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Abstract. The modern life makes the energy and the source of it is very important, from this renewable energy is solar
chimney for natural ventilation, considering the physical properties of the solar radiation and the air in the study area,
located in the city of Basrah in southern Iraqg, at longitude 47.749° and latitude 30.568°. In the present study the solar
chimney with room is simulated numerically using finite volume method with soft package ANSYS — Fluent 2021 / R2.
The effect of different inclined angle (a = 30°, 45°, and 60°), the gab of solar chimney (10 cm, 15 cm, and 20 cm) and
location of inlet opining (lower, mid, and upper) are investigated. The results are presented as streamline contour,
temperature contour and air change per hour ACH. The important results show the optimum ratio of air gap width for
solar chimney is 15 cm and tilt angle of solar chimney a = 30° to obtain the maximum ventilation rate and ACH and the
location of the air inlet opining at the lower floor for the room gives the best ventilation rate than the other inlet opening
locations (mid and upper).

Keywords: Solar Chimney, Ventilation, Air Change per Hour (ACH), Absorber Plate, Inlet Opening Locations.

INTRODUCTION

The solar chimney is one of the modern technologies used to save energy and reduce consumption by utilizing
renewable energy (solar energy). Many factors affect the efficiency of the solar chimney, such as the size of the
buildings, location of the entrance and exit openings, quality and type of the insulation, as well as the type and shape
of the absorber plate, the method of coating it and its type, the dimensions of the solar collector, the height of the
ducts, the size of the solar collector, air gab of solar collector, as well as the temperature, the amount of solar
radiation and the angle of incidence, as many researches have been conducted on this subject, as the aim of this is to
reduce energy consumption, thus lowering the room temperature and reducing the cooling load of air conditioning
and this leads to reducing pollution. Not long ago, studies continued for the performance of solar chimney for
models conducted on various numerical and experimental applications. Finding the most of the papers use several
simulation programs to compare and support experimental results, and this indicates that the method of simulating
results is important for predicting and understanding the complex behavior of a solar chimney. Mehani and Settou,
(2012) [1] studied numerically the passive cooling using a solar chimney. The change in the width of the chimney
and the intensity of solar radiation was studied. The finding illustrated that the solar intensity has a significant effect
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on the ACH and the flow rate, and the optimum air gap width is (0.2 — 0.3) m to obtain the best ventilation. Hannun
et al. (2014) [2] presented numerically the parameters of a solar chimney power plant model, focusing on the impact
of collector base shapes, storage material types, and the temperature, velocity, and efficiency. The results suggested
that the optimal temperature for the chimney is around 370 K. Shi (2018) [3] analyzed the performance of wall solar
chimneys under both cooling and heating modes. findings indicated that the room does not exhibit mixed ventilation
with uniform temperature and air density, and the volumetric flow rate influenced by the cavity height and room
opening height while the flow rate through sealed heating is dependent on the height of the hot air layer. Abraham
and Ming, (2019) [4] studied numerically the design of vertical solar chimney and performance of width for the
purpose of increasing the amount of solar radiation. The results showed that the change in the angle and width of
chimney led to an increase in the internal wind speed by 10 % when expanding the chimney to 1300 mm. The best
performs of chimney when exposed to maximum daylight or a heat flux 800 W/m2. Mohamed et al. (2020) [5]
tested the solar chimney influence at different positions and the shape of the partition opening window, namely: on
the upper, middle, and lower sides, as well as the horizontal and vertical and square windows. The results showed
that the solar chimney with a horizontal suction opening at the bottom of the room at any inclination angle performs
is the better ventilation in Maysan — Irag. Mohammed et al. (2020) [6] investigated the thermal performance of a
vertical two-stores solar chimney numerically. Findings revealed that the long vertical solar chimney provided the
best natural ventilation but led to noticeable indoor temperature rise. Liu et al. (2021) [7] presented numerically
contrastive analysis on the ventilation performance of combined solar chimney. They found that when the ambient
temperature ranges from 298 K Up to 303 K in summer, natural ventilation mode is suitable. When the ambient
temperature is less than 273K in winter, there is a space heating mode has a better heating effect. Cisse et al. (2022)
[8] the optimization of a solar chimney with a horizontal absorber was investigated. Findings indicated that an air
velocity of 0.2 m/s can be achieved and the outlet diameter and chimney height significantly influence on the
velocity. Yue (2023) [9] investigated numerically the ventilation performance of solar chimneys coupled to outdoor
wind and indoor heat sources. The results showed that the maximum ventilation is 32.1% when the solar radiation
intensity is 200 W/m?, outdoor wind speed is 1 m/s, and the indoor heat source increases from 0 to 1500 W/m2. The
optimal inlet width for the solar chimney is 0.5 m when considering the effect of outdoor wind. Bassiouny and
Koura, (2008) [10] presented a numerically and analytically the solar chimney to improve natural room ventilation.
The results showed that the width of the chimney has a greater effect on ACH compared to the size of the chimney
inlet. They also found that increasing the inlet size three times leads to improving the ACH by 11%, and increasing
the width of the chimney three times leads to increasing the ACH by 25%, keeping the inlet size constant.

Haorong Li et al. (2014) [11] investigated the solar collector with earth — air heat exchangers (EAHES) for
passive air conditioning system. Finding that when the outdoor air temperature and solar radiation increase, the solar
chimney natural draft and the amount of airflow to the building increases. Poshtiri and zamiri, (2011) [12] achieved
a numerical investigation the ability the solar chimney and earth — air heat exchanger (EAHE). The results showed
that the effect of change air gap size on the air change per hour (ACH) with different values of solar radiation has a
significant effect up to 0.2 m and the room air temperature remains almost constant after 0.2 m. Abed et al. (2021)
[13] studied numerically and experimentally of a solar energy with an EAHE in Tikrit city — Irag. The finding
illustrated that the temperature and air velocity increase with the increase of the solar radiation falling on the wall of
the tower, where the maximum drop in air temperature was 18 °C.

