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Table 1. Comparison of continuous drying models.

Description Model 1 Model 2 Model 3
Thin laver equation Wang Wang Agrawal and Singh
Equrilibrium mo.isture Chung-Pfost Juritz Henderson and
content eguation Thompson
Latent heat of
a.ten_ eat o . Chung-Pfost Chung-Pfost Chung-Pfost
vaporization equation
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Fig. 1. Flow chart of computer program for the continuous drying model.

—161—



MTNB MTZE MTFB

/ /
X
7N

17 215 21 22 23 24 30 (%)

Fig. 2. Membership function of "Initial moisture content”.

P2

b o~
NN N -~ //
g P g peY <
.. ¥ N TN - .

- - .
. - -

30 35 <40 a5 50 55 soO
(degree)

Fig. 3. Membership function of "Drying air temperature”.

DNve DB P ost Eppyvs® brPvse
-10 258 2 1.5 -1 -05

(%, not .cnlo)

Fig. 4. Membership function of "Moistrue content difference”.

SO /OO<><*

20 22.5 25 27.5
(mlnutes)

Fig. 5. Membership function of "Grain Moving Speed”

NB

40

( Start j

l Data acquisition ]
~l L
L Initial vatuo seaetting ‘I
Inlat W.C.
~ inlet tomo.
[ Sbhiaining Anal MS 1 LA
k; (=) 1 u
(by rying modeal) ogn c,,c:n:n,,bb oy
e L gzggggggog%go 14
o 0505053,
Detoermining the moving gg::ggog:::::g
speead & drying alr o558oRa809a002)
tempeaerature c:ggg:g..g.. o g T
(by fuzzy logic program) o,g‘g.x.g 228 T og
62525 o
‘eo220900 5 (N
i 28235825582 o,om’xozﬂxos-xo,o 45
Obtaining final MC o3BT
(by drying model) G ) é ? 3 ' , 2ol
Bt CEe e CF e Outiet M. 1.
. .L‘(:tllmumn.

ol ||ty

Fig. 6. Flow chart of the drying control. Fig. 7. Schematic diagram of experimental
apparatus.

—-162—



Table 2. Experimental condition of the continuous rice drying.

Airflow Drying Amb. Amb. Input Input
Exp. Mov. speed | . ) ) )
No rate (hr/pass) air temp. | air temp. | air RH. grain M.C.

" (m¥s - ton) (C) (C) (%) |temp. ()| (%,w.b.)

1-1 25 0.554 45,49 22.94 66 24.1 22.44
1-2 2.5 0.564 45,28 23.88 78 33.1 19.30
1-3 25 0.554 45,17 21,17 71.6 34.7 17.03
1-4 2.0 0.564 44.77 20.84 73 35.7 14.84
2-1 25 0.564 54,98 22,22 49 24.2 23.70
2-2 2.5 0.554 54,28 22,93 48 38.2 18.62
12-1 2.5 0.554 39.90 22.05 49 20.0 22.06
12-2 25 0.554 40.30 21.31 49 30.3 18.82
12-3 2.5 0.564 40.15 19.45 51 32.8 16.21
5-1 25 0.675 44.85 24.21 66 155 22.49
5-2 2.5 0.675 45.02 23.73 62 33.8 18.48
6-1 2.5 0.335 45,17 23.64 70 14.5 22.42
6-2 2.5 0.335 44.97 24.21 67 32.5 19.98
6-3 25 0.335 45,00 23.40 75 34.3 17.92
7-1 25 0.564 44,81 21.98 74 18.8 25.16
7-2 25 0.554 44,93 23.20 77 23.1 21.16
7-3 2.5 0.554 4493 23.00 75 23.2 17.86

Table 3. Experimental conditions for rice drying.

Drying condition

Inlet Obj. Program output M/C. operation
B ve | oMe . . . .
No. % wh) | % wh) Dryving | Moving | Outlet Drying |Moving| Outlet

’ ’ temp. | speed M.C. temp. | speed M.C.

