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Abstract

This research aims to investigate the effects of air inlet and outlet patterns on parabolic-dome solar collectors.
A three-dimensional transient computational fluid dynamics (CFD) simulation in ANSYS Fluent was used to analyze sixteen
different inlet-outlet patterns and compare their effects on air behavior, outlet air temperature, and thermal efficiency. Simulation
results show that most patterns led to recirculating air, resulting in hot spots and reduced heat transfer efficiency. Conversely,
pattern 3-2 exhibited the most uniform air distribution. This 3-2 pattern also had an outlet air temperature and average thermal
efficiency of about 42.75°C and 41.97%, respectively. Furthermore, the numerical model was validated using statistical indicators
R?, MRD, and RMSE, which showed that the model results were highly consistent with the experimental results (R? = 0.9942,
MRD = -0.031°C, and RMSE = 3.656°C). These observations underscore the critical role of the inlet-outlet pattern in optimizing
airflow and improving heat transfer efficiency. Therefore, this study presents an effective design for air inlet-outlet patterns that

improves the efficiency of parabolic dome solar collectors through an optimized air channel design.
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Introduction

Currently, global warming has intensified due to increased energy demand and consumption, resulting in
erratic weather patterns. These phenomena have profound implications for socioeconomic impacts worldwide.
To reduce reliance on fossil fuels, which are a major source of greenhouse gases, replacing them with clean and
sustainable energy sources such as hydropower, wind power, and solar power is becoming increasingly popular
(Stevovic et al., 2021; Ostergaard et al., 2023; Singh and Kumar, 2025). Solar power, in particular, is more
accessible than other energy sources in terms of cost, operation simplicity, and maintenance.

Solar energy is a clean energy source that can be used directly, such as in photosynthesis in plants and
post-harvest processes, such as solar drying. Furthermore, it can be converted into electricity and hot water.
However, despite its high potential and being environmentally friendly, its practical application still has some
limitations, such as the inconsistency of sunlight from day to day or season, which makes energy production
uncertain or less than desired. The utilization of solar energy through solar collectors is a highly attractive
technology due to its potential to efficiently convert solar radiation into thermal energy (Omeiza et al., 2024;
Lingayat et al., 2025).

Solar collectors function by absorbing solar radiation via a heat receiver, which may be a tube filled with a
working fluid or an absorber plate. Subsequently, this receiver transfers heat to the working fluid (Duffie et al.,
2020). The resulting heated fluid can then be employed in diverse industrial applications, including steam
production, building heating, and drying processes (Aghakhani & Afrand, 2022; Famiglietti et al., 2020).
Conversely, improving the thermal efficiency of solar collectors remains a major research area, to maximize solar
energy use. However, the practical use of solar collectors is limited by several factors. In particular, the efficiency

of heat transfer is reduced when sunlight is less intense, such as during cloudy weather or at night. Moreover,
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a substantial reduction in system efficiency stems from heat loss via conduction, convection, and radiation from
the collector to the environment. It is therefore essential to design solar collectors to minimize such heat loss.
This involves studying the effects of various components of a parabolic air heater, as in the work of Demissie
et al. (2019), who designed, developed an indirect solar food dryer, and employed Computational Fluid
Dynamics (CFD) to predict the transient three-dimensional flow field and temperature distribution within the
drying chamber. The predicted airflow distribution showed that mean flow velocity varied across rack shelves,
with a significantly more uniform distribution observed on the upper three shelves compared to the bottom shelf.
The inside of the drying chamber evolved towards a steady operating temperature of 315 K, and the maximum
average temperature difference between measurement and simulation was 4.3°C, confirming the reliability of
CFD for solar dryer design. Hajiyat et al. (2023) similarly employed CFD simulation with COMSOL
Multiphysics to investigate the effect of inlet size and location on greenhouse dryer process dynamics. The results
showed that inlet size is positively correlated with average air velocity and negatively correlated with average
temperature inside the dryer, while inlet location significantly impacts the spatial distribution of both temperature
and velocity. It was concluded that dryer operating temperature and drying rate can be controlled through simple
modifications of inlet size and location, highlighting the critical role of inlet geometry in solar dryer design.
Rahmat et al. (2025) used CFD modeling to analyze the effects of various air inlet-outlet arrangements
(specifically, upward, cross, and downward airflow configurations) on temperature distribution and air velocity.
The simulation was performed using Ansys Fluent software, considering factors such as airflow rate and solar
radiation intensity. The results demonstrated that the configuration with a downward airflow pattern (air inlet on
the side and outlet at the bottom) yielded the most uniform temperature and air velocity distributions, resulting
in the best drying efficiency. Furthermore, airflow itself affects air distribution, which is a crucial factor in heat
exchange within the system. Kumar et al. (2021) developed a vacuum tube solar collector equipped with an
internal air diverter under simulated solar light. It was found that thermal efficiency directly correlated with the
air flow rate (100 — 1000 kg/h). Heat transfer increased with an increase in the airflow rate and the length of
the air diverter. However, elevated inlet air temperatures (30 - 70°C) resulted in decreased heating efficiency.
Similar to previous work by Kherrafi et al. (2025), conducted an experimental and numerical study to enhance
the performance of a direct solar dryer integrated with obstacles. Using ANSYS Fluent simulations validated
against experimental data, they investigated how internal obstacle configurations affect airflow distribution and
thermal efficiency. The results demonstrated that optimized obstacle placement significantly improved airflow
uniformity and heat transfer, reducing stagnant zones within the drying chamber and enhancing overall drying
performance.

Previous research has demonstrated that air inlet, outlet, and airflow design directly affect the thermal
efficiency of solar systems. While airflow optimization using CFD is common for rectangular or greenhouse solar
dryers, a parabolic dome solar collector (PDSC) behaves differently due to its unique geometry. The curved
dome often causes localized flow stagnation and uneven thermal stratification that standard designs cannot
adequately address. Additionally, the parabolic shape captures sunlight throughout the day and reduces solar
radiation reflection off the cover, enhancing the greenhouse effect inside the solar collector. To address this
research gap, this study investigates how various inlet and outlet configurations affect fluid flow and heating

efficiency under a no-load scenario, aiming to find the optimal flow mechanism to maximize heat transfer.
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Materials and Methods

Solar collector model

ANSYS Workbench was employed to simulate airflow and heat energy transfer between components. The
collector has a parabolic shape, 1 m wide, 0.6 m long, and 0.4 m high (Figure 1a). These dimensions were
derived by scaling down from a full-sized parabolic greenhouse solar dryer (Janjai et al., 2009). The solar
dryer is 5.5 m wide, 8.0 m long, and 3.5 m high. The length of the original drying chamber was reduced to
minimize material consumption and computational resources while preserving the geometric proportions
necessary for representative airflow simulation. The cover is made of a polycarbonate sheet. A black-painted
galvanized steel sheet was used on the solar collector base. The air inlet and outlet dimensions were 40 x 5 cm?
for the long air channel and 20 x 5 c¢cm? for the short air channel (Figure 1b). The thermal properties of the

solar collector components are shown in Table 1.
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Figure 1 (a) Structural dimensions of the parabolic dome solar collector, and (b) Actual parabolic dome solar collector

Table 1 Thermal properties of the solar collector components

Specific heat

Name Density (kg/m®) Thermal conductivity (W/m-K)
(J/kgK)
polycarbonate 1159.8 1192 0.20035
galvanized sheet 7849.8 481.98 51.962

Simulation Setup

For the analysis of heat transfer and fluid flow behavior in this research, ANSYS Workbench software was
used. A 3D model of the PDSC was created using ANSYS DesignModeler, as shown in Figure 1a. The mesh
size was 2 cm, the number of elements was 192955. Subsequently, a high-quality mesh was generated for
each domain to ensure reliable and accurate simulation results. The mesh quality fell within the acceptable range
based on multiple indicators (element quality = 0.849, aspect ratio = 1.803, skewness = 0.207, and orthogonal
quality = 0.791). The fluid flow within the collector was modeled as turbulent using the standard k- ¢ turbulence
model. This model was selected due to its well-established numerical robustness, computational economy, and
proven capability in predicting macroscopic thermal performance and airflow distribution trends within solar
thermal systems under no-load scenarios, particularly in fully turbulent flows with high Reynolds numbers.
The numerical solution was governed by a pressure-based solver framework, utilizing the SIMPLE algorithm
for pressure-velocity coupling. No-slip boundary conditions were enforced on all solid surfaces. To achieve
high-order accuracy in spatial discretization, second-order upwind schemes were applied to solve the

conservation equations of mass, momentum, and energy. Regarding solution convergence, the absolute residual
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criteria were strictly monitored and set to below 107° for the continuity, momentum (x, y, and z velocities ),
and turbulence quantities (k and & ). Crucially, to ensure a highly rigorous thermal evaluation, the convergence
criterion for the energy equation was set to a more stringent threshold of below 10°°. Simulations progressed
continuously until all monitored residuals flattened and satisfied these prescribed limits before data extraction.

Boundary Conditions

In this simulation, boundary conditions were established to closely replicate real-world operating conditions.
The cover sheet was set to be transparent with 80% transmission and 10% absorption. The galvanized steel
sheet, painted black, was set as an opaque material with 80% absorption. Solar radiation intensity varied over
time using the solar load model function of Fluent. Boundaries were set as walls to connect the fluid and solid
boundaries. The following assumptions were used in the simulation:

e The inlet air temperature was set to a constant value according to the initial ambient temperature.

e There is no heat loss to the environment through the walls of the solar collector.

e The thermal properties of air and the different parts of the solar collector are constant because the
temperature difference is very small.

e The cover sheet is set as a semi-transparent material with solar radiation transmission of 0.8 and solar
radiation absorption of 0.1.

Governing Equations

As described above, ANSYS Workbench software was used in this research. The software contains a module
for analyzing heat transfer and the behavior of air flow inside the PDSC. This was simulated using conservation
equations for mass, momentum, and energy. The simulation was conducted in an unsteady (transient) and
turbulent manner using the Fluent module in ANSYS software (Tuncer et al., 2023; Kherrafi et al., 2025).

- Continuity Equation

The continuity equation represents the principle of conservation of mass within the simulation domain. It
states that the rate of change of fluid density over time at any position must be balanced by the net mass flux
flowing into and out of the control volume, as expressed in Equation (1):

0 _
a—’t)w-(pv):o W

Where p s air density (kg/m?)
t s time (s)
V is velocity vector (m/s)Momentum Equation
The momentum equation is based on the principle of conservation of momentum (Newton’s second law of
motion), describing the dynamic behavior of the fluid under various forces. The equation is given as follows:
2(s1)
ot
Where p is pressure (Pa)

+V-(pW)=-Vp+V- T+ pg (2)

hall

is viscous stress tensor (Pa)
g is gravitational acceleration (m/s?)
The terms on the left-hand side represent the local rate of change of momentum and the convective
momentum transport due to fluid motion, respectively. The terms on the right-hand side represent the summation
of external forces acting on the system, including the pressure gradient force ( —Vp ), the viscous shear stress

tensor (V-7 ), and the gravitational body force ( ©g ), which induces buoyancy effects in the domain.
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Heat transfer by radiation occurs in simulation, and the Rosseland radiation model is applied, which is
suitable for optically thick media.
- Energy Equation (including Rosseland radiation)
The thermal behavior and heat transfer within the system are governed by the principle of conservation of
energy. In this study, the Rosseland radiation model is integrated into the energy equation, as it is highly suitable

for optically thick mediums. The energy equation is expressed as:

d(ph s

a(ph) )+V~(p\7h)=V~ k+ 09T \yr (3)
at 3p

Where is specific enthalpy (J/kg)

is thermal conductivity (W/mK)

h
k
o s Stefan-Boltzmann constant 5.67x10°° W/m’K*
S is Rosseland mean absorption coefficient (1/m)
T is temperature (K)
- Turbulence Model (k- ¢ )
To capture the turbulent behavior of the airflow, the standard k- ¢ turbulence model was employed. This
model consists of two transport equations to resolve the turbulent kinetic energy (k) and the turbulent dissipation

rate ( & ), written as follows:

Turbulent kinetic energy

%+V~(p\7k):v~ (u+g—;JVk +G, - pe (4)
Turbulent dissipation rate
%+V~(p\75):v- [,u+g—:]Vk +ClgGkE—C28pg?2 (5)
Where C,.,C,. are empirical model constants (-)
G, is generation of turbulent kinetic energy (kg'm'/s?)
U is dynamic viscosity (Pa‘s)
A is turbulent viscosity (Pa‘s)
o, is turbulent Prandtl number for ¢ (-)
o, is turbulent Prandtl number for k (-)
Simulation

This research focuses on enhancing the thermal efficiency of the solar collector without load. Therefore,
simulations will be conducted to compare the performance of a solar collector in each case. For the simulation
of the solar collector, a total of 16 different inlet-outlet air channel patterns will be varied (Figure 2). In
addition, the air mass flow rate varies at constant values of 0.0245-0.1225 kg/s, respectively.

Thermal efficiency equation

The efficiency of the solar collector is evaluated based on thermal efficiency. This is defined as the ratio of
the useful heat transferred to the fluid inside the solar collector to the total global radiation incident on the
surfaces of the solar collector. The thermal efficiency of parabolic solar collectors without and integrated with

paraffin-filled tubes can be expressed by the following equation:
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n= rﬁcp,air (Tair,outlet _Tair,inlel) «100% (6)
Al
Where 7 is thermal efficiency (%)
m is mass flow rate (kg/s)
C,ar  is specific heat capacity of air (J/kg'K)
Tar et 18 air inlet temperature (°C)
Tair outiee 18 @ir inlet temperature (°C)
A is collector surface area (m?)
| is global solar radiation (W/m?)
- - A - A - A —- A
Pattern 1-1 Pattern 1-2 Pattern 1-3 Pattern 1-4
—_— A —_ A —_ = A — A
Pattern 2-1 Pattern 2-2 Pattern 2-3 Pattern 2-4
- A - A —_ A - A
Pattern 3-1 Pattern 3-2 Pattern 3-3 Pattern 3-4
- - A — A — A — A
Pattern 4-1 Pattern 4-2 Pattern 4-3 Pattern 4-4

Figure 2 16 Patterns of inlet and outlet air

Experimental Setup

The experimental work was conducted at the Department of Physics, Faculty of Science, Silpakorn University,
located in Nakhon Pathom, Thailand (13.82°N, 100.1°E). To capture the full range of daily thermal behavior,
all experiments were conducted under varying sky conditions from 08:00 to 18:00 hours. Comprehensive data
collection was implemented to allow for a detailed analysis of the thermal efficiency of the parabolic dome solar

collector (PDSC).
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Air outlet temperature was measured at key points throughout the collector using calibrated K-type
thermocouples with an accuracy of £0.5°C. Global solar radiation intensity was measured using a pyranometer
(Kipp&Zonen, model CMP11) with an expanded uncertainty of 2.4%. The pyranometer was correctly installed
at the same level as the earth’s surface. All data were automatically recorded at 1-minute intervals using a
multi-channel data logger (Yokogawa, model DC100). All measuring instruments were identically set up in
each solar collector to prevent positioning errors (Figure 3).

PDSC performance was evaluated over at least six testing days. For accurate comparison, only days with
similar total solar radiation were compared, while days with heavy rain or thick clouds were excluded. However,
days with partial cloud cover were retained to reflect realistic operating conditions. After checking the raw data
for errors (such as sensor signal loss), hourly and daily averages of outlet air temperature and solar radiation
were calculated. These values were used to determine thermal efficiency over time and to validate the CFD

simulation model in the following section.

Pyranometer

Data logger

o Temperature sensor (thermocouple type-k)
Figure 3 Experimental setup and instrument positions for the parabolic dome solar collector
Model validation
The simulation results that best matched the experimental results were identified using the coefficient of
determination ( R?), which indicates the goodness of fit of the model, while mean relative deviation ( MRD )
and root mean square error ( RMSE ) evaluate the deviation between the experimental and simulation results

(Figure.4).

Z( ysimulated i 7 )2
i=1

R? = (D

Z( yexperimental i y )2

i=1
MRD _ lz ysimulated i yexperimental i (8)

NI | yexperimental i |
1 2
Z(ysimulated i yexperimental i )

RMSE = {2 (9

n

Where Y uaeq; 1S the simulation result of y for experiment ati , is the y value for experiment

yexp erimental i

at i and Y is the mean of y value.
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Figure 4 Flowchart of (a) experiment and (b) simulation processes

Results

Validation model

To verify the numerical framework, the simulation results were validated against experimental data. Due to
manufacturing constraints for all 16 physical prototypes, validation focused solely on Pattern 3-2, the optimal
pattern identified during initial screening. The simulated hourly outlet air temperatures from 6:00 h to 18:00 h
closely matched the experimental trends, fluctuating with solar radiation (Fig.5). The slight discrepancies stem
from environmental variations; while the actual weather fluctuated during the experiment, the ANSYS Fluent
simulation used ideal conditions, resulting in slightly higher simulated air temperatures. Nevertheless, statistical
validation using R® = 0.9942, MRD = -0.031, and RMSE = 3.656°C confirms that the model is accurate
enough to evaluate all 16 inlet-outlet patterns. These findings align with previous studies by Lokeswaran and

Eswaramoorthy (2013) and Mahapatra and Tripathy (2019).

8
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Although the statistical indicators show good overall predictive capacity, a noticeable deviation occurs
between simulated and experimental temperatures during peak hours (the high-temperature region). This
discrepancy is primarily due to two factors. First, environmental boundary conditions, such as ambient wind
speed and solar radiation, fluctuate rapidly under natural weather, whereas the CFD setup assumes idealized,
steady-state parameters for each hourly interval. Second, at high solar collector temperatures, heat losses via
long-wave radiation and turbulent free convection to the ambient air become much more pronounced. The
simplified radiation and thermal loss coefficients in the numerical solver may underpredict these environmental
losses, leading to slightly overpredicted outlet air temperatures during peak hours. This limitation is

acknowledged, and refining the thermal boundary conditions will be considered for future work.
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Figure 5 Comparison between simulated and experimental air outlet temperatures

Effects of inlet-outlet airflow patterns

Computational fluid dynamics (CFD) simulations across 16 air inlet and outlet patterns revealed that the
inlet-outlet pattern significantly affects the air temperature distribution and airflow characteristics within the
parabolic dome solar collector (PDSC). To provide clear physical insights and avoid visual overcrowding, the
flow and thermal characteristics of the optimal pattern (Pattern 3-2) and the least efficient pattern (Pattern 4-1)
are selectively contrasted in Figure 6 and Figure 7. The results for the remaining patterns are presented in the
additional figures of the Supplement (see Figures S1-S14).

The Figure 6 illustrates the airflow velocity vectors and streamlines inside the PDSC for these two contrasting
cases. In the inefficient arrangement (Pattern 4-1), air severely recirculates within localized regions. This flow
recirculation creates stagnant "dead zones” where heated air becomes trapped, drastically limiting uniform heat
dissipation from the absorber plates and elevating thermal losses to the polycarbonate enclosure. Conversely,
Pattern 3-2 features a staggered inlet and outlet layout that forces the fluid flow to sweep across the maximum
possible cross-sectional area of the absorber plate. This optimal pattern minimizes fluid bypass and stagnation,

promoting a highly uniform air velocity distribution.
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Figure 6 air distribution inside the solar collector: Pattern 3-2

To analyze the thermal impacts of these air distributions, Figure 7 presents the heating performance profiles.
In the inefficient patterns, trapped air within the recirculation zones causes localized overheating without effective
energy transport. However, the staggered positions in Pattern 3-2 force the airflow to cover the largest possible
area of the absorber plate. This maximizes the effective heat transfer surface area and increases fluid residence
time over the absorber, thereby enhancing the overall convective heat transfer rate. Consequently, instead of
creating localized bypassing or low-velocity dead zones, Pattern 3-2 promotes continuous thermal interaction,
allowing heat from the absorber to be efficiently carried away by the moving air mass.
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Figure 7 air distribution inside the solar collector: Pattern 4-1

The Fig. 8 presents the air outlet temperatures recorded across all 16 patterns. The results demonstrate that
Pattern 3-2 consistently yields the highest outlet air temperature, while Pattern 4-1 produces the lowest. This
disparity directly reflects the airflow behaviors discussed above: patterns that promote a uniform, sweeping flow
allow the airstream to accumulate more thermal energy before exiting the collector, whereas patterns with stagnant
dead zones trap heat locally and reduce thermal energy transfer. Consequently, the outlet temperature serves as

a direct indicator of how efficiently each pattern exploits the available absorber area for convective heat exchange.

