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Abstract: The photovoltaic thermal (PVT) is a device that can produce electric and thermal energies
simultaneously. The main components of PVT consist of the photovoltaic module, absorber collector, insulator
and mounting frame. The design of the absorber collector is crucial in the good performance of thermal energy.
The heat removal factor F , which is the ratio of the actual energy gain to the useful energy gain of a collecterR

when the entire collector surfaces are at the fluid inlet temperature, is one of the key parameters in determining
the thermal efficiency of PVTs. A high F  means large thermal efficiency and losses and vice versa. In thisR

study, the heat removal factor of four serpentine tubes  with  varying  dimensions  and  profiles  is  analyzed.
The rectangle tube shows the highest F  (0.93). This high F  value could be caused by the small diameter ofR R

the rectangle tube. In addition, a high number of tubes enhance the heat transfer between photovoltaic and
serpentine collector absorber.
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INTRODUCTION occurs when the temperature of the solar collector

The analytical study of the serpentine tube collector of PVTis thesame with that of conventional heat
has been carried out in the late 1970s [1-3]. The serpentine exchangers [4].
collector is considered one of the collectors with complex The F  parameter is important to determine the
geometry. The analytical calculation of the serpentine thermal efficiency of the PVT system. This parameter is a
tube collector is different with that of the well-known function of transmittance–absorptance (i, overall heat
sheet collector. The former has only one-way channel loss (U ), temperature inlet (T ), temperature ambient (T )
flow, whereas the latter has many channels. and irradiance (G). The relationship of each parameter is

As a conventional PVT collector, the serpentine given as follows [4]:
collector consists of a photovoltaic, an absorber collector,
an insulator and a mounting frame. The configuration of
the absorber collector of the serpentine collector is (1)
different from that of the sheet collector. In particular, the
serpentine collector has only one inlet and one outlet. The value of the  transmittance–absorptance is
Figure 1 shows the schematic of the serpentine collector. related to the optical or glazing layer of the system [5].

The collector heat removal factor is defined as the The overall heat loss is a combination of top losses, edge
ratio of the actual heat transfer to the maximum heat losses and bottom losses of the system. The overall heat
transfer. Maximum heat transfer occurs during minimum loss can be obtained by developing a thermal model on
heat loss in the surrounding. Maximum heat transfer the basis of the energy balance of the PVT system [6].

approaches the inlet fluid temperature. The effectiveness
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Fig. 1: Schematic diagram of serpentine collector [1].

Fig. 2: Serpentine collector absorber of a PVT
system:(from left) (a) design 1: square tube with
20 mm diameter; (b) design 2: round tube with 15
mm diameter; (c) design 3: rectangle tube
hydraulic with 18.7 mm diameter; (d) design 4:
round tube with 20 mm diameter.

Fig. 3: Cross-section of PVT.

Fig. 4: Chart for estimating the heat removal factor F  forR

flat-plate collectors with serpentine tubes [1].

Table 1: Parameter for analysis of serpentine absorber collector
Design 1 2 3 4
D  (m) 0.020 0.015 0.0187 0.020o

D  (m) 0.014 0.009 0.0122 0.014i

L (m) 1.2 1.2 1.2 1.2
N 13 9 13 9
W (m) 0.04 0.06 0.04 0.06
k (W/m°C) 211

 (m) 0.003
U  (W/m •°C) 7L

2

 (kg/s) 0.01
Cp (J/kg°C) 4910
hfi (W/m °C) 10002

In this study, the heat removal factor on different
serpentine collector designs was investigated. The four
serpentine collectors with varying dimensions, profiles
and operating conditions were analyzed. Copper was used
for this collector.

Methodology: Figures 2 and 3 show the four designs of
the serpentine absorber collector and the cross section of
the PVT, respectively. Analytical calculation was
conducted on each design. Tables 1 and 2 show
theanalysis parameters and profile details of the
serpentine collectors.

The heat removal factor F of the serpentine absorberR

collector can be obtained by referring to the chart in
Figure 4. F  consists of dimensionless capacitance and FR 2

on the x and y axes.
The dimensions of the capacitance rate can be written

as follows:

(2)

where  the  values  of F and A can be obtained by1 c

applying

(3)

and

A  = NWL. (4)c

Here,
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Table 2: Configuration detail of serpentine profile.
Design 1 2 3 4
Shape Square Round Rectangle Round
Dimensions (mm) Length × Height 20 × 20 Diameter 15 Length × Height 25 × 15 Diameter 20

Table 3: Heat removal factors for designs 1, 2, 3 and 4.
Design 1 2 3 4
Dimensions (mm) Length × Height 20 × 20 Diameter 15 Length × Height 25 × 15 Diameter 20
Dimension capacitance rates 0.240 0.623 0.266 0.480
F 46.91 13.37 42.23 42.231

F 0.979 0.943 0.976 0.9562

F /F 0.012 0.050 0.022 0.025R 1

F 0.590 0.870 0.930 0.560R

Designs 2 and 4 had the same parameters except for
(6) their tube diameters. A smaller diameter results in better

In this study, C was ignored because of the absence higher than that in design 4. The F for design 2wasb

of bonding between absorber collector and photovoltaic. slightly lower than that in design 3. The F  of the

manufacturability and production cost should be
(7) considered.Design 2 can give an approximate value of F

On the basis of Eq. (5), D refers to the D  of the removal compared with that of design 4. Although botho

absorber  design  and U  refers to the overall heat loss. designs had the same diameters, design 1 had more tubesL

The estimated value of U  can be obtained by energy than design 4 did. In addition, the square shape of designL

balance analysis. In this study, the value of U  is based 1 contributed to the high F  value. L

on the typical unglazed PVT losses [4, 7].
The x-axis is determined by using Eq. 2 and the y-axis CONCLUSIONS

can be obtained by using Eq. (8). The projection line from
the intersection of the x- and y-axes is given by Eq. (9). The F  parameter is important to determine the

study can predict the F  value. The calculation results
(8) show that a small diameter and a high number of tubes

manufacturability and cost of production, the analytical
(9) method can be employed during the preliminary design

RESULTS AND DISCUSSIONS when evaluating the suitable serpentine collector at the

From the calculations, design 4 has the highest heat
removal factor, followed by designs 2, 3 and 1. Table 3 ACKNOWLEDGMENTS
shows the results of each profile.

Designs 1 and 3 differed only in their dimensions. The authors would like to thank the Solar Energy
The inner and outer hydraulic diameters of design 3 were Research Institute, UniversitiKebangsaan Malaysia and
0.01875 and 0.0221 m, respectively. This finding shows UniversitiTeknikal Malaysia Melakafor funding this
that a small diameter gives high heat removal. Although project.
design 2 had a smaller diameter compared with design 3,
the number of tubes of design 3 gave the design an Nomenclature:
advantage. Design 3 has 13 tubes compared with design
2 with only 9 tubes. A high number of tubes result in A Area of collector
efficient heat transfer because of the high effective area, C Bond conductance
which in turn increases the F  value. C Specific heat of circulating fluidR

heat removal. The heat removal in design 2 was 35.6%
R

R

twodesigns had a 7% difference. Therefore, the

R

for serpentine collectors. Design 1 had 5% higher heat

R

R

thermal efficiency of the PVT solar collector. An analytical
R

influence the increment of F . Considering theR

stage. In addition, this method saves time and initial cost

beginning of collector design.
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