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Abstract

In a hot water system using solar energy, solar heat is not simply collected by the heat collecting
plate, but by heat exchange between the solar collector (flat or vacuum type) and the hot water
storage tank. Therefore, the amount of collected solar energy depends on the hot water usage
patterns that determine the temperature of the thermal storage tank. Also, if the temperature of
the hot water stored in the storage tank exceeds the dangerous temperature during the summer,
the heat must be released for safety. If the temperature of the hot water in the storage tank is low,
it is necessary to heat by the auxiliary heat source. In this study, three buildings are defined as
hotel, swimming pool, and school facilities. And we calculated the released heat energy,
auxiliary heat source, and pure storage heat energy based on different hot water usage patterns
and installation angle of the solar collectors.
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Qab  : Collected heat flux [W]

Qloss : Flux of heat loss [W]

Qcool : Released heat flux [W]

Qbackup : Auxiliary heat flux [W]

h @ Convective heat transfer coefficient [W/m’K]

r;  : Inner diameter of pipe [m]
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r;  : Outer diameter of pipe [m]
ki 1 Heat transfer coefficient of pipe [W/mK]
k, 1 Heat transfer coefficient of storage tank insulation [W/mK]
L : Length of pipe [m]

- Diameter of storage tank [m]
H  : Height of storage tank [m]
G, Specific heat of heat medium [k]/kgK]
Cy : Specific heat of water [k]/kgK]
Tu  : Temperature of Heated water [C]
Tc  : Temperature of Cold water [C]
Ty - Temperature of water storage tank [C]
T, Temperature of air [K]
T, Outlet temperature of solar collector [K]
T;  Inlet temperature of solar collector [K]
V  Volume of storage tank [m®]
m;  Mass flow rate of heat medium [kg/hr]

m; Mass flow rate of water [kg/hr]
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Fig. 1 Schematic diagram of solar water heating system in this study
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Table 1 Occupancy rate (School, Swimming Pool, Hotel data of Design builder libraries)

Hr 8 9 10 11 12 13 14 15 16 17 18 19 20 21 etc.
School 0.1 025 0.75 1 1 0.5 0.5 1 1 0.5 0.5 0 0 0 0

Pool 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0

Hotel 1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1 1

42 Journal of the Korean Solar Energy Society Vol. 37, No. 5, 2017



O] =2212] ALSEH0)| T2 EHYE SYAILHC| 283 HEE 2

2.2 Mg} 22
1 QAo HAKSIE 35.1047)0] ST SHL, 9%, B9 BEBE hIAFRE /Pgsg00] A
o %G1 ARG Q1912 Table 29F e, ofluiz] Aol thet Hiel vl S Jstod st 9%, &

Z20] 99 FEAFEERS 3000 |2 5Ysl)om 85 Holgeke ARS8 o 2 MksiolrHl.

T,
oo

s
™Y
(0]

Table 3 Simulation specifications of each parts

Classification Details
Azimuth angle of solar collector Due south
Solar Collector : 1,000 * 2,000 * 92 mm * 40 EA Flat type
Specifications Optimum angle of solar collector 0, 15, 30, 45, 60, 75, 90

Capacity of heat release fan : 14,000 kcal/hr
School : 1,300 students

Capacity of hot water load Pool : 30 tons of water
Hotel : 50 ~ 60 Rooms
Heat storage capacity 3,000 ¢ / day
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Fig. 2 Collected solar energy based on installation angle of solar collector (GJ/year)
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Fig. 3 Auxiliary heat source based on installation angle of solar collector (GJ/year)
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Fig. 4 Released solar energy based on installation angle of solar collector (GJ/year)
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Fig. 5 Monthly released solar energy (MJ/year)
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Fig. 6 Effective solar energy based on installation angle of solar collector (GJ/year)
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