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Artificial Drying of Grain with Solar heated Air (Part 1)

Forced-air Drying of Paddy Rice using the Green House as a Solar Collector
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Table 1-1. Measured values obtained from the experiments on artificial paddy drying conducted in Qct, 1980,

Epe A ] # 1 [ H 2 i H 3 @B 4 il H 5 [ B
®oBm A f 1083 H 108 4 0 10816~17H | 10280 10/ 29H
BT L AR (k) 400.0 390.0 733.0 600.0 677.7

no LARG (% wb) 18.90:£0,36 | 18.70£0.20 | 20.66:£0.24 | 16.54£0.05 | 15.69:0.21
o JEEIE (%) 1.2 0.0 0.0 0.2 0.2
i | Bt (m/sec) 0.250 0.259 0.220 0.227 0.235
B A (m/sec100kg) 0.063 0.066 0.030 0.038 0.035
wmoO Mmoo () 4.17 6.00 6.33 5.00 3.00
, Ol E W) 21.1~24.3 | 22.3~24.7 | 18.1~25.7 | 14.4~17.2 | 11.8~16.7
Fis oy 4 e 23.5 - 23.6 21.2 15.3 14.9
;}E eI Y (%) 37.5~55.0 | 45.5~61.0 | 63.5~77.5 | 45.0~61.5 | 44.5~78.0
PR RBIE (% RH) 42.9 51.5 71.2 54,7 52.5
U3 b A T IR AL ) 22.6~41,3 | 37.8~41.5 | 23.8~47.8 | 18.6~36.8 | 19.2~31.6
W iy g AR RUE (C) 39.3 38.1 3.8 24.9 25.8
& B M (ke 1,627 2,282 1,450 §16.9 782.4
WL AT (k) 377.8 369.1 689.2 589.1 665.2
no L AR (% wb) 14.2:£0.06 | 14.2:£0.49 | 15.71£0.21 | 15.00:£0.58 | 14.11:£0.,58
n THEE (%) 3.4 0.7 2.0 0.7 0.7
B8 N W # (%/h) 1.15 0.77 0.78 0.31 0.53
ARG DR B (ecal) 146,430 205,380 130,500 73,521 70,416
o B (kead) 18,245 24,960 21,531 12,287 8,736
£ o# & % G 12.5 12.2 16.5 16.8 12.4
BTFIHEE IR I (77100 kg) 22.50 23.08 12.28 15.00 13.28
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Fig. 1-1. Schematic drawing of the grain drying

method using the green house as a solar
collector.
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Fig. 1-2. Hourly changes of grain moisture content, cumulative solar radiation, suction and exhaust air
temperature, humidity, etc. under the forced-air drying of paddy rice in the green house, (Oct. 1980)
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Fig. 1-4. OQutlooking view of the grain drying system

using the green house as a solar collector.
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Fig. 1-5. Flat bed type forced-air dryers placed in
the green house.
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#1-2 SHWMBRIEM (564E9 H17H~22H)
Table 1-2. Measured values obtained from the experiments on artificial paddy drying conducted in Sep. 17—

