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Abstract

This study presents a transient numerical investigation of heat transfer and airflow characteristics in a semi-cylindrical solar air
heater using COMSOL Multiphysics. A three-dimensional conjugate heat transfer model was developed to evaluate the effect of
daily solar-radiation variation on air temperature, local convective heat transfer, Reynolds number, and useful heat gain. The
model includes transient solar heat flux on the absorber surface, heat loss from the outer collector surface by natural convection,
no-slip wall conditions, and a free outlet boundary condition. The calculation was performed for a low inlet-air velocity of 0.01
m/s during the period from 08: 00 to 18: 00. For the adopted geometry, the hydraulic diameter was 0.611 m, and the Reynolds
number was approximately (3.7-4.0) x 102, indicating a laminar low-velocity regime. The maximum absorber-region
temperature reached about 371-374 K during peak solar irradiation, while the maximum air temperature at the control points
was about 338-340 K. The maximum local convective heat transfer coefficient and useful heat gain were approximately 0.176
W/(m?-K) and 2.3-2.4 W, respectively. The results show that the semi-cylindrical geometry forms a stable temperature field
under low-velocity conditions. However, the useful heat output remains limited because of the small air mass flow rate.
Therefore, the developed model should be considered as a baseline numerical tool for further optimization at higher airflow rates
and for future experimental validation.
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1. Introduction

Energy is a key factor in industrial development and eco-
nomic growth. However, dependence on limited fossil fuel re-
sources has increased environmental pollution and disturbed
natural ecological balance. In this context, renewable energy
plays an important role in sustainable development by reduc-
ing greenhouse gas emissions, improving energy security, sup-
porting technological progress, creating jobs, and strengthen-
ing environmental and economic stability [1].

Solar air heaters are a promising renewable energy technol-
ogy. They convert solar radiation into thermal energy of an air
stream and can reduce environmental impact. Compared with
other solar energy systems, they have several advantages, in-
cluding low initial cost, simple design, limited need for auto-
mation, and low operating expenses [2]. However, conven-
tional flat-plate solar air heaters usually have relatively low
efficiency. This is mainly due to the low heat capacity of air
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and weak convective heat transfer between the absorber plate
and the circulating airflow inside the channel [3].

Over the last two decades, many methods have been studied
to improve the thermal performance of solar air heaters. These
methods include the use of ribs, baffles, fins, and other turbu-
lence-generating elements to intensify convective heat trans-
fer [4]. E. M. S. El-Said et al. [5] investigated a tubular solar
air heater with swirling flow, using a semi-cylindrical ab-
sorber plate with finned modules. They compared radial and
longitudinal fins and found that radial fins provided better per-
formance than longitudinal fins and smooth channels. The op-
timal configuration with five radial fins at a mass flow rate of
0.050 kg/s achieved thermal and thermohydraulic efficiencies
of 76.79% and 72.40%, respectively. The Nusselt number
reached 223.64, while the energy cost was 0.0105 USD/kWh.

Similarly, K. Nidhul et al. [6] analyzed a solar air heater
with semicircular side walls and W-shaped baffles using com-
putational fluid dynamics. The study evaluated energy and ex-
ergy performance under turbulent flow conditions at Reynolds
numbers from 5000 to 17500. The results showed that rounded
channel corners reduced vortex formation while enhancing
turbulence. The improved design increased the Nusselt num-
ber and friction factor by 3.24 and 4.03 times compared with
a smooth channel. This led to increases in thermal and exergy
efficiency of 40.7% and 95.4%, respectively. Overall, the
semi-cylindrical solar air heater with W-shaped baffles
showed better performance than conventional ribbed systems.

Semi-cylindrical geometry, especially when combined with
internal ribs or baffles, can modify airflow structure, create
local mixing zones, and intensify convective heat transfer [7].
Such designs improve airflow distribution, reduce tempera-
ture stratification, and increase the useful utilization of solar
energy [8]. A deeper understanding of the thermal and aerody-
namic behavior of these systems is necessary for developing
accurate calculation methods, optimizing design parameters,
and predicting performance under different operating condi-
tions. These improvements can also reduce exergy losses, in-
crease economic feasibility, and expand the use of solar air
heaters in sustainable energy technologies [9].

