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Abstract

The flat-plate and tubular solar collectors were designed and constructed for drying the
rough rice, and the performance of the collectors and drying effect were investigated when
rough rice was packed in grain bin connected to collectors. Average-monthly radiation on a
horizontal surface based on bright sunshine in Daejeon area during 1978 was the highest as 16,814
KJ/m2.day in May and the lowest as 4, 254 K]/m?+day in December, and significance was not rec-
ognized between the calculated and recorded values. The thermal efficiency of collectors were
increased as radiation increased during drying period and the average thermal efficiency of
flat-plate and tubular collectors in 11 to 12 o’clock a.m. were 28.12 and 16.75 %, respectively.
The average inlet temperature of grain bin at 12 o’clock was shown as 20.02 at control,
40.5 at grain bin connected to tubular collector and 55.1°C at grain bin connected to flat-p-
late collector. In 25 cm rough rice depth in grain bin, time taken for drying from initial
moisture content at 27.4 to decrease upto 17.0% (14.5% on wet basis) were 32 in control,
18 in grain bin connected to tubular collector and 11 hrs to flat-plate collector, and grain
depth influenced drying rate remarkably. In the view point of drying characteristics, drying

pattern showed initially falling-rate to constant-rate period finally.
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Fig. 1. Schematic and detail diagram of flat-plate
collector

Solar collector 2. Thermocouple

Fan 4. Orifice meter
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Table. 1. Specifcation of the solar collectors
being used and its material
W’ Solar air Solar tubular
Items colletcor collector
Size(m) Ll.soi(Vo.sz Ho.1d bo-10 X L1o.00
Net absorbing
area (m?) | 1.17 1.90
Tilted angle °
and direction l 46 east to west
Flow rate(m3/hr) 1.8 1.8
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Mate- inum plate ylene fiilm
rial
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of 0.05m
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Fig. 3. Arrangement of the experimental apparatuses and measuring systems
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Hav : average horizontal radiation for the period

Ho : average radiation outside of the atmosphere

for the some location

n : average daily hours of bright sunshine

N : maximum daily hours of bright sunshine

a, b : constants
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Nc: flat-plate collector efficiency, %

Nt : tubular collector efficiency, %

qu : energy utilized to heat air, KJ/hr

H : radiation received on a horizontal surface,
KJ/hr.m?

R : geometric factor converting horizontal readings
to readings tilted surface

W : air mass velocity, kg/hr

Cp : specific heat of the air at constant pressure,
KJ/kg.°C

At temp. rise of the air in the collector, °C

A : effective collector area, m?
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Table. 2. Average daily total radiation calculated based on the average and the maximum hours of
bright sunshine, and recorded values on the horizontal surface for Daejeon (1978)

Month (Kljmb day) | 285 NED | N | yjeaday) (KD daey
Jan. 17,053 4.20 8.20 0.512 3,573 4,815
Feb. 22,171 5.37 7.70 0.697 10, 987 10,199
Mar. 28, 558 6.99 10. 10 0.692 13,935 13,155
Apr. 35, 186 8.33 12.10 0.688 16, 947 16, 689
May 39,517 8.51 13.00 0.655 17,017 16,814
Jun. 41, 269 7.25 13.20 0.549 11, 009 10,768
Jul. 40,418 7.13 12.90 0.553 11, 032 10, 789
Aug. 36, 952 6.87 12.20 0.563 10, 657 10,496
Sep. 31,030 6.13 10.80 0. 568 9, 189 8,441
Oct. 24,216 5.91 10. 30 0.574 7,396 7,549
va. 18, 283 4.85 8.80 0.551 4,934 4,635
Dec. 15,730 4.94 9.20 0.537 3,904 4,254
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Table 3. Temperature and relative humidity of atmosphere, collectors and grain bin at 12 o’clock

during drying period*

~ Atmosphere Flat-plate Tubular Control
Date Sl 1 e s a4 1|23 ]a
Oct. 21 18.5 36.3] 61.6| 39.6| 35.2| 31.4] 39.5[ 29.7, 26.9 24.0| 18.5 20. 5; 20.5 20.7
22 18.1] 38.7| 46.5 28.6] 25.4] 23.9] 36.5 29.5] 27.6{ 26.4] 18.1 18. 6{ 19.7] 19.4
23 20.7| 42.5 59.2i 33.2| 30.3] 28.2 40.2| 35.1] 32.3 28.8 20.7] 21. 2: 21.5) 20.6
24 21.8 54.4| 46.5! 29.5! 21.0| 20.9 33.77 31.4 29.3 26.7f 21.8 22. 8i 21.5] 21.9
25 22.4 49.8| 65.5 41.3! 35.7| 31.6 45.8 41.1f 24.5 23.2| 22.4] 25. 5I 23.71 22.1
26 23.6/ 46.3] 63. 8‘; 42.4) 34.2| 31.3; 46.5] 42.6| 38.1] 36.4| 23.6, 23. 3; 22.4 22.3
27 16.7) 50.4) 43.5. 28.4] 26.9] 23.5 37.5 34.0{ 30.4] 25.9/ 16.7] 18. 0 19.5 19.3
28 18.4] 46.8) 54.7) 34.2| 30.3| 27.5] 44.5| 42.5 37.6] 36.7 18.4] 20. 1; 21.2y 23.8
Average l 20.02} 45.65] 55.1; 34.65| 29.88| 27.28 40. 51 35.73) 30.83] 28.5| 20.02f 21 . 21.25| 21.2%6
* 1. Outlet temp. of collector (°C)
2. Temp. of bottom layer in grain bin (25cm grain depth)
3. Temp. of middle layer in grain bin (50 cm grain depth)
4. Temp. of top layer in grain bin (75 cm grain depth)
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Fig. 6. Drying curves of different layers in grain

bin connected to the flat-plate collector

Moisture content(d.b.%)

Boz pste A, TR L8 %3 mad zHs
grain binol BE %9 & =9 89 ¥if HE R
Fig. 63 .

W K ERE 27.4 %2 VUL A HERRY FA
o WE R EET HEY ZRE Yl vd 89 K
S EREE17.0 %(ElP 14.5 %) deolzd e v
€ 25 cm Bl A& 118:M, 50 cm B4R A& 22

Top
~——-— Middle

~—---—< Bottom

19

17 L

15 L

13

114

— 1 1 1 1
05 15 25 35 45 55
Time (hrs)

Fig. 7. Drying curves of different layers in grain
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