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simulations were conducted on three configurations using the PVT new design (dual
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oscillating absorber) to determine (Fg) and thermal efficiency. Using different tube
gaps and tube diameters D, the designs were compared using validated model, which
was presented using the MATLAB programme theoretical data. The findings indicate
that the shape, gap, and diameter of the absorber tubes are crucial to the PVT
performance. The study was done under solar radiation level of 300-1000 W/m?2 and
mass flow rate of 0.01 kg/s at each solar radiation level. The results show that the best
thermal efficiency of the new PVT designs reached 1, 31, 58%, and The heat removal
factor can reach (Fg) 0.47 for dimension tube diameters 0.015m and tube gap 0.03m
The continuous operation of the flowing water through absorber result reduces the
temperature of the PV cells and simultaneously increasing it efficiency.
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1. Introduction

In a PVT collector study by Kroil? et al., [1] a polycrystalline module was installed to an absorber-
exchanger to transform solar radiation to heat. The “absorber-exchanger” has back and side
insulations (expanded polyurethane), as shown in Figure 1.

Kumar and Mullick [2] used analytical equation to estimate the top heat loss coefficient, Ut. The
variables covered in the present analysis are absorber plate temperature (20-150) °C, absorber
coating emittance (0.1-0.95), air gap spacing (20-50) mm, collector tilt (60°-90°), wind heat transfer
coefficient 5-30 W/m?K and ambient temperature (10-40) °C. The temperature of the PVT module
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back surface was calculated by Afzanizam et al., [3] based on the thermal energy balance. Each layer
was modelled according to the effect of heat transfer modes such as conduction, radiation, and
convection. The heat transfer mode in the PV module is depicted in Figure 2.
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Fig. 1. The photovoltaic/thermal solar collector
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Fig. 2. Heat transfer for the PV module

The thermal efficiency of a polymer collector with unglazed PVT system was determined by
Afzanizam et al., [4] . Overall heat loss was estimated using the heat energy balance. Based on the
analysis, the heat removal factor of the PVT system was found to be 0.55. The system thermal
performance was 47% during the zero reduced temperature. Afzanizam et al., [5] analysed the heat
removal factor FR of four serpentine tubes with different dimensions and profiles. The rectangle
tube shows the highest FR (0.93). The heat removal factor FR is in fact one of the key parameters to
determine PVT thermal efficiency. A high FR means larger thermal efficiency and losses and vice
versa.

The PVT water collector’s thermal and electrical performances was investigated by Sachit et al.,
[6] usingtwo absorber designs. The first design (serpentine) and the new design (serpin-Direct) were
compared under solar radiation levels of (300-1100) W/m?. The mass flow rate was set from (0.011
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to 0.1) kg/s at each solar radiation level. The PVT thermal model was developed to predict the system
thermal efficiency.

Simulations were conducted by Rosli et al., [7] on four serpentine tube configurations. Results
showed that the best design can achieve 50% thermal efficiency at zero reduced temperature. The
findings indicate that the shape, gap, and diameter of the absorber tubes are crucial to the PVT
performance CATIA V5R20 was used by Afzanizam et al., [8] to draw the PVT model with three
designs of absorber tubes, they are serpentine, u-flow and spiral. The top of the PVT structure is
glass cover, followed by the upper EVA encapsulant layer, photovoltaic panel, lower EVA encapsulant
layer, Tedlar, thermal paste, absorber tube and water, as shown in Figure 3. The isometric view of
serpentine is depicted in Figure 4.

Top Cover

Upper EVA
PV panel

Lower EVA
Tedlar

Thermal Paste

Absorber Tube

Fig. 4. Serpentine Absorber in CATIA Part Design

Sachit et al., [6] studied the factors that affect the PVT system behavior, encompassing the design
of solar collectors, solar cell materials in PV, working fluids inside the solar absorbers, the fluid heat-
flow transfer (natural or forced) and panel covering (glazed or unglazed). The general structure of a
PVT unit is depicted in Figure 5.
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Fig. 5. Classification of PVT system

A two-dimensional numerical model was developed by Abdullah et al., [9] using ANSYS Fluent
and the results show that the increase in mass flow rate increases the overall efficiency while the
increase in duct depth decreases the hybrid PVT air collector overall efficiency.