Despite extensive research on flat and rectangular-channel
solar air heaters, detailed numerical studies of semi-cylindri-
cal designs remain limited [10]. Conventional systems still
suffer from recirculation zones and weak convective mixing.
Although ribs and finned elements are commonly used to im-
prove performance, the specific advantages of semi-cylindri-
cal channels under realistic solar radiation conditions have not
yet been fully studied [11].

This work addresses this research gap by numerically ana-

lyzing a semi-cylindrical solar air heater in COMSOL Mul-
tiphysics. The model allows coupled investigation of heat
transfer and airflow processes [12]. The semi-cylindrical
channel can reduce stagnant zones, improve airflow distribu-
tion, and enhance convective heat transfer, which is important
for increasing collector thermal efficiency [13]. The obtained
results can be used to develop calculation relationships and
practical recommendations for optimizing solar air heaters
used in low-temperature thermal processes, including space
heating, agricultural drying, and ventilation air preheating.

2. Materials and Methods

2.1. Geometric Configuration

The solar air heater was modeled as a semi-cylindrical
structure to provide more uniform heat distribution on the ab-
sorber surface and improve airflow behavior. The main semi-
cylindrical collector chamber has a length of 3 m and a height
of 0.3 m. In this model, the height of 0.3 m was considered as
the geometric height of the semi-cylindrical profile, not as the
radius of a full semicircle.

To ensure consistency in the absorber area calculation, an
equivalent arc length of the cross-section was used. This gave
an active heat-transfer surface area of 4.512 m?. Thus, the ab-
sorber surface area was determined as the product of the col-
lector length and the equivalent curved surface length. The
value of 4.512 m? was treated as the equivalent active heat-
transfer area used in the numerical model. It represents the
curved absorber surface involved in heat transfer to the air-
flow and should not be interpreted as the simple geometric
area of an ideal semicircle based only on the profile height.

A black-painted absorber surface was placed under the
transparent glass cover to maximize solar energy absorption.
The bottom and side walls of the structure were thermally in-
sulated to reduce heat losses.

Air is supplied through 10 uniformly distributed inlet tubes
with an internal diameter of 0.015 m, located in the lower part
of the collector. The outlet pipe is placed on the opposite side
of the chamber and has a diameter of 0.03 m. This configura-
tion provides directed and stable airflow along the semi-cylin-
drical channel.

The total absorber surface area was taken as 4.512 m?, and
the hydraulic diameter of the flow channel was 0.611 m. To
ensure reproducibility of the numerical model, the main
boundary conditions used in the simulation are presented in
Table 1.

Table 1. Main boundary conditions of the numerical model.

Model domain / boundary Boundary condition

Inlet pipes Inlet air velocity

Value or calculation form

v=0.01 m/s
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Model domain / boundary Boundary condition

Inlet air temperature

Outlet pipe Free outlet condition

Absorber surface

Outer collector surface Heat loss due to natural convection

Bottom and side walls Thermal insulation

Internal solid channel walls No-slip condition for airflow

Air-solid surface contact

Initial condition

Here, G(t) is the time-dependent solar radiation intensity; t
is the transmittance of the transparent cover; a is the absorp-
tance of the absorber surface; /., is the external natural con-
vection coefficient, W/(m?-K); T is the outer collector surface
temperature, K; and 7., is the ambient temperature, K.

The model used the thermophysical properties of air, the
transparent cover, the metal absorber, and the insulation layer.
For air, density, dynamic viscosity, thermal conductivity, and
specific heat capacity at constant pressure were defined. For
the transparent cover, thermal conductivity and heat capacity
were considered. For the metal absorber, high thermal conduc-
tivity was assigned to ensure heat transfer to the airflow. The
insulation layer was modeled as a low-conductivity material
to reduce heat losses through the bottom and side surfaces of
the collector.

Outier

Figure 1. a) Geometric view of the semi-cylindrical solar air collec-
tor; b) Geometric view of the semi-cylindrical solar air collector
showing the internal structure.

The 3D geometric model was developed in COMSOL Mul-
tiphysics to accurately represent the semi-cylindrical collector
and its system of multiple inlet pipes and one outlet pipe. This
design improves airflow distribution, increases solar energy
utilization, and reduces temperature stratification inside the
collector.