10
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Figure 8 The air outlet temperature of the solar collector: Pattern of air inlet and outlet

As illustrated by the temperature data in Fig. 9, Pattern 3-2 yields the highest average thermal efficiency at
41.97%. This relationship confirms that the laminar and uniform flow characteristics in Figure 6 directly
contribute to improved system performance. This result is consistent with the research by Rahmat et al. (2025),
which indicates that airflow direction management affects heat loss: when air circulation is good, the temperature

difference between the radiation plate and the air decreases, resulting in reduced heat loss to the environment.

100.00 T p e 11 Average thermal efficiency 100.00 5 aftem 2-1 Average thermal efficiency
90.00 +——Pattern 1-2 Type 1-1: 38.28% 90.00 |-——Pattern 2-2 Type 2-1: 40.86%
= 80.00 {—Pattern 1-3 Type 1-2: 41.39% = 80.00 {~*Pattern 2-3 Type 2-2: 40.54%
& —e—Pattern 1-4 Type 1-3: 40.35% S —e—Pattern 2-4 Type 2-3: 41.51%
5 10007 Type 1-4: 40.14% 5 000 Type 2-4: 39.54%
S -4 X [5) -4 B
S 60.00 - ype S A0A0 S 60.00 yP °
£ 50.00 £ 50.00
[} [}
< 40.00 < 40.00
£ 30.00 £ 30.00
27 e
F 20.00 - F 20.00 {
10.00 | 10.00
0.00 —— 0.00 —
o o o o o o o o o o o o o o o o o o o o o o o o
S & 8 8 & 8 8 5 & &8 & g S 8 & 8 8 & 8 5 5 & & 3
© ~ © (o2} o - [9V] o™ <t wn © ~ © ~ 0 o o - N [e0] < [Te) © ~
— — -~ - — — - - — - - — — i — -
Time (h) Time (h)
100.00 =" pattern 3-1 Average thermal efficiency 100.00 +—pattern 4-1 Average thermal efficiency
90.00 {—Pattern 3-2 Type 3-1: 40.98% 90.00 {-—Pattern 4-2 Type 4-1: 40.65%
< 80.00 | Pattern 3-3 Type 3-2: 41.97% < 80.00 | —Pattern4-3 Type 4-2: 39.43%
40 0g | Pattern 3-4 Type 3-3: 39.38% < 40 g |Pattem 4-4 Type 4-3: 39.16%
g - Type 3-4: 39.46% 3 Type 4-4: 37.77%
5 60.00 : 5 60.00 A :
£ 50.00 £ 50.00 1
[} [}
< 40.00 < 40.00
£ 3000 £ 30.00 |
27 2
F 20.00 - F 20.00 -
10.00 10.00
0.00 — 0.00 ——
o o o o o o o o o o o o o o o o o o o o o o o
S & & & & © & & © © © o© S & & © © © © © © © o
© ~ © (o2} o - o~ o™ <t wn © ~ ~ 0 (2] o - [9V] ™ < mn © ~
— - — — — — — — — - — — - — — -
Time (h) Time (h)

Figure 9 Thermal efficiency of the solar collector: Pattern of air inlet and outlet
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Therefore, selecting a 3-2 inlet-outlet pattern not only increases the outlet air temperature but also enhances
the heating stability of the parabolic solar collector. This simulation data provides a crucial guideline for the
engineering design of future solar drying systems, aiming for maximum solar energy utilization under no-load

conditions.
Discussion

The consistency between numerical simulation results and experimental validation results indicates that the
generated CFD model accurately captures the system'’s thermal behavior, particularly its response to changes in
solar radiation intensity over time. The close correlation between simulation and experimental results confirms
the reliability of the results across 1 6 different inlet-outlet patterns and demonstrates the suitability of the
simulation’s physics settings for real-world applications.

