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Shawadans are a type of underground dwellings in the southwestern regions of Iran that
are used by people at different times, especially during the hot seasons of the year . This
type of architecture has three main components, including the entrance staircase, the
courtyard and the window, so that fresh air enters the courtyard through staircase and
exits through the window. The main goal of this research is to determine the best
position of the window relative to the entrance staircase and the most optimal
dimensions of its cross-sectional area in order to increase the ventilation speed and
reduce the temperature inside the shawadan during the hot seasons of the year.
Accordingly in the first step, the 45 case samples determined in this study were
simulated in the CFD environment and the average temperature and velocity inside the
courtyard were extracted for each sample.,In the next step, using the genetic algorithm
the best location of the vent and the most optimal cross-sectional area were determined
to improve thermal performance and ventilation inside the barn during the summer. The
research results showed that the most optimal condition for creating comfortable
conditions inside the greenhouse in the summer is when the cross-sectional area of the
air outlet duct is reduced by increasing the distance between the air inlet duct (sill ) and
the air outlet duct (window).
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Introduction

Today, humanity is facing numerous crises, including limited and expensive energy resources
pollution caused by the use of various fossil fuels, global warming, and so on. With the increase
in energy demand in recent years, this crisis has become more widespread, with it estimated that
global energy demand will increase by about 50 %between 2018 and 2050 (Mattoni et al, 2018).
However, the use of fossil fuels to provide heating and cooling of buildings is one of the most
important factors in this regard, and according to existing reports, about 40 % of the energy
produced in the world is consumed in the building sector (Singh et al, 2018). However, in local
architecture in different regions of the world, sometimes smart solutions are used that reduce
dependence on fossil fuels in buildings and try to provide comfortable conditions inside the
building by using renewable energy sources. Among these solutions, we can mention the use of
the thermal capacity of the earth, