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WELCOME

Additive manufacturing technologies are playing a decisive role in the laboratory environment,
making a significant difference in STEAM education. Students use additive manufacturing to
create physical models, topographic maps, biology artifacts, artwork, all types of engineering
prototypes and solving mathematics challenges. By bringing additive manufacturing capabilities
to the classroom, educators can raise interest in STEAM, introduce new concepts and

capabilities, and help set the future for more skilled STEAM professionals.

The IWAM 2022 Organizing Committee,
Jodo Rocha

Jodo E. Ribeiro

Jorge Santos

Rui Lima
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Cooling performance of an acrylic serpentine with a rectangular
cross section
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ABSTRACT

In recent years, photovoltaic panels have established as one of the main sources of
electricity considered to be clean. Its efficiency and lifetime are greatly influenced by the
operating temperature. Active cooling using cylindrical copper serpentines is one of the
most common methods for many systems. However, due to the cylindrical geometry of
the tubes, the contact with the plate is a point and its area tends to zero. In this way,
serpentines that provide a bigger contact area between the heat removal system and the
solar panel board are desired. Serpentines manufactured by machining acrylic plates in
CNC milling machines allow the construction of a channel with rectangular cross section
with a considerable area of contact between the channel and the plate. The obtained results
show that there was a significant improvement of the heat exchange between the plate
and the thermofluid when the acrylic serpentine with rectangular section was used.

INTRODUCTION

Solar panels have a paradox that they need sunlight to heat and generate energy, but high
temperatures end up decreasing their performance. The use of active cooling systems can
increase the efficiency of the system by up to 22%, with the material of the tubes used
having a great influence on the heat exchange (Hasanuzzaman et al., 2016; Marini¢-
Kragic et al., 2020). The lifespan of solar panels is about 25-30 years and can be extended
to up to 48 years if there is an efficient cooling system (Nizeti¢ et al., 2016).

RESULTS

From an 8 mm thick acrylic plate, 5x5 mm channels were made in the Mini-milling
machine CNC ROLAND SRM-20 according to the figure 1. A 2 mm thick steel plate was
used in place of the solar panel.

IWAM 16



International Workshop on Additive Manufacturing and STEAM Education

200

I

130

112

20

Il
T
H
T
i
|
|
,
|
.
|
i
|
i
|
\
|
.
|
i
|
|
I
|
:
|
i
T

Figure 1: Main dimensions of the proposed serpentine.

For comparison level, a copper serpentine was used, following the same route counted
with the same hydraulic diameter (5 mm). A 400 W Halogen spotlight was used as a heat
source and thermocouple sensors were used on the surface of the plate and on the inlet
and outlet of the fluid figure 2.
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Figure 2: Experimental setup.

The results of the difference between the plate temperature and the fluid inlet
temperature are shown in figure 3.
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Figure 3: Temperature difference between the plate surface and the inlet fluid according to each
flow rate.

CONCLUSIONS

The obtained results show a higher efficiency of the serpentine with rectangular
geometry made in acrylic. This is due to the fact that the contact surface between the
fluid and the acrylic plate is superior to the copper serpentine, where the contact area is
only at the tangent between the tube and the plate and, therefore, tends to zero. New
studies should be carried out in a more controlled temperature environment in order to
increase the reliability of the preliminary tests.

ACKNOWLEDGMENTS

This work has been partially funded through national funds FCT/MCTES (PIDDAC)
from the following research units: UIDB/00532/2020, UIDB/04077/2020,
UIDP/04436/2020, UIDB/00690/2020 and UIDP/00690/2020. The authors are also
grateful for FCT funding through PTDC/EMETED/7801/2020,NORTE-01-0145-
FEDER-030171 funded by COMPETE2020, NORTE2020, PORTUGAL2020, and
FEDER. National funding by FCT, Foundation for Science and Technology, through the
individual research grant PRT/BD/153088/2021 of Glauco Tapijara Vallicelli Nobrega.

REFERENCES

Hasanuzzaman, M., Malek, A. B. M. A,, Islam, M. M., Pandey, A. K., & Rahim, N. A.
(2016). Global advancement of cooling technologies for PV systems: A review. In Solar
Energy (Vol. 137, pp. 25-45). Elsevier Ltd. https://doi.org/10.1016/j.solener.2016.07.010

Marini¢-Kragié, 1., Nizeti¢, S., Grubigié-Cabo, F., & Coko, D. (2020). Analysis and
optimization of passive cooling approach for free-standing photovoltaic panel:
Introduction  of  slits.  Energy  Conversion and  Management, 204.
https://doi.org/10.1016/j.enconman.2019.112277

Nizetié, S., Coko, D., Yadav, A., & Grubigi¢-Cabo, F. (2016). Water spray cooling
technique applied on a photovoltaic panel: The performance response. Energy
Conversion and Management, 108, 287-296.
https://doi.org/10.1016/J.ENCONMAN.2015.10.079

IWAM 18