Nakielska and Pawtowski, (2017) [14] investigated experimentally the solar chimney for increasing natural
ventilation. The results showed an increase in the exchange and stream of air volume when compared to the situation
without the solar chimney. Serageldin et al. (2018) [15] studied experimentally for passive solar chimney heating
and ventilation system with EAHE in the cold season in Egypt 14 — 22 March 2019. The finding showed that the
optimal chimney design (chimney inclination angle 30° - 35° with the horizontal, length 1.94 - 1.97 m, width 0.92 -
0.97 m, and the gap 0.19 - 0.23 m. They found that the increasing the surface area and aspect ratio of the chimney
improves heat transfer and fluid flow, while reducing the gap prevents the appearance of vortices at the leading edge
and flow separation at the trailing edge and improves fluid flow. Abdel — Baky et al. (2023) [16] investigated the
solar chimneys for natural ventilation, focusing on the cost and environmental impact of conventional energy
production. The results finding that the inlet air velocity can remain higher than ambient air velocity during the day
and night for several hours, the solar chimneys could achieve natural heating in buildings, and the solar chimneys
preserve materials at a stable temperature for long periods after sunset.

Jianliu and Weihua, (2013) [17] presented the room solar chimney in Nanjing, China for a one-story building
where simulations were performed using Energy Plus program to predict the performance of the solar chimney. The
results showed that an inclination angle of 45° is the most optimal angle for obtaining the maximum ventilation rate,
more than a flow rate at inclinations of 30° and 60°, and this ratio increases with increase of the ratio between height
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of absorber and gap between glass and absorber. Bassiouny and Korah (2009) [18] presented a numerically and
analytically the effect of inclination angle of the solar chimney on the ventilation rate and flow pattern, which was
simulated using the ANSYS program. The results showed that the optimal value for the flow rate was achieved
when the chimney inclination angle is 45° and 70° for latitude 28.4°, and when the increases the inclination angle,
the space of inlet flow penetration depth is an increase. In this paper, a proposed solar collector system with the
room in Basrah city, Iraq is simulated by ANSYS — Fluent 2021/R2 program. The aim of the current study is in
order to find the best ventilation rate by studying several parameters such as the inclination angle of the solar
chimney, the air gap between the glass and the heat — absorber plate, and the locations of the entrance holes, the
continuity equation, momentum equations, energy equation of air are solved, and obtain the temperature distribution
for the system, outlet room temperature, outlet solar collector, solar radiation and ACH.

COMBINATIONAL INVESTIGATION

Geometrical Configuration

Nine models of the room with the solar chimney and conducted with different locations of the inlet openings and
the theoretical results were compared with the other research. Fig. 1. shows the solar chimney with room in 2 —
dimensional and 3 — dimensional. A three-dimensional model was used to describe the room's problem of natural
ventilation. The room was made of wood, cubic size (1x1x1) m, connected at the top by a solar chimney at different
angles, and the square inlet room was (0.04) m2. All room models have the same dimensions of the solar chimney
and absorber plate, the difference is in the gab, collector angle, and location of inlet opining. Two layers of wood
with a layer of glass wool in the middle are placed behind the absorber plate, the roof and floor of the room to avoid
heat transfer from the absorber plate or heat inlet to the room. Table (1) and Table (2) shows materials specifications
used in the theoretical analysis of the models and the physical and thermal specifications of the materials,
respectively, Table (3) shows the dimensions of the models used, where their properties were examined in the
laboratories of the College of Engineering — Department of Mechanics - University of Basrah and the Southern
Technical University - Basrah Engineering Technical College.

q“ ’ Air outlet, 3¢/dn=0

Sun arays _

—=> -
(Plate) hhlL‘li-_ _ - Isolated r—
body 0= x— > e - ,

Green house -
(glass)

q=0

ar _

an

t u=v=w=0
L

Air inlet

FIGURE 1. Schematic diagram for the model 2D (left) and 3D (right)

TABLE 1. Materials specifications

Description Item Symbol Value
Aluminum sheet Length Las 15m
Width Was 1m

Thickness tas lmm

Glass Thickness tg 4 mm

Wood Thickness W 18 mm
Glass wool Thickness tow 5cm

060019-3

80:7¢:12 G20C YdIelN L



TABLE 2. Physical and thermal properties

Materials Density Thermal Conductivity | Specific heat capacity
(p) (kg/m?) (k) (W/m.K) (Cp) (J/kg.K)
Glass Wool 12 0.04 840
Aluminum Sheet 2645 220.68 864.35
Glass 2220 1.15 830
Wood 721 0.159 1260
Air 1.225 0.0242 1005

TABLE 3. The basic parameters for the prototype models

Basic Parameter of the Prototype Value
Solar collector gap 0.1m,0.15m,0.2m
Solar collector length 15m
Solar collector width 1Im
Dimension of solar collector outlet 0.15mx1m
Glass thickness 4 mm
Area of solar collector roof 1.5m?
Aluminium plate length 15m
Aluminium plate width 1Im
Aluminium plate thickness 1 mm
Solar chimney angle 30°, 45°, 60°
Glass wool insulation thickness 5cm
Glass wool insulation thickness in the base of the room 5cm
Glass wool insulation thickness in the roof of the room 5cm
Volume of the cooling room 1md
Cooling room inlet diameter 10.16 cm
Dimension of the inlet opening at the wall of the room 0.2mx0.2m
Dimension of the room outlet opening 0.15mx1m
Wood thickness 18 mm

The Governing Equations

The air flow in the solar chimney is caused by natural convection that results from solar radiation. The governing
equations used in the simulation consist of mass conservation for the Reynolds Averaged Navier—Stokes (RANS)
equations, the energy, turbulence and radiation transfer equations. The governing equations (continuity, momentum,
and energy) in the system were solved by using several assumptions to solve the present flow and heat transfer
cases. These assumptions for the solar chimney with the room as the following:

Unsteady state conditions for solar chimney with the room.
Turbulent flow.
Three-dimensional model.
Density in buoyancy force is modeled by Boussinesq approximation is utilized.
Insulated walls of room is exposed to the solar radiation, and the room is subjected to different thermal
boundary conditions along the test day:

(GT 0 aT 0)

ox * "y *

moow>

The flow is incompressible.
No-slip conditions between the fluid and wall.
All the air properties are constant and they are evaluated at ambient temperature Ta = 300 K.

ome
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H. Viscous dissipation and compression work are assumed negligibly small.
I.  The solar chimney with the room facing south at 30.568738° latitude and longitude 47.749277°.
The governing equations are a set of Kronecker symbol §&;, for continuity, momentum, and energy
equations as shown below [19]:
e  Continuity equation
ap du;
E + 6_xl =0 (1)
The other fundamental set of equations that govern fluid flow is derived from Newton's second law
(conservation of momentum). The equations are called Navier-Stokes equations, and for the flow of incompressible
fluids.

e Momentum equation

Du; _ 9P ] ou; , ouj
Dt dx; ax]'

#(Ge+ o) - pTu}] +pgif(T = T,) ¥
e Energy equation
Represents the transport of heat within the flow field.
T _ 0 [ or _
Dt - BX]' Bx]- P

CouT| ®

DT a k OT =
E—a—leiza—xj—u]T (4)
AR Py ®)
Dt - 6Xj axj' J
k
a=— 6
pCp ( )
Where:
D @ 3 3 a
E—E‘FUE'FUE-FWE (7)
DT oT oT oT oT
E—E'FUE‘FUE-FWE (8)
Xi=X,V,2Z and Uuj=u,v,w
Know the finial energy equation becomes:
aT aT aT aT 8 [ oT 8 ( or a ( ar
serug rviirws =2 (el + 5 (a5) + 5 (e ) ©)

The Eqg. (7) called the material derivative [20]. pgB(T — T,): is the buoyancy source or sink term. with t
the viscous stress tensor: u; is the velocity components in the directions X;, X;. T, P temperature and pressure
respectively. p is viscosity, pu,u, is turbulent Reynold's stress. pu,T" the turbulent heat transfer is evaluated by an

opposite turbulence model. By adopting the eddy or turbulent viscosity models are calculated as [21]:
turbulent Reynolds stresses:

— ou; ou; 2
—puu, = Uy <£ + a_xj) — 3 pkdy; (10)
turbulent heat transfer:
—puT = e OT (11)
] Pr; ax]'

Where: W is the turbulent dynamic viscosity, Pr the Prandtl number. §ij Kronecker delta, 8ij = 1 if i=j and 6ij =0
if i #.

TURBULENCE MODEL

To express turbulent heat fluxes and turbulent viscosity stresses (Reynolds stresses), many turbulence models
have used the concept of turbulent viscosity or turbulent diffusion [22]. The Turbulence Model (RNG k-epsilon
Model) is based on the renormalization group analysis of the Navier—Stokes equations proposed by Orszag 1993
[23]. This model contains an additional expression in the turbulent energy dissipation rate equation, and the effect of
eddy flow has also been taken into account in this model. Therefore, it gives good accuracy for eddy flows. The
transport equations for kinetic turbulence and dissipation are the same as those for the standard k-& model, but the
model constants are different and the constant C,, is replaced by the function C. gzns. The transport equation for
turbulence dissipation becomes as follows [24,25]:
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1. Turbulence kinetic energy (k):

) 2 ) = 2t %% o) ou _
at (pk) + axi (pkul) - axi (o-kRNG axi) + 'ut (E)xl + aui> an pS (12)
2. Dissipation rate (g)
a a a a
7t (pe) + a_xi(Pgui) = aj [(# + G;ﬁ) i] i (Cerrng G + Cearng PE) (13)
Cupk?
pe = (14)
Cerrng = 142 — fr; (15)
_ 10-35%)
fn= (1+BrnGN®) (16)
_ G
= \’ PCURNGE (17
_ w2 v\ 2 aw\2 ou | av\? au | aw)? v | aw)?
G—#r[z«a) +(5) +($))+(5+5) +(5+%) +($+5)] (18)
o (2 ) o
G - 'ut <3Xj + Bui> an (19)

Where: k is the turbulence kinetic energy, and is defined as the variance of the fluctuations in velocity, p is
viscosity, W is the eddy or turbulent viscosity, fn, » turbulent model coefficient, G: is the generation of turbulent
kinetic energy due to the mean velocity gradient or shear [26]. The constants of the turbulence model are given in
Table (4).

TABLE 4. Constants for the RNG (k — €) model

CernG | BrnG | CurnG | GzRNG | OKRNG | Cu
1.68 | 0012 | 00845 | 07179 | 07179 |  0.09

INITIAL AND BOUNDARY CONDITIONS

In any appropriate attempt to solve any problem there must be application of boundary conditions. The initial
condition for the temperature of the solar chimney with the room was (300 K) at inlet room and (309 K) for the
ambient temperature. A schematic diagram of the solar boundary conditions for the geometrical symmetric shape as
it is shown in the Fig. (2), and based on the preceding assumptions, the boundary and initial condition for the
turbulent flow for the system:

Initial Conditions:

e For the temperature: all exterior walls with ambient conditions T = T, = 309 K and temperature for inlet

room Ti, = 300 K for all cases.

e For the velocity: as pressure inlet Pi, = zero-gauge pressure.

e The kinetic energy and dissipation rate at inlet distribution, the rough approximation for the turbulence

kinetic energy k and dissipation rate ¢ in internal flow can be obtained from the turbulence intensity Ti and
the characteristic length of duct L by means of the following simple assumed [20]:

k =2 (unTi)? (20)

3 3
e=Ci (21)
1 =0.07L (22)

Where: Ti is turbulence intensity and equal = 0.05, | is the depth of chimney or room height, and ui, is the
reference mean flow velocity. [27].
Boundary Conditions:
e The outlet boundary condition: pressure outlet boundary at atmospheric pressure (Pout = 0).
e Boundaries surfaces of the top of the room and backside of chimney are insulated:
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oT . .
= 0 where: n=x,Yy, and z direction.

