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Abstract

Air-type photovoltaic thermal (PV/T) collectors have a lower heat recovery rate than liquid-type
collectors. Therefore, in this study, semicircular turbulence promoters were attached to the back
of the PV cell to improve the heat recovery rate. Based on computational fluid dynamics, the
heat-transfer performance and pressure drop were evaluated by changing the Reynolds number
(Re) and semicircular turbulence promoter shape conditions. The turbulence promoter shape
conditions include the relative height and relative pitch of the turbulence promoter. In addition,
the increasing ratio, which means an increase in height of the turbulence promoter in the
direction of flowing air, the length of the turbulence promoter, and the distance between the
turbulence promoters were considered as design parameters. Consequently, the heat transfer
performance increased with a decrease in relative height of turbulence promoter, while the
pressure drop increased with an increase in relative height of turbulence promoter. Also, both
the heat transfer performance and pressure drop show better performance as the increasing ratio
of turbulence promoter decreased. The thermos-hydraulic performance parameter considering
both the heat transfer performance and pressure drop presented the maximum value of 1.92 for
the relative height of 0.02, increasing ratio of 1.

Journal of the Korean Solar Energy Society Vol. 42, No. 3, 2022 47



el ] =2l

Keywords: 5712 PV/T 3 47| (Air-type PV/T collector), 'd-7 S A|(Turbulence promoter), 2] ©]3&Z4*(Reynolds
number), @ HdE A-54|5(Thermohydraulic performance parameter), CFD(Computational Fluid Dynamics)

712 3 ofof A1
W : Duct Width [mm]
H  : Duct Height [mm]
L : Duct Length [mm]
e Height of Turbulence Promoter [mm]
P : Pitch of Turbulence Promoter [mm]
I Length of Turbulence Promoter [mm]

Dy, : Hydraulic Diameter [m]

V, : Air Velocity [m/s]

[ : Turbulence Intensity [%)]

Nu : Nusselt Number [-]

Pr : Prandtl Number [-]

Re : Reynolds Number [-]

- Number of Times [-]

 Friction Factor [-]

: Heat Transfer Coefficient [W/m?*K]
- Thermal Conductivity [W/m-K]
AP Pressure Drop [Pa]

C,  Specific Heat [J/kg'K]

~ D5 =™ B

Jde|A 7| M

a : Increase Ratio [-]

o Density [kg/m’]

p - Dynamic Viscosity [kg/m:s]
52t 4

s - Smooth Duct

a Air
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(a) Schematic view (b) Simulation model

Fig. 1 Schematic view and simulation model of air-type PV/T
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37141 PV/T AEe1d Bde] 419 Fig, 12k 2] Zel(L) 1600 mm, #01(H) 100 mm, YHI(W)
1000 mm= 11745}3e}. e, ASHRAE Standard 93-19777& Zatsto] Q7 5 ¢bd Wk 45 @4t &
75 5% G2 AR 18] AlgHleld BE gHE o - S HES sl o - &7 HES Aol
71Zof Uehd 24 g E Zo) 5 WH, 2.5V WH o B3 1581 mm, 791 mm= AASHIc 947 27 2%
= 300 Kol™ Table 1ofk= s 25=0ll49] 571 /4715 rehi e,

Table 1 Air properties

Parameter Value
Density [kg/m’] 1.1771
Dynamic viscosity [kg/m-s] 1.8531 e-05
Specific heat [J/kg-K] 1006.3
Thermal conductivity [W/m-K] 2.6107 e-02
Prandtl number [-] 0.7143
2.2 AE2[o|d AR

2 AFee A a7 Zusiel” 9 4§52 800W/m's PV BE EH X85l
Hydraulic diameter (Dy)& 21(1)- A&-3110.18182] gk& ATt 57141 PV/T Al o Rel& Aol - &
T HEI e HI2AE TN, 7 = 422 t719 101.325 Pa2 1313t A7 & 3R e A(2)0]
ol el 2] Re=3000, 8000, 13000, 180001 whe} 22t 5.8814, 5.2028, 4.8964, 4.7012] gk 7Hek. o
T 5 37] 542 A3)9l] 2J5l Pojz]= Re=3000, 8000, 13000, 180009f] wte} Z42}0.2598, 0.6927, 1.1256,
1.55859] k& 7HAt 45 2748 Z9) A7ES vpo 2 A5l 1, RE 114 EH-L No Slip Condition
© & dASISIrt. Table 2= A2l A2 HetiSiet.

