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Modeling Analysis for Thermal Performance of Solar Flat Plate
Collector System Through a Year
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Abstract >> The monthly-average meteorological data, in particular, the monthly average daily terrestrial horizontal
insolation are required for designing solar thermal energy systems. In this paper, the dynamic thermal performance
of a flat plate solar collector system is numerically investigated through a year from the monthly average insolation
data in Seoul. For a specified data set of solar collector system, the dynamic behaviors of total solar radiation
on the tilted collector surfaces, heat loss from the collector system, useful energy and collector efficiency are
analyzed from January to December by a mathematical simulation model. In addition, the monthly average daily
total solar radiation, useful energy, and daily collector efficiencies through a year are estimated. The simulated
results show that the average total radiation is highest in March and the useful energy is highest in October, while
the total radiation and the collector efficiency are lowest in July.

Key words : Solar(Ef} %), Flat plate collector(8 & e oF X< 7]), Insolation( D AFF), Useful energy(-3--& of4
A]), Collector efficiency(FE7] &-&)

Nomenclature Ge : solar constant, kW/m’

H : monthly average daily total radiation on a
A, : area, m’ terrestrial horizontal surface, kJ/m’-day
C, : specific heat, kJ/KgK Ho : daily total radiation on the extraterrestrial
D, : outer diameters horizontal surface, KW/m®
F. : collector efficiency factor Hs : monthly average daily diffuse radiation on
Fr : heat removal factor horizontal surface, kJ/mz-day
Gon : extraterrestrial normal radiation, kW/m” h  : hour angle, degree

hy : hour angle at sunset, degree

n I : average hourly total radiation on terrestrial
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horizontal surface, kJ/mz—day

I, : hourly beam radiation, kJ/m’-day
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Ia : hourly diffuse radiation on terrestrial
horizontal surface, kJ/m*-hr
Kr : monthly average clearness index
ki : thermal conductivity of insulation
L : latitude, degree
: day of the year
: heat load, kW
. useful energy, kW

Qn

Qu

Ry, : tilt factor for beam radiation

Rs : diffuse radiation factor

R: : reflection radiation factor

r : ratio of hourly total radiation to daily total
radiation

rqa : ratio of hourly diffuse radiation to daily
diffuse radiation

S : incident solar flux absorbed in the absorber
plate, kJ/m’-hr

T. : ambient temperature, K

Ty : temperature, K

Uy, : bottom heat loss coefficient, W/(mzK)

UL : overall loss coefficient, kW/m’K

Us : heat loss coefficient form the collector edges,
W/(m’K)

U: : top loss coefficient, W/(mzK)

V : wind velocity, m/s

W tube spacing, m

3 : incident angle, degree

6  : solar declination, degree

64 : thickness of the insulations of bottom

6 : thermal conductivity of absorber plate

0 : incident angles on the tilted, degree

Os : incident angles on horizontal surfaces, degree

p : reflectivity

(Ta)p: transmittance for beam radiation

(tTa)q: transmittance for diffuse radiation

(ta): transmittance for reflection radiation
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Fig. 1 Schematic diagram of the system
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Table 1 Monthly average daily total insolation on a terrestrial
horizontal surface and recommended average day for each
month

Average Average
Average . ..
Month day of maximum | minimum H2
temperature | temperature | (Wh/(m’-day))
the month o o
(© (©
January 17 0.3 -6.6 21773
February 16 2.8 -4.9 2964.8
March 16 10.8 0.7 4433.1
April 15 15.0 5.7 4498.6
May 15 23.6 13.7 5132.0
June 11 29.2 20.5 5074.3
July 17 283 234 2684.8
August 16 21.1 24.8 4205.7
September 15 259 18.0 3688.2
October 15 21.2 10.9 3727.9
November 14 10.7 2.1 2339.4
December 10 35 -3.5 2024.2
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