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A Study on the Setting Angle for the Flat-Plate Solar Collector
using Typical Meteorological Year Weather Data
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ABSTRACT: In general, flat-plate solar collectors are generally fixed in place at some
angles. The most common method is to orient solar collectors toward the true south, where
variations up to 15 degrees east or west are acceptable and the tilt angle of the collectors is
calculated from latitude and different heating applications. However, the best angle os flat-
plate collectors depends upon whether the dominant load occurs in the winter, summer, or
evenly all year. Moreover, this setting angle must consider the average insolation characteri-
stics of the region exactly. In this study, the setting angle of flat-plate solar collectors is
presented for Busan area by using domestic typical meteorological year weather data, so that
the fixed flat-plate solar collectors must be set as quantitatively as possible.

Key words: Typical meteorological year weather data(Bad ¥ Z7)do]8), Solar thermal
system(EA ¥ QA 2 €), Fixed flat-plate solar collector(23 4] HAH gg¢ IQ
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Hourly weather data (lhour ~24hour) Date

. Outdoor temperature

50850850850650350150450451252852853854255055255855153452851751250350345B |1 101

. Absolute humidity

29 2D 20 21 22 23 23 23 24 26 26 26 24 24 23 24 24 22 21 20 19 1B 1B 17 |1 112

. Direct normal solar radiation

D DD D D D D14361B7537366B160B455313 %5 D D D D D D D D1 113

. Horizontal diffuse solar radiation

D D DO DD D3D587 B710DIDBID? 9B 54 6 0O D D D D D Bl 114

., Cloud amount

0 boDBODR2DDI1II1YT 111 DDDDD D D DI

. Wind direction

3 715 4 511131411 131316161515 151513 14151415 3 3(1 116

bt I = IR & 2 IR U TR o N
S R TR S AN A

, Wind speed

25 40117 23 2B 23 2D 33 23 47 B7 2D 47 33 37 23 30 43 37 47 b7 7?3 27 23 |1 117

Fig. 1 Typical meteorological year weather data format.
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Fig. 2 Solar angles for collector surfaces.
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Table 1 Difference of solar heat gain "y cal-
culation time step at TMY data

Time step | Solar heat gain (MJ/m® - year)
(min) Max value Min value

60 5,535.2 7763
(32° E/32°)° (169° W/90°)

30 5,543.9 7801
(20° E/30°) (174° W/90°)

10 5,545.6 7802
(11° E/29°) (177° W/90°)

5 5,545.4 7799
(9° E/29°) (178° W/90°)

1 55451 7795
(7° E/28°) (178° W/90°)

* (Corresponding azimuth angle / tilt angle)
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Fig. 8 Solar heat gain in Jun.
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Fig. 9 Solar heat gain in September.
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Fig. 10 Solar heat gain in December.
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Table 3 Analysis at new boundary condition

- 2

Month | Azimuth angle range | Tilt angle range | Center angle’ SO;?C:I??; gi;%{ig v ESZ;Ch)
Jan 19°E~11°W 39~69° 4° E/54° 5144
Apr 32°E~2°E 5~35° 17° E/20° 537.1
May 28°E~2°W 0~2¢4° 13°E/9° 517.9
Jun 405°E~105°E 0~20° 25.5° E/5° 567.0
Jul 395°E~95°E 0~22° 245° E/T° 5195
Aug 43°E~13°E 1~31° 28° E/16° 589.7
Dec 18°E~12°W 40~70° 3°E/55° 3949

* Azimuth angle/ tilt angle
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Table 4 Difference of solar heat gain ir. case
of boundary movement

Fig. 11 Solar heat gain characteristic in new Solar heat gain (MJ/mZ - menth)
boundary of January. Month | Present boundary New boundary

0 Max Min Max | Min
1T T 1 513.2 4267 | 5144 | 4862
Present __'\\\*soy\\ Jan | (90.8%)" | (83.0%) | (100%) | (945%)

40} boundary - e Apr 537.1 455.1 537.1 57.3
x\“\eo (100.0%) | (84.7%) | (100.0%) | (96.3%)

ik 510.1 404.9 517.9 | 5022
3 op T May | (9850 | (78.29) | (100.0%) | (97.0%)
bs T 5508 | 4187 | 5670 | 5305
F20p % Jun 4 g7.106) | (73.8%) | (100.0%) | (97.1%)
Jul 508.8 394.3 5195 | 50438
10k . 9% (97.9%) | (75.9%) | (100.0%) | (97.2%)
< New boundary. Aug | 5874 | 4749 | 5897 | 5105
oL o E L (99.6%) | (80.5%) |(100.0%) | (96.8%)
60 -50-40-30 20,1100 a1n% 20 30 40 50 60 Dec | 397 327.8 | 3949 372.8
(99.7%) | (83.0%) | (100.0%) | (94.4%)

Fig. 12 Solar heat gain characteristic in new
boundary of July.

*Ratio of corresponding value to maximum
value of new boundary
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