(C) (min.) | (%, wb) (C) (min.) | (%, wb)

F-1 20.46 17.00 50.00 32.70 17.00 50.12 3325 17.05
F-2 20.96 17.00 50.00 38.75 17.00 49.80 38.53 17.01
F-3 18.98 17.00 40.00 27.50 17.00 39.56 26.22 17.00
F-4 28.85 25.00 51.20 31.44 25.00 47.61 33.25 25.16
F-5 26.95 25.00 38.40 2373 25.00 38.50 2341 25.02
F-6 28.11 25.00 45.70 29.83 25.00 4399 3325 24.88
F-7 27.80 25.00 43.60 29.20 25.00 43.00 26.22 25.30
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Table 4. Results of the predicted and measured values of the outlet moisture content.

B Inlet Model 1 Model 2 Model 3 Measured
I\’I‘p' M.C. (%, wb. (%, w.b.) (%, w.b.) MC.

© |, wb)| Pre. | Diff. | Pre. | Diff. | Pre. | Diff. | (% wb)
#1-1 22.44 19.42 0.22 19.50 0.30 20.25 1.05 19.20
#1-2 19.30 16.75 -0.42 16.82 -0.35 1752 0.35 17.17
#1-3 17.03 14.64 0.05 14.66 0.07 15.21 0.62 14.59
#1-4 14.84 12.87 -0.31 12.86 -0.32 13.32 0.14 13.18
#2-1 23.70 19.49 0.32 19.55 0.38 20.28 1.11 19.17
#2-2 18.62 15.05 -(.51 15.07 -0.49 15.60 0.04 15.56
#12-1 22.06 19.39 -0.11 19.49 -0.01 20.13 0.63 19.50
#12-2 18.82 16.34 -0.25 16.44 -0.15 16.93 0.34 16.59
#12-3 16.21 14.07 -0.46 14.13 -0.40 1450 | -0.03 14.53
#5-1 22.49 19.13 0.26 19.21 0.34 20.10 1.23 18.87
#5-2 18.48 15.44 -0.84 15.50 -(.78 16.16 -0.12 16.28
#6-1 22.42 20.66 0.20 20.71 0.25 21.24 0.78 20.46
#6-2 19.98 18.21 0.36 18.27 0.42 18.77 0.92 17.85
#6-3 17.92 16.34 0.27 16.38 0.31 16.86 0.79 16.07
#7-1 25.16 22.15 0.58 22.23 0.66 23.02 1.45 21.57
#7-2 21.16 18.47 0.20 18.53 0.26 19.29 1.02 18.27
#7-3 17.86 15.55 0.05 15.58 0.08 16.22 0.72 1550
Table 5. Results of the predicted and measured values of the outlet rice temperature.

E Model 1 Model 2 Model 3 Measured
;"‘ () (T) (C) M.C.
o Pre. Diff. Pre. Diff. Pre. Diff. ()
#1-1 39.87 1.97 39.72 1.82 41.14 3.24 37.90
#1-2 41.01 0.81 40.86 0.66 42.13 1.93 40.20
#1-3 41.40 2.40 41.19 2.19 42.14 3.14 39.00
#1-4 41.75 0.85 41.51 0.61 42,31 1.41 40.90
#2-1 47.08 1.88 46.81 1.61 48.05 2.85 4520
#2-2 48.59 0.49 48.27 0.17 49.12 1.02 48.10
#12-1 34.96 -0.74 34.89 -0.81 36.06 0.36 35.70
#12-2 36.28 -0.42 36.15 -0.55 37.03 0.33 36.70
#12-3 36.87 0.67 36.70 05 37.36 1.16 36.20
#5-1 39.75 0.85 39.61 0.71 40.87 1.97 38.90
#5-2 41,12 0.72 40.92 0.52 41.84 1.44 40.40
#6-1 38.81 2.81 38.73 2.73 40.75 475 36.00
#6-2 38.59 1.39 39.46 1.26 41.20 3.00 38.20
#6-3 40.46 1.26 40.30 1.10 41.86 2.66 39.20
#7-1 38.43 1.43 38.34 1.34 40.04 3.04 37.00
#7-2 40.01 -0.09 39.88 -0.22 41.29 1.19 40.10
#7-3 41.05 0.35 40.87 0.17 41.99 1.29 40.70




Table 6. Results of the predicted and measured values of the drying air temperature.

