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1. Introduction

In passive space heating, the buildings are designed or modified so that they independently
capture, store, and distribute thermal energy throughout the building without using any electrical or
mechanical equipment. Inherently flexible passive solar design principles typically accrue energy
benefits with low maintenance risks over the life of the building. The design doesn’t need to be
complex, but it does involve knowledge of solar geometry, window technology, and local climate.
Passive solar heating techniques generally fall into three categories: direct solar gain, indirect solar
gain, and isolated solar gain. In this context, Ojike et al., [1] evaluated a passive solar air heater using
different storage media. The heater, which is very useful in low temperature applications like drying
of agriculture and heating of buildings, is made up of a double-glaze solar thermal collector with a
flat plate absorber coupled with thermal storage medium. Kumar et al., [2] studied some low-
temperature applications such as room heating, humidifying agent regeneration, and drying of crops
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and industrial items. The incident solar radiation reached the solar air heater was absorbed by the
absorber plate and transferred to the air flowing through it. The convective heat transfer coefficient
is low between the absorber surface and the flowing air due to the development of laminar sub-layer
of air on the absorber surface. Bazri et al., [3] studied a stored latent thermal heat energy. The
melted-PCM was used at the supply output hot water using three different phase change materials
(PCMs) for the typical high and low solar intensity days. Gaonwe et al., [4] studied the need to reduce
energy consumption of hot water production. By maintaining the users thermal comfort level, they
developed more energy-efficient technologies. Singh et al., [5] developed a novel approach of
coupled CFD-ANN to predict the thermo-hydraulic performance of a solar air heater with rotating
circular ribs. Jahangir et al., [6] introduced a novel green HVAC system which reduces both energy
consumption and carbon production of buildings. Hassan et al., [7] approuved that the solar air dryers
can reduce the large share of energy costs of a final product and can provide sustainable energy in
rural areas where access to energy is often limited. Guan et al., [8] studied a heat storage process
operated on sunny days. The thermal energy come from a solar air collector. During the heat storage
process, the heat storage air valve was opened and the heat release air valve was closed. Giirel [9]
developed a temperature-controlled solar air heater (SAH) system with a zigzag finned plate. A flat
plate was designed, manufactured, and tested experimentally. Al-Askaree [10] presented a solar
water heater with good thermal efficiency, powered only by the sun. Although they seriously harm
the environment, oil and gas heaters used in Iragi homes due to the country’s chronic electricity
problem. Markam and Maiti [11] studied the typically used air heaters. This system have a low heat
transfer coefficient due to the development of a viscous thermal boundary layer near the wall. This
fact causes a reduction in the efficiency of the device. The improvement of the heat transfer
efficiency can be suitably brought by the passive methods involving artificial enhancers like fin, rib,
and groove on the surface near the wall. Saxena et al., [12] studied two models of solar air heater.
Their performance analysis have been carried out by comparing them with a reference model. Shetty
et al., [13] confirmed that the conventional solar air heaters associated with low thermal are
thermohydraulic efficiencies due to the formation of laminar sub-layer created in the region where
the flowing air comes in contact with the absorber plate. Yassien et al., [14] developed two triple-
pass solar air heater (TPSAH) collectors. They experimentally investigated these collectors to analyse
their performances through adding a net of tubes below the absorber surface and double glass cover
on one of them for purpose of comparison. Abdallah [15] developed a solar chimney with water
heater and phase change material. This system was applied as a passive solar technique for cooling
building integrated with short wind tower for low energy building in the hot arid climate. Zhu et al,,
[16] analyzed the thermal performance of the collector, particularly the temperature distribution in
