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Abstract

To analyze the complex behaviour of fluid/air flows during spray drying, Masters’ model was adopted
as a suitable mathematical means, and numerically solved to simulate the effect of two different types
of rotary atomizers - vane type and kestner type. The simulation program was built on GUI(graphic user
interface) basis in MS visual basic 6.0 language. Modeling of spray drying process was completed in
terms of heat transfer, heat energy balance, mass transfer, and flow of drop. As a consequence of the
simulation, the initial drop sizes of vane type were much smaller than those of kestner type at the same
condition of the other process variables. The wheel or disc rpm and diameter, and feed rate for both
types of rotary atomizers were determined as the most dominant variables to change the spray drying

conditions as a whole.
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Table 1. Appropriate values of A and n for different N
ranges in Eq. (15)

Ngg* range A n
1,000~ 5,000 0.865 0.095
300~1,000 277 0.26
18~300 10.95 0.50
0.6~18 26.5 0.81
<06 24.0 1.00
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Fig. 1. Initial drop diameter vs. speed of wheel of vane
type atomizer (vane height: 0.015 m, vane number: 16,
wheel diameter: 015 m) and disc of kestner type
atomizer (disc diameter: 0.15 m).
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Fig. 2. Initial drop diameter vs. diameter of wheel of vane
type atomizer (vane height: 0.015 m, vane number: 16,
rpm: 12000) and disc of kestner type atomizer (rpm :
140 |

12000).
ol /
80 |

~8--vans type
—&—k-type

200
180 |
160 |

Drop diameter (micron)

o388

0 0.02 0.04

Feed rate (kg/s)

Fig. 3. Initial drop diameter vs. feed rate for vane type
(vane height: 0.015 m, vane number: 16, rpm: 12000,
wheel diameter: 0.15 m) and kestner type (rpm: 12000,
disc diameter: 0.15 m) atomizers.
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Table 2. Change in process variables of spray drying with vane type atomizer

Final Final  Final air Final drop Final air Final Final  Initial

Dll'ying horizontal vertical tempera- tempera- c vertical horizontal horizontal Imtl al drop
time distance  distance ture ture humidity velocity  velocity velocity diameter

. Inc* L § [} - - L - U U f 4
Dicspeed 5o 0 1 1 . - n L' 1
Disc diameter _Inc U v U - - - 4 U T 4
Dec f ) 1) - - - 1) t U )
. Inc ! d 1 - - - { 1 - l
Vane height Dec t t 1 B _ N 1 1 3 t
Inc } | d - - - i 1 - !
No. of vane B ' T ' _ N _ " ' _ t
. Inc 1 l i - - - - ! - -
Chamber radius Dec | t | N _ _ B I B _
Spray point Inc 1 ) 1 - - - - l - -
Dec - 1 i - - - - i - -
Inc 1 ) [ U 1 1} i ! - 1
Feedrte —5= 0 o i ? ! ! U . !
Air rate Inc i i ) 1) - ! - i - -
Dec 1 1 i 4 { ) - ! - -
Air swirl Inc ) 1 i - - - ¥ ) - -
velocity Dec 1 4 ? - - - - U - -
Air temperature ~———-————Inc l ! X 1 f - N ! - -
Dec i 1 1 y d - - 1 - -
Initial air Inc ) 1 1 ) 1 1 - 1 - -
humidity Dec ) i l ! ) ) - ! - -
. Inc - - - - - - - - - -
Feed density Dec N B B _ _ B _ 3 B 3
Feed viscosity Dec _ N _ _ _ N _ _ B _
Initial mois-ture  Inc i ) i 1 1 li ) 4 - -
content Dec U 1 - 1) ) d i ) - -
Feed Inc ! 4 l 1 1 - - T - -
temperature  Dec 1 1 1 ) ) - - | - -
Final moisture  Inc i 1 } 1 i ) i i - -
content Dec i 1 t i i - i - -
Heat of desorp-  Inc 1 1 t - - - - ! - -
tion of water  Dec i i } - i - - i - ~
Heat capacity of  Inc | i } 1) 1 - - ? - -
dry air Dec 1} f t il i - - ! - -
Heat capacity of  Inc 1 i t 4 i - - i - -
water vapor  Dec i) | i 1 t - - i - -
Inc ) i) } - - - - i - -
Prandt] No. t t ! _ 3 B _ | B _
Diffusivity of ~ Inc i i } - l - - 1 - -
water in air Dec ) i t - i - - I - -

*Inc: increse.
**Dec: decrease.
*#+0); greatly increase, |; greatly decrease, 1 :increase, | : decrease, —: no change.
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Table 3. Change in process variables of spray drying with kestner type atomizer

. Final Final  Finalair Final drop . . Final Final Initial e
D . - Final . . . Initial dr
e’ Porional sl e e iy vl Boraonal bt ametr
Di 4 Inc* Lwex i U - - - 1 0 fr I}
isc spee Do 1l 1 1 ~ _ _ 1 1 ’ 1
Disc di Inc ) S i} - - - ) I} ) )
15¢ diameter Dec 0 0 n N 3 _ 1 1 i f
Feed Inc t ) i) ! 1 t i i - )
CCTE THee Ul I} I f | ! i 1 - |
Air rat Inc b i ! i) . } - 1 - _
1 rate Dec 1 ) i 4 + t - 4 - -
Airt oare 10 { | i ) 1 - - 1 - _
it temperature ——— ? ? t i ! ) _ } - -
Initial air Inc 1 1 1 1 ! 1 - 1 - -
humidity Dec ! | i ! ! 4 - } - -
Reddniy —— _ T T T T I I I I
o ne - - - - - - - - - -
Feed viscosity - N _ _ ~ _ _ _ - _ -
Initial moisture  Inc ? i t 4 i 7 i U - -
content Dec ! 1 - N 1 1 1 i - -
Inc i " { i ) - - 1 - -
Feed temperature Dee ' 1 1 I ) _ 1 — -
Final moisture _ Inc i i ! ) 4 i i - -
content Dec 1 ) i t 1 - - i - -
Heat of Inc T T 1 - - - - i _ -
deS(lf/];ttleorn of Deo 1 L | _ ) _ _ ' ~ _
Heat capacity of  Inc l l iy f 1 - - 1 - _
dry air Dec i T ) 4 i - - " - -
Heat capacity of _Inc ) 1 ) I b - - ! - -
water vapor Dec } I l 1 i - - i - -
Prandtl No. Jne * # # : : : : I : :
Diffusivity of __Inc i M ! - l - - i - -
water in air Dec 1 1 1 - 1 - - ! _ _

* Inc: increse.
** Dec: decrease.

w#% {1 greatly increase, |: greatly decrease, 1 : increase, | : decrease, —: no change.
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8} o) vane typeSt FUA ERTE g U
m2] ThE HEEL vane typee| Al 7ol ofg
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FAol B&wr Z785FE 2r|9A A o] f
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AFH ez 27 AHAVN bE &9 FAE
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Aol AT 4 et AdH dow ¢ we
Mg dEiste] 2ddel Hriste] AEYoldd
ol AA Brdzrle] dA 9 Rget Heke
$- BHoR ALY £ legjE d4H).
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