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Abstract

X
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A mathematical model of freeze drying by sublimation was suggested and used to estimate the

drying time. Under the various conditions, the drying time of pure water and carrot was numeri-

cally calculated for the suggested model. Optimal policies of freeze drying were investigated

experimentally in a laboratory freeze dryer. It was found that the shortest drying times could be

obtained when the chamber pressure and condenser temperature were kept at their lowest values

and the best method of heat transfer for sublimation was the conduction involving radiation. The

sublimation drying period was finished when the bottom temperature of material could be reached

at near 0°C from frozen temperature.
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Fig. 1 Schematic of sample during freeze-drying
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Table 1 Heat transfer methods and plate conditions

Case Heat transfer methods Plate conditions
1 Radiation only to both upper Upper and lower plates at the same
and bottom surfaces temperature and constrained to 50°C
2 Conduction through a film layer Upper and lower plates at the same
at X =L : Radiation to upper temperature, but temperature limited
dried surface by material constraints T, and T,
3 Same as case 2 Upper and lower plates operate at
different temperatures limited by
material constraints 7 and T
4 No radiation to upper dried Lower plate temperature limited by
surface, Otherwise, as case 2 material melting constraint 7,

Table 2 Parameters values of sublimation drying calculation

Parameter Ice Carrot

Cra(kJ/kg K) 0 2.597

Cre(kJ/kg K) 1.6747 1.6747

Cyr (k] /kg K) 193 1.936

C: 0.5 0.5

K, (kW/m? K) 0.03 0.03

K (kW/m? K) 0.00188 0.0021

T°(K) 228.15 228.15

Tn{K) 273.15 268.15

T:(K) 323.15 323.15

4H (k] /kg) 2838 2791.2

0q(kg/m?) 1.0 131.7

ps(kg/m?) 920 1035

D%.in (kg m/s?) 8.729 X 1077 ( To+ Ty) >3 8.729X 1077 (To+ Tx) %33

K, (m?%/s) 1.4298 X 107*( To+ Tx)°® 1.4298X107*(To+ T

K. (kW/m K) 0.68(12.98 1078 P, +39.806 x 10-%) 0.68(12.98 <1078 P,+39.806 x 10°°)
Pue=f(Tx) (N/m? 133.32 exp(23.9936 —2.194H / T+) 133.32 exp(23.9936—-2.194H/T.)
P,o(N/m?) f (T condenser) f(T condenser)

X°(m) 6x10-5 : 6x10-°
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Table 3 Comparison of sublimation drying time for pure water between

S R R

experimental results and

predicted ones in case 2 (at T.=—607C) (unit : min)
Chamber Plate Sample thickness Predicted values
pressure temperatur at L=10 mm
(Torr) c) 3mm 5 mm 10 mm To=—60°C
15 81 129 270
0.25 30 65 106 240 149
50 46 72 152
15 84 131 310
0.4 30 66 108 245 164
50 49 78 172
15 85 135 320
0.6 30 66 109 250 182
50 51 81 185
15 92 148 390
0.8 30 68 117 290 216
50 56 90 220
15 95 155 415
1.0 30 69 120 300 256
50 58 93 245
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Table 4 Comparison of sublimation drying time for carrot between experimental results and predicted

ones in case 2 (at T.=—607C) (unit : min)
Chamber Plate Sample thickness Predicted values
pressure temperatur at L=10 mm
(Torr) C) 3mm 5 mm 10 mm T.=—60C
15 95 158 378
0.25 30 83 113 265 252
50 52 78 190
15 95 171 382
0.4 30 85 117 278 273
50 54 83 191
15 96 174 388
0.6 30 86 122 301 303
50 55 85 192
15 96 189 410
0.8 30 88 125 339 333
50 97 93 214
15 98 190 462
1.0 30 89 138 352 365
50 57 100 225
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