the different localizations of the air collector. The heat loss analysis provided a useful parameter to
evaluate the heat loss of the collector. Mazzucco et al., [17] integrated modeling of the MITICA
system. Buildings was used to evaluate correctly the overall structural response and carry out all the
necessary verifications. Fellin et al., [18] focused on the simulation and verification of the air cooling
system of the High Voltage Power Supply. Ifa and Driss [19] studied the evaluation of the thermal
sensation for the existing people and examinted the numerical simulation in a room containing a
manikin sitting in front of a computer. Bakri et al., [20] studied the impact of the unsteady state of
the heat ventilation in a box prototype. The distribution of the velocity fields, the temperature, the
total pressure and the turbulent characteristics were studied to characterize the aerodynamic
structure of the box prototype. Driss et al., [21] studied the heat ventilation and thermal comfort
evaluation in a living room with a patio system. Motte et al., [22] developed specific geometries of
the solar heat collector. In comparison with the conventional collector, the side faces are much wider.
Its collecting surface generates a specific temperature behavior. Miglioli et al., [23] integrated
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photovoltaic-thermal solar heat pump systems to cover the thermal energy needs of buildings, with
special emphasis on integration methodologies. The possible configuration was used various sources,
and design of sub-system components. Ascione et al., [24] presented the early results of a monitoring
campaign. They are shown to characterize the energy performance of this building during the
summer season and verify the effectiveness of chosen design solutions. For this reason, the daily
energy balance was proposed with the aim to evidence the impact of solar production and electric
storage on building energy consumptions. Borrallo-Jiménez et al., [25] studied the passive house
standard to warm climates and establishes certain requirements for Heating and Cooling Energy.
Cristofari et al., [26] analysed a new flat plate solar collector and a new solar air collector with high
building integration. Paraschiv et al., [27] analyzed the integration of renewable energy in the
construction sector by using the solar air heating system (SAHS). They evaluated the technico-
economic environmental performance of this system to reduce the energy consumption of buildings,
economic benefits, and greenhouse gas emissions reduction. Morsy et al., [28] underscores the
significance of optimizing indoor environments, particularly in educational buildings, to enhance
productivity, satisfaction, and overall sustainability. Focusing on Cairo, Egypt, the study delves into
the thermal comfort and energy consumption aspects of educational buildings. Utilizing data from
the Egyptian Energy code and simulations from Design Builder software, the research explores the
impact of different thermal insulation materials and their thicknesses on the thermal comfort of the
building envelope. The methodology combines literature review and computer-based studies to
assess the effectiveness of various insulation materials defined in the Egyptian energy code,
ultimately aiming to identify the most suitable insulation material. Alawi and Haslinda [29]
investigated a flat-plate solar collector (FPSC) using multi-walled carbon nanotubes (MWCNTSs),
focusing on their impact on temperature and thermal efficiency. MWCNTs with specific
characteristics were employed, and a three-dimensional model was analyzed using ANSYS software.
Inlet parameters included 1000 W/m? irradiance, a 30°C inlet temperature, and volume flow rates
ranging from 0.2 to 0.8 kg/min. The use of MWCNTSs decreased the absorber temperature compared
to distilled water (DW) across various flow rates. Specifically, at different flow rates, MWCNTSs led to
temperature reductions of 0.840% to 2.869%, while at the same flow rates, the reductions relative
to DW ranged from 0.633% to 0.874%. Additionally, the thermal efficiency of the MWCNTs nanofluid
increased by 6.080% to 6.857% across the specified volume flow rates. Samsudin et al., [30] discussed
the current reliance on fossil fuels, particularly coal, natural gas, and fuel oil, for power generation in
Malaysia. Highlighting the environmental impact and finite nature of these resources, the author
emphasized the need for alternative fuels to sustain power generation as Malaysia aims to become
a high-income nation.

