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Drying of Crops with Solar Heated Air

——Drying of Rough Rice——
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Summary

Drying grain with conventiona! artificial drying methods requires great quantities
of petroleum fuzsls. Dasletion of fossil fuel increases the nezsd of the utilization of
solar energy as an alternative to petroleum fuels for drying grain, an energy
intensive agricultural operation.

Many techniques for the utilization of solar energy in grain drying have been
developed, however, there are many problems in adopting solar energy as an energy
sources for drying grain. Furthermore, very little research has besn done on solar
grain drying in Korea.

This study was conducted to evaluate the availability of solar energy for drying of
rough rice in Chuncheon, Suweon, and Jinju areas based on 5-year meteorological
data, and to analyze experimentally the performance of a solar air coliector for drying
grain, and to find the effects of solar heated air compared to unheated air on the
rate of drying and energy consumption reguired for drying of rough rice.

The results of this study may be summarized as follows:

1. Monthly averags daily total radiatiation on a horizontal surface in October was
260.6 ly/day for Chuncheen, 240.3 ly/day for Suweon, and 253.4 ly/day for Jinju
area, respectively.

9. The ratio of monthly average daily diffuse radiation to daily total radiation on
a horizontal surface was approximately 0.41 for Chuncheon, 0.45 for Suweon, and
0. 44 for Jinju area, respectively.

3. Although the statistical distribution curves of daily total radiation for the three
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locations were not identical, the differences among them were not large and may be

neglected for many practical purposes.

4. It was estimated that the optimum tilting angle of the collector in October was
approximately 46 degrees for Chuncheon and Suweon and 45 degress for Jinju.

5. The ratio of the total radiation on a optimum tilting plane to that on a horizo-

ntal plane was estimated to be

Jiuju, respectively.

1.36 for Chuncheon, 1.31 for Suweon, and 1.27 for

6. The collection efficiency of the solar air collector rangsd from 47.8 to 51.5
percent at the air flow rates of 251.1-372,96 m3/hr. High efficiency remained nearly
.constant during the best sunshine hours, 10 a.m. to 2 p.m. and decreased during other

hours. More energy was collected as the air flow rate incresed.

7. The average temperature rise in the drying air from the solar collector for
the test period varied from 6.5°C to 21, 8°C above the ambient air temperature.

8. Solar-dried rough rice averaged 13.7 percent moisture (w.b.) after 130 hours of

drying with the air flow rate of 1.64 ccm/mS3,

and rough rice dried with natural air

averaged 15,1 percent moisture (w.b.) after 325 hours of drying with the same air

flow rate.

9. Energy saving of 2.4 kwh per m3 percentage point of moisture removed was
obtained from solar heated air drying. The solar bin used 53. 3 percent less energy

per percentage point of moisture removed than the natural air bin.
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Nomenclature

A=Area of absorbing plate (m?)

C,=Specific heat of dry air (0.241 kcal/kg—
°C)

C,=Specific heat of water vapor (0.448kcal/
kg—°C)

H=Daily total radiation on a horizontal surf-
ace (Ly/day)

H=Monthly average daily total radiation on
a horizontal surface (Ly/day)

H,=Daily direct radiation on a horizontal sur-
face (Ly/day)

H,=Monthly average daliy direct radiation on
a horizontal surface (Ly/day)

H,=Daily diffuse radiation on a horizontal su-
rface (Ly/day)

H,=Monthly average daily diffuse radiation on
a horizontal surface (Ly/day)

H,=Daily total extraterrestrial radiation on a
horizontal surface (Ly/day)

H,=Daily total radiation on a tilted surface
(Ly/day)

{,=Hourly diffuse radiation on a horizontal
surface (Ly/hr)

Iy=Hourly total radiation on a horizontal surf-
ace (Ly/hr)

K,= Zd
Ro= Zd
K= j’f
RF%%

=Latitude (degrees)

P,=Barometric pressure (l1.0332 kg/cm?, abs)y
P,=Saturated vapor pressure (kg/cm?, abs)
P,=Vapor pressure of the air (kg/cm?, abs)
Q=Collection energy (kcal/hr)
R=O0Orientation factor for daily total radiation
(dimensionless)
R,=O0rientation factor for daily direct radiat-
ion (dimensionless)
RH=Relative humidity (%)
R;=Gas constant of dry air (29.27kg—m/kg—
°K)
R;y=Orientation factor for hourly direct radia-
tion (dimensionless)
R;p=0Orientation factor for hourly total radia-
tion (dimensionless)
S=Percentage possible sunhine (decimal)
=Ambient air temperature (°C)
T,=Ambient air temperature (°K)
t,=Temperature at outlet of collector (°C)
V=Air flow rate (m?/hr)
W =Humidity ratio
p=Tilted angle (degrees)
p=Ground reflectance (dimensionless)
0,=Incidence angle on a horizontal surface
(degrees)
0,=Incidence angle on a tilted surface (degrees)
w=Hour angle (degrees or radian)

