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Abstract — Using CFX4, a computational fluid dynamics program, the gas flow pattern, the droplet trajectory and the extent
of drying were calculated for spray drying of a milk with a rotary disk in a spray chamber of 140 cm in diameter and 170 cm in
height. Due to the cone of the chamber, whose cross sectional area became smaller toward the outlet, a recirculation flow was
formed in the chamber pointing downward in the center and upward near the wall. The gas flow pattern was significantly
affected by the droplets ejected from the rotating disk. The smaller droplets descended downward not far from the axis,
medium sized droplets were swept into the recirculation flow, and even larger ones were little affected by the recimamlation fl
travelling downward near the wall. The center of recirculation flow moved upward and toward the wall as the vane angle of the
air disperser was increased from 0 to 30 arfl A& increase of the vane angle increased the swirling intensity and conse-
quently the droplets flew in a larger circle resulting in an increase of the residence time. On the other hand, the chopets be
more likely to hit the wall with the vane angle increase.
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Fig. 3. Drying characteristics of droplets during spray drying.
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Table 2. Physical properties used for calculation

Item Properties Value
continuous air Specific heat [J/kg K] 1,006
phase Thermal conductivity [W/m K] 0.0224
Humidity [kg H,O/kg dry air] 0.02
water vapor  Specific heat [J/kg K] 2,000
Diffusivity [m?/s] 0.00025
dispersed water Specific heat [J/kg K] 4,200
phase Latent heat for vaporization[J/kg] 2,501,000
Density [kg/n?] 1,000
dry milk Average moisture content 0.03
[kg H,O/kg dry solid]
Density [kg/nf] 400
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L . latent heat of water vaporization [J/kg] eq : equilibrium point
M . slurry mass flowrate [kg/hr] eff : effective
m : mass [kg] g : gas
Amd : loss of momentum of droplets per cell [kg m/s] : laminar
n : number of vanes p : particle
N : rotation speed of disk [1/min] r . in radial direction
Nu : Nusselt number t : turbulent
P : pressure, pascal vap :vapor
Q : volumetric flow rate of slurry [fhr] w : in tangential direction
Qc : flux of heat transfer from gas to droplet [J/s] X :in axial direction
Qu :rate of heat consumed by vaporization of water [J/s]
rg : volume of droplets per unit volume of drying chamber £as]
R : outer diameter of vane of air disperser [m]
Rn . inner diameter of vane of air disperser [m] 1. Dickinson, D. R. and Marshall, W. RAIChE J, 14, 541(1968).
Re : Reynolds number 2. Parti, M. and Palancz, Bchem. Eng. Sgi29, 355(1974).
Se : source term in Eq. (1) and (2) 3. Chow, L. C. and Chung, J. Nnt. J. Heat & Mass Transfepg, 373
Sh : Sherwood number (1983).
t : time [s] 4. Crowe, C. T., Sharma M. P. and Stock, D.JEFluids Eng 99, 325
T : temperature [K] (1997).
U : gas velocity [m/s] 5. Launder, B. E. and Spalding, D. B2omputer Methods in Applied
v : droplet velocity [m/s] Mechanics and Eng3, 269(1974).
Wc  : molecular weight of water [kg/kmol] 6. Sano, Y.:Drying Tech, 11, 697(1993).
W average molcular weight of gas phase [kg/kmol] 7.Kim, H. J.: Master Thesis, KAIST, Daejeon(1991).
X, - mole fraction of water vapor at the surface of droplet 8. Oakley, D. E. and Bahu, R. E.: Computational Modeling of Spray Dryers,
Xe - mole fraction of water vapor in the gas phase European Symposium on Computer Aided Process Engineering-2, 493
X : weight fraction of water in droplet (1992).
X, - mole fraction of ' component in the liquid phase 9. Livesley, D. M., Oakley, D.E. and Yeoman, M. L.: “Development
Y, - mole fraction of ' component in the gas phase and Validation of a Computational Model for Spray-Gas Mixing in
Spray DryerSAEA Report, AEA-InTec-0759(1991).
Tzjo|~ =X} 10. Ministry of Commerce, Industry and Energy: “The Study of the Der-
o - vane angle elopment of a High Efficiency Dise Type Spray DtyE997-E-ID01-
o : geometric standard deviation 49(2000). .
K . turbulent kinetic energy [#&] 11. Katta, S. and Gauvin, W. HAIChE J, 21, 143(1975).
o . 12. CFX4 Solver Manual, AEA Technology(1997).
1] : viscosity [kg/m/s] ' .
. ) . - . 13. Master, K.: “Spray Drying Handbdok" ed., George Godwin, London
n; : number of particles of'isize group passing through a cell per
unit time [1/s] (1985). . ) !

. 14. Beer, J. M. and Chigier, N. A.: “Combustion Aerodynarhiital-

p : density [kg/n] o )
sted Press Division, Wily, New York(1972).
T : shear stress [kg/nf]s . — . . .
. - wrbulent energy dissipation rate%s] 15. Hayashi, H.: “Studies on Spray Drying Mechanism of Milk Pow-
) ders; Rep Res Lab Snow Brand Products, Japan, 66(1962).

w : angular velocity [rad/s]
=Ry
cr : critical point
d . droplet
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