Table 2 Boundary conditions

Parameter Value
Reynolds number [-] 3000, 8000, 13000, 18000
Inlet velocity [m/s] 0.2598, 0.6927, 1.1256, 1.5585
Turbulence intensity [%o] 5.8814, 5.2028, 4.8964, 4.7012
Heat flux [w/m’] 800
Hydraulic diameter [m] 0.1818
Outlet side pressure [Pa] 101325
AWH
Dy = St i (D
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80
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Fig. 2 Comparison of Nu predicted by five different turbulence models with Dittus-Boelter equation

Table 32 ¥Hl W7 S04 PAZ20S UG, A dF S314] AR] =ol(e/H) 371, At 7 &
A A2 24 (P/e) 3714, S7H1(a) 7R & 277FA] 9] Atz70] et Al o]d-& Z1egstoitt. o17]
A a7 R Z30A] 19oAbE £ G7F] d 30|12
Z7MA71= 7doltt. Fig. 3(a)+=e/H=0.08, P/e=10
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o] €1 18& 71522 9.6 mm7} Hrk. T3 182] P=80 mm, [=16 mmol| «=1.25 H-851H 28] P=96
mm, 1=19.2 mm7} ©e}. o]z R FA] € E7H] A8, £ E9| diF FXA e=28.67 mm, 1=57.33,
P=286.65 mm®] k& H3ITF. 3714 PVT AlEeo|d Relof] 2] == vhl Wi Z3A]9] 7= 3 24
Al GFz70l whet G| H, e/H=8, P/e=20, a=1.2% o X|4& 57Hel|A] e/H=2, P/e=10, a=1¥ = X|th 66
7AA] A=k, Fig. 3(b) e/H=0.08, P/e=10, a=1.2% o ¥ W 4] FAFS A6 EAlefsto] L
Ehrfiglom 87]9] vkl ik ZX1A|7F A2 = ek

16mm 96mm  19.2mm ) - 7\:////”\\\
80mm'|8mm "Q.Gmm B (\///«\,::// N \ . \
o~ '1’/“(\/\ \\\ ‘ o \ e \\\
1=57.33mm \ /{;:

(a) Side view (b) Schematic view

Fig. 3 Side and schematic view of turbulence promoters (e/H=8, P/e=10, 0=1.2)

Table 3 Turbulence promoter shape conditions

Parameter Value
e/H[-] 0.02, 0.04, 0.08
Ple [-] 10, 15, 20

o[-] 1,1.1,12

Mesh /42 Algdo]d 9] &t et of] 21544 Q1 Fake mlA | Ba et dAo] 875tk Mesh A
ZJollA] Sizing—Size Function> Proximity and Curvature, Max Face Sizet= 5 mm, Inflation—-Maximum
Layersi= 5, Growth Ratei= 1.2 A5IGIT. ©]& 5ol Fig. 404 THFe} A d ol 34551 mesh7}t A
AE & SRIG 4 Atk F mesh o= RH ' S2A] /=710l whet 2|4 607F 7 ~ 2|l 1509 77EA]
A =1L} Table 4+= Re=18000, e/H=0.04, P/e=20, a = 1.19] ZAJ|A Adaptation Growth& A-&5199-S
o FASHH Alo] 4=} Nu 4h& WERATE Adaptation Growth-E AFH861o] Temperature, Pressure, Velocity
Magnitude, Wall Shear Stress, Turbulence Intensity <= =2 mesh 4~& 5771, 0| 53] HH-Eo}o] A&

=
oldstrt. Y= S5l Nu g2l dE°] okA Algeold 2ve] s &Y & A3t
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Fig. 4 Mesh generation of PV/T simulation model with turbulence promoters

Table 4 Changes in the number of cells and Nusselt number using Adaptation Growth

Number of cells Nusselt number
No Adaptation 400,127 58.15
Temperature 558,376 60.83
Pressure 572,554 61.38
Velocity Magnitude 612,497 61.95
Wall Shear Stress 1,146,248 62.07
Turbulence Intensity 1,376,357 61.99
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Fig. 5 Heat transfer performance depending on flow conditions and shape conditions of turbulence promoters
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Fig. 6 Pressure drop depending on flow conditions and shape conditions of turbulence promoters
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