Regarding the internal fluid dynamics, Pattern 3-2 achieved the highest average thermal efficiency at
41.97%. As visualized in the comparative flow fields of Figure [5], the staggered layout effectively minimizes
the formation of stagnant ‘dead zones,” which are the primary cause of localized hot spots around the solar
absorbers in less efficient designs like Pattern 4. By promoting a highly uniform airflow across the entire
cross—sectional area of the collector, the thermal energy is continuously and effectively transported out of the
system. This collectively enhances the overall convective heat transfer rate compared to patterns plagued by
severe localized internal recirculation.

This finding aligns with the study by Rahmat et al. (2025), which emphasized that optimizing the flow path
and aerodynamic direction has a more direct impact on thermal efficiency than simply increasing the physical
dimensions of the device. The capacity of Pattern 3-2 to deliver an average outlet air temperature of up to
42.75°C demonstrates that an optimized flow channel pattern suppresses ambient thermal losses more effectively
than conventional straight-line or poorly arranged designs; the latter often suffer from severe air recirculation,
trapping hot air inside the enclosure for too long and causing unwanted heat dissipation backward through the
glass cover.

In summary, the discussion underscores that the physical placement of air inlets and outlets is a critical
governing factor for solar collector performance. Although this investigation was conducted under a no-load
scenario, the results provide a robust foundation for practical engineering design. Implementing the 3-2 pattern
allows the system to maximize solar thermal utilization, serving as a critical guideline for developing
high-efficiency, energy-saving solar drying systems in the future.

Limitations

Despite the promising results, several limitations of this study should be acknowledged. First, all simulations
and experiments were conducted under no-load conditions, meaning no drying material was placed inside the
collector. The presence of agricultural products during actual drying operations would alter the internal airflow
patterns and thermal behavior, potentially affecting the relative performance ranking of the 16 inlet-outlet
patterns. Second, this study evaluated a fixed set of 16 inlet-outlet patterns, and other geometric patterns may
exist that could yield superior performance. Third, the PDSC dimensions used in this study were scaled down to
half the length of a full-sized parabolic dome solar dryer to conserve materials and computational resources,

therefore, the results may not be directly transferable to full-scale systems without further validation. Finally,
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the experimental data were collected specifically in Nakhon Pathom, Thailand, and the findings may vary under
different climatic conditions, solar radiation intensities, or geographic locations.

Future Research

Future work will focus on integrating the optimized PDSC with the Pattern 3-2 inlet-outlet pattern into a
full-scale parabolic dome solar dryer system. Experimental drying trials will be conducted to evaluate the
combined system’s performance under actual load conditions. The integrated system will be compared against
two benchmarks: a conventional solar dryer without the PDSC, and traditional open-air sun drying. These
comparisons will provide a comprehensive assessment of the energy savings, drying efficiency, and product

quality improvements achievable through the optimized inlet-outlet design developed in this study.
Conclusion and Suggestions

This research investigated the design and optimization of air inlet and outlet patterns for a parabolic dome
solar collector (PDSC) to enhance its preheating efficiency before integration into drying systems. The fluid flow
and thermal behavior were analyzed using ANSYS Fluent, and the numerical model demonstrated high predictive
accuracy and a statistically significant correlation with real-world experimental data. Based on key statistical
indicators (R”, MRD, and RMSE), the simulation framework successfully evaluated 16 different airflow
patterns. The results revealed that Pattern 3-2 exhibited the most outstanding performance, achieving a maximum
average thermal efficiency of 41.97% and an average outlet air temperature of 42.75°C. This superior
performance is primarily attributed to the staggered air duct arrangement, which promotes a highly uniform air
velocity distribution across the solar collector plate. Conversely, alternative patterns suffered from severe
localized fluid recirculation and heat accumulation, leading to inefficient thermal transport. The substantial
reduction of stagnant zones in Pattern 3-2 successfully optimizes the overall convective heat transfer mechanism
within the system. This finding is consistent with international literature indicating that mass airflow path design
is a pivotal factor in advancing the thermal output of solar collectors. Future work will focus on integrating this
optimized PDSC with a parabolic dome solar dryer to comprehensively evaluate its combined thermal and drying

efficiency under operational loads.
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