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Development of Drying System for Unhulled Rice
in Early Season Culture.
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Fig. 1. Schematic diagram of heat pump dehumidifier drier.
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Fig. 2. Schematic diagram of dehumidifier
drying system.
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Fig. 3. Air condition of heat pump dehumidifier drier.

Table 1. Drying condition of heat pump dehumidifier drier

Drying Static pressure (mmAq) Air flow (m?®/min) Air of RH. (%)

time Operation flow rate ———
(h) P, P, P, P, G, G, G, G, (m*/st) OA. DA
4 (A) -12.5 -32.0 44.0 37.5 38.0 35.6 34.0 39.6 0.404 84 67
31 (A) -14.5 -35.0 46.5 38.5 35.2 34.3 31.0 38.5 0.369 88 70
41 (B) -9.0 -94.0 24.0 21.0 22.9 15.3 19.1 19.1 0.230 90 61
49 ) -31.0 -16.0 50.0 43.0 12.7 74.1 36.4 50.4 0.430 75 63
64 (B) -7.5 -89.0 27.0 21.5 23.1 17.1 20.4 19.8  0.240 90 61

P. : Air pressure at condenser, P, : Air pressure just before fan, P, . Air pressure just after fan,
P, : Air pressure in the drying bin, G, : Dehumidified air flow, G, : Open air flow, G; : Mixed air flow,
G, : Unnecessary air flow, O. A. : Openair, D.A. : Dehumidified air, (A), (B), (C) : Refer to Fig. 3.
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Table 2.Comparison of measured and calculated dehumidified water

Drying Operation T, R, T, G, Am A me
time (h) (C) (%) (C) (kg/min) (g/min) (g/min)
4 (A) 27.9 90.0 32.3 43.3 57.0 58.6

5 " 27.4 91.0 31.8 43.4 63.4 58.8
31 " 27.3 84.0 32.0 40.0 61.5 57.9
32 " 26.9 91.0 31.5 40.1 61.5 56.3
33 " 26.8 91.0 31.4 40.1 61.4 56.3
41 (B) 27.6 82.0 34.8 26.1 64.0 63.9
42 " 28.1 79.0 35.7 26.0 59.0 61.4
51 ©) 29.5 77.0 44.2 14.4 65.2 67.2
52 " 28.8 78.0 43.5 14.5 67.0 67.5

T.. R Temp. (C) and R. H. (%) of open ari, T;: Air temp. of condenser (C) G, : Air flow (kg/

min), A m: Measured dehumidified water (g/min), A m, : Calculated dehumidified water (g/min)
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Fig. 4. Change of the dehumidified water.
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Fig. 6. Moisture content as a function of
drying time on each height of layer.
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Table 3. Drying efficiency of heat pump dehumidifier drier

Layer Height of Ratio of Average Drying
layer flow rate drying rate time

No (m) (m*/s.t) (% w.b./h) (h)
1 st 0.095 2.370 0.303 39.6
2 nd 0.169 1.320 0.294 40.8
3rd 0.243 0.924 0.288 41.6
4 th 0.317 0.707 0.283 42.4
5 th 0.391 0.570 0.275 43.6
6 th 0.465 0.480 0.270 44 .4
7 th 0.539 0.417 0.261 46.0
8 th 0.613 0.367 0.252 47.6

Average air flow : 30.0 (m?/min)

Drying time : Moistore content from 27% to 15% (w.b.)

Cross section area of drying bin : 1.85X1.85m (3.42m?)

Table 4. Air flow rate and drying time under special gap of moisture content between top and bottom layer

Air flow Drying Time Maximum gap of M.C.
rate — P — P between top and bottom
(m®/s. 1) Gap within 1.0% (w. b.) Gap within 1.5% (w. b.) layer % (w.b.)

1.320 40 40 0.95

0.707 40 40 2.3

0.480 44 40 3.3

0.367 53 47 4.1
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Table 5. Performarnce of heat pump dehumidifier drier

Item Performance Note
Dehydratedwater from unhulled rice 206.5 Kg (26.9-14.3% w. b.)
Total electric power 83.7 Kw Exhaust air
Power of compressor 44.8 Kw Drying time 66 (h)
Power of blower 38.9 Kw Drying time 66 (h)
Electric power of dehydrated water 1 kg 0.4 Kw/Kg
Calorie of dehydrated water 1 kg 349.4 Kcal/Kg (1 Kw=860Kcal)
Coefficient of performance 4.4 (Average) (4.28-4.52)

Table 6. Comparison of drying method and cracking rate

Drying Initial M.C. Final M.C. Cracking rate
method % (w.b.) % (w.b.) %
H.CD. 60C 26.9 14.7 45.0
n 50°C 26.9 14.7 28.0
n 40°C 26.9 14.8 11.0
Solar drying 26.9 15.0 21.0
T.D. 45C 26.9 14.0 6.3
H.P.D. 26.9 14.3 0

H.C.D. : Heat Convecting drying.
T.D. : Tempering drying.

400
60 20 2
o
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30 &
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To ind To indoor
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0 2 4 55 @ 10 12 14 161618 20
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Fig. 8. Drying condition of solar drying,

Table 7. Drying method and quality of milled rice

Drying Taste value M.C. of milled rice Whiteness
method (STU) (% wb.)
H.CD. 60°C 56 12.8 40.4
no 50°C 50 11.6 40.1
o 40°C 56 12.4 40.5
Shade drying 52 12.4 40.2
Solar drying 53 12.4 40.4
Tempering drying 61 12.7 41.5
H.P.D. 61 12.3 40.5
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Summary

In order to develop a dehumidifying drying system for unhulled rice in early season culture, some
fundamental drying properties of the unhulled rice were investigated.

1. Using the operations of the dehumidifying drying and the constant dehumidifying drying in the
system, optimum drying of the unhulled rice was obatined.

2. Asthe drying air humidity was controlled in the system, over drying was protected and uniform
drying was performed in the drying process.

3. The dehumidifying capacity of the system could be evaluated by a simple calculation method.

4. As optimum drying rate in the system was calculated, equilibrium moisture content and drying
time could be estimated.

5. Experimental equation derived from the air flow rate (Q) and the drying time (H) in the
system was shown as follows.

H=42. IQ_O‘OM
Therefore, the drying time could be estimated without any relation to the height of layer in the drying
bin.

6. From the point of view of the practical and the drying cost, it was desired that the drying
conditions should be established as follows.

(a) Air flow rate : below 0.48m?%/s. t

(b) Final moisture content : approximately 15% (w. b. )

(c) Gap of moisture content between top and bottom layers in the drying bin : below 1.5 % (w.
b.)

7. The calorific value of dehydrated water 1 kg from unhulled rice was fixed to be 350kcal
(average) and it was about 10 yen in terms of power rates. The cost of the drying system could be
reduced down to 65 % in comparison with the heat drying with burner.

8.  The cracking rate and STU value of the drying system were better than those observable in
any other drying methods.