The luck of research in the above literature is that there is no experimental and numerical study
available to analyze the aerodynamic and thermal structures in a living room connected to an
aerovoltaic solar air heater under the climate of Sfax region central-eastern Tunisia. Novelty of this
numerical simulation lies specifically in the case study of living room connected to an aerovoltaic
solar air heater under climatic conditions of Sfax region central-eastern Tunisia and to evaluate the
potential of this technology in this region of the world. In the present work, simulations are done by
employing ANSYS Fluent 17.0 CFD computational fluid dynamics techniques under climatic conditions
of Sfax, Tunisia and obtained numerical results have validated with an experimental work. In addition,
numerical results represent the Sfax region, because there is a large potential for the construction of
aerovoltaic solar air heater connected to a living room in this location.

The objective of the present work is to study the effect of air outlet in the aerodynamic and
thermal structure inside a living room connected to air voltaic solar air heater.
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2. Geometric Parameters

By referring to a living room which already exist in the region of Sfax Tunisia, we are referred to
the building presented in Figure 1. In this building, the living room presents a height h =2.55m, a
width w =4 m and a length | =5 m. Figure 2 shows the geometrical parameters and the boundary
conditions of the considered numerical model. The room walls are made of the standard brick. The
air-outlet’s diameter is defined by Ds and the distance between the wall and the air-outlet’s center
equal to Dc = 0.4 m. The channel domain and the collector have the same width which are equal to
W=0.952 m and a total length equal to Lp = 1.585 m. The length of the collector is Lc=0.18 m and the
thickness of the panel area is equal to e=0.04 m. The panel is oriented towards the south and the
slope is equal to f=30°. This room correspond on a practical case study located in Sax city. This choice
was adopted to investigate the aero thermal characteristics of the considered living room.
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Fig. 2. Geometrical arrangement (a) Living room (b) Solar panel

3. Numerical Model
3.1 Mathematical Formulation

ANSYS Fluent employs the fundamental three-dimensional fluid mechanic equations for
conservation of mass, momentum, and energy to calculate fluid properties. The continuity equation

expresses the law of conservation of mass for a given volume control:

d (1)

V.(oV)=
dt+V(p)0

Where p is the density, t is the time and V is the velocity vector.

For the incompressible fluids, the continuity equation can be written as follows:

(2)

% (ou)=0
ax, pu;i)=

The momentum equations are written as follows:

(3)

Where p is the static pressure, p is the density, tis the time and Vis the velocity vector.

The stress tensor T is expressed as:
(4)

(5)
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Thus:

2—)—)—

T=u(V.V + VL.V)- 5 VD (6)

Where [is the identity matrix and p is the dynamic viscosity.
Basing on the first principle of thermodynamics, we can express the conservation equation of
energy. This principle connects the various forms of energy, that is to say:

d(pE)
dt

+V(pEV) =V (TV) + pW- VG-V pV+r (7)
Where E is the total internal energy in the system, and r is the additional energy source term
The enthalpy h of the fluid is expressed as:

h=JC,dT (8)

Where C, is the constant pressure specific heat. Then, the energy equation can be written as follows:

0 ( c T) 0 de ou; T op 9)
_ T)=— ) + T — + —
0X; Phpll ox; \ 0x; T X BT{ u OX;

To build precisely our models, it is necessary to take account of simplifying assumptions. For that,
we consider that the fluid is Newtonian and incompressible flow. Thus, the stress tensor is
proportional to the symmetrical part of the tensor of the rates of deformation. The stress tensor can
be reduced to:

T= (W) (10)

When the total conductivity is constant, the heat flow is proportional to the gradient of the
temperature:

G=-AVT (11)
The total conductivity A takes into account the thermal conductivity of the fluid and the turbulent

thermal conductivity.
The viscous dissipation flow of the heat is negligible which results in the equation according to:

V.59 «|V.q] (12)

Boussinesq model can be assumed for the buoyancy force in the momentum equation that the
density varies only linearly with the temperature:

p=po[1 =B (T=To)] (13)

Where B is the thermal expansion coefficient defined as follows:

100



CFD Letters
Volume 16, Issue 8 (2024) 95-120

p=-

1/p (j—?) (14)

3.2 Turbulent Models

The k-€ model is one of the most common turbulence models, although it just does not perform

well i
trans

n cases of large adverse pressure gradients. It is a two-equation model and includes two extra
port equations to represent the turbulent properties of the flow. This allows a two equation

model to account for history effects like convection and diffusion of turbulent energy. The first

trans
the d

ported variable is the turbulent kinetic energy k. The second transported variable in this case is
issipation rate of the turbulent kinetic energy €. It is the variable that determines the scale of

the turbulence, whereas the first variable k determines the turbulent kinetic energy.
The RNG k- model was derived using a statistical technique called renormalization group theory.

Itiss

imilar in form to the standard k-€ model, but includes the following refinements:

The RNG turbulence model has an additional term in its € equation that improves the accuracy
for rapidly strained flows.