Study presents the effects of different metrological parameters on the performance of
photovoltaic modules by Chatta et al., [10] at three different inclination angles (0°, 33.74° and 90°)
with horizontal.As solar radiation increases, the radiation losses from the surface of the module
increases and resultant decrease the module efficiency and increase the module temperature at high
solar irradiance.Simulated experimentation by ALl et al., [11] was accomplished with small holes
(about 0.4 mm in diameter) in 60 between the rectangular fins in longitudinal direction.

In this study, simulations were conducted on three PVT new designs with dual oscillating
absorber, as shown in Figure 6, 7, and 8. Each design FR and thermal efficiency were determined
using different tube gaps and tube diameters D. The comparison between these three designs were
analysis via the model displayed in the MATLAB programme theoretical data. The conventional
design may produce non-uniform temperature on the PV because the heat is accumulated along the
flow of water. The new design will produce better temperature uniformity because the cold water
come from both side.
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Fig. 6. First new design of PVT (dual oscillating absorber)
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Fig. 8. Third new design of PVT (dual oscillating absorber)

2. Methodology

A simulation was conducted to evaluate the PVT thermal efficiency of domestic hot water

system as shown in Figure 9. The energy balance was developed based on the thermal resistance
circuit diagram, as shown in Figure 10. Meanwhile, the PVT collector cross section is depicted in
Figure 11. The analysis was simplified based on the following assumptions.

i.
ii.
iii.
iv.
V.
vi.
vii.
viii.

No heat loss is observed under the absorber collector (the device is well-insulated).
The mean temperature for each layer is assumed.

Transmissivity of ethyl vinyl acetate (EVA) is approximately 100%.

The water flow inside tubes is uniform under force mode operation.
One-dimensional conduction and convection is ensured for thermal analysis.

The heat capacitance of the solar cells, tedlar, and insulation are negligible.

The system is in a quasi-steady state.

The bottom and edge losses are negligible.

Table 1 shows the configurations of the PVT with new design (dual oscillating) absorber features.

The material for each design is copper.
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Fig. 9. Schematic diagram of the PVT domestic hot water system
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Fig. 10. Thermal resistance circuit diagram for PVT
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Fig. 11. Cross section of PVT collector
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Table 1

Configurations of the PVT with new design (dual oscillating)
absorber features

Number Diameter D (m) Width(m) Volume (m3)
1 0.015m 0.03m 0.0032

2 0.0127m 0.042m 0.0031

3 0.02m 0.06m 0.0029

4. Theoretical Analysis

The collector thermal efficiency is calculated based on the modified Hottel-Whillier equation
[12-14] .The value of (at) ¢ff, (U,), and (Fg) depends on the geometry of the absorber.

Nen = Fr [(Ta)eff - U, (Til_tTa)] (1)
where
(1) err = Tperlache + ar(1 — Bc) — nc Be] (2)

Figure 12 describes the energy distribution direction and explains the energy analysis of the
simple flat plate collector and integrated system according to Kaushik and Ranjan [15]. The thermal
energy analysis includes the evaluation of thermal capacity, heat loss coefficient and heat removal
factor, all these are estimated by assuming one-dimensional heat flow through tubes and the
integrated system is according to Chabane et al., [16] and Struckmann[17].
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Fig. 12. Energy distribution diagram

Radiant energy received by the collector is defined as the product of the solar radiation intensity
and area of the collector, which can be expressed according to Kumar [18].

Qi=1; Ac (3)
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Radiant energy absorbed by the collector is the absorber plate absorptiveness as all radiations
hitting the surface may not go into collector and are reflectedd back to the environment, which is
expressed as follows.

Qi1=1; Act (4)

The heat loss rate via the collector is defined as the product of the overall heat transfer
coefficient, collector area and temperature difference between the collector area surfaces, which
can be expressed as follows.

