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Calculation of Required Coolant Flow Rate for Photovoltaic-thermal
Module Using Standard Meteorological Data and Thermal Analysis

Cheonkyu Lee’ and Hyo Jae Jeong*T

*f Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology

ABSTRACT

Photovoltaics (PV) power generation efficiency is affected by meteorological factors such as temperature and wind

speed. In general, it is known that the power generation amount decreases because photovoltaics panel temperature

rises and the power generation efficiency decreases in summer. Photovoltaics Thermal (PVT) power generation has

the ad-vantage of being able to produce heat together with power, as well as preventing the reduction in power

generation efficien-cy and output due to the temperature rise of the panel. In this study, the amount of heat collected

by season and time was calculated for photovoltaics thermal modules using the International Weather for Energy

Calculations (IWEC) data provided by the American Society of Heating, Refrigerating and Air-Conditioning

Engineers (ASHRAE). Based on this, we propose a method of predicting the temperature of the photovoltaics panel

using thermal analysis and then calculating the flow rate of coolant to improve power generation efficiency. As the

results, the photovoltaics efficiencies versus time on January, April, July, and October in Jeju of the Republic of

Korea were calculated to the range of 15.06% to 17.83%, and the maxi-mum cooling load and flow rate for the

photovoltaics thermal module were calculated to 121.16 W and 45 cc/min, respec-tively. Though this study, it could

be concluded that the photovoltaics thermal system can be composed of up to 53 modules with targeting the Jeju,

since the maximum capacity of the coolant circulation pump of the photovoltaics thermal system applied in this study

is 2,400 cc/min.
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Fig. 1. Geometry of a PVT module for thermal analysis.
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Table 1. Properties of materials for thermal analysis

Heat Thermal
Density capacity | conductivity
(kg/m3) (Jkg°C) | (W/m°C)
Aluminum 2,689 951 2375
Polycarbonate 1,200 1,200 022
Polyethylene 930 2,300 04
PV cell 2,330 5,723 148
N2 1.138 1,041 0.0242
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Fig. 2. The monthly average amount of heat collection of
PV panel versus time.

60.341 Max
I 58.256
56.171
1 54.086

52.001
= 49916

47.831
45.746
43.661
41576

| | 39.491

37.406
35.321
33.236
31.151 Min

°c

Fig. 3. Temperature distributions on cross section and outer
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pm in July at Jeju.
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Fig. 5. PV efficiency versus time.
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Fig. 6. Required cooling load of PVT module versus time.
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