22,1981,
E1'd A 3] W 1 fii] E| 2 [l E] 3 ] H
Fy % H 9 H17 H 18 A ‘92‘;5 190 ~21H
oo RS 1 2 3 1 2 3 1 2 3
MR L AR (ko) 544.5 | 479.7 | 555.8 | 267.0 | 332.5 | 450.0 | 610.6 | 313.7 | 409.4
no L ARG (%, w.b) 17.2 | 17.1 16.5 | 18.8 | 18.3 | 18.3 | 19.0 | 17.4 | 16.8
v R (%) 0.33 | 0.33 | 0.17 | 0.33 | 0.00 | 0.33 | 0.33 | 0.17 | 0.00
i HE (m/sec) 0.25 | 0.44 | 0.44 | 0.25 | 0.44 | 0.44 | 0.25 | 0.44 0.44
MOt kb (m/sec * 100kg) 0.046 | 0.092 | 0.060 | 0.094 | 0.132 | 0.098 | 0.041 | 0.140 | 0.107
MOE mE M () 8.0 8.0 8.0 6.0 8.0 8.0 32,0 | 27.0 | 27.0
" /oW OE @O 13.4~31.0 15.6~30.6 173(1);3 17.1~30.8
£t
Ao RO 24.2 24.8 22.7 22.0
i
WO o & W (% RED 35.0~87.0 38.0~86.0 6091 46.0~9.0
4
PREREE (v ) 57.8 56.0 76.3 79.3
LA < e S B (% 15.0~ | 17.8~ | 16.6~ | 28,2~ | 17.8~ | 18.8~ | 20.2~ | 18.5~ | 18.8~
- b AR ARILED) (C) 49.0 | 39.9| 41.3| 37.5| 38.8| a42.2| 48.2| 37.2| 39.2
{m.
iy no SRR (C) 28.9 | 29.4 | 29.4 | 31.4 | 28.3 | 30.3 | 28.7 | 27.4 | 28.4
4 B 4 4t (keal) 3,460 2,607 3,820 ~ -~
" (/77 Z19) 2,469 1,828 2,632 5,340 3,320
WD A0k (% w.b) 13,2 | 12.8 | 12.3 | 13.7 | 13.4 | 12.4 | 13.7 | 14.0 | 13.6
o JHEE (R %) 3.00 | 16.7 | 0.67 2.67 © 1.00 1.00 | 0.67 | 1,00 | 3.00
7 v (FIF %) 1.67 | 1.00 | 0.67 | 2.33 | 0.33 | 0.67 ~ 0.33 | 0.67
WOy RO (%/h) 0.50 | 0.54 | 0.53 | 1.44 | 0.75 | 0.57 | 0.17 | 0.13 | 0.12
WML A (k) 519.4 | 456.0 | 529.4 | 251.2 | 313.7 | 419.5 | 573.1 | 301.3 | 394.2
A SRR ) KPR AT = AL ¥ — 2 19,7218.8 _
Ureal) AL 311,400.0 343,800.0 21}
RG] p o Yl (keal) 75,672.2 89,384.2 28,807.6 ~
oW R (% 24.3 26.0 14.6 ~
IRTIRG R (02 /100kg) 5.7 8.6 14.7 ~

(ifE) @iz reny, Eo8, ©=—ny— 1 ZKELERRTHT0.1%

WHROHSEANTHUROTZOMIT /NEL, 9

£ 0.389%/h, 10 LT 0.51%/h &5 -Th
THEFTIE 0.449%/h T 5, 9 A 108 |k

DL DNSBHERLT0 B0 9 APH0RE
IR D H ORI S BB FEN TV B DT

Hh, WREL-NEIMMED H%E B & IHPET
0.5~0.795/h, 10 L4 0.45~0.6%/h X135,

ZOES5I9 A LI0HTIHERBIRELENED -
feicbinsd, 1089 H & RROBMELICH 2 %
OHEAELEE U0 MO EKENEL, B
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Table 1-3. Measured values obtained from the experiments on artificial paddy drying conducted in Oct. 3-15,