e Noslipwallsu, v, w=0.
e All contact surfaces between the surface of the room and solar chimney with air, and all interior walls with
continuous boundary conditions are:
oT

aT
Tsarface = Tair —————» (—k ) =(—k_) .
on/ surface onJ gir

e The solar chimney with room were subjected to solar ray (I) and it change with time and the intensity of
solar radiation.
e The kinetic energy of turbulent and the rate of dissipation at the exit;

ok de
Sebyy = a2l = O (23)

e The outer domain that around the room and solar chimney is the ambient air with T = Ta.

solar ray (I)

Pressure outlet

condition
P=0
all exterior
walls with
ambient
conditions ar
T=T, 5= 0
uv,w=0
Pressure inlet
a%‘mﬁw TanaT . condition
(7 - (=2) B
on/s O air , T=Twn=To

FIGURE 2. Boundary types of domains in symmetric shape

THE MESH

Mesh Generation

The initial stage of the finite volume approach involves the creation of the grid. Mesh modeling is a prominent
concern that has several applications in the field of computational fluid dynamics. The process of meshing directly
affects the accuracy and convergence of the computational fluid dynamics (CFD) simulation results [28]. The
generated model was fragmented into smaller components using basic form elements that were linked at shared
nodes using the ANSYS Fluent simulation program. The tetrahedron were chosen for this study because of the
complex geometry. Higher mesh quality yields more accurate findings, but lower mesh quality, up to a specific
threshold, leads to insufficient results. The Fig. 3 depicts the solar chimney with room displays different sorts of 3D
mesh elements used in ANSYS-Fluent 2021/ R2.
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FIGURE 3. The mesh generation for the model with display the inlet and outlet openings

Mesh Independence Test

In order to ascertain that the results are solely influenced by the boundary conditions and physics employed,
rather than the mesh resolution, it is imperative to do a mesh independence analysis in Computational Fluid
Dynamics (CFD). A commonly used approach to assess grid independence involves systematically increasing the
resolution and conducting repeated simulations. If the results do not significantly alter, it is likely that the initial grid
is sufficient. Calculations have been performed for five specific grid sizes. The findings of the grid independence
test for the room with solar chimney are summarized in Table (5).

It was noted that the number of elements 2385058 and 3112521 were nearly identical. Therefore, a domain
consisting of 2385058 elements was selected in order to enhance computational accuracy and minimize calculation
time. Fig. 4 displays the variation of number of elements with ACH.

The Fluent code employs powerful numerical analytic techniques and various approaches to obtain optimal
results. The current study utilizes the CFD software ANSYS — Fluent 2021/R2 to solve the given model. The
process of solving using Fluent involves the following flow chart as shown is figure (5).

TABLE 5. Grid independence test

Mesh No. of element ACH
Mesh — 1 925441 40.802
Mesh — 2 1126521 41.108
Mesh — 3 1504108 42.665
Mesh — 4 2385058 43.847
Mesh — 5 3112521 44.01
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FIGURE 4. Variation of Air Change per Hour (ACH) with total elements number

[ SOLIDWORKS: Construct 3-D} geometry using SOLIDWORKS ]

v
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[ SOLIDWORKS: Construct 3-D geometry using SOLIDWORKS J

v

[ FLUENT: Define solution parameters, convergence criteria ]

v

[ FLUENT: Define governing equations: mass, momentum, energy, and define physical and material properties ]

v
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[ FLUENT: Post process data using plots and contours of several variables H FLUENT: Solve ]

v

[ GRAPHER.: Compare and analyze results, prepare presentation of data ]

FIGURE 5. Flow-chart for numerical solution by ANSY'S — Fluent 2021/ R2 software

NUMERICAL RESULTS VALIDATION

For the purpose of validating the solution of simulating the numerical model of the solar chimney with the room
in the ANSYS — Fluent 2021/R2 program, the results of several studies by Mathur et al. [29], B and K [30], and Park
[31] were used. The current data was compared with previous numerical and experimental data [29,30,31] as shown
in Fig. 6 and Table (6). The results show a good agreement between the numerical results and other researcher. For
the purpose of ACH calculation, there is an acceptable error between the expected data and the measurements, as the
error rate for the ACH account was 3.16 %, which is a value that falls within the range of errors and is considered a
relatively low value.
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FIGURE 6. Variation of solar radiation with ACH, solar radiation angel g = 55°, comparing with simulations and
experiments for previous studies

TABLE 6. Summary of ACH for present work comparing with simulations and experiments for previous studies

Air Chimney | ACH Error%
gap inlet | (W/m?) [ Exp. Theo. Theo. Theo. Theo. With
(m) (height) Mathur | Math B&K Park Present Park
(m) etal. ur [10] [30] work [30]

[29] et al.

[29]
0.3 0.3 300 4.4 417 4.37 3.77 3.89418 3.2938
500 4.8 5.16 5.31 4.49 4.286604 4.5299
700 5.6 5.81 6.03 5.04 4.95648 1.6571

RESULTS AND DISCUSSION

In this piper, the room unit integrated with a solar collector was presented, and its performance was numerically
analysis. The numerical analysis in this study was performed depend on Basrah city climate (longitude 47.749° and
latitude 30.568° and it is placed facing south) in Irag by using ANSYS — Fluent 2021/R2 software. The results of
solar chimney with the room, performance of solar chimney, including the angle difference, the air gap, inlet
location and other relevant factors are presented. All the models of cases subjected to the average inlet temperature
to the solar chimney is 300 K, ambient temperature is 309 K, atmospheric pressure and exposed to solar radiation.
The models are studied in order to find the enhance of the ventilation rate in each one. The following cases are
shown in details and disused:

e  Case (1): Air gap for solar chimney = 10 cm, where three angles of the solar chimney are taken: 30°, 45°, and 60°.

e  Case (2): Air gap for solar chimney = 15 cm, where three angles of the solar chimney are taken: 30°, 45°, and 60°.

e  Case (3): Air gap for solar chimney = 20 cm, where three angles of the solar chimney are taken: 30°, 45°, and 60°.

e Case (4): Different inlet opening location for the room, which are the lower, mid and upper inlet.