The effect of swirl on turbulence is included in the RNG turbulence model, enhancing accuracy
for swirling flows.

The RNG theory provides an analytical formula for turbulent Prandtl numbers, while the
standard k- model uses user-specified, constant values. While the standard k-¢ model is a
high-Reynolds number model, the RNG theory provides an analytically derived differential
formula for effective viscosity that accounts for low-Reynolds number effects. Effective use of
this feature does, however, depend on an appropriate treatment of the near-wall region.
These features make the RNG k- model more accurate and reliable for a wider class of flows
than the standard k-¢ model. The RNG-based k-e& turbulence model is derived from the
instantaneous Navier-Stokes equations, using a mathematical technique called
“renormalization group” (RNG) methods. The analytical derivation results in a model with
constants different from those in the standard k-€ model, and additional terms and functions
in the transport equations for k and € are written as follows:

0 0 ok
(Pk) to (Pkul) Ix <0(1<l1effa > + Gx + G, — pe— Yy + Sk (15)
]
6 oe £ g2
(ps) + (psul) asp-effa + Kcls(Gk + C38Gb) - C2£p¥ - Rs + Ss (16)
]

Where Gy is the generation of turbulence kinetic energy due to the mean velocity gradient, G, is the
generation of turbulence kinetic energy due to buoyancy, and Yy is the contribution of the
fluctuating dilatation in compressible turbulence to the overall dissipation rate.
The quantities o and oy are the inverse effective Prandtl numbers for k and g, respectively.

Sk and S; are the user-defined source terms. The scale elimination procedure in RNG theory
results in a differential equation for turbulent viscosity:

l

p%k v

=172 ——
JE) JV3—1+Cy

dv (17)
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Where:
g = beff (18)
u
Cy ~ 100 (19)

Eqg. (19) is integrated to obtain an accurate description of how the effective turbulent transport
varies with the effective Reynolds number, allowing the model to better handle low-Reynolds-
number and near-wall flows. In the high-Reynolds-number limit, the turbulent viscosity is written as
follows:

k2
Wy = pcu? (20)

Where C,, =0.0845 is derived using the RNG theory.

It is interesting to note that this value of C, is very close to the empirically determined value of
0.09 used in the standard k- model. In general, turbulence is affected by rotation or swirl in the
mean flow. The RNG model provides an option to account the effects of swirl or rotation by modifying
the turbulent viscosity appropriately. The modification takes the following function at form:

k
Ut = Heo f( s, .Q, g) (21)

Where g is the value of turbulent viscosity calculated without the swirl modification using either
Eqg. (18) or Eq. (20).

Q is a characteristic swirl number evaluated.
3.3 Surface-to-Surface (S2S) Radiation Model Theory

The surface-to-surface radiation model can be used to account for the radiation exchange in an
enclosure of gray-diffuse surfaces. The energy exchange between two surfaces depends in part on
their size, separation distance, and orientation. These parameters are accounted by a geometric
function called a “view factor”. The main assumption of the S2S model is that any absorption,
emission, or scattering of radiation can be ignored. Therefore, only “surface-to-surface” radiation
need to be considered for analysis. The energy flux leaving a given surface is composed of directly
emitted and reflected energy. The reflected energy flux is dependent on the incident energy flux from
the surroundings, which then can be expressed in terms of the energy flux leaving all other surfaces.
The energy eaving from surface k is:

0o =EKOTK + Pyl i (22)
Where q, is the energy flux leaving the surface, gy is he emissivity, ois the Stefan-Boltzmann
constant, and gy x is the energy flux incident on the surface from the surroundings.