Qo= U, Ac(Te — Ty) (5)

The useful heat gain is defined as the heat energy extraction rate from the working fluid flowing
through the solar flat plate collector (Qu). The useful heat gain is also defined as the difference
between radiant energy absorbed by the collector, considering the absorber plate absorptiveness
and heat loss rate through the collector, which can be expressed as follows.

Qui = Qi1 — Qo= Iy Act — UL Ac(Te — Tg) (6)

Overall heat transfer coefficient U; . Higher (U;)means indicates losses for the PVT. Following Eq.
(1), the thermal efficiency linearly decreases with the increase in the overall heat loss. The overall
loss are the combined loss of the top, bottom, and edge parts of the PVT. The major contributor to
the loss is the top heat loss, which is resulted from optical loss, convection, and radiation. Overall
heat transfer coefficient is expressed as follows, [19].

Qi— Qu
- i u 7
L™ v ac(re-T0) (7)

QO (8)

U= Ac(Tc—Ta)

Heat removal factor, (FR) is defined as the ratio of useful energy calculated using (Tout - Tin)
using (Tc - Ta), which indicated the ratio of the actual useful heat gain of the heat transfer fluid
flowing through a collector to the useful heat gain of the entire collector surface. The useful energy
gain (Q,) is expressed as follows.

Qu = ri‘le(TO - Ti) (9)
Heat Removal Factor (Fr) can be expressed as follows.

Qu Qu
Fre—ou — 10
R Qui Aclly = UL (Ti—Tg)] (10)

Ac =21rLotal (11)
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The parameters to solve all the equations for the analysis are presented in Table 2.

Table 2

Parameters for the PVT collector
Parameters Value Unit
Acs 0.8388 m?
Ac, 0.489 m?
Acs 0.5658 m?

m 0.01 Kg/s
I, 300-1000 W/m?
p 4178 J/Kg.K
TpET 0.88 ===
o, 0.85

B. 0.83
Op 0.8

Ne 0.155

T, 298.15 K

T 299.15 k

5. Results and Discussions

The parameter of the PVT thermal efficiency is calculated using Eq. (1) and parameters shown in
Table 2. Figure 12 and Figure 13 show the results of the PVT collectors after being exposed to (300-
1000) W/m? solar radiation at 0.01 kg/s mass flow rate. The results show that the thermal efficiency
and heat removal factor (FR) of the collectors with differences in tube gaps, tube diameter (D) and
solar radiation. And volume effect of water tube on performance PVT as show in Table 3. The highest
thermal efficiency was obtained by Design 1, followed by Design 2 and then Design 3, due to the
differences in tube gaps and tube diameters (D). As shown in Figure 13, the thermal efficiency of the
new PVT were (31.58%, 30.35%, 29.13%) for design 1, 2, 3 respectively. Meanwhile, the heat removal
factor (FR) of the newly designed PVT were (0.47, 0.44, 0.40) for design 1, 2,3 respectively, as shown
in the Figure 14. The results show that the increase in solar radiation does increases both heat
removal factor and thermal efficiency of the new PVT. Meanwhile, increase in the heat removal
factor increases the new PVT thermal efficiency.
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Fig. 13. Thermal efficiency the PVT collector against different solar radiation
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Fig. 14. Heat Removal Factor FR of the PVT collector against different
solar radiation

Table 3
Variation of Thermal efficiency and (FR)
with different volumes of PVT

Design Volume, (m3) 7n4% Fy

1 0.0032 31.58 0.47
2 0.0031 30.35 0.44
3 0.0029 29.13 0.40

6. Conclusion

The energy balance analysis is effective to predict the PVT thermal performance because it saves
cost, time, and energy from the beginning of the project. The tube shape, dimension, and gap
significantly affect the thermal efficiency and heat removal factor performances. The overall loss
should be minimized to obtain better thermal efficiency. In this study, three new PVT modules were
analysis using theoretical results via MATLAB. The mass flow rate of 0.01 kg/s and solar radiation
level in the range of (300-1000) W/m? were used in this analysis. The results show that the increase
of solar radiation does increases both heat removal facter and thermal efficiency of the new PVT.
Meanwhile, the increase in heat removal factor simultaneously increases the new PVT thermal
efficiency.
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