Figure (7) shows the contours of streamline for the solar chimney with room, the numerical study was performed
at gab = 10 cm, different time 9 a.m., 12 p.m., 3 p.m. and 6 p.m. with different tilt angle for solar collector (o. = 30°,
45°, 60°) and for varying solar intensity were exposed along the daylight. For a = 30°, at 9 a. m., it can be noted that
the streamlines become freer in the chimney because the wide gab which gives small effect on the magnitude of
temperature and velocity, this returns to cross section of inlet opening. For a = 30°, at 12 p. m., it can be noted that
the streamlines become dense and larger than that at 9 a.m. in the chimney because the gab was small. For o = 30°,
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at 3 p. m., it can be seen that the streamlines become freer and with big vorticity in the chimney because less
ventilation rate. For o = 30°, at 6 p. m., it can be seen that the streamlines become freer and with less dense and
formed a large vorticity in the chimney because less ventilation rate. For a = 45°, it can be seen from the figure that
the best flow lines are at 12 p.m., where they are straight, and they are also inside the room and more density, this is
due to the fact that at 12 p.m., the intensity of solar radiation is the maximum possible, and the intensity of solar
radiation begins to decrease after 12 p.m., there will be difficulty in escaping the air from the solar collector, and
vortices will form that impede the movement of the air. For a = 60°, It can be seen from this figure that the best flow
lines are at 12 p.m., where they are less straight from a = 30° and 45°. However, inside the room, the streamlines
will be large, density and close together at 3 p.m. Figure (8) shows the contours of streamline for the solar chimney
with room, the numerical study was performed at gab = 15 cm, different time 9 a.m., 12 p.m., 3 p.m. and 6 p.m. with
different tilt angle for solar collector (a = 30°, 45°, 60°) and for varying solar intensity were exposed along the
daylight. For a = 30°, at 9 a. m., it can be noted that the streamlines become freer in the chimney because the wide
gab which gives small effect on the magnitude of temperature and velocity, this returns to cross section of inlet
opening. For o = 30°, at 12 p. m., it can be noted that the streamlines become freer and larger than that at 9 a.m. in
the chimney because the wide gab which gives small effect on the magnitude of temperature and velocity. For o =
30°, at 3 p. m., it can be seen that the streamlines become freer and with vorticity in the chimney because less
ventilation rate and the wide gab which gives small effect on the magnitude of temperature and velocity. For a =
30°, at 6 p. m,, it can be seen that the streamlines become freer and with large vorticity in the chimney because less
ventilation rate and the wide gab which gives small effect on the magnitude of temperature and velocity. For a =
45°, it can be seen from the figure that the best flow lines are at 12 p.m., where they are straight, and they are also
less inside the room, this is due to the fact that at 12 p.m., the intensity of solar radiation is the maximum possible,
and the intensity of solar radiation begins to decrease after 12 p.m., there will be difficulty in escaping the air from
the solar collector, and vortices will form that impede the movement of the air. However, inside the room, the
streamlines will be large, density and close together at 6 p.m. For a = 60°, It can be seen from this figure that the
best flow lines are at 6 p.m., due to the increased height of the solar chimney, where they are less straight from o =
30° and 45°, and they are also less inside the room for the air flow, some vortices are formed at the outlet of the
solar chimney due to the increased angle to 60° at 12 p.m., and at that time the intensity of solar radiation is the
maximum possible, and the intensity of solar radiation begins to decrease after 12 p.m., there will be difficulty in
escaping the air from the solar collector, and vortices will form more than that at o = 30° and 45° that cause the
impede the movement of the air. However, inside the room, the streamlines will be large, density and close together
at 3 p.m. Figure (9) shows the contours of streamline for the solar chimney with room, the numerical study was
performed at gab = 15 cm, different time 9 am., 12 p.m., 3 p.m. and 6 p.m. with different tilt angle for solar
collector (o = 30°, 45°, 60°) and for varying solar intensity were exposed along the daylight. For a = 30°, it can be
noted that the streamlines become freer in the chimney because the wider gab which gives small effect on the
magnitude of temperature and velocity, and the best flow lines are at 12 p.m., after that time the vortices are formed
in the outlet of solar chimney. there will be difficulty in escaping the air from the solar collector, and vortices will
form that impede the movement of the air. However, inside the room, the streamlines will be large, density and close
together at 6 p.m. especially on the floor of the room and the beginning of the inlet opening of solar collector, due to
the inability of air to exit the room due to the formation of vortexes. For o = 45°, it can be noted that the streamlines
become freer in the chimney because the wider gab which gives small effect on the magnitude of temperature and
velocity, the streamlines at 9 a.m., 12 p.m. are almost identical, but there is density in the flow lines at 9 a.m. due to
the large vortexes formed in the solar collector, which try to prevent the mass flow rate to exit from solar collector.
With increasing time at 6 p.m., the streamlines become dense, especially on the floor of the room, the side opposite
the inlet air into the room. there will be difficulty in escaping the air from the solar collector, and vortices will form
that impede the movement of the air. However, inside the room, the streamlines will be large and density. For a =
60°, it can be seen from this figure that the best flow lines are at 9 a.m., due to the increased height of the solar
chimney and increased the gab of solar collector where they are more straight from a = 30° and 45° for the same
gab, and less vortex formation inside the room, some vortices are formed at the outlet of the solar chimney due to
the increased angle to 60° at 6 p.m., and decreases solar radiation, at that time the intensity of streamlines are
increase there will be difficulty in escaping the air from the solar collector, and vortices will form less than that at o
= 30° and 45° contrary when the gap was 10 cm and 15 cm. However, inside the room, the streamlines will be large,
density and close together at 3 p.m. Figure (10) shows the contours of temperature for the solar chimney with room,
the numerical study was performed at gab = 10 cm, different time 9 a.m., 12 p.m., 3 p.m. and 6 p.m. with different
tilt angle for solar collector (a = 30°, 45°, 60°) and for varying solar intensity were exposed along the daylight.
When the angle is 30°, we notice a decrease in temperature after 12 p.m., due to decrease in solar radiation. For o =
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45°, the maximum temperature is 357.188 K, and the temperature begins to decrease in the same behavior as before.
As for the surface temperature, it increases with decrease in the rate of solar radiation due to a decrease in the
ventilation rate. For a = 60°, it is clear from this figure that the maximum temperature was 353.677 at 12 p.m. and it
begins to decrease until it becomes 335.239 K. It can be seen from the figure that the maximum temperature of the