Time-dependent inlet air temperature

Transient heat flux from solar radiation

Conjugate heat transfer between walls and airflow

Initial temperature of the computational domain

27

Value or calculation form

Tin = Tin(t)

p = 0 Parelative to atmospheric pressure
q"abs(t)=G(t) T a

q"loss = hext + (T's = Tamb)

q"=0

u=0

Continuity of temperature and heat flux

To = Tamb at 08: 00

2.2. Finite Element Method Solver

The numerical study was carried out using the finite ele-
ment method (FEM), which is a reliable tool for solving com-
plex fluid flow and heat transfer problems. In the three-dimen-
sional computational domain representing the solar air heater,
the continuity, momentum, and energy equations were discre-
tized and solved using FEM.

Figure 2. Generated computational mesh for the calculation do-
mains.

To model boundary-layer effects and heat transfer more ac-
curately, a computational mesh with local element refinement
was generated near the baffles and absorber surface. This
made it possible to describe velocity and temperature varia-
tions more correctly in the near-wall regions, where the main
flow and thermal gradients are formed.

A segregated solution approach was used, in which the ve-
locity, pressure, and temperature fields were iteratively re-
fined until convergence was achieved. Spatial discretization
was performed using the finite element formulation in COM-
SOL Multiphysics, allowing conjugate heat transfer between
the solid structural elements and the airflow to be considered.

The detailed mesh parameters used in the finite element
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model are presented in Table 2.

Table 2. Mesh parameters used in the finite element model.

Parameter Value

Mesh element type Tetrahedral elements

Number of elements 1,412,237

Number of mesh nodes 301,240

The generated mesh contained 1,412,237 tetrahedral ele-
ments and 301,240 nodes. This mesh was selected as the base-
line computational grid because it provides local refinement
near the inlet pipes, outlet channel, absorber surface, and in-
ternal baffles, where the highest velocity and temperature gra-
dients are expected. The adopted mesh is sufficient for de-
scribing the main temperature-field and airflow-distribution
trends in the semi-cylindrical channel. However, since a sep-
arate mesh-independence study was not performed in this
work, the obtained results should be interpreted as baseline
numerical predictions. In future work, coarse, medium, and
fine meshes should be compared using outlet air temperature,
maximum convective heat transfer coefficient, and useful heat
gain as control parameters.

The mesh was refined in regions with expected high veloc-
ity and temperature gradients, including the inlet pipes, outlet
channel, absorber surface, and internal baffles. This local re-
finement improves the accuracy of velocity and temperature
field prediction and increases the reliability of heat transfer
analysis inside the collector [14].

3. Equations and Mathematical Model

Heat distribution inside a solar air collector is a complex
physical process that requires the coupled solution of several
differential equations. Heat transfer in solid parts is described
by the heat conduction equation, while airflow is governed by
the Navier-Stokes equations. Therefore, the main governing
equations and energy balance relations are used for a complete
analysis of airflow and heat transfer processes [15].

In this study, the thermohydraulic characteristics of the
semi-cylindrical solar air heater were modeled in COMSOL
Multiphysics. The main governing equations and required
mathematical relations were introduced into the model as
user-defined variables and calculation expressions [16].

The heat conduction equation for solid bodies is written as
follows:

a (, T a (, aT a (, T
Pl = 57 (K5:) + 35 (k55) 55 (55) + @ + QraaiC)

Here, p is the material density, kg/m?; Cp is the specific heat

capacity at constant pressure, J/(kg-K); T is temperature, K; t

is time, s; k is thermal conductivity, W/(m-K); Q is the volu-
metric heat source, W/m?; and Qraq is the radiation heat source
term, W/m>.

This equation is used to determine the temperature and heat
flux distribution in solid structural elements that are in thermal
contact with each other. The motion of liquids and gases is
mathematically described by the Navier-Stokes differential
equations.

B_p apVy | 0pVy | 0pV, 0
ot ax oy dz )

vy avx avx
pot pV + pV

a 6VX) a ( E)Vy)
=—|yp—= —_
E)x( p dx + ady
BVy ap

2 v, v,
<p£+pV y+pV y+pVa

=%W%%1W%)6U$)
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Here, V, Vy, and V; are the airflow velocity components in
the corresponding coordinate directions; p is the fluid density;
F, is the body force related to gravity; v is the molecular kin-
ematic viscosity of the fluid or gas; and p is pressure.

