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Numerical simulation on porous material drying with fluidized bed
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Abstract: A mathematical model with coupled heat and mass transfer was solved numerically using the
finite-difference technique for a porous material drying process with fluidized bed. The control-volume
method with the fully implicit scheme was adopted for discretization of governing equations, and the tri-
diagonal matrix algorithm was used to solve the linear equations. Physical properties of apple were applied
to the present simulation. Under typical operating conditions, heat and mass transfer mechanisms were
analyzed based on the profiles of temperature, saturation and pressure inside the material particles. Effects
of gas inlet temperature, gas inlet velocity and bed area factor were examined under different operating
conditions. Simulation results show that the main mechanisms for moisture transport during the drying are
the capillary flow, evaporation-condensation and transition corresponding to the local moisture levels above
its critical value, below the value and in between, respectively. The drying process can be significantly
affected by coupled heat and mass transfer between gas and solid phases. The drying time decreases with

the increase of the gas inlet temperature and velocity, and the bed area factor.
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Table 1 Physical properties in simulation
Parameter Value Ref.
ce/] o kgt e K1 1006 [10]
cr/)+ kg™t e KT! 4180 [10]
¢/]+ kgl e K1 1810 [11]
D/m? « s™! 2.56X10°° [10]
AH/J « kg™! 2. 44309 10° [10]
Kp/m? 1X10° 1 [12]
Ser 0.3 [13]
3 0.7 [14]
Ag/Jestem e Kt 0. 025 [10]
A/] sl em e K1 0. 65 [10] ; :
AS] sl em e K 0.78 [11] 0 0.5 1.0 /mm 1.5 2.0 25
pg/kgem e sT! 1.83X10°° [10]

w/kg + m 0.458509—5.30474X10 *T+ [10]
2.31231X107°T?—4.49161 X
1078 T9+3. 27681 X101 T*
o/kg e m? 1000 [10]
os/kg e m™* 1600 [14]
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abs(S] —S/"') /S < 107"
abs (T — T/ ') /T < 107°
abs (P, — PL') /Pl << 10°°
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Table 2 Typical operating conditions

Parameter Value
T/ C 60
RHi/ % 10
dp/mm 5
Sa 100
u/me s ! 2
P.m/Pa 1.01325X10°
To/C 20
So 0.95
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Fig. 1 Saturation profiles within a particle
/s: 1—0;3; 2—100; 3—320; 4—640; 5—960; 6—1280;
7—1600; 8—1920; 9—2240; 10—2560;
11—2880; 12—3100; 13—3220
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Fig. 2 Temperature profiles within a particle
/s: 1—0; 2—100; 3-—320; 4—640; 5—960;
6—1280; 7—1600; 8—1920; 9—2240; 10—2560;
11—2880; 12—3100; 13-—3220
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Fig. 3 Pressure profiles within a particle
/s: 1—0; 2—100; 3-—320; 4—640; 5—960;
6-—1280; 7-—1600; 8—1920; 9—2240; 10—2560;
11—2880; 12—3100; 13—3220
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Fig. 4 Drying curve
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Fig. 5 Drying rate curve
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Fig. 6 Drying curves of different gas inlet temperature
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Fig. 7 Drying curves of different gas inlet velocity
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Fig. 8 Drying curves of different bed area factor
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