The amount of incident energy upon a surface from another surface is a direct function of the
surface to surface “view factor”F;.. The view factor Fy is the fraction of energy leaving surface that is
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incident on surface. The surfaces used in the calculation of a view factor can be mesh faces or clusters
of faces (for 3D cases only). The incident energy flux q;, x can be expressed in terms of the energy
flux leaving all other surfaces as:

Akqin,k=zl!\il AJ qout,j ij (23)
Where A is the area of surface k and Fy is the view factor between surface k and surface j.
3.4 Boundary Conditions

Figure 3 and Table 1 presents the location of the boundary conditions on the computational
domain. The ambient air temperature values are taken from the experimental measures in each case
of simulation as well as the overall air input-output temperature and the temperature of the overall
cells. Indeed, the inlet condition is defined by the atmospheric pressure inlet. Also, the output surface
of the domain is affected by the exhaust-fan condition with a specific mass flow target. The radiation
surface condition is taken by surface-to-surface radiation model (S2S). Although, the remaining walls
are assumed adiabatic. Figure 4 shows the control zone of the aero-thermal domain and their
specifical air channel dimensions. Precisely, the air domain under the aerovoltaic solar air heater
panel comprises limited by the lower surface of the Tedlar layer and the insulating surface.

g -
/"// ’
/"/
o
P a—
Room wall
Radiation wall
Air inlet Air outlet
Fig. 3. Boundary conditions

Table 1
Boundary condition

Air-inlet Air-Outlet Global solar .
Boundary -~ Mass flow m . 2
conditions temperature temperature radiation G (Kg.sY) Gravity g (m.s™)

Tin (K) Tout (K) (W.m?) &
Values 298 320 1031 0.02 9.81

4. Comparison with Experimental Results

Figure 4 presents the mesh size effects on the CFD results due to the difference of the number of
elements and nodes from a configuration to another. The number of nodes and elements must be
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enough to solve the geometry. In fact, the relevance of the choice of meshing is based on the number
of nodes suitable for the convergence of the CFD model, the structure type such as quadratic type
and the minimum calculation time. Four simulations were done to evaluate the optimum node size
and elements. Figure 5 shows the different CFD meshing sizes, with different fragments. The meshing
characteristics with the calculation time are presented in Table 2. The comparison of the
experimental and the numerical results are assigned to the simulation of the temperature profiles.
The choice of the suitable meshing is deduced by the comparison with the experimental values. Our
choice is based on the minimum error and the minimum computational time. Figure 6 shows the
temperature profile in the line L1 defined by x=0.216 m and z=0.02 m. These profiles present the same
appearance and shows the symmetry according to the width of the panel with a significant
temperature peak in the middle respectively equal to T=302 K, T=312 K and T=320 K as well as in the
border T=310 K, T=318 K and T=324 K. The collector geometry affects a variety in the distribution
while the fan effect presents a temperature decrease in the middle point with a value equal to
T=321 K. From these results, it is clear that the configuration with 460 000 nodes is more adequate
to be considered for our numerical simulation.

(a)
() (d)

Fig. 4. Meshing (a) Ds=5 cm (b) Ds =10 cm (c) Ds = 15 cm (d) Ds =20 cm

<
£

(b)
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(c) (d)
Fig. 5. CFD meshing sizes (a) 35000 nodes (b) 141000 nodes (c) 500000 nodes (d) 1100000 nodes

Table 2
Meshing characteristics with the calculation time
Calculation time

Nodes number Element size (m) . Iterations number
(h: min: s)
35000 0.05 5:05:11 100000
140000 0.015 6:33:18 100000
450000 0.0075 24:59:51 100000
1150000 0.005 72:12:18 100000
35000 Nodes veessss 140000 Nodes o Experience

- e 460000 Nodes wes w1100000 Nodes

T(K)

!l

| e ° o
\3-‘.‘“-;3,—8.-'}.?_’*

314 : : : : ¥ oy o)
0 02 04 06 08 [

Fig. 6. Temperature profiles in the direction defined
by z=0.02 m and x=1.216 m

5. Numerical Results

The considered planes of the local characteristics are shown in Figure 7. The panel coordinates

system (x, y, z) is preserved and another coordinates system (X, Y, Z) is established for the room.
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Fig. 7. Considered planes