The Navier-Stokes equations are used to determine the ve-
locity and pressure distribution in the computational domain.
The heat transfer equation for a moving liquid or gas medium

av. op
V,—=+—==
pzaz+ax

+5 (0 5)

@)

is written as follows:

PCy T2+ PC T2+ PGy, T2+ pCyV, T2 =
=i(k@) + 2 (k22) + 2 (k22) + Q + Quus

ox dx ay ay

3)

Equation (3) is physically close to Equation (1). The main
difference is that, for a moving medium, the equation addi-
tionally includes a convective term related to the velocity of
the liquid or gas flow.

The convective heat transfer coefficient, which character-
izes the intensity of heat transfer between the heated surface
and the airflow, is determined as follows:

h="2 @)

Dp
Here, h is the convective heat transfer coefficient,
W/(m?-K); Nu is the Nusselt number; k is the thermal conduc-
tivity of air, W/(m-K); and Dy, is the hydraulic diameter, m.
For the semi-cylindrical flow channel, the hydraulic diam-

eter was determined using the flow cross-sectional area and
the wetted perimeter:

D, = 2= (5)

Py

where A. is the flow cross-sectional area of the air channel,
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and P, is the wetted perimeter of the channel, m. For the
adopted computational geometry, the hydraulic diameter was
Dy =0.611 m.

The Reynolds number was used to evaluate the airflow re-
gime:

_ pvDp
u

Re (6)

where p is the air density, v is the average airflow velocity, Dy
is the hydraulic diameter of the channel, and p is the dynamic
viscosity of air.

The useful heat gain of the airflow was determined as fol-
lows:

Qu= Tth (Tout_Tin) (7
where m is the air mass flow rate, kg/s; Cp is the specific heat
capacity of air at constant pressure, J/(kg-K); and Tou and Tia
are the outlet and inlet air temperatures of the collector, re-
spectively.

The thermal efficiency of the collector was determined as
follows:

_
Na = ¢,

®)

a

where G is the solar radiation intensity, W/m?, and A, is the
active absorber surface area, m2.

4. Results and Discussion

COMSOL Multiphysics was used to analyze the thermal
state and airflow behavior in the semi-cylindrical solar air
heater under variable solar radiation and inlet air temperature
from 08: 00 to 18: 00. The temperature fields in Figures 3 and
4 are shown for selected time intervals from 08: 00 to 16: 00,
while the parameters at control points T1, T2, and T3 were
analyzed from 08: 00 to 18: 00.

The inlet air velocity was set to 0.01 m/s, and a transient
heat flux was applied to the absorber surface to reproduce the
daily variation of solar radiation intensity.

AtDy=0.611m, p=1.16-1.20 kg/m?, and p = 1.85 x 107
Pa-s, the calculated Reynolds number was approximately Re
~ (3.7-4.0) x 102 This corresponds to a laminar low-velocity
flow regime. Accordingly, the aerodynamic analysis in this
study is limited to Reynolds-number-based flow regime iden-
tification and local airflow redistribution. Pressure drop, fric-
tion factor, and fan power were not evaluated in the present
model and should be considered in future thermohydraulic op-
timization studies.

The airflow regime was evaluated using the Reynolds num-
ber. This made it possible to clarify the airflow behavior in the
computational domain and correctly interpret changes in the
convective heat transfer coefficient. Due to the low inlet ve-
locity, the results were mainly analyzed in terms of local air-
flow redistribution and temperature field variation, rather than
fully developed turbulent flow.

Figure 3. Temperature distribution in the solar air collector with the locations of control points T1, T2, and T3.

Heat losses from the collector to the environment were
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This approach made the numerical model closer to real oper-
ating conditions and allowed the effects of variable solar radi-
ation on temperature distribution, airflow velocity, and heat
transfer efficiency inside the collector to be evaluated. Figure
3 shows the temperature distribution in the solar air collector
at different times of the day, from 08: 00 to 16: 00. The results
show that as solar radiation increases, the absorber surface

gradually heats up, raising the temperature inside the collector.

At 08: 00, the temperature field is relatively low, with about
328 K near the absorber surface. During the following hours,
the temperature steadily increases to about 343 K at 09: 00 and
354 K at 10: 00. The maximum temperature occurs during
peak solar activity, around 12: 00-13: 00, reaching approxi-
mately 371 K near the absorber surface.

3
A 345

10:00 — ash

Figure 4. Cross-sectional temperature distribution in the solar air collector with the locations of control points T1, T2, and T3.