absorbent plate is at an angle of 45°, and the minimum temperature is at the same angle as well. Figure (11) shows
the contours of temperature for the solar chimney with room, the numerical study was performed at gab = 15 cm,
different time 9 a.m., 12 p.m., 3 p.m. and 6 p.m. with different tilt angle for solar collector (a0 = 30°, 45°, 60°) and
for varying solar intensity were exposed along the daylight. a = 30°, at 9 a.m., it can be noted that the temperature of
plate collector was maximum 346.154 K, which present the driven bouncy force to flow inside the room. a = 30°, at
12 p.m., the temperature of plate collector was maximum 360.919 K, which present the driven bouncy force to flow
inside the room was increases. o = 30°, at 3 p.m., the temperature of plate collector was maximum 349.753 K. o =
30°, at 6 p.m., the temperature of plate collector was maximum 334.902 K, this decreases for the temperature
because of decrease of solar radiation. For a = 45°, it can be seen from this figure the maximum temperature was
360.773 K at noon 12 p.m., because the solar radiation is maximum at the midday and the temperature begins to
decrease due to decrease the solar radiation, until it becomes (333.732 K) in the evening at 6 p.m., which present the
driven bouncy force to flow inside the room. Also, the high temperature at the surface of heat absorbing plate for
collector and extended to the celling of room. This temperature increases on the surface as solar radiation decreases
over time, and this temperature is due to the decrease in the ventilation rate resulting from the decrease in solar
radiation. The thermal plume near the absorber tend to move out the chimney for high intensity while less for low
intensity due to the high absorber temperature led to encourages buoyancy force. The warm air is enclosing at the
upper zone since warm air arises and no venting at the upper zone. The temperature of the wood is high at high flux
solar intensity that effect on the heat transfer to the room. In addition, that the solar radiation has a major effect since
the solar radiation transmit through the glass to the heat absorber plate. For a = 60°, It can be seen from this figure
the maximum temperature was 356.772 K at noon 12 p.m., because the solar radiation is maximum at the midday
and the temperature begins to decrease due to decrease the solar radiation, until it becomes 333.932 K in the evening
at 6 p.m., which present the driven bouncy force to flow inside the room. Also, the high temperature at the surface of
heat absorbing plate for collector and extended to the celling of room. As for the temperature of the solar collector
outlet, it becomes lower than the temperature when the angles are 30° and 45° due to the increase in the angle. This
temperature increases on the surface as solar radiation decreases over time, and this temperature is due to the
decrease in the ventilation rate resulting from the decrease in solar radiation. The warm air is enclosing at the upper
zone since warm air arises and no venting at the upper zone It is most intense in the evening at 6 p.m. The
temperature of the wood is high at high flux solar intensity that effect on the heat transfer to the room. Figure (12)
shows the contours of temperature for the solar chimney with room, the numerical study was performed at gab = 20
cm, different time 9 a.m., 12 p.m., 3 p.m. and 6 p.m. with different tilt angle for solar collector (o = 30°, 45°, 60°)
and for varying solar intensity were exposed along the daylight. For a = 30°, it can be seen from this figure the
maximum temperature was 358.356 K at noon 12 p.m., because the solar radiation is maximum at the midday and
the temperature begins to decrease due to decrease the solar radiation, until it becomes 334.649 K in the evening at 6
p.m., which present the driven bouncy force to flow inside the room. Also, the high temperature at the surface of
heat absorbing plate for collector and extended to the celling of room. This temperature increases on the surface as
solar radiation decreases over time, and this temperature is due to the decrease in the ventilation rate resulting from
the decrease in solar radiation. The warm air is enclosing at the upper zone since warm air arises and no venting at
the upper zone. The temperature of the wood is high at high flux solar intensity that effect on the heat transfer to the
room. For a = 45°, it can be realized from this figure the maximum temperature was (357.091 K) at noon 12 p.m.,
because the solar radiation is maximum at the midday and the temperature begins to decrease due to decrease the
solar radiation, until it becomes (333.306 K) in the evening at 6 p.m., which present the driven bouncy force to flow
inside the room. Also, the high temperature at the surface of heat absorbing plate for collector and extended to the
celling of room. This temperature increases on the surface as solar radiation decreases over time, it is concentrated
on the upper surface of the room, at 6 p.m. and this temperature is due to the decrease in the ventilation rate resulting
from the decrease in solar radiation. Also, the lowest temperature is at the air entry hole into the room and the floor.
For a = 60°, it can be seen from this figure the maximum temperature was 357.398 K at noon 12 p.m., because the
solar radiation is maximum at the midday and the temperature begins to decrease due to decrease the solar radiation,
until it becomes 333.982 K in the evening at 6 p.m., which present the driven bouncy force to flow inside the room.
Also, the high temperature at the surface of heat absorbing plate for collector and extended to the celling of room.
As for the temperature of the solar collector outlet and temperature of absorber plate, it becomes lower than the
temperature when the angles are 30° and 45° due to the increase in angle. This temperature increases on the surface
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as solar radiation decreases over time, and this temperature is due to the decrease in the ventilation rate resulting
from the decrease in solar radiation. Figure (13) shows the contours of streamline, velocity, and temperature for the
solar chimney with the room when gab = 15 cm, a = 30° and 12 p.m. and different inlet location (lower, mid and
upper). It can be noted that the streamlines at lower inlet become freer and straight with the formation of small
eddies compared to the locations of the middle and upper inlet openings, the streamlines at the location of the lower
inlet are clear and heading directly to the exit opening from the room to the solar collector. As for the location of the
upper opening, large eddies are formed because the air entering is colder than the air inside the room, and so are
eddies in the solar collector. It can be notice from the figure that the air flow velocity increases with closer the inlet
opening to the floor, meaning that the lower inlet is the best ventilation rate, knowing that all opening locations have
a relatively close ventilation rate, but the best is the location of the lower inlet opening. The obstruction to the
ventilation rate or the air velocity exchange results from the direction of the air inside the room due to the change in
the locations of the openings, where the cold air descends to the bottom of the room and then when it warms it heads
to the room outlet, this is indicated by the distribution of temperatures, as we notice that the average temperature in
the lower inlet opening is the lowest possible, and then it begins to increase gradually as the location of the inlet
opening increases. This shows that the ventilation rate in the lower opening is the highest possible due to the
decrease in temperatures in the room.

