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A simple equation for predicting the hot water temperature produced from a solar
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Abstract

The purpose of this research was to find a simple equation for predicting the hot water temperature produced from
solar photovoltaic-thermal hybrid system. A multicrystalline solar cell of Trinasolar model TSM—345PE15H was used
in combination with a water cooling system installed under the solar panel. The cooling system consisted of 6 copper
pipes, 3/8” diameter with a length of 1,815 mm. It is connected with 2 manifolds, 7/8” diameter with a length of 799
mm. It was found that, thermal efficiency (1) of the cooling system and the absorber coefficient (FR(’L'OL)e) was 19.85%
and the heat loss coefficient (X: FRUL) was equal to 5.24 W/m*°C. The result can be written as a simple equation for

predicting the hot water temperature produced from a solar photovoltaic-thermal system: | = -5.24X + 19.85

Keywords: Solar Photovoltaic-thermal Hybrid System, ASHRAE Standard 93-77.
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Figure 5 Heat sink under solar cell (Fabricated)
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Figure 7 Examples of installed tools
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Table 1 Solar cell efficiency (%) when with and without

the water cooling system
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Solar cell efficiency (%) 11.54 12.55
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A simple equation for predicting the hot water temperature produced

from a Solar Photovoltaic-thermal hybrid system

ARsanlwwivasmaiienanuiowmnaais (AN
wasursLTasusIanfiad) Alasdndlulalsyse lomiun
AaliiRamslddszlomiluguunengg lo 1w msq’uﬁﬂ
Aawdnialetin (Boiler) wislduaasiiFouilanlwiv
8113619 1% L5ausn 1sanenuna tudu (IEA-ETSAP,
2015) fazrialiifianislowdsnuatnaduen

Table 2 Results of relationship between T]CO” with (Twin - TAmb)/IT when inlet hot water temperature constant at
40.0, 45.0, 50.0, and 55.0 °C
T Tt I 0, Nean Moo ™ Tamelr
39.2 411 37.4 812.1 1.92 321.0 19.8
39.2 411 37.3 810.1 1.92 321.0 19.8
39.2 41.1 37.3 811.1 1.92 321.0 19.8
39.2 411 37.4 810.1 1.92 321.0 19.8
39.2 41.1 37.4 808.1 1.92 321.0 19.9
46.1 48.1 38.9 825.5 1.96 327.7 19.8
46.1 48.1 38.8 825.2 1.96 327.7 19.9
46.1 48.1 38.9 824.8 1.96 327.7 19.9
46.1 48.1 38.9 825.8 1.96 327.7 19.8
46.1 48.1 39.2 826.8 1.96 327.7 19.8
51.3 53.2 39.9 837.4 1.98 331.1 19.8
51.2 53.2 39.9 838.2 1.98 331.1 19.7
51.2 53.2 40.0 838.0 1.98 331.1 19.8
51.2 53.2 39.8 838.2 1.98 331.1 19.7
51.2 53.2 39.9 838.0 1.98 331.1 19.8
54.8 56.9 35.4 856.4 2.02 337.7 19.7
55.0 57.0 35.4 856.0 2.02 337.7 19.7
55.0 57.0 35.4 856.0 2.02 337.7 19.7
55.0 57.0 35.4 856.7 2.02 337.7 19.7
55.0 57.0 35.4 856.4 2.02 337.7 19.7
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Figure 8 Results of relationship between 1’]00“ with (Twin - TAmb)/IT

Table 3

temperature (°C) (Sonsaree et al., 2018)

Average diary solar radiation (H, MJ/m*-day) and Maximum (TAm

bmax) and Minimum (TAmbmin) ambient

Month Day H Ambmin Ambmax
Jan 17 17.82 18.50 35.70
Feb 47 20.38 20.40 40.50
Mar 75 21.74 22.80 42.10
Apr 105 22.68 24.20 39.80
May 135 20.41 24.30 35.70
Jun 162 18.18 23.70 32.20
Jul 198 17.53 23.40 31.90
Aug 228 16.78 23.10 31.50
Sep 258 16.96 22.60 31.60
Oct 288 16.67 20.90 30.70
Nov 318 17.06 18.50 30.40
Dec 344 17.32 17.10 31.30
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Figure 9) (Chaichana et al., 2010 ; Duffie & Beckman,
1974 ; Sonsaree et al., 2017) lLAaZTI9IANT=WINITI
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A simple equation for predicting the hot water temperature produced

from a Solar Photovoltaic-thermal hybrid system
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Figure 9 Ambient temperature (TAmb) in
Phitsanulok province
Table 4  Thermal energy useful (Q) from heat sink under solar cell
Month Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Total
Q ("W.h) 32.86 32.40 35.66 33.30 28.48 23.36 23.30 23.01 25.14 26.38 29.20 32.48 245.56

Hot water temperature

Figure 10 Hot water temperature (°C) in each month

Heat transfer rnlnlk““)

Figure 11 Average thermal energy useful (ka)

in each month
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