After 13: 00, the temperature gradually decreases due to the
reduction in incoming solar energy. By 14: 00, the maximum
temperature is about 361 K, and by 15: 00-16: 00, it decreases
to approximately 351 K. Thus, the simulation confirms that
the most intensive heating occurs around midday, while lower
temperatures are observed in the morning and afternoon due
to weaker solar radiation.

Figure 4 shows temperature distribution in the solar air col-
lector at different times of the day as cross-sections of the
computational domain. This visualization allows a more de-
tailed assessment of airflow temperature changes inside the
collector channel.

At 08: 00, the temperature inside the collector is relatively
low, ranging from about 293 to 329 K, due to weak morning
solar radiation. As solar radiation increases, the air tempera-
ture rises gradually, reaching about 345 K at 09: 00 and 357 K
at 10: 00.

The highest temperature increase occurs from 11: 00 to 13:

30

00, when maximum values reach approximately 365-374 K.
This period corresponds to the most favorable solar irradiation
conditions, when the absorber transfers the greatest amount of
heat to the airflow.

At 14: 00-15: 00, the temperature remains relatively high,
about 363-371 K, indicating continued intensive heat transfer
in the early afternoon. By 16: 00, the temperature decreases to
around 340 K because of reduced solar heat flux.

The temperature cross-sections show that the airflow is
heated quite uniformly while passing through the collector
channel. Around midday, temperature gradients become more
pronounced, confirming stronger heat transfer during peak so-
lar activity. The results also show that the collector effectively
increases air temperature during peak irradiation hours, while
the later temperature decrease corresponds to the decline in
solar radiation intensity.
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Figure 5. Air temperature variation at three control points.

Figure 5 shows the time-dependent air temperature inside
the solar air collector at three control points, T1, T2, and T3,
from 08: 00 to 18: 00. At all points, the temperature rises in
the morning with increasing solar radiation, reaches its maxi-
mum around midday, and decreases in the afternoon as solar
heat input declines.

The highest temperature is observed at T2, likely due to its
favorable position near the heated absorber surface and local
airflow distribution. At T3, the temperature is slightly lower
but still reaches about 334 K. The lowest values are recorded
at T1, where the maximum temperature is about 330 K. This
difference is explained by non-uniform airflow and different
heat transfer intensities in separate collector regions.

The results show that the most effective operating period is
11: 00-14: 00, when solar radiation is highest. They also indi-
cate spatial non-uniformity of air heating inside the collector.
This analysis is important for evaluating airflow uniformity,
useful heat gain, and the overall thermal efficiency of the solar
air collector.

0.174

0.172

0.17

0.168

0.166

0.164

0.162

Convective heat transfer coefficient (W/mK)

0.156

0.154

16:00 18:00

10:00

8:00 12:00 14:00
Time (h)

Figure 6. Convective heat transfer coefficients.
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Figure 6 shows the variation of the convective heat transfer
coefficient in the semi-cylindrical solar air heater at three con-
trol points, T1, T2, and T3, during the operating period from
08: 00 to 18: 00. The results show that the coefficient gradu-
ally increases in the morning due to higher solar radiation and
stronger absorber heating. The maximum values occur around
13: 00-14: 00, after which the coefficient decreases as solar
heat input declines.

The highest convective heat transfer coefficient is observed
at T2, followed by T3, while T1 has the lowest values through-
out the period. This indicates more favorable local heat trans-
fer conditions in the central part of the collector. However, be-
cause of the low inlet air velocity, the absolute values of the
coefficient remain low. Therefore, these results should be in-
terpreted as characteristics of a low-velocity operating regime.

2.4fF7
2.2f

2
1.8
1.6
1.4+
1.2+ 4

1
0.8f
0.6}
0.4f
0.2+ g

o
0.2+
0.4
0.6 J

8:00

—— T1
T

— T3

Useful energy gain (W)

14:00 16:00 18:00

Time (h)

10:00 12:00

Figure 7. Useful heat gain of the airflow.

Figure 7 shows the time-dependent variation of useful heat
gain in the airflow. Similar to the convective heat transfer co-
efficient, the useful heat output increases rapidly in the morn-
ing, reaches its maximum around midday, and then gradually
decreases in the afternoon.

The highest useful heat gain is observed at approximately
14: 00 at point T2. It should be noted that the absolute values
of Q. remain low due to the low inlet air velocity. Therefore,
the results mainly describe the distribution of the thermal ef-
fect inside the collector under a low-velocity regime, rather
than the maximum energy performance of the system.

