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Abstract

PV/Thermal module is the combined system, which consist of a photovoltaic module and solar
thermal collector that can obtain electrical power and thermal energy simultaneously. Thus the
power generation can be increase by decreasing the temperature of photovoltaic module and
thermal energy retrieved from module also can be used for heating system. In this study, Heat
transfer performance of air type PV/Thermal module was confirmed with various bottom
obstacles that can be installed easily to real photovoltaic module by CFD (computational fluid
dynamics) analysis. Eight type obstacles were investigated according to the shape and
arrangement. As a result, nusselt number represent heat transfer performance was increased
about 86% compare with the basic type PV/Tthermal module that has no obstacle and triangle
type obstacle had higher value than other types. But pressure drop was also increased with
increment of heat transfer enhancement. Thus the performance factor considering both heat
transfer and pressure drop was confirmed and V-fin type obstacle arranged in a row for
Reynolds number below 9,600 and protrusion type obstacle arranged in zigzag for Reynolds
number above 14,400 were shown higher performance factor than other types. From these
results, V-fin type obstacle arranged in row and protrusion type obstacle arranged in zigzag
were considered as a proper type for applying to real PV/thermal module according to operating
condition. But the heat transfer performance can be changed by the geometric conditions of
obstacle such as height, width, length and arrangement. Thus, it could also confirmed that the
optimal condition and arrangement of this obstacle need to be found in further study.

Keywords: Ef=3/4 A A8"(PV/Thermal system), 5714 B4 8E -E(Air type PV/Thermal
module), AAH-7] < 8H Computational fluid dynamics), ] 2| 2F(Energy conservation)
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. Heat transfer rate [W]
- Mass flow rate [kg/s]

- Temperature [C]

A4 s o

- Temperature of heat plate [C]

C, : Specific heat of heating medium [J/kgK]

A, : Heat transfer area [m?]

h  : Convective heat transfer coefficient [W/m’K]
ki Thermal conductivity [W/mK]

V  : Velocity [m/s]

Dy : Hydraulic diameter [m]

A P Pressure drop [Pa]

Nu : Nusselt number [-]

Re : Reynold’s number [-]

f  : Priction factor [-]

PF : Performance factor [—]

Je|A 2t

o : Density [kg/m’]

SHZ}
air © Air
in : Inlet
out : Outlet

avg - Average
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Outlet air
o A (Pairou=101325Pa)
B

Photovoltaic module
(Heat plate, g=400W/m?)

|
|
T —

' !
Inlet air duct
(Tairin = 293.15K)

Insulated
air channel

7
Inlet air ~
(Tairin=293.15K)

(@) Schematic view of designed model with domain

Outlet air duct

‘ Insulated air channel ‘ @ 101325Pa)
air,out= a

(b) Side view of designed model

Fig. 1 Designed model for analysis of heat transfer performance in air-type PV/Thermal module

(d) Triangle type arranged in a rows and zigzag (Type D)

(c) Cylinder type arranged in a rows and zigzag (Type C)

Fig. 2 Shape and arrangement of installed obstacles in air channel of PV/T module

00 B Krkk GE
(a) Type A-1 (t:)ooType Az-i | (i) Type B-1 | (cilgoType B;OZO

() Type C-2 (9) Type D-1 (h) Type D-2

Fig. 3 Install conditions of obstacles in air channel of PV/T module (height of obstacles=50 mm)

(e) Type C-1
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Fig. 4 Comparison between simulation results and empirical correlation for heat transfer and pressure drop

Table 1 Simulation conditions

Parameter Value
Length (mm) 2000
Air channel Width (mm) 1000
Height (mm) 100
) Area (m?) 2
PhOt?gZ;a;Taﬁ())dme Length (mm) 2000
Width (mm) 1000
Heat flux (W/m?) 400
Air Mass flow rate (kg/s) 0.048, 0.096, 0.144, 0.192, 0.240
Reynold’s number (-) 4,800, 9,600, 14,400, 19,200, 24,000
Inlet air emperature (°C) 20
AL A% H7h= Z17ke] A 9 aljz] 20014 0.048 kg/s, 0.096 kg/s, 0.144 kg/s, 0.192 kg/s, 0.240 kg/s<]

ohA 712] B 22000 tiel = AL, 422478 (Dn) -5 AE 22=iet Reynolds 0= 2+ &3 =70
A1 4,800, 9,600, 14,400, 19,200, 24,000°.2 Wz A sjd3tct. A7] s A8 G-aA =2 734 5 sht
%1 Solid Works®] Flow simulation& ©]-859] 44| 3l 0.H, 5254 Ate] Bfg/de 2elsh7] 218 A

P
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