o,=Hour angle from sunrise to solar noon
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Table 3-1.
for October.
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Measured daily total radiation and other data calculated by Liu and Jordans’ method
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| l | Mean l S.D. { [
Chuncheon{ a7e5'N | 575,70 260,61 99.7 5‘ 0.453 ‘ 0.186 1 0.411| 107.0| 153.6 13.5
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A9 KOFE E R, KRS EEE U Liug Jor-  BRY ko) 97 2& Aoz slsch o

dan'™¢] Fike] 93t &i?& E% 2 HELEHE
o 108 FH(EE Table (3-1)3 2},

Table (3-1)oll A gt 2ol F 9 KEFH HHEH
wEe o] 260.6 Ly/dayz 747 ,
253.4 Ly/day, 75 240,83 Ly/daye] JEHels], o]
EE P B B 41.1%, 44.1%, 44.T%E e
KEY FHEEE /Nl 0,453, FM
0.417, KE 0, 4129 JEFE JeEoE24 3hEH
TR BHEEe % F& Aoz ST
4 9Tk,

Fig. (3-1)& #FEiRe AFMm HHEEY #B
EESH zebzolth, Fig. (-l s 2o HE
B A BER 2 ERE 4oy, 944 3k

vk o
e

e}, wd

Al XEE HEEC) 100 Ly/dayl] Lol e 3
Jllel 93.5%, Ti7b 92.3%, KIEe] 89.1%c]x}.
F 10AH #2973, Fie 290, NES 287
i 100 Ly/dayll 9] Aasdge A er,
300 Ly/dayfl -8 ¥ 4 = Hgr= & 134,
FH 128, KE 1089 =}

wko. &=
==

Lt BERRER] A ARE AR
R LAY HifEe FEo kg Bl a7
w el HEEE Az weq 744 EfRr

BILE St A2 deAx g5y,
Table (3-2)& AMIKS BHEEE vhebd Ao
2 10RFHAREL /iR 50.6%, K& 50.7

- 104 —



ABEE NS EEYER] WS B

100 = 8
———— Chunclron 7/

ad  TTT T Suweon /;
T lingu

lative freguency {

Percentage cu

100 200 300 500

Radiation on a horijontal
surface (Lylayj

400
-1

Fig. 3-1. Percentage cumulative frequency cur-
ve of daily total radiation for Octo-
ber based on 5-years weather data at
3 locations.
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Table 3-2. Percentage possible sunshine hours and constants for use in equation (3-1) for

October.

i s Percentage days with | -
Percentage possible percentage possible sunsh- ‘ Constants . .
Location ‘ sunshine hours ine hours Coefficient of
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Table 3-3, Monthly average daily total radiation on tilted surfaces for October.

{ Jinju i

i J B=30° ‘ B=60° | 8=90° B=L—3
Location | : |
lR,,]R‘He!RbiR;H,[R,,»R’H, R,,\R‘H,
Chuncheon' 1.5548] 1.3126 342. 09“ 1.6459] 1. 3277] 346. 03‘I 1. 4552‘ 1. 1626: 303. oo‘ 1. 6555/ 1. 3533 352.70
| Suweon } 1.5365 1. 2801} 307. 54, 1.6185, 1.2803 307, 59] 1.4296, 1.1141[ 267. 66, 1.6298] 1.3108) 314.92
| | |

\ 1.4776°1.2508. 316.90

1.5305 1. 2363‘ 313.23

1. 3509\ 1. 0757 272. 54{ 1. 5483 1. 27301 322.53
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‘Table 4-1, The agronomic and other data of the
rice varieties used for drying test.

“Natural air~ | Solar heated-
| drying air drying
Variety Jinhecung ‘ Suwecon 264
Sowing Apr. 25 ©Apr. 15 j
Transplanting Jun. 17 1Jun 4
Harvesting %ct 11-Oct. ;Oct 8-Oct. 9
|
Drying period gct. 14-Nov. i O 1C-Oct.
Initial moisture 24.8 \ 21.9
content (%, w.b.) | :
Quantity of pad- 3.04 3. 04 |
dy rice (m?) .
Grain depth (m) 1.35 ! 1.35
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Fig. 4-1, View of the
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Table 4-2, Specification of the solar collector and its material
Type " Covered, suspended-plate
Size (widthxlength, m) ! 0.79x9
Net area of absorbing plate (m®) | 7.1

i
Air space between absorbing plate and ] 5
insulation (cm) ‘
Air space between cover and absorbing , -
plate (cm) | -
Tilted angle (degrees) 45°
Cover Polyethylene film with thickness of C.'mmn