Point T1 again shows the lowest useful heat gain, while T3
has intermediate values. The negative values at 08: 00 indicate
that, at the beginning of the simulation period, the air temper-
ature inside the collector was lower than the inlet air tempera-
ture. As a result, short-term heat losses occurred before the
absorber surface was sufficiently heated.

To summarize the results, the main calculated parameters at
control points T1, T2, and T3 were combined into a compara-
tive table.
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Table 3. Main calculated parameters at control points T1, T2, and T3.

Indicator T1 T2 T3
Maximum air temperature, K =330 ~338-340 ~334

Time of maximum value 13: 00-14: 00 13: 00-14: 00 13: 00-14: 00
Maximum heat transfer coefficient, W/(m* K) =0.172 =0.176 ~0.174
Maximum useful heat gain, W ~1.6 ~2.3-2.4 ~2.0-2.1

The maximum air temperature was about 330 K at T1, 338-
340 K at T2, and 334 K at T3. The highest convective heat
transfer coefficient was observed at T2, confirming stronger
local heat transfer in the central part of the collector. Under
the selected low-velocity regime, the maximum useful heat
gain was about 2.3—-2.4 W, which corresponds to the very low
air mass flow rate used in the simulation. Therefore, these val-
ues should be interpreted as the thermal response of the col-
lector under a baseline low-flow numerical regime rather than
as the maximum practical heat output of the system. At higher
inlet velocities, the mass flow rate, Reynolds number, convec-
tive heat transfer, pressure losses, and total useful heat re-
moval capacity would change significantly.

The main limitation of this study is that the simulation was
performed only for one low inlet-air velocity. Therefore, the
obtained results describe a laminar low-velocity operating re-
gime and cannot be directly generalized to forced-flow indus-
trial operation. In addition, experimental validation and full
mesh-independence analysis were not included in the present
stage of the study. Nevertheless, the numerical results provide
a physically consistent baseline for evaluating daily tempera-
ture-field formation, local convective heat transfer, and useful
heat gain in a semi-cylindrical solar air heater. Further re-
search should include experimental validation, grid-independ-
ence testing, and simulations at higher inlet velocities to de-
termine the optimal thermohydraulic operating range.

5. Conclusion

This study numerically analyzed heat transfer and airflow
behavior in a semi-cylindrical solar air heater using COMSOL
Multiphysics. A three-dimensional conjugate heat transfer
model was developed to evaluate the daily variation of tem-
perature distribution, Reynolds number, convective heat trans-
fer coefficient, and useful heat gain under transient solar-radi-
ation conditions.

For the adopted geometry, the active absorber surface area
was 4.512 m? and the hydraulic diameter of the flow channel
was 0.611 m. At the selected inlet air velocity of 0.01 m/s, the
calculated Reynolds number was approximately (3.7—4.0) x
10, confirming a laminar low-velocity operating regime. The
temperature field increased gradually from morning to midday
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and then decreased toward the evening as solar radiation de-
clined. The maximum absorber-region temperature reached
approximately 371-374 K during peak irradiation, while the
maximum air temperature at the control points was about 338—
340 K.

The highest local thermal response was observed at the
middle control point T2. The maximum convective heat trans-
fer coefficient reached approximately 0.176 W/(m?-K), and
the maximum useful heat gain was about 2.3-2.4 W under the
selected low-flow condition. These values confirm that the
semi-cylindrical configuration forms a stable and spatially dif-
ferentiated temperature field; however, the absolute useful
heat output remains limited because of the very low air mass
flow rate.

The results should therefore be interpreted as baseline nu-
merical predictions for a low-velocity laminar regime rather
than as the final practical performance of the collector. Future
work should include mesh-independence testing, experi-
mental validation, pressure-drop analysis, and simulations at
higher airflow velocities to determine the optimal thermohy-
draulic operating conditions of the semi-cylindrical solar air
heater.

Abbreviations
CFD Computational Fluid Dynamics
COMSOL COMSOL Multiphysics
FEM Finite Element Method
SAH Solar Air Heater
Re Reynolds Number
Nu Nusselt Number
Dy Hydraulic Diameter
Qu Useful Heat Gain
G Solar Radiation Intensity
Tin Inlet Air Temperature
Tout Outlet Air Temperature
Tamb Ambient Temperature
Ts Surface Temperature
hext External Convective Heat Transfer
Coefficient
Cp Specific Heat Capacity at Constant Pressure
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