5.1 Temperature

Figures 8, 9 and 10 display the temperature distribution in the considered planes defined by z =
0.013m,Y=0.4mandY = 3.6 m. The first plane defined by z=0.013 m is considered inside the panel.
The second plane defined by Y = 3.6 m pass through the panel and the air pipe. The third plane
defined by Y = 0.04 m pass through the air-outlet. From these results, the collector shows a uniform
distribution across the geometrical system with a temperature peak just before the collector with a
value equal to T = 302K. Inside the room walls, it has been noted a uniformity in the temperature
distribution with a maximum temperature at the connection point between the air pipe and the room
wall with a value equal to T = 301 K. In these conditions, the temperature decreases to T = 299 K in
most of the room space. The temperature doesn’t change much, and it’is mostly fixed at T = 299 K.
By comparring the different configurations, the air temperature presents similar distrubution
throughout the room space. After the air passes throught the aerovoltaic panel, the air temperature
inside the air pipe decreases from T = 308 K to T = 299 K. This temperature remains fixed until the air
reaches the room and spreads inside the room space. Indeed, it has been confirmed that the air-
outlet diameter has no major effect on the temperature of the room, which can be explained by the
difference between the size of the air-outlet and the size of the fluid domain.
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Fig. 8. Temperature distribution in the plane defined by z= 0.013 m (a) Ds= 5 cm (b) Ds =10 cm (c) Ds
=15cm (d) Ds =20 cm
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(c) (d)
Fig. 9. Temperature distribution in the plane defined by Y =3.6 m (a) Ds=5 cm (b) Ds = 10 cm (c) Ds= 15 m
(d) D&=20cm
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(c) (d)
Fig. 10. Temperature distribution in the plane defined by Y =0.4 m (a) Ds =5 cm (b) D= 10 cm (c) Ds = 15 cm
(d) Ds=20cm

5.2 Velocity Fields

Figures 11, 12 and 13 present the velocity variation for different diameters outlet equal to Ds=5
cm, Ds=10 cm, Ds=15 cm, and Ds=20 cm. These planes are defined by z=0.013m,Y=0.4mand Y =
3.6 m have been considered. The first plane defined by z = 0.013 m is considered inside the panel.
The second plane defined by Y = 3.6 m pass through the panel and the air pipe. The third plane
defined by Y = 0.04 m pass through the air-outlet. According to these results, it is clear that the
velocity distribution is uniform in the air domain of panel. Inside the collector, an acceleration zone
appears due to the reduction of the geometry. Inside the panel, the velocity presents a maximum
value equal to 1.4 m.sL. Via the pipe separating the aerovoltaic panel from the room, a discharge
area appears in the inlet hole and invaded the reverse wall. At this level, the velocity changes its
direction and two axial flows have been observed. The first ascending flow is responsible on the
recirculation zone appearing in the whole area of the room. This movement continues until the exit
of the air flow through the air-outlet and reaches the maximum value equal to V=3 m.s™.. The second
descending flow is due to the dead zone appeared in the down area. Globally, the averaged velocity
value is about V=1.5 m.s in the discharge area.
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Fig. 13. Velocity fields in the plane defined by Y =0.4 m (a) Ds =5 cm (b) Ds = 10 cm (c) Ds = 15 cm (d)
Ds=20cm

5.3 Static Pressure

The distribution of the static pressure in the whole volume of the aerovoltaique panel is depicted
in Figures 14, 15 and 16 for the different considered planes defined by z=0.013m,Y=04mandY =
3.6 m. The first plane defined by z=0.013 mis considered inside the panel. The second plane defined
by Y = 3.6 m pass through the panel and the air pipe. The third plane defined by Y = 0.04 m pass
through the air-outlet. According to these results, the static pressure distributions are not uniform
under the panel. Through the panel, the static pressure distribution varies according to the air-
outlet’s diameter with a maximum value of p = 1.86 Pa. Inside the room, the static pressure
distribution varies across the different geometrical system with a maximum value of p = 346 Pa.
Through the air advancement, the total pressure decreases quietly in the expulsion area, produced
from the air-inlet and through the room wall. This fact can be explained by the recirculation zone
appeared in the wholes area of the room. In the air-outlet, a depression zone characteristic of the
minimum value, equal to P = -8 Pa, has been observed. The comparison between the results confirms
that the maximum value of the pressure equal to p= 100 Pa is obtained for the configuration defined
by Ds=5. However, the minimum value of the pressure equal to p=-50 Pa is obtained for the
configuration defined by Ds=20 cm. According to these results, it has been observe a non-uniform
distribution of pressure inside the panel. This fact is due to the decrease of the collector area relating
the panel with living room.
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Fig. 14. Static pressure distribution in the plane defined by z=0.013 m (a) Ds =5 cm (b) Ds = 10 cm
(c)Ds=15cm (d) Ds=20 cm
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Fig. 16. Static pressure distribution in the plane plane defined by Y=0.4 m (a) Ds=5 cm (b) Ds = 10 cm
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5.4 Turbulent Kinetic Energy

