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the Effects of Using Selected Twisted
Tapes Insert on the Performance of

Photovoltaic Thermal System
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1. Introduction

Various active, passive, and semi-active/passive
methods have been utilized to further augment the
electrical/thermal performance of photovoltaic
thermal systems (PV/Ts) such as using mini-
channel heat pipes, integration of phase change
materials (PCMs), using thermoelectric coolers,
replacing nanofluids with typical pure fluids,
changing the configuration of the attached thermal
collectors, using inserts in the collector tubes, and
utilizing solar tracker systems.

Throughout past years, using numerical and
experimental methods, implementing inserts, as
one of the passive heat transfer enhancement
techniques, in various applications such as
straight/curve tubes, heat exchangers, solar thermal
collectors, and PV/Ts have been subjected to
rigorous examinations. Using inserts helps to
hydrodynamic/thermal boundary layer reduction,
increasing flow mixing, and heat transfer
coefficient increment. In addition, due to the
tremendous progress in the manufacturing process,
using inserts can be easily implemented in
industrial scales. This method has been used by
many researchers in order to improve the solar
systems efficiency.

Amongst all inserts, twisted tapes are more
popular and practical thanks to their easy
installation and economical aspects.
Sheikholeslami and Farshadab carried out a 3D
numerical study based on controlling volume
method to investigate the combination of two
various heat transfer techniques of using lobed tube
and twisted tape tabulator in a solar thermal
collector. Respectively, 17.9 and 12.7%, were
obtained for reduction of exergy loss and
promotion in convective heat transfer coefficient,
by replacing the lobed tube with turbulator instead
of a conventional circular tube.

Throughout the reviewed studies, applying
inserts in solar thermal collectors is a useful, simple
and commercial way to help more heat transfers
from the collector to the operating fluid.
Consequently, thermal efficiency of these systems
will be enhanced. However, the influence of using

inserts on the PVTs have received less attention,
numerically and experimentally. Therefore, in this
study, through designing and fabricating three
different systems (PV unit, conventional PV/T, and
PVIT integrated with clockwise-counter clockwise
twisted tapes (CWCCW)), the effects of inserts on
these systems are examined in an indoor
experimental condition by simulating different
outdoor conditions. The mentioned type of insert
was the best optimum insert among ten different
twisted tape inserts.

2. Experimental setup

In this part, three different photovoltaic systems are
designed and built. The first system is a typical
photovoltaic unit without any cooling system. The
second system is a thermal photovoltaic unit with a
header-riser ~ collector installed below the
photovoltaic panel. The third system is the same as
the second one, with clockwise-counterclockwise
twisted insert inside the tubes. The collector
consists of 21 tubes. All experiments are done using
a solar simulator system.

Solar simulator consists of eight 500-watts
halogen lamps. By adjusting the angle of each
lamp, the flux is tried to be the same on all surface
(difference of the flux in all the surface is less than
10 W/m?),

Photovoltaic panel

Heat exchanger

Reservoir

Thermocouple

E Pressure
transmitter Charge
Ampere meter Controller
[
Volt meter

Solar meter

Figure 1. Schematic of experimental setup

3. Results and discussion

Table 1 shows the numerical values of average Nu
number, friction factor and TPF, at the Re number
of 1327 for the following twisted tapes (TTs):
simple, perforated, V-cut, two different elliptic-cut,
clockwise-counterclockwise, jagged oblique and
normal teeth, center-delta wing, and alternate axis.
As seen in the table, by implementing the
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clockwise-counterclockwise TT insert, the Nu
number reaches a maximum value of 1.56, more
than the other ones. Thus, this insert is selected as
the best TT insert.

Solar simulator | Halogen lamp | Fan

Sk

CWCCW TT insert

Solar meter
Figure 2. A real image of experimental setup

Table 1. Nu number, friction factor and TPF of ten
studied twisted tape inserts

Type of twisted tape NUave f TPF
Simple TT 22.53 0.56 1.10
Clockwise- 25.33 0.30 1.56

counterclockwise
Elliptic-cut 1 25.48 0.33 1.49
Elliptic-cut 2 25.51 0.33 1.49

Jagged oblique teeth 25.51 0.38 1.42

Perforated 25.63 0.33 1.49

V-cut 25.85 0.33 151
Center-delta wing 26.00 0.36 1.47
Alternate axis 32.44 0.68 1.53
Jagged normal teeth 25.74 0.39 141

PV/T with selected TT insert experiences the
lowest average surface temperature due to a higher
heat absorption. For example, at 300 and 900
W/m?, the PV/T- insert system can reduce the PV
surface temperature by 13.4 and 24.6 degrees
Celsius. The main reason for further temperature
drops in the PV/T-insert is turbulence in the coolant
fluid flow and more heat absorption from the
photovoltaic surface compared to that of the
conventional PV/T.

Table 2. Surface temperature in terms of solar
irradiance for three different studied systems

at 130 lit/h
q" (W/m?) PV PVIT PV/T-insert
900 76.7 56.7 55.3
700 74.5 53 51.8
500 57.5 45.2 435
300 47.3 375 37

The results show in Figure 3 are obtained from
900 W/m? per and the volume flow rate of 70 lit/h.
Comparing the PV/T-insert with PV/T system, the
results show that thermal efficiency (and electrical
efficiency) improves by 6.2% (0.62%). The figure
also shows that the simultaneous use of the tapes
and the collector increases the electrical efficiency
by about 0.8%.

PV/T-insert |
PV/T
PV 1078
= _th
n_el
11.58 99,82

R 66.01

Figure 3. Electrical and thermal efficiencies for the
systems at 70 lit/h and an input flux of 900 W/m?

4. Conclusion
The most important results are as follow:

e The use of simple TT inserts increases
efficiency about 1.39; so the use of insert in
tubes is recommended;

e Among ten different inserts, the clockwise-
counterclockwise TT insert had the highest
thermal performance factor and was selected
as the best insert;

e  Comparison the results of the PV/T and PV/T-
insert at heat flux of 900 W/m? and the mass
flow rate of 70 lit/h showed increasing of the
thermal efficiency (and the electrical
efficiency) by 6.2% (and 0.62%).

e In a constant to solar irradiance, both electric
power and heat power are improved by
increasing the mass flow rate of the working
fluid;
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