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Drying of Agricultural Products by the Flat-plate Solar
Collector with Rock-piled Heat Storage Medium

Kyu-Seob Chang and Man-Soo Kim

College of Agriculture, Chung-nam National University, Dae-jun, Korea

Abstract
The performance of the flat-plate solar collector with rock-pile thermal storage
medium and the drying characteristics of rough rice and red pepper by use of natural
air and of supplementary heated air by the solar drier were studied.

The thermal efficiency of the flat-plate solar collector was average 25.4 percent and
the overall heattransfer coefficient of the collector was approximately 38.13kJ/hr.m#°C.
The flat-plate collector was able to supply the supplementary heated air which was
about 7°C higher than the ambient air temperature during the daytime and about 3°C
higher than during the night.

For rough rice drying of grain moisture content from 24.5 to 14.5%, it took 13
days in the natural air system, 12 days in the tubular solar collector and 10 days in
the flat-plate solar collector. For red pepper drying from it’s moisture from 81.0 to
15.09, 68 hrs required under coaventional sun drying system, but 38 hrs in tubular
solar collector and 36 hrs in the flateplate solar collector.

The changes of capsanthin and capsaicine content were investigated at various drying
system, and little difference was found among the drying system.
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Table 1. -Specification of the solar collectors.
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Fig. 1. Schematic diagram of experimental
equipments.

\\\ Collectors Flat-plate solar Tubular solar
Ttems '\\\\ collector with rock-pile heat storage collector
Size(m) L1.16X W1.20X H1. 60 $0.19X L10. 00
Absorbing area(m?) 2.00 1.90
Tilted angle and direction 46° east to west

absorbing black-painted wall black color tubular

surface and rock-pile polyethylene film
Material

insulation wall insulated with

0.02m glass wool
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Fig. 2. Efficiency of the collector and radiation
on horizontal surface at 10~11 A.P.
and 14~15 P.M. of each day.
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Table 2. Results of determination of the overall
heat-transfer coeﬁﬁcients of the flat
plate solar collector.

Ambient Solar heateq OVeTall heat-

Hours ai:& Otoeél;p. air( Dtg)np. f:zzrf}f?:fgnt
(kJ/hr.m*>°C)

9~10 17.2 20.5 65. 98
10~11 17.6 23.5 21.88
11~12 18.8 26.0 24,63
12~13 23.5 32.0 24.07
13~14 21.8 29.5 39.35
14~15 21.4 30.0 36. 49
15~16 20.5 28.5 44.17
16~17 19.8 27.5 48.44
average 20.1 27.2 38.13
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Fig. 5. Comparison of rough rice drying curves

between the solar heated and the natural
air drying systems.
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Table 3. Regression equations of drying curves of the red pepper at various drying systems

and cutting methods.

Drying systems Cutting method

Rock-Pile solar collector Horizontal
Vertical
Whole
Horizontal
Vertical
Whole
Horizontal
Vertical
Whole

Tubular solar collector

Mat drying

Note M : Moisturé?o?tén”t%?W.bj, t : Drying time(hrs.)

Equations Corr. coeff.(r)
M==115.52056¢—0. 6277 —0.9750
M=201.7215¢~0. 7631 —0.9809
M=277.1904f~0. 8150 —0.9714
M=127.8746t—0. 6101 —0.9833
M=226.6522{—0.7578 —0.9928
M=317.9219¢—0. 8390 —0.9736
M=4]5.8521¢~0.9045 —0.9544
M=472.3864{—0. 8758 —0. 9068
M=386.7473t—0.7687 —0. 8908
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Fig. 6. Comparison of drying curves for the
whole red pepper at various drying
systems. )
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Table 4. Capsanthine and capsaicine content in dried red pepper on different drying systems
and cutting methods(mg/g dried sample)

Horizontal cut

Vertical cut

Whole
Remarks

Drying systems Capsan- Capsai- Capsan- Capsai- Capsan- Capsai-
thine cine thine cine thine cine
Rock-pile solar 16.4 24.3 15.7 25.3 15.4 30.1 Initial content;
collector capsanthine:20. 4mg/g
T\élc))llllle«?::rtosrolar 16.8 25.4 15.6 24.8 15.6 29.8 capsaicine:31. 5mg/g
Mat 18.8 24.1 18.9 24.7 18.4

27.5
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