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This study investigates the performance enhancement of a parabolic
trough solar collector (PTSC) through the use of absorber cavities,
nanofluids, and increasing the number of absorber tubes. To this end, a
laboratory-scale collector was designed and fabricated, featuring three
copper absorber tubes, two mirror-finished stainless steel absorber
cavities, and a silicon dioxide (SiO;) nanofluid at three volume
concentrations: 0.1%, 0.5%, and 1%. The experiments were conducted
under laboratory conditions with a solar irradiance of 900 W/m?, inlet and
ambient temperatures of 26°C, and a flow rate of 0.24 m3/h over a period
of 60 minutes. For all test scenarios, the outlet temperature, useful heat
gain, and thermal efficiency were recorded. The results showed that in the
baseline configuration — with a single absorber tube and no cavity — the
outlet temperature reached 41.8°C, the useful heat gain was 29.18 W, and
the thermal efficiency was 36.02%. The simultaneous use of three absorber
tubes and an absorber cavity significantly improved the outlet temperature
and useful heat gain, reaching 57.3°C and 56.81 W, respectively, with a
corresponding thermal efficiency of 70.14%. Furthermore, it was observed
that the selected nanofluid had a negligible effect on the thermal
performance of the system. The findings of this study can be utilized in the
design of efficient large-scale industrial collectors to achieve enhanced
thermal efficiency.
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EXTENDED ABSTRACT

Introduction

The increasing global demand for energy and environmental concerns about fossil fuel
usage have directed attention toward renewable energy sources. Solar energy, being
abundant and sustainable, is a prominent option. Among solar technologies, Parabolic
Trough Solar Collectors (PTSCs) are widely used for solar thermal applications due to
their efficiency in concentrating solar radiation onto a receiver tube. Despite their
advantages, PTSCs face challenges in maximizing thermal performance and minimizing
heat losses. Various approaches such as employing nanofluids, optimizing absorber tube
design, and modifying collector structures have been studied individually. However,
limited research has examined the combined impact of multiple enhancement strategies.
This study addresses this gap by experimentally investigating the simultaneous effects of
absorber cavities, multiple absorber tubes, and silicon dioxide (SiO,)-water nanofluid on
the thermal performance of a laboratory-scale PTSC. Furthermore, this investigation aims
to provide practical insights for enhancing the efficiency of industrial-scale solar
collectors by applying a multi-faceted approach, combining both geometrical
modifications and working fluid enhancement.

Methodology

A laboratory-scale PTSC was designed and fabricated, featuring three copper absorber
tubes, two mirror-polished stainless steel absorber cavities, and SiO,-water nanofluid at
volume concentrations of 0.1%, 0.5%, and 1%. The collector dimensions, summarized in
Table 1, were optimized through thermodynamic analysis using MATLAB and design of
experiments (DOE) with Minitab. The PTSC is schematically illustrated in Figure 1. The
absorber cavities were designed to enhance the optical concentration of solar radiation on
the absorber tubes and improve the radiative heat transfer rate. Two cavities, each
measuring 45 cm in length and 4 cm in width, were fabricated from the same reflective
stainless steel as the main parabolic surface. These cavities were positioned 14 cm above
the reflector surface and 5 cm above the absorber tubes, installed at an optimized angle of
79 degrees relative to the horizontal plane based on Soltrace optical simulation results.
Experiments were conducted in a controlled laboratory environment with a solar simulator
providing 900 W/m? irradiance, while the inlet fluid and ambient temperatures were
maintained at 26°C. The flow rate was fixed at 0.24 m®/h, and the testing duration was 60
minutes for each configuration. The inlet and outlet fluid temperatures were recorded at
five-minute intervals, and the useful heat gain and thermal efficiency were subsequently
calculated based on these measurements. The experimental procedure followed ISO 9806
standards, and the uncertainty analysis was performed considering measurement errors
from thermocouples, flow meter, and solar meter.
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Table 1. Main parameters of the laboratory-scale solar collector.

Parameter Value
Collector length 45 cm
Collector width 20 cm
Absorber tube diameter 8.01 mm

Absorber tube thickness 0.76 mm

Volumetric flow rate 0.24m3/h
Mass flow rate 0.0665 kg/s
Radiation
Source
Absorber Absorber
Cavity Cavity

79\ l’@”
OO0

Triple
Absorber
Tube

Reflector

Figure 1. Schematic of the PTSC with absorber cavities and triple absorber tubes.

Results and discussion

The thermal performance was evaluated across several configurations by varying the
number of absorber tubes and the inclusion of absorber cavities. The results showed that
both features contributed to improved outlet temperatures, useful heat gain, and overall
efficiency, especially when combined.

The integration of absorber cavities and triple tubes significantly improved both the
useful heat gain and thermal efficiency. The absorber cavities enhanced solar radiation
trapping by redirecting reflected rays toward the absorber tubes, reducing optical losses.
The multiple absorber tubes increased the surface area exposed to radiation, distributing
heat more uniformly and minimizing localized hot spots.

The effect of SiO,-water nanofluid was evaluated across all configurations. In single-tube
setups, the nanofluid demonstrated negligible influence on performance, likely due to the
limited operating temperature range and modest enhancement of thermal conductivity at
lower temperatures. However, in the triple-tube with cavity setup, the nanofluid with 1%
concentration marginally increased the thermal efficiency to 73.91% and the useful heat
gain to 59.86 W, reflecting a 3.76% improvement compared to water alone. This suggests
that nanofluids may offer performance gains primarily in high-temperature or high-
irradiance conditions when used with effective absorber designs. Figure 2 compares the

120



Journal of National University of Skill Spring 2026, Vol. 23, No. 1, p. 118-142

useful heat gain and thermal efficiency for all tested configurations, highlighting the
dominant effect of absorber geometry over nanofluid usage.
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Figure 2. Useful heat gain and thermal efficiency with nanofluid as the working fluid for four cases: (a)
single absorber tube without absorber cavities, (b) single absorber tube with absorber cavities, (c) triple
absorber tubes without absorber cavities, (d) triple absorber tubes with absorber cavities

Conclusion
This experimental study demonstrated that combining absorber cavities with multiple
absorber tubes is an effective strategy to enhance the thermal performance of PTSCs. The
use of absorber cavities contributed to reducing optical losses and achieving more uniform
heat distribution, while multiple absorber tubes significantly increased heat absorption
capacity. Although SiO,-water nanofluid provided only minor improvements, its potential
benefits at higher operating temperatures merit further investigation.
Key findings include:
e A 94% increase in thermal efficiency was achieved by integrating both absorber
cavities and multiple tubes compared to the baseline setup.
e The combination of triple absorber tubes and cavities yielded the highest thermal
efficiency of 70.14%.
e  SiO; nanofluid increased thermal efficiency marginally (3.76%) when used with
the optimized configuration.
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e The results underscore the importance of absorber design modifications over
nanofluid enhancement for laboratory-scale PTSCs.
These outcomes are valuable for the future design of efficient industrial-scale PTSCs.
Future research should explore the combined effects of alternative nanofluids with higher
thermal conductivities and advanced absorber geometries.
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