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A Study on the Performance of Flat-plate Solar Air
Collector and its Application to Grain Drying
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Summary

The use of petroleum fuels in grain drying causes problems of high cost and ma-
nagement. To solve these problems, it is required to study on solar ensrgy as an
alternative to petroleum fuels for grain drying.

The purposes of this study were to find out the optimum receiving area and
air flow rate of a flat-plate solar air collector for grain drying and to asszss its eff-
ects on grain drying with a small grain bin. The results of this study are summarized
as follows:

1. The calculated optimum tilt angles of the collector in the summer and autumn
drying seasons were 20 and 50 degress, respectively, in suwon area.

9. The outlet temperature of the coilector was 36°C on the daily average with the
maxinum of 43°C at 12 : 00 o’clock. Solar radiation on the collector surface was 1. 04
ly (1 langley=1 cal/cm?) per minute on the daily average and 1.30 ly per minute
on the maximum at 11 : 00 am. The thermal efficiency of the collector was 62.4
percent on the daily average, and the air flow-rate per unit receiving area was 1. 03
m3/min/m2.

3. The air flow-rate per unit receiving area for the maximum thermal efficiency
(71%) was about 1.2 m8/min/m2,

4. The calculated optimum receiving area and the air flow-rate per unit cubic
volume of paddy in autumn drying season was 2 m? and 2m3/min, respectively.

5. Not significant difference in the collector efficiency was appeared between
the rotating and fixed type of solar collector.

6. For drying of wheat with 0.6 meter of the depth in the bin, approximately 9
hours were required to reduce the moisture content from 21.6% to 13% with air £-
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low rate of 5 m3/min an initial moisture per cubic meter of wheat and with air

temperature of 52°C.

7. In the drying test of rough rice with a turning operation in a grain bin appr-

oximately 21 hours were required to reduce the moisture from 219% to 14.5% with

airf low rate of 2 m3/min per cubic meter of rice and the air temperature of 43. 5°C.
8. Over-drying at the bottom and less-drying at the top of the grain mass was

resulted from the high-temperature of drying air which was obtained from the flat-

plate solar collector in this test. An appropriate operation should be prepared for the

uniform moisture content ¢f the grain in the bin.
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Sectional view

@ Flat-plate solar clloector 2 Thermometer
3 Anemometer &) Blower (5 Motor & Tac-
hometer 7 Tist Adjuster (& Roller @ Air
hose 10 Transmitting cover i Receiving
plate @@ Insulation @ Collector case
Fig. 1. Schematic diagram of experimental
apparatus and details of mcdel collector.

Table 1. Specifications of model collector and
its material

Dimension and
remarks

1.8x0.9x0.13

Items

| Size (LxWxH, m)

Recexvmg plate corrugated galvan-

|

|

| Receiving area(m?®) 1.36
| Thickness of receiving 0.312
|’ plate (mm)

| Treatment of receiving non-glossiness black-
| surface painted

’ Thickness of transmit- 3

{ ting cover (mm) {

] Thickness of insulation 50
| (mm)

} Thickness of case board 15
'\' (mm)

ized iron
Material | Transmitting | plate-glass of col-
cover orlessness
Insulation polystylene foam
Collector case | lauan, veneer
board
Frame angle iron, steel
| pipe
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Table 2. Specification of the Flat-plate solar
collector for Grain Bin

i Items E Dimension

I ‘

| Size (LxWxH, m) 4% 3%0.21

i Receiving area (m?) 1.5 ’

3) ERME:

AER MY wtEEe BERA Grain bine] =
¥Rsk #ore Fig. 2 9 Table 33} e},

(D Thermometer 2 Inlet tube /3 Solar coll-
ector @ Glass 5 Receiving plate @) Insul-
ation (9 Outlet tube ® Air hose (© Bearing
@ Orientation indicator @3 Tilting control
lever @ Sliding supporter (9 Grain bin
@4 Anemometer @3 Blower @ Main duct
@ Lateral duct 1% Concrete block

Fig. 2. Schematic diagram of experimental ap-
paratus and details of in-bin drying
test using flat-plate solar collector.
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Table 3. Structure of grain bin used for in-bin
drying experiments.

Material “ Type {Dia.

Height | Capacxty

f

)

0. 7mm sheet | column 2.2mj| 1.8m i 6.8m® |

metal and | type ! ; '

1

37%37%2.5 | r (Rouch-‘
mm angle ‘ l rice:

| 3.75%) |
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I,5=Direct solar irradiation on a surface with
an incident angle 8, (ly/min)
I,,=Direct normal irradiation, (ly/min)
8 =Solar incident angle on tilted surface
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B==Solar altitude on horizontal surface

I,;=Direct solar irradiation on horizontal su-
rface, (ly/min)
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p=Collector efficiency (%)
r=Specific gravity of air (kg/m?)
@Q=Air flow rate per unit receiving area

(m?/min-m?)

p=Specific heat of air (cal/g-°C)
4T =Air temperature rise (°C)
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Fig. 3. Sampling and check point in grain bin

test.
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of day m(j,m( dry iwet ‘temp tomP-  tion
(hr) (%) ‘bulb | b ¢ C) o |{1§/mm\
9:00172 182 15.4332.8 14.6 | 0.95 |
10:00 61 :18.6:74.6535.3 16.7} .00 |
N0 22 192,142 ) 42.8 1256 1.30
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‘Table 5, Calculated optimum zir flow rate and
receiving area for paddy drying using
Flat-plate solar collector during grain
drying season (from Sept. 20 to Oct.)

o |, 4 | 9.(m*/min- m3>| A, (m*/m®)
(QC) (m /§n~

in-m*) 0, 5 /hr}l O%/hrO 5//hr]1 02 /hr
10 | 1.36; 1,19 | 2.38 | 0.87 | 1.75
15 ‘ 1.15 ) 1.37 2.14 0.93 1.86
20 ] 1.00; 0.95 { 1.9

0.96 | 1.91

4T =Rising temperature
g=Air flow rate per unit receiving area
g,=Air flow rate per unit cubic volume of
paddy for each drying rate
A,=Receiving area per unit cubic volume of
paddy for each drying rate
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Fig. 6. Air temperatures variation and solaf
radiation on the receiving surface of
the collector which faces south tilted
upward from horizontal 5¢° air flow
rate is 12 m*/min and averaged daily
data from Oct. 1 to Oct. 10, 1977
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Fig. 7. Air temperatures variation and solar
radiation on the receiving surface of
the collector, solar incident angle on
the receiving surface adjusted 0° to 10°
every time, air flow rate was 12 m®/m-
in, and averaged daily data from Oct,
1 to Oct. 10, 1977.
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Fig. 10 Air relative humidities variation vs. air
flow rate in the collector, the receiving
surface which faces south tilted upward
at 11:00 from OGect. 1 to Oct. 10, 1977
when solar radiation was about 1. 121y
/min.
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tested from July 5 to Jnly 6, 1977.
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