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Prediction of Sublimation Drying Time for Carrot in Freeze-Drying
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Abstract

A sublimation model of the freeze drying process, which accounted for the removal of free water,
was presented and used to study the operation conditions of freeze driers for carrot juice. It was
found that the shortest drying time was obtained when the condenser temperature and chamber pres-
sure were kept at their lowest values and the plate temperature was controlled independently so

that the scorch and melting constraints were both held throughout the drying period.

The effect

of sample thickness on the drying time was significant. Optimal policies were investigated experimenta-

lly in laboratory freeze dryer.
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frozen laver, carrot
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Fig. 1. Schematic of standard freeze-drying equip-
ment
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Fig. 2. Schematic of sample during freeze-drying
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Table 1. Heat transfer methods and plate conditions
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Table 2. Parameters values of freeze-drying calcula-
tion

Pardmete Carrot
‘.u(kJ/kg, K) 2.597
Chlk)/kg K) 1.6747
Culkl/kg k) 1.936
Cs 0.5
Ki(kW/m* K) 0.03
KikW/m K) 0.0021
T°(K) 233.15
T(K) 268.15
T«(K) 323.15
AH(k]/kg) 2791.2
palkg/m™) 131.7
pilkg/m™) 1035
Doon(kg m/sh 8.729<10 (T, + T,
K. (m?s) 1.4298 <10 4T, + T "
Ki(kW/m K) 0.68(12.98 %10 * P, ~39.806X10 %
P..= f{(TH(N/m?% 133.32 exp(23.9936 - 2.19AH/T,)
P (N/m'~m?) f(T condenser)
P.N/m?) f(P chamber)
X{m) 6X10 »

CASE Heat transfer methods

1 Radiation only to both upper
and bottom surfaces

2 Conduction through a f{ilm laver
at x=L: Radiation to upper drled surface

3 Same as in 2

4 No Rddldtl()n to upper drled surface
Otherwise, as 2

Plate conditions

Upper and lower plates at the same
temperdture dnd constrained to 50C

Upper and lower plates at the same temperature, but
temperdture limited by mdterml constraints T. and T,

Upper and lower plates opeate at dlfferent
temperdtures limited b\ material constraints T, and T,

Lower plate temperature limited by material
melting constraint Ty,
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Fig. 4. Profiles of bottom temperature during freeze-drying of carrot for various pressures and plate temperatures
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Table 3. Comparison of sublimation drying time for
carrot between experimental results and predieted ones
in case 2 (at Tc=—60°C) (unit . min)

Chamber Plate Sample thlckness Predlcted values
pressure temper- — — —— =10 mm,

(forr) ture(C ) 3 mm 5 mm 10 mm l( =-60C

(.25 15 95 158 .3/8 252
30 83 113 265
)0 52 78 190

0.4 1”_) 95 171 382 273
30 85 117 278
50 54 83 191

0.6 15 96 174 388 303
30 86 122 301
50 55 85 192

0.8 15 96 189 410 333
30 88 125 339
>() 57 93 214

1.0 15 98 190 462 365
30 89 138 352
H0) 57 100 22°
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