12 p.m.

3 p.m.

6 p.m.

a=30° a=45° a=60°
FIGURE 7. Contours illustrate the streamlines for the room and solar chimney at gab = 10 cm, different tilt angle of solar
collector and with different time
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9a. m.

12 p.m.

3 p.m.

6 p.m.

a=30° o =45° a=60°

FIGURE 8. Contours illustrate the streamlines for the room and solar chimney at gab = 15 cm, different tilt angle of solar
collector and with different time
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9a m.

12 p.m.

3pm.

6 p.m.

a=30° a=45° a=60°

FIGURE 9. Contours illustrate the streamlines for the room and solar chimney at gab = 20 cm, different tilt angle of solar
collector and with different time
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9a.m.

12 p.m.

3 p.m.

6 p.m.

a=30° a=45° a=60°

FIGURE 10. Contours illustrate the temperature for the room and solar chimney at gab = 10 cm, different tilt angle of solar
collector and with different time
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9a. m.

12 p.m.

3 p.m.

6 p.m.

a=30° a=45° a=60°

FIGURE 11. Contours illustrate the temperature for the room and solar chimney at gab = 15 cm, different tilt angle of solar
collector and with different time
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9a m.

12 p.m.

3p.m.

6 p.m.

a=30° o = 45° a = 60°

FIGURE 12. Contours illustrate the temperature for the room and solar chimney at gab = 20 cm, different tilt angle of solar
collector and with different time
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lower
inlet

mid
inlet

upper
inlet

streamlines velocity temperature

FIGURE 13. Contours illustrate the effect of streamline velocity and temperature in the room and solar chimney for gab = 15
cm, o =30°at 12 p.m

The temperature distribution for inlet solar chimney with time at different angles a = 30°, 45° and 60° and
different gab 10 cm, 15 cm and 20 cm is shown in figure (14). Solar radiation penetrates the glass towards the heat-
absorbing plate, heating the air, so it rushes out of the solar collector. The duration of heat exchange varies
depending on the air gap and the angle of the solar collector, so there will be a temperature difference depending on
the design. In (A) the minimum temperature inlet to solar collector at o = 30°, 9 a.m. (309.472 K) and the maximum
temperature inlet at o = 45° at noon 12 p.m. (322.357 K), due to the varying air velocity owing to the different angle.
The lowest inlet temperature at 45°, 6 p.m. (310.9 K), and the maximum inlet temperature to the solar collector is
observed at angle 30° at 12 p.m. (319.569 K) as shown in (B), this change is due to the increase in the air gap. In (C)
the minimum inlet temperature at 45°, 6 p.m. (311.246 K) and the maximum inlet temperature at 30°, 12 p.m.
(316.929 K), then it decreasing until it reaches (311.805 K) at 6 p.m. For all shapes, the entry temperature decreases
after 12 p.m. due to the decrease of solar radiation. From the previous figures, A, B and C, we notice that the highest
inlet temperature is at angle 45° with air gap is 10 cm.

The plot of outlet temperature of solar chimney with time at different angles a = 30°, 45° and 60° and different
gab 10 cm, 15 cm and 20 cm is shown in figure (15). Figure (15) — A and B shows the maximum outlet temperature
of solar chimney at hours after noon, and for a = 30° this may be returned to increase the solar heat gain at this time.
The angle 60° gives minimum outlet temperature of solar chimney, therefore, it can be selected the angle 30° to give
maximum ventilation. Also, the gab 20 cm, a = 30° in (C) gives maximum temperature (more than 328 K).

060019-19

80:¥2:1.Z 520T YdJe L



The average velocity for outlet solar chimney with time at different angles o = 30°, 45° and 60° and different gab
10 cm, 15 cm and 20 cm is shown in figure (16). It can be notice from this figure A, B and C that the highest
velocity rate of the solar chimney is at angle 60° (more than 0.4 m/s), and the lowest velocity rate at angle 30° (less
than 0.2 m/s). This is due to the increased air gab; therefore, it causes a rise in temperature of mass flow rate at angle
30°.

Figure (17) shows the variation of solar radiation with time for three inclined angles (a0 = 30°, 45° and 60°) at
gab 15 cm. The figure indicates the angle 30° and 45° gives maximum solar radiation (640 W/m?) at the time of
noon 12 p.m., for o = 30° and at afternoon 2 p.m., while the angle o = 60° gives low solar radiation.

The temperature distribution for inlet solar chimney with time at a = 30° and gab = 15 cm for different inlet
location (lower, mid and upper) is shown in figure (18). It can be notes from the figure that the higher temperature
distribution rate is when the inlet opening location is at the lower, and the lower temperature distribution rate is
when the inlet opening location is at the upper due to decrease the ventilation (mass flow rates of air). Therefore, we
choose the location of the lower inlet opening because it has the best ventilation rate.