1981.
% A ] # 1 1] H 2 Al H 3 | 8
O S | f 10H3H~6H 11~15 | 8§~111{ 7 +10 | 13~15 | 11~12
Lo 3 1 2 3 1 2 3 2 3
HEMRT S AE (k) 538.8 | 635.3 | 532.1 | 621.8 | 324.2 | 742.2 | 558.4 | 535.9
no b ARG (% w.b.) 24.6 23.7 22.7 23.9 25.4 23.2 20.6 23.9
n o IS (%) 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i ik (m®/sec) 0.25 0.44 0.44 0.25 0.44 0.44 0.44 0.44
BB b (m/sect10042) 0.046 | 0.069 | 0.083 | 0.040 | 0.136 | 0.059 | 0.079 | 0.082
T W I ) 19.0 16.5 19.0 25.5 24.4 18.0 8.5 16.5
I T 15.9~26.8 T R R R P
Z; oy | () 20.8 22.2 20.2 21.2 22.2 22.1
it ERMEED (% RH) 39~98 | 39~98 | 38—98 | 27~70 | 27~70 | 32~100| 45~93 | 27~70
B pmsunE (% 62.7 | 60.9 | 62.7 | 0.2 | 71.2 | 7.2 | 72.7 | 53.0
| emmsenn o | i | 0G| M| S | | N | 8s | i
gf o IRE (C) 26.5 26.8 27.2 26.0 24.0 26.2 23.7 26.1
4 B o (ke 7,114 | 6,608 | 7,114 ~ 6,948 | 6,129 ~ 5,912
" ("7 ZR) 5,248 | 4,949 | 5,248 ~ 4,638 | 4,214 -~ 3,983
WA D ARG (% w.b.) 14.1 13.8 14.3 12.3 13.4 14.5 16.8 14.4
no NEENER (R, %) 4.00 3.30 4.30 3.30 7.33 2.67 1.00 0.00
" v (FR, %) 2.30 1.00 0.67 2.00 1.30 0.67 0.67 ~
B LW R (%) 0.55 0.60 0.44 0.46 0.49 0.48 0.45 0.58
%L AR (kg 470.0 | 562.0 | 478.0 | 538.8 | 279.0 | 666.4 | 532.9 | 476.4
N RO OB () 30 60 90 90
WHGRILLL (/100ke) 557 .14 (1) ) asm) | dzm)
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Fig. 1-9. Relationship between the cumulative solar
radiation and the drying rate for paddy rice.
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Summary

1) This study was conducted in order to attain much reduction of the petroleum required for grain drying, the
consumption of which is now the largest in all grain producing processes. A new drying method, whereby solar en-
ergy is directly used as much as possible, was employed.

2) This grain drying method making use of solar energy is as follows: Flat bed type forced-air dryers are placed
in a 90 m? green house which is used as a solar collector, and heated air is sucked through grain layers to be ex-
hausted out of the green house. Experiments were conducted in 1980 and 1981 in order to study whether such a solar
dryer system has a drying rate and a drying capacity large enough to be incorporated into the existing mechanized
harvesting and processing operation system in our country,

3) In 1980, drying experiment using one flat bed type dryer placed in the house mentioned above was performed
to learn what degree of drying rate can be attained by utiluzing solar heated air in the house only. As a result, it was
found that final drying of raw paddy is accomplished within a short period of time, that is, within a day or so when
drying is performed on fine days.

4) 1In 1981, drying experiment was performed, using 3 flat bed type forced-air dryers placed in the house mentioned
above, to study how much time is needed to dry a certain amount of raw paddy. As a result, it was found that final
drying of 4 tons of such paddy can be accomplished in one or two weeks inclusive of rainy days, though both har-
vesting and drying operations are greatly affected by the weather, It is estimated that by full use of this equipment,
final drying of 14 tons of such paddy harvested from 3 ha of paddy field can be accomplished satisfactorily in 45 days
in the proper harvesting period from mid-September to the latter part of October.

5) Mean moisture reduction rate representing the drying rate was 0.71 %/h as the average of measurements in
1980. 1In 1981, it was 1.0-1.5 %/h on fine days and 0.5 %/h on cloudy days, and 0.44 %/h as the average of meas-
urements obtained in total forced-air drying time inclusive of rainy days.

On the other hand, the collector efficiency of the house as defined by the formula (1-7) was 14.19% as the average in
1980 and 24.4%; as the overall average value in the experiment in 1981.

6) With regard to the relationships between cumulative solar radiation, quantity of heat delivered by solar system
and the amount of evaporated grain moisture in the experiment in 1981, it was found that these were nearly in a
proportional relation as shown in Fig. 1-10 to Fig. 1-12,