Figures 17, 18 and 19 show the distribution of the turbulent kinetic energy for the different
considered planes defined by z=0.013 m, Y =0.4 mand Y = 3.6 m for different diameters outlet equal
toDs=5cm, Ds=10cm, Ds=15cm, and Ds= 20 cm. According to these results, the wake zone
characteristic of the maximum value of the turbulent kinetic energy is the same for the different
cases. It appears in the collector air channel with an uniformity inside the panel air domain. However,
the minimum values are located in the panel air volume. Inside the room, the turbulent kinetic energy
distribution varies across the different geometrical system with a maximum value of k = 0.305 J.kg.
After the decrease of the turbulent kinetic energy in the second part of the pipe, an expulsion area
appears in the air inlet of the room and is invaded in the discharge area until the room wall. The
comparison between the results confirms that the maximum value of the turbulent kinetic energy
equal to k= 97J.kg?! is obtained for the configuration defined by Ds= 5. However, the minimum value
of the turbulent kinetic energy equal to k=0.016 J.kg! is obtained for the configuration defined by
Ds=20 cm.
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Fig. 17. Turbulent kinetic energy distribution in the plane defined by z=0.013 m (a) Ds =5 cm (b) Ds
=10cm (c) Ds=15cm (d) Ds =20 cm
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Fig. 18. Turbulent kinetic energy distribution in the plane defined by Y=3.6 m (a) Ds =5 cm (b) Ds =
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5.5 Dissipation Rate of the Turbulent Kinetic Energy

Figures 20, 21 and 22 show the distribution of the dissipation rate of the turbulent kinetic energy
for the different representative planes defined by z =0.013 m, Y =0.4 m and Y = 3.6 m and for
different diameters outlet diameters equal to Ds=5 cm, Ds=10 cm, Ds=15 cm, and Ds=20 cm. The wake
zone characteristic of the maximum value of the dissipation rate of the turbulent kinetic energy
appears is the same location. It appears in the collector air channel with an uniformity inside the
panel air domain. However, the minimum values are located in the panel air volume in all over the
planes. Inside the room, the dissipation rate of the turbulent kinetic energy distribution varies across
the different geometrical system with a maximum value of e= 51m?2.s3. The comparison between the
results confirms that the maximum value of the dissiation rate of the turbulent kinetic energy is equal
to €= 51 m2.s3 for the configuration defined by Ds= 5. However, the minimum value of the dissipation
rate of the turbulent kinetic energy is equal to e= 4 m2.s3 for the configuration defined by Ds=20 cm.
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Fig. 20. Dissipation rate of the turbulent kinetic energy distribution in the plane defined by z=0.013 m
(a) Ds=5cm (b) Ds=10cm (c) Ds=15 cm (d) Ds = 20 cm

A A

D x A DI L DA AR AR AR AR A DD (m2.s3) DR oA g DD D AR AR AR AR AR DD (m2.s3)

(a) (b)

QL R DB E D DDA AR AR AR D (mZ.S_a) QN LAY DTG DR AR AR AR AR A G (m2.5.3)

(c) (d)
Fig. 21. Dissipation rate of the turbulent kinetic energy in the plane defined by Y=3.6 m (a) Ds=5 cm
(b) Ds=10cm (c) Ds =15 cm (d) Ds =20 cm



CFD Letters
Volume 16, Issue 8 (2024) 95-120

O D P gt ‘\A’@h R (12 63 o P 0082200 (m2.573
PR SRR DN Y ot (me. R R A \ » ! m-.s
N tEJ.\ K '\qu O SRS 5,,5@ 0?‘ SO ‘a o (m?.s7) S ﬂé",,\ e a’g’\?\u \b\%,\g"'w i f\,"’.\p CD ( )

N ' -

(a) - (b)

AR D D N N S A o e wes ATl - e e R AL L ) -
o ST S e (m2s3) AP 9 A SISO i PEPSIDE (m2s3)

BN .

