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Study on the Performance of the Flat-Plate Solar Collectors.
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Snmmary

Solar energy is a potential source of power that offers much promise being used
for low-temperature applications like drying farm crops, space heating, and water
heating for domestic uses. Already much of it are being used for those purpouse in
foreign countries. However, very little research has been done to determine the
possibility of using the solar energy in Korea.

This study was conducted to develop the general prediction equation of the total
radiation on a horizontal surface in Daejeon area based on 5 years (1972, Jun.1—
1976. Dec. 31) meteorological data (bright sunshine hours, average total horizontal
radiation), and to obtain experimentally the thermul efficiency of solar air and water
collectors, which will be used as a basic data of designing flat-plate solar collector
system. In addition to the thermal efficiency of the collectors the relationship among
those factors affecting it such as weather condition, orientation fcctor, and tilted
angle of collector was analyzed. The results of this study were as follows:

1. The general prediction equation of the total radiation on a horizontal surface in
Daejeon area based on bright sunshine hours was developed as H,,.=(1.546 ];\z]_

0.582) H,. Predicting the total radiation on a horizontal surface by the above equation
was thought to be possible because t values of 0. 882 was smaller than any t values
at above 0.05 level on the basis of two tailed test of the difference between the
calculated and the recorded values.

2. It was observed that optimum tilt angle of the collector in the summer and the
autumn drying season was 13 degrees and 51 degrees respectively, these values
could be obtained by adding or substracting approximately 25 degrees from the
latitude of this area (36.3°N),

The relationship between orientation factor and declination of sun at suitable
tilt angle of 33 degrees (s=0.9¢) was shown at Fig.4.

3. The thermal efficiency of solar water collector was shown 13.4—51.6% on Aug.
15 (the minimum radiation recorded) and 43,8~537% Aug.20 (the maximum
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radiation recorded), and 13.8~46.6%

corresponding day.
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and 44, 3~49°79% were shown on each

4, The thermal efficiency of the collectors according to the weather condition was
shown a big difference of about 10% between the day of the maximum radiation

recorded and the minimum, but the differen of efficiency between the air and the

water collector was at most 2~3%.

5. Even if the efficiency of the solar water collector was a little higher than the solar

air collector, for drying farm products, the solar air collector was thought to be
more effective because the air heated by collector could be directly used for drying

them.
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Table. 1, Specification of the solar collectors and its material

Collectors
Items

Solar air collector

Solar water collector

1.80X0.80X1.60

| 1. 80 0. 80 X0. 08

|
Size (LxXW X H,m) [
Ne |

Net glass area (m?) 1.17 ‘ 1.19
Tilted angle (degree) 23° , 23°
Flow rate per netglass area(kg/hrm?) 9.56 ' 75. 30

absorbing surface ]
Material

| Black-painted corrugated
aluminum plate

‘ Black-painted aluminum
plate

insulation ]

Polystylene foam with
thickness of 0.05m

Polystylene foam with
thickness of 0.05m
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@ Solar water collector (3 Thermometer

@ Circulating pump @ Rotameter

& Al plate with black painted® Gloss(f=3)

(@ copper pipe(¢ 1.59) (8 Foam polystylene

Fig. 1-a. Schemamatic diagram of experim-
ental apparatus and details of solar water
collector.

(D Solar air collector @ Thermometer

@ Fan @ orifice meter

(8 Corrugated Al plate with blackpointed

® Glass (¢=3) @ Al plate with black painted

® Foam polystylene

Fig 1-b. Schematic diagram of experiemen
tal apparatus and details of Solar air
collector.
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4714,

H,,.—average horizontal radiation for the
period

H,=average radiation outside of the atm-
osphere for the some location

n= average daily hours of bright sunshine

N=maximum daily hours of bright sunshine
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360
o714
I..=Solar constant (4,871 KJ/mday)
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n'=day of the year (day)
¢=Ilatitude (degree)

d=declination of sun (degree)=23, 45sin

(3502242

w,=sunrise hour angle (degree)
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A4,
fr=incident angle of the direct radiation on
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#,=indicent angle of the direct radiation on
horizontal surface
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HR=H,R;+H;R;=H(0.8R,+0.2Rg)+- (7

S=HR(ra),(1—d)(1—5)=0. 81HR-+ - (8)
Up=U,+U,+U, =1, 1U, e evereeeeeieninnnns 9)
el =1-[(s—45)(0. 00259~ 0. 00144¢,)]
U,(45) = : . s
=1—{(s—45)(0.00122)] e+ +vee (10)
.~ Uo_
1—e 6C»
Fg:F'F” Uo:F/UL F//:‘_—_(ll)
Up
e
F’:‘W*lU_for Solar air collector ---+-(2)
1+ =
h
F’:—H‘,—Ll———for solar twater collector(13)
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p=Solar collectos efficiency(% )

Q./A=useful energy gain per unit time and

area (KJ/hrm?)

H=Radiation received on horizontal surface

(KJ/hr m?)

R=O0Orientation factor

.S=Abosorbed solar energy per unit time and

area, (KJ/hrm?)

Uy=Collector heat loss coefficient including

allowance for back and edge losses (KJ/

hrm?°C)
U,=Top loss coefficient (KJ/hrm*°C)
U,=DBottom loss coefficient (KJ/hrm?°C)

U,=Edge loss coefficient (KJ/hrm*°C)

U,=0verall heat trensfer coefficient (KJ/
hrm?*°C)

R,=Orientation factor for direct radiation

R;=0O0rientation factor for diffuse radiation

(ra),=Effective transmittance-absorptance
product

d=Dust effect (decimal)

s=Shading effect (decimal)

Fp=Collector heat removal factor

F’=Collector efficiency factor

F’’=Flow factor

U,(s)=Top loss coefficient at tilted angle
withs (KJ/hrm?*°C)

U,(45) Top loss coefficient at tilted angle
with 45° (KJ/hrm®*°C)
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Table. 2, The average and the maximum hours of bright sunshine, and average daily

total radiation calculated and recorded values on the horizental surface, for Daejeon

Month f H,(KI/miday) | n(h) < N(hr) ] #/N ‘ Ho (Ki/miday) | Fi(recorded)
Jan. 17053 6. 24 9.00 0. 693 8345 7252
Feb. 22171 6. 84 9.80 0. 698 11021 10539
Mar. 23558 7.13 11.00 0. 648 11989 1146924
Apr. 35186 7.93 11.90 0. 666 15783 15483
May. 39517 2.37 12,20 0. 636 18911 18070
Jun, 41269 8.92 12.30 0.725 22233 20482
Jul. 40418 7.74 11.90 0. 650 17093 17534
Aug. 36952 7.65 11.70 0. 654 15856 17382
Sep. 31030 6. 97 10. 50 0. 664 13794 13961
Oct. 24216 &, bh* 10. 40% 0. 640% 9867 -
Nov. 18283 5. 40%* 9. 10% 0. 593* 4121 —
Dec. 15730 5. 05% 8.50% 0. 595% 5315 ~—

*averaged values based on 5 years data
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