E Model 1 Model 2 Model 3 Measured
- () (©) (C) M.C.
No. Pre. Diff. Pre. Diff. Pre. Diff. ()
#1-1 37.48 -5.07 42.40 -0.15 43.01 0.46 42.55
#1-2 43.10 0.34 42.97 0.21 43.60 0.84 42,76
#1-3 43.27 1.43 43.12 1.28 43.54 1.70 41.84
#1-4 43.26 0.80 43.11 0.65 43.48 1.02 42.26
#2-1 50.92 5.20 50.70 498 50.95 5,23 45.72
#2~2 51.41 1.53 51.20 1.32 51.44 1.56 49.88
#12-1 37.28 1.53 37.14 1.39 37.61 1.86 35.75
#12-2 38.22 0.63 38.07 0.48 38.42 0.83 37.59
#12-3 38.48 0.16 38.32 0.00 38.59 0.27 38.32
#5-1 4221 1.33 42.07 1.19 42.63 1.75 40.88
#5-2 43.05 0.60 42.90 0.45 43.31 0.86 42.25
#6-1 41772 7.32 41.58 7.18 42,58 8.18 34.40
#6-2 42.13 3.18 41.98 3.03 42.82 3.87 38.95
#6-3 42.65 2.31 42.51 217 43.28 2.94 40.34
#7-1 41.26 2.33 41.22 2.29 42.01 3.08 38.93
#7-2 42.38 1.30 42.25 1.17 4293 1.85 41.08
#7-3 4297 0.84 42.70 0.57 43.36 1.23 42.13
Table 7. Results of the predicted and measured values of the outlet drying air relative
humidity.
E Model 1 Model 2 Model 3 Measured
;p_ () () () M.C.
o Pre. Diff. Pre. Diff. Pre. Dff. (C)
#1-1 80.84 ~-18.16 80.98 -18.02 58.28 ~-40.72 99.00
#1-2 69.26 1.15 70.06 1.95 52.34 -15.77 68.11
#1-3 55.51 14.54 57.06 16.09 44.20 3.23 40.97
#1-4 46.93 16.42 48.82 18.31 39.13 8.62 30.51
#2-1 72.64 -26.36 74.30 -24.70 53.03 -45.97 99.00
#2-2 49.19 15.81 51.41 18.03 39.70 6.32 33.38
#12-1 81.83 ~3.94 80.75 -5.02 58.63 -27.14 85.77
#12-2 64.78 26,72 64.89 25.83 49.58 10.52 39.06
#12~3 52.08 19.16 52.96 20.04 42.43 5.51 32.92
#5-1 79.85 -19.15 79.98 -19.02 59.02 -39.98 99.00
#5-2 59.45 19.25 60.88 20.68 47.29 7.09 40.20
#6-1 91.86 -7.14 90.99 -8.01 62.57 -36.43 99.00
#6-2 78.05 -715 | 77.82 -7.38 54.66 -30.54 85.20
#6-3 68.55 -5.25 68.99 -4.81 49.81 -23.99 73.80
#7-1 94.90 ~4.10 94.44 -4.56 66.56 -32.44 99.00
#7-2 77.90 -20.60 78.05 -20.45 57.01 -41.49 98.50
#7-3 62.25 -3.95 63.31 -2.89 48.30 -17.90 66.20
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Table 8. Comparison of energy consumption for the measured vs. the predicted
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values.
Measured Predicted Weight of Energy
Exp. energy energy water consumption
No. consumption consumption removed (kJ/kg-water)
(k]) (k]) (kg) Measured Predicted
#1 148748 89450 17.70 8403 5053
#2 95110 58032 9.61 9896 6038
#12 83917 54422 8.77 9568 6205
#5 83486 50889 7.39 11297 6886
#6 63372 37893 754 8404 5025
#7 101934 64290 11.39 3949 5644
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Fig. 8. Comparison of the moisture content change for F-1, F-2, F-3,

30

28

26

24

22

Moisture content(%, w.b.)

20

@ ~ @ =

2 = 2 K

8 B

Expertimental No .

& B &

—o—inlei{ M .C. —@—Qutiet M .C. ——O0bj. M .C.

B 8 &5 B

Fig. 9. Comparison of the moisture content change for F-4, F-5, F-6, F-7.
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