2) K (m? * molecule™ ') (J * molecule™ !)
, P= 7905- 1.16x 0= 1.778- 3.8x 10~ *x b= 1,663 x o 0
Ni (T— T} (T- Tw) exp( 50 200/ RT) 1728 L 558 1 bbby
P= 2385- 0.28x 0= 0.914- 3.5x 10" *x U= 0.1492x o 2
hl (T T (T= Tw) exp( 16 500/ RT) 933 1.8x10 41510
Metal AH ¢/ v/ dm/ Do/ cp/ Cps/
o (Jem?) (Jrm?) m (m®+s ') Jem Pk  (Jem Pk
Ni 2.6x10° 0.255 2.3x 1071 1.8x 1077 5.40x 10° 5.3x10°
Al 9.75x% 108 0.120 2.6x 10" 10 2.0x 1077 2.85x 10° 2.8x 10°
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Fig. 2 Heat transfer and solidification progress during flight of Ni droplet

(a) —Droplet velocity; (b) —Droplet thermal history; (¢) —Cooling rate; (d) —Solidification fraction
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Fig.3 Effects of disk rotating speed on mean particle size, droplet velocity, thermal history,

cooling rate, nucleation temperature and flight distance at end of solidification

(a) —Mean particle size; (b) —Droplet velocity; (¢) —Drolpet thermal history;

(d) —Cooling rate at Tw; (e) —Nucleation temperature; (f) —Flight distance at f'= 1
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Fig. 4 Effects of different metals on

droplet velocity and temperature

(a) —Droplet velocity; (b) —Droplet thermal history
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Table 2 Effects of droplet superheat on some important solidification parameters

AT sl K dy/Pm T (at Tw)/(K*s 1) T./K AT/ T l(at f=1)/m
50 107.9 49016. 1 1382.8 0.20 0. 804
100 107. 6 48 527.8 1383.1 0.20 0. 852
200 106. 8 47934.6 1383.1 0.20 0.937
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