The temperature distribution for outlet solar chimney with time at o = 30° and gab = 15 cm for different inlet
location (lower, mid and upper) is shown in figure (19). It can be seen that the upper inlet location gives higher
temperature distribution rate due to decrease the ventilation (mass flow rates of air), and when inlet opening located
at lower gives the lower temperature distribution rate. Therefore, we choose the location of the lower inlet opening
because it has the best ventilation rate.

The variation of average velocity for outlet solar chimney with time at a = 30° and gab = 15 cm for different
inlet location (lower, mid and upper) is shown in figure (20). It can be seen from this figure that the higher average
velocity is when the inlet opening location is at the lower, and the lower average velocity is when the inlet opening
location is at the upper due to decrease the ventilation (mass flow rates of air). Therefore, we choose the location of
the lower inlet opening because it has the best ventilation rate.

The effect of inclined angle (o = 30°, 45°, and 60°) on the ACH with time at gab = 10 cm as shown in figure
(21). The ACH is started at approximate at time 8 a.m. and increase with time to become maximum at the time 11
a.m. due to rise the temperature of solar chimney that produce from increasing the solar radiation. Also, the figure
shows that the angle 45° gives higher ACH.

The variation of inclined angle (o = 30°, 45°, and 60°) on the ACH with time at gab = 15 cm as revealed in
figure (22). It can be seen from the figure that at angle 45°, the ACH reaches a maximum value of 54.0275 W/m? at
12 p.m., but at angle 30° the amount of air is greater during the day, at angle 60° the amount of ACH is the least
possible at this air gap.

The effect of inclined angle (o = 30°, 45°, and 60°) on the ACH with time at gab = 20 cm as exposed in figure
(23). The ACH is started at approximate at time 8 a.m. and increase with time to become maximum at the time 10
a.m. due to rise the temperature of solar chimney that produce from increasing the solar radiation. Also, the figure
shows that the angle 45° gives higher ACH. And at o. = 60°, gives the minimum of the ACH.

Figure (24) shows the effect of ACH with time at tilt angle o = 30° and for different gab of air for solar collector
(gab = 10 cm, 15 cm, and 20 c¢cm). It can be seen from this figure that the higher ACH is when the gab = 15 cm due
to rise the temperature of solar chimney that produce from increasing the solar radiation. Also notice from the figure
that the lowest amount of ACH is when the air gap of the solar chimney is 10 cm.

Figure (25) shows the effect of ACH with time at tilt angle o = 30° and gab = 15 cm for different inlet location
(lower, mid, and upper). It can be seen that the upper inlet location gives higher ACH due to increase the solar
radiation, and when inlet opening located at lower gives the lower ACH. Therefore, we choose the location of the
lower inlet opening because it has the best ACH.
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FIGURE 14. Temperature distribution for inlet solar chimney with time: A. gab = 10 cm, B. gab =15 cm, and C. gab = 20
cm with different tilt angle for solar chimney (o = 30°, 45°, 60°)
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FIGURE 15. Temperature distribution for outlet solar chimney with time: A. gab =10 cm, B. gab = 15 cm, and C. gab = 20
cm with different angle for solar chimney (a = 30°, 45°, 60°)
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FIGURE 16. Average velocity for outlet S.Ch. with time: A. gab =10 cm, B. gab = 15 cm, and C. gab = 20 cm with different
angle (o =30°, 45°, 60°)
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FIGURE 17. Solar radiation at absorber plate with time at gab = 15 cm and different angle for absorber plate o = 30°, 45°,
60°
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FIGURE 18. Temperature distribution for inlet solar chimney with time at: gab = 15 cm, and different inlet location: lower,
mid, and upper
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FIGURE 19. Temperature distribution for outlet solar chimney with time at: gab = 15 cm, and different inlet location: lower,
mid, and upper
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FIGURE 20. Average velocity for outlet solar chimney with time at gab = 15 cm and different inlet location: lower, mid, and
upper
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FIGURE 21. Air change per hour (ACH) with time at gab = 10 cm and different tilt angle of the solar chimney
(0.=30°, 45°, 60°)
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FIGURE 22. Air change per hour (ACH) with time at gab = 15 cm and different tilt angle of the solar chimney
(a=30°,45°, 60°)
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FIGURE 23. Air change per hour (ACH) with time at gab = 20 cm and different tilt angle of the solar chimney
(o =30°,45°, 60°)
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FIGURE 24. Air change per hour (ACH) with time at tilt angle of the solar collector a = 30°
and different gab = 10 cm, 15 cm and 20 cm
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FIGURE 25. Air change per hour (ACH) with time at: tilt angle of the solar chimney o =30°, gab = 15 cm,
and different inlet location

CONCLUSION

In the present study, aimed at investigating the effect of solar chimney with the room is investigated in Basrah
city, Irag based on numerical and theoretical analysis. The numerical simulations were performed by using ANSYS
— Fluent 2021/ R2. The effect of air gab for solar collector, the tilt angle of solar chimney, location of inlet opining,
temperature and velocity for the solar chimney with room and air change per hour ACH was studied. The following
conclusions were extracted:

The optimum ratio of air gap width for solar chimney is 15 cm and tilt angle of solar chimney o = 30° to
obtain the maximum ventilation rate and ACH.

The solar radiation intensity had a very significant effect on flow rate and ACH.

Basrah city annually records the highest amount of solar radiation during the months of June and July.

The location of the air inlet opining at the lower floor for the room gives the best ventilation rate than the
other inlet opening locations (mid and upper).

The highest average temperature inlet to the solar collector is 322.357 K when the air gap is 10 = cm and
the angle is 45°, and the lowest average temperature inlet the solar collector is found 309.472 K when the
air gap is 10 = cm and the angle is 30°.

The highest average temperature outlet for the solar collector is 328.326 K when the air gap is 20 = cm and
the angle is 60° at 12 p.m., and the lowest average temperature outlet for the solar collector is found
315.115 K when the air gap is 15 = cm and the angle is 45°.
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