Absorbing plate

Black-painted corrugated galvanized iron
plate (%#24)

Materials Insulation

Syofoam with thickness of 5cm

“Air duct between collector
and grain bin

. bin PVC pipe insulated with strofoam of 5cm

thickness

Side walls of collector

Wood (lauan) with thickness of 3em
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(MEEREE 0. 0IKWH) & Aat gl et
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%+ fsgch
Lt #R R BR
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gEaao] FARe EEdR MY KEfEd =
Fot EER 2 AvA R RS LE E
#HE2 g8 @-DRer #RE 5 d

Q ..... -

n= TRA SCLQ0 e e arenrnresaessiaanininies (4 D

714

Q= (P' P,) [(Ca+C W (t,—t Y] e (4_2)»

P.o=RHX P, teereeerersenmsascorsiniinciirmnionae (4-3)

By - (4-4)

W=0.62198 yd

A EEel Ax V=251, 10m*/hr (115 2H), 299.
16mo/hr (105 31H), 372.96m/hr (117 3819 &
Bkel Eage] Hild &% HHEERS ARk

Table (4-3)& V=299, 16m*/hrd= 107 3152

Table 4-3. Hourly collection efficiency and Other data for the air flow rate of 299.16m3/hr

during Oct. 31.

Time | H ! R ]HxRI(lfcff}hr) ("H (3;5) |f(—C‘) P,x10°| P,x10° leoai%;{‘:alq 2(%)
§—9 4.5 1.394) 6.3 446, Oi 97| 279.0 2.3 953 9.24 5.6 210.0  47.1
010 12.¢ 1.342, 17.2 1221.4 91| 2810 7.00  10.93f  9.95 6.0 634.8 52,0
1011 1 22.5 1.3200 29.7) 2111.7.  77] 283.6] 12.4 13,03 10.03 6.1 1114.4  52.8
1—12 | 34.0 1.312] 44.6] 3171.6 2 287.0]  18.6 16.29} 10. 10 6.1 1651.7]  52.1
12-13 | 36.001.312 47.2) 33se.2, €0 2884 19.7) 17.84 10.70 6.5 17411 518
Va—14 | 32.11.320 42.4] 3012.7] 47 289%.9] 17.7| 19.63  9.23 5.6 1555.9]  51.6
14—15 | 27.C| 1.342] 3.2 2576.2] 49 290.1) 148 19.88  9.74 5.9/ 1300.1] 50.5
1516 | 19.9| 1.394] 27.7| 1972.4) 49| 289.2( 10.4 18.77]  9.20 5.6 916.6 465
1617 | 501,992 &) 5779 57} 288.0 27, 17.39  9.91 6.0, 239.¢]  41.4
BENH FERe s, Fig. (4-3)& & BEEN @EL o 108 Bi=d 1488 Litkel & &3 A shslkH,
7 AEE ‘%E}"ﬂ Aolch, Fig. (4-4)& BEEH 2 of A 14H% Abolol = A9 2 FH& e %l“%. =
A BLERS TG Rl 3 Gz FEe V=251.1m¥/hrd=] 47.8%.
natgEe] BNESS BRel AL4% HELSA V=299, 16m*/hrad = 49.5%, V=372,96m?/hrl=|
pie =, 128%F 3045 138 305 AbelolA &K 51.5%2 24 A&l #mdsS BELAES Ash
LAe ehdsich SABY mEe Agiel % AT, pEe Mg At oNT Bke
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Fig. 4-3, Temperature rise variation during a
day.
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Fig. 4-4. Efficiency of solar colector at various
air flow rate.
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Fig. 4-5. Change of average hourly tempera-
ture rise, radiation, useful collection
energy, and efficiency of collector
for the drying test-period.
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‘Fig. 4-6. Moisture content change of each
layer of the rough rice dried with
solar heated air.
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Table 4-4, Comparision of selected data for solar heated air and natural air drying.

Item {Solar heated air dryingi Natural air drying
Variety of paddy rice ! Suweon 264 Jinheung
Quantity of rough rice tested (m?)

Drying period

} Oct. 10-Oct. 24

3.04 } 3.04
[

Oct. 14-Nov. 3

Air flow rate (m®/min. m?) 1. 64 [ .64
Grain depth (m) ‘ 1.35 i 1.35
Average initial moisture (%. w.b) 21.9 P 24.8
Average final moisture (%, w.b) 13.7 [‘ 151
Moisture removed (%, w.b) 8.2 f 9.7
Hours of fan operation 130, 4 ‘ 325.0
Total energy consumed (KWH) 51,6 } 132.3
“Energy consumed per cubic meler per one perce- 21 i 45
nt reduction in moisture (KWH/m?*-point) : [ )

Relative energy consumption 46.7 ' 100
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