(© | (@
Fig. 22. Dissipation rate of the turbulent kinetic energy in the plane defined by Y=0.4 m (a) Ds=5 cm
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5.6 Turbulent Viscosity

The distribution of the turbulent viscosity in the geometry air domain is depicted in Figure 23, 24
and 25 for the considered planes defined by z=0.013 m, Y =0.4 m and Y = 3.6 m and for different
diameters outlet equal to Ds=5 cm, Ds=10 cm, Ds=15 cm, and Ds=20 cm. These planes defined by z =
0.013 m, Y =04 m and Y = 3.6 m have been considered. From these results, the wake zone
characteristic of the maximum value of the turbulent viscosity appears in the air channel with a
uniformity inside the panel air domain. The minimum values are located in the panel air volume and
it is equal to p=0.03 kg.m1sl. The maximum value of the turbulent viscosity reaches
u=0.19 kg.m™s in the first plane. Inside the room, the turbulent viscosity distribution varies across
the different geometrical system with a maximum value of p, = 0.19 kg.m™1.sl. The comparison
between the results confirms that the maximum value of the turbulent viscosity is equal to p, =0.19
kg.m™.s1 for the configuration defined by Ds=5¢c m. However, the minimum value of the turbulent
viscosity is equal to p, = 0.03 kg.m™.s1 for the configuration defined by Ds=20 cm.
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Fig. 23. Turbulent viscosity distribution in the plane defined by z=0.013 m (a) Ds=5 cm (b) Ds = 10 cm
(c) Ds=15cm (d) Ds =20 cm
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Fig. 24. Turbulent viscosity distribution in the plane defined by Y =3.6 m (a) Ds =5 cm (b) Ds = 10 cm
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Fig. 25. Turbulent viscosity distribution in the plane defined by Y =0.4 m (a) Ds =5 cm (b) Ds = 10 cm
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6. Conclusion

In this paper, we are interested in the study of the aerovoltaic solar air heater connected to a
living room. This system is constituted by the integration of a closed channel under the photovoltaic
panel to perform his electric performance and to produce the thermal energy to be used in the
building requirements. To determine the effectiveness of using solar air heater in improving indoor
air quality and thermal comfort, the connection between the room and the panel is set using a pipe
that goes from the air-outlet of the panel through the wall of the room. To evaluate this new
technique, we have developed numerical simulation inside the living room connected to the
aerovoltaic solar air heater by using the numerical model software ANSYS Fluent. The numerical
model was validated by the experimental data measured inside the aerovoltaic solar air heater. Our
aims are to investigate the aerothermal structure inside a living room connected to an
aerovoltaic solar air heaters to ensure the thermal comfort of the building. Following our numerical
results, the collector presents a uniform distribution across the geometrical system with a
temperature peak located just before the collector. Inside the room walls, it has been observed a
uniformity in the temperature distribution with a maximum temperature at the connection point
between the air pipe and the room wall. This temperature remains fixed until the air reaches the
room and spreads inside the room space. The velocity distribution is uniform in the panel air domain.
Inside the collector, an acceleration zone appears due to the complexity of the geometry. Inside the
panel, the velocity presents the maximum value. Via the pipe separating the aerovoltaic panel from
the room, a discharge area appears in the inlet hole and invaded the reverse wall. The static pressure
distributions are not uniform under the panel. Inside the room, the static pressure distribution varies
across the different geometrical system. Through the air advancement, the total pressure decreases
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quietly in the expulsion area, produced from the air-inlet and through the room wall. By
understanding the physics behind these factors, the non-uniform pressure distribution within the
panel can be attributed to the intricate interplay of design elements, solar heat absorption, boundary
conditions, and airflow characteristics. Analyzing these aspects provides valuable insights into
optimizing the aerothermal structure for enhanced thermal comfort within the connected living
room.

These outputs results will be used for the design and development of the building with a low
energy consumption.
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