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ABSTRACT

Microwave is used as the heat source for freeze-drying process and the unsteady-stete behavior
.of spherical model is analysed numerically. The Crank Nicolson method is used to solve the
transient energy and mass transfer equations in both ice core and dried layer. A mathematical
model is used to simulate the freeze-drying of beef meat.

The drying time decreases as the electric field strength increases. The drying time decreases
as the pressure of vacuum chamber increases to 5—10 mmHg, at which the minimum drying
time occurs. And further increase of the vacuum chamber pressure results in the increase of
the drying time. It has also been found that ambient temperature, partial pressure of water

vapor in the vacuum chamber, and sample radius directly affect the dryng time.
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Table 1. Physical properties used in simulation.

147

property assumed operating conditions Numerical value used Origin
A 0.5mmHg ; air 5x10 *cal/cm?-s-°C assumed
e -— 0.92g/cm? Ma and Peltre™
Op - 0.32g/cm? Ma and Peltre
O -— 0.96g/cm? Ma and Peltre
Crw —15°C ; 5mmHg 0.5 cal/g-°C assumed
Crep ¢°C 0.36cal/g-°C Awberry et al.’®
Crpr —-15°2 0.43cal/g-°C Rey!®
AHg - 675 cal/g Hohner!®
G — 0.75 Hohner
hr —-15°C 3.4X1073%cal/cm-s-°C Lentz®

Table 2. Assumed operating condition for the typical outcome.

Frequency 2450 MHz
Electric field strength(E) 110 volt/cm
Total pressure(Paav) 1.0 mmHg
Partial pressure of water papor(P%ams) 0.075 mmHg
Ambient temperature(Tamb) 20 °C
Initial sample temperature(T,) —25 °C
Radius(R) 1.0 cm
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A B C
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Time Vo/Vrx100, %
2min. 10.7 11.8 11.5
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Total Drying time, min.
260 259 331
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Nomenclature

concentration of water vapor, g/cm?
effective specific heat, cal/g °C

C»w specific heat of constant pressure of water

vapor, cal/g °C

Crp concentation at triple point

D
E
h

effective diffusivity, cm?/sec
electric field strength, Volt/cm
heat transfer coefficient, cal/sec cm? °C

4H; heat of sublimation of ice, cal/g

J

k
K

vt 8 T

3

T RNV o Nty N

R 9 & DO

(-]

effective mass flux of water vapor, g/c-
m? sec

thermal conductivity, cal/cm sec °C
dissipation coefficient, cal/sec cm?®(Volt/
cm?)

constant of linearization

constant of linearization

pressure, mmHg

partial pressure of water vapor, mmHg
radial coordinate

radius, cm

time, sec

temperature, °C

volume of sample, cm?

normalized coordinate in frozen layer
normalized coordinate in dried layer
density of ice, g/cm?

density of the dried material, g/cm?
density of the frozen material, g/cm?
porosity

density of microwave absorbed,
sec

cal/cm?3-

interface position, cm

normalized interface position

normalized temperature in the dried layer
normalized temperature in the frozen layer
normalized time

thermal diffusivity, cm?/sec

initial thickness of dried layer, cm

spatZ s ® 213 M 33 1983 68

¢

FEL -FHR-E B

iteration parameter

Subscript

amb ambient(in the vacuum chamber)

D
F
int
o
N

T

. D.A. Copson, Food Technol.,

dried layer
frozen layer
interface
initial value
outer surface
total value
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