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ABSTRACT The Korean government announced various energy policies, such as the to reduce 37% of the business-as-usual (BAU)
greenhouse gas emissions by 2030. The policies aim to increase the renewable electricity generation ratio to 20% by 2030. PVT is a
hybrid technology, which combines photovoltaic (PV) and solar collectors. It is capable of generating electricity and thermal energy
simultaneously. It has a great potential to be used as a renewable and clean solar energy. However, there exists a shortage of space for
the installation of PVT systems in Korea. To overcome this, in this paper proposes four types of soundproof wall PVT air channels,
which were designed and optimized, based on the CFD (Computation Fluid Dynamic) analysis results. The thermal energy generation
for multiple PVT units connected in series and pressure drop sensitivity were analyzed, depending on inlet velocity.

Keywords PV(Photovoltaic: B %), PVT(Photovoltaic thermal: B} %3 &), CFD(Computation fluid dynamic), Solar collector (€
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: pressure [Pa]

Nomenclature p

. 3
: hydraulic diameter [m] Q + flow rate [m'/s]

] Quermat  : thermal energy [kJ]

: heat capacity [kJ/kg-°C

Woumping : pumping consumption [W]

f :friction factor

g : gravity force [m/sz] W pumping : pumping power [W]
L :pipe length T : temperature
T; : inlet temperature
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Fig. 1. Soundproof wall PVT module geometry
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Fig. 2. Soundproof wall PVT module air baffle configuration
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Table 1. PVT air baffle case

Type Path length | Duct size Slcipe
(m) (mm) (°)
Case 1 Vertical path 6.2 325 X 80 -
Case 2 Vertical path 7.6 240 X 80 -
Case 3 | Horizontal path 51 315 X 80 —
Case 4 | Horizontal path 51 315 X 80 5
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Table 2. PVT air baffle mesh model independence

Table 3. PVT air baffle CFD model condition

Case 1 ‘ Case 2 ‘ Case 3 ‘ Case 4 Boundary condition Tgy i Q
Min size (mm) 0.02 50C 15C 0,026 m’/s*m’
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Case 3 Temperature Contour

Case 4 Temperature Contour

Case 3 Pressure Contour
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Case 3 Velocity Contour

Fig. 6. PVT air baffle temperature, pressure and velocity
contour
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Table 4. PVT module CFD results by air baffle case

cases | @ | ¢o | ea | | i)
Case 1 6.2 16.1 135 958.3 7.10
Case 2 7.6 18.9 2577 11249 3.72
Case 3 5.1 13.1 34.1 779.7 22.87
Case 4 5.1 12,4 50.8 738.0 14,53

W= HEIRIT Case 31} 4= U 72 Zol2 44
AT, Case 49] 79 viE9] AAZTC R Q15] Case 3
O] ZetHTt 16,7 Palts o & eke UERHSICH

Fig. 62 Case 3%} 49| Temperature, Pressure®}
Velocity Contouro]] tfgt 1&o|w, Case 47} Case 39|
Hal 37] P& 2eke] A EAERE olf-E A8 9
3l Case 31} 49] Temperature, Pressure®} Velocity
ContourE B3}tk Case 39| H|3| Case 49] 7] &
& Baffle®] Slope©|| 9J3l] 7] F-27F SE| AL Folxlo
w2} 2ol AA| HASEIAL 53] Case 49 shtt =0
A §29] Q177 Fokael wet o] MebAwAl Heto]
=17 gl

Case 39| ZAYthH] ol R| ABAFS 22 87 W/Pa2
7HE 2 Case® UEton, §=29] Zol= 7P AARt
e AR9-E Wisto] d¥degal 53719 25 &
HollAl 4714] Case 371 ¥iE 5 7F o212l 371 vilE
A= Tl ZAIRE Hlo]E = Table 4] A2sk3ich

4.2 PVTO| ISR U2 2N Ant

PVTE] Golulx] A 54 (29} Zol AERA)
Z7leba vielsil 57

HI

ol Fal, 7ot et ofgf 4:4]
33} Zho| 92&:0] A&} v|F|sle] Z713i) [11,12]
L] 2 o
AP:f_LDI/2g’Y .

o] ulizol PVTe] Hofulx] AJAIFE F7HA718] T3]
[ 7197 H S/ L Bz 2ulFee] Zo| F
Falet, ARe o PVTRA 8o 7Hset 40% A
8 ol 2] AV 750 WE DA SIa) fE st
o] Golulx] A Ul 71k ARESto] A ke B4}
ek,




1350
1200
1030
900
750
600
4350
300 *
150

Otnerma (W1

0 0.01 0.02 0.03 0.04 0.05
Flow rate [m/s - m?]

Fig. 7. PVT thermal energy produce depending on flow rate

Table 5. PVT module CFD results by flow rate at case 3

Inlet i Te AT AP chermal Q/ AP
(m*/s'm)| (°C) | (°C) | (C) | (Pa) | (W) |(w/Pa)

0.016 15 319 16.9 3.5 335.3 | 95.80

0.017 15 28.5 13.5 140 | 535.7 | 38.26

0.026 15 28.1 13.1 341 | 7T19.7 | 22.87

0.035 15 274 12.4 62,8 | 984.1 | 1567

0.043 15 26.8 1.8 90.7 | 1170.6 | 12,91
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Table 6. PVT module unit connection effect
Un it To AT Qt hermal QArea2
(°C) (°C) (W) (W/m”)
1 28.1 13.1 779.7 487
2 36.1 21.1 1256.8 785
3 41.0 26.0 1548 .2 967
4 44.0 29.0 1727.5 1079
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