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ABSTRACT The building sector is a significant contributor to global energy consumption and carbon emissions, necessitating the
integration of renewable energy technologies. Photovoltaic-thermal (PVT) systems, which simultaneously generate electrical and
thermal energy, can improve overall energy utilization efficiency in buildings. In particular, air-type PVT collectors are considered
suitable for building applications because of their simple design and low leakage and freezing risks. However, their thermal
performance is relatively limited owing to the low heat transfer coefficient of air. This study experimentally fabricated an air-type
PVT collector with a perforated baffle plate designed to enhance internal airflow and heat transfer. Its thermal and electrical
performances under outdoor conditions were analyzed. and compared with those of a conventional collector without a baffle plate.The
results showed that the baffle plate improved the outlet air temperature increase, enhanced heat transfer within the collector, and
increased the thermal and electrical efficiency coefficients from 0.2715 to 0.3175 and 0.138 to 0.154, respectively. Thus, by
promoting airflow mixing and turbulence inside the collector, the perforated baftle plate effectively enhanced both its thermal and
electrical performances. The proposed system shows potential for application in building-integrated renewable energy systems such as
BIPV systems.

Key words PVT collector(8] %554 & &3 A& ¥), Air-type PVT(F7] 4] PVT), Perforated baffle(E}2-3 vl]Z), Thermal and electrical
efficiency(¥ % 7| &-&), Standard performance(EE435)
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9, :inlet air temperature, °C

9, :outlet air temperature, °C

9, :ambient air temperature, °C

G :solar irradiance, W/m?

A, : collector aperture area, m’

P : maximum electrical power, W

V,, : maximum voltage, V

/- Maximum current, A
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(b) PVT with baffle plate

Fig. 1. Schematic diagram of airflow in the air—type PVT
collector
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(a) drawing of perforated
baffle plate

(b) fabricated baffle plate

Fig. 2. Configuration of perforated baffle plate used in the
PVT collector



Table 1. Specification of the perforated baffle plate

Table 2. Specification of PV module

Parameters Values Parameters Values
Baffle material Aluminum Cell type Mono—crystalline Silicon
Baffle width 996 mm (66 cells)
Baffle length 1750 mm Module Type Glass—to—backsheet
Baffle height 20 mm Module Size 1.066(V2(5) 1,860(L) x
Upper flat length 280 mm mm
- Module Efficiency 16.1%
Open ratio 34%
- Maximum Power (2, ) 318.46 Wp
Hole diameter 30
(upper flat section) mm Maximum Voltage (V,,,,) 36.97V
Hole diameter Maximum Current (Z, ) 8.61 A
(inclined ion) 15 mm mep
Inclined section Open—circuit Voltage (V,,) 44,66 V
Short—circuit Current (Z,,) 9.06 A
A 271%= 996 mm x 1,730 mmo|H, vjZ2] &=o|= 20 Fill Factor 78.67%
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&L oF 34%E ALEQT) Fig. 2 (a)= HlZ A2 9
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Fig. 3. Schematic configuration of the air—type PVT collector
with perforated baffle plate
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Fig. 6. Measurement instruments used in the outdoor experi—
ment
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Table 3. Specifications and accuracy of measurement instru—

ments
Type Specification
Model: EKO MS—-60
Pyranometer Operating temperature: —40°C to +80°C

(Solar irradiance) | Measurement range: 0 to 2000 W/m?
Accuracy: +1% at <1000 W/m”

Model: Steel Mass 640S

I ti . o o
NSCTHON mass Operating temperature: —20°C to +50°C

(inlfi(‘zvé;rrlge;il‘;le " Measurement range: 0 to 200 m®/h
Accuracy: +1% of reading +0,5% of full
flow rate)
scale
If;;u‘ifgtjfed Model: Humidity Transmitter HF 5
P . Operating temperature: —40°C to +60°C
transmitter

Measurement range: —50°C to +100°C/0%
RH to 100% RH
Accuracy: 0.1 K at 23°C/+0.8% RH

(inlet/outlet air
temperature and
relative humidity)

Model : Omega T type thermocouple

Thermocouple | Operating temperature: —60°C to +100°C
(PV temperature) | Measurement range: —250°C to +350°C
Accuracy: +0.5°C

Measurement range:

Voltage: 0 to 500 V, Current: O to 20 A
Accuracy:

Current: +1 mA, Voltage: £5 mV

[-V curve tracer
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Fig. 7. Example of a closed test loop

Table 4. Permitted deviation of measured parameters during
a measurement period

Parameters Value
Hemi‘sphe-rical solar 4 50W /m2
irradiance
Thermal irradiance + 20 W/m’
Ambient air temperature + 15K
Fluid mass flowrate + 2%
Fluid temperat‘ure at the +15K
collector inlet
Flui
uid temperature at the +15K
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Surrounding air speed
from set value
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Fig. 10. Thermal efficiencies of the air—type PVT collector
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Fig. 12. Electrical efficiencies of the air—type PVT collector
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