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A Prediction Model of Droplet Size of Rotary Spray Dryer at
Various Operating Conditions
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Summary

In an effort to localize the spray— dryer which is markedly used for drying food materials, a experi-
ment was carried out with a wheel type atomizer locally designed and manufactured to evaluate the
effect of rotational speed, feed rate and physical properties of liquid food material on the droplet size,
and to develop a model to predict the droplet size sprayed at various operational conditions. The result
are summarized as follows.

1. The frequency of droplet size sprayed from the atomizer at every treatment were similar to normal

distributions.

2. Under the test conditions adopted in this study, that is, rotational speed of the atomizer ranging
from 15,000 to 20,000 rpm (55.0 m/sec — 73.3 m/sec), feed rate from 14 to 37 kg/hr and viscosity
of the material from 1.14 to 350 cP, the mean volume — surface dia. of droplets was decreased as
increase in rotational speed and was not affected significantly by the feed rate and viscosity.

3. Through the dimensional analysis, a prediction model was developed as follows -
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and it was proved that the above model was better in degree of fitness than other models reported.
4. A prediction equation for the droplet size spraved from the atomizer under the test was expressed

as follows -
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1 oil circulation pump
2) cooling hoses
3) atomizer driving motor
4) oil tank
5) feed pump
6) driving belt(flat~ belt)
7) atomizer
8) droplet sampling slide glass
9) velocity control inverter
10) fluid tank
11) shutter
Fig. 1. Schematic diagram of experimental ap-

paratus
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Table 1. Physical property of materials.
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Material Density Viscosity Solid content Temp.
Coffee 1228.9 kg/m 350 cP 35 % 16T
Whole—Milk 1198.9 kg/m' 120 cP 45 % 32T
Water 999.1 kg/m’ 1.14 cP 0% 15T
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Table 2. Experimental design

Material Feed Rate (kg/hr) Rotational speed of atomizer repeat
Coffee 17.5, 26.7, 37.0 15000, 18000, 20000 (rpm) 2
Whole—milk 17.5, 26.7, 36.1 " 2
Water 14.2, 21.7, 30.1 ” 1
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Table 3. Coefficients of involved in Models (2) and (8), and degree of fitness

pdRg F&

MODEL K a b c d R—square
(2) 0.1151 —0.1321 0.5583 —0.2538 ~0.1152 0.7759
(8) 0.3140 0.3247 —0.2976 ~0.2766 0.0277 0.8487

Table 4. Coefficients involved in modified Models (2) and (8), and degree of fitness with three diffe-

rent types of disk

Disk type * Model K’ a b c R? Material *
_ ) 166.0 —0.923 0.792 NI 0.960 D
Disk4
(8 0058 | —0.131 | —0.39 - 0.961 D
) (2) 312 —0.706 0.740 NI 0.949 D
Disk6
(8) 0023 | —0034 | —0.369 - 0.949 D
Disk10 (2 0682 | —0.166 0405 | —0.048 | 0.896 D,B,C
® (8) 0002 | —0.191 0238 | —0179 | o911 D,B,C
*) refer to reference®.
note) N.I stands for not— independent.
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Table 5. Estimation of parameters in Model (8a) and degree of fitness.
Variable DF Para'meter Standard T for HO : Prob> | T |
Estimate Error Parameter=0
INTERCEPT 1 —1.66841 0.283349 —5.888 0.0001
M —term 1 0.06005 0.073581 0.816 0.4228
T3 —term 1 —0.33137 0.095117 —3.484 0.0020
T —term 1 —0.01584 0.037098 —0.427 0.6733
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Fig. 3. General correlation of droplet size.
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(unit : um)

Material | Measured |Equation(9) Equation(10)
105.02 103.17 112.89
86.41 91.43 100.04
91.05 85.27 93.30
111.25 105.82 112.55
Coffee 89.97 93.78 99.74
91.40 87.19 92.80
110.53 107.92 112.29
117.14 95.63 89.51
85.81 89.19 92.80
117.13 106.25 112.29
95.93 94.16 100.06
91.08 87.81 93.32
108.89 109.00 112.57
Whole-milk 91.16 96.59 99.76
88.19 90.08 93.03
85.96 111.17 112.31
88.29 98.51 99.52
92.76 91.88 92.82
117.62 120.66 113.05
114.72 106.93 100.18
71.20 99.73 93.43
135.02 123.76 112.71
Water 119.50 109.67 99.88
112.23 102.28 93.15
124.17 126.22 112.71
115.11 111.85 99.65
105.02 104.31 92.94
Residual 3028.31 4662.83
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