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Application of Gas-Solid Fluidized Bed to Drying

Shik Namkoong®, Ingee Paik®

Dept. of Chem. Eng., College of Eng., Han Yang University

In the drying of food, diffusivity of moisture in the food varies with time according to the local

change of the degree of drying.

However, for the design of drying operation the quantitative relation between the degree of

drying and the time of operation might be correlated experimentally.

In this work, for various dimensions and the shape of the sample, it is realized that, the meas-

urement of local diffusivity constant as a function of moisture content of the sample by Waka-

bayashi’s method enable the calculation of correlation between the degree of drying vs time through

certain simplifications on the solution of Fick’s second law.

Experiments were carried out for the cubic,

sample, and the above mentioned approarches

of 10 to 30 %.

rectangular,

spherical and cylindrical “potato”

were seemed to be successful within the retative error
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Fig. 1. Unsteady State Diffusion
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Infinite slab: E;,=f,,(-22-) (defined by Equ. 2)

Rectangular: E,e=f.‘s( Szﬂ ) fis( Ib)zﬁ )f'( ?26 )

...... (4)
Infinite cylinder: E,~¢=f,-,(——€2§—)
Cylinder : E,y= it(—fzi)-f“(%) ...... )

Sphere: Esp-——f,p(‘l)azi) (defined by Equ. 3)
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Fig. 2. Sample for Measurement of Diffusivity
S: Sample
R: Rubber tube
T-1, T-2, T-3: Thermocuple
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Table 1-1. Potato Slab

Size [mm] | 67hd] | W/W.| Ee | Ec | Erzor
! v
50X 50X 5 0 1.0 1.0 1.0 —
16l 070 o0.68 0.71 3.94
12 0.43  0.43  0.50]  14.98
50x30%10 0 1.0 1.0 1.0 -
12 0.64 0.61 0.65 5.86
1 044 042 0.46 9.82
2 0277 o023 0.31 2561
50%30%15 ¢ 1.0 1.0 1.0 -
116 047 0.4 0.53  12.21
2l 0.3 036 0239 .16
50X 50% 25 0 1.0 1.0 1.0 -
1 068 0.66 0.66 0.00
2 054 o051 0.53 78
3 0.46) 0.42] 0.43 1.16
Ee: REIEXEe HHE
Ec: B 43 HEME
Error & Ee 2 Ec 949 H#s
Tabie 1-2. Potato Rectangular
Size [mm] | ¢ ht] | W/W,| Ee Ec I‘(‘G/f;»")r
15x15x15 176 0. 66} 0.64  0.69 7.5
/3]  0.50 0.50, 0.53 6.95
12 044 0.4l 0.41 0.00
3/4)  0.36] 033 0.34 5.1
20%20% 20 16 0.75 073 0.75 1.75
13 061 o0.58 0.63 7.62
172)  0.55  0.52 0.5 3.71
1172 041 0.3 0.44 11.35
40X 40 X 40 174 0.8 0.89 0.8 2.02
172l 0. 8 o0 79" 0.78 1.77
1 o0.64 0.63 0.62 0.80
112 0.5 055 0.5 4.6
20 0.45  0.43  0.41 3.5
3 032 0.2 0.2 7.8
Table 1-3. Potato Spherical
Size [mm] lB[hr]' W/W,| Ee | Ee | E(';n,‘"
D=20 0 1.0 1.0 1.0 -
1/4 0.7 0.68 0.64 5.9
3/4  0.45| 0.43  0.44 3.54
D=25 174 076 0.75 0.72 4.02
3/4  0.53) 0.51 0.5 7.28
1174 042 038 0.41 7.35
D=30 1/2]  0.64 0.62 0.68 4.7
1 o051 048 052 7.7
2l 0.36 0.33 0.41 19.5
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0. 90! 0.55
0. 76 3.42
0.58  12.21
0.44 16.22
0.84 5.0
0. 64 1.57
0.55 4.58
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Fig. 6. In(W/W,) vs 6 (Potato Rectangular Sample)
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Fig. 7. In(W/W,) vs 6 (Potato Spherical Sample)
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Table-2. Calculations of Equ (2)

#Thr] ! Ist-term I 2nd-term | 3rd-term
0.25 | 0.9714 0.0856 | 1.81x1072

0.5 0. 9436 0.0659 : 9.44x197°

1.0 | 0. 8951 0.0391 | 4.73x107¢

3.0 l 0. 7018 0.0047 | 7.85%1¢7°

¢:drying time
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Table}3. Observed k Values

o
Sample ' Size[cm] D’[’h/r‘ﬂ]“ » ’ E[hr- ]
4.0x4.0x4.0 0.103 0. 346
Cubic 3.0x3.0x3.0] 0. 222 0. 506
Sample 2.0X2.0%2.0 0. 436 0. 690
1.5x1.5%X1.5 0. 850 1. 080
1.0x1.0Xx1.9 1. 68 1.61
5.0%x5.0%X2.5 0. 147 0.23
Rectangular 5.0%x0.5%x1.5 0. 295 0.33
Sample 5.0x5.0%1.0 0. 608 0.69
5.0%5.0Xx0. 5] 2.310 1.69
D=5.0 0. 091 0.23
Spherical 4.0 0. 150 0.42
Sample 3.0 0. 250 0. 48
2.5 0. 360 0.67
2.0 0. 562 0.91
H=5.0, D=5.0 0.112 0.219
Cylindrical 3.5 0.217 0. 226
Sample 2.5 0.378 0. 462
2.0 0.575 0. 670
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Table 4. Examination of Equ, (17) and Equ. (18)

Sample ! a \ 3 l [hrtt
Cubic 1.3 0.71 .32
Rectangular 0.97 0.67 .16
Spherical 2.06 0.97 0. 18
Cylindrical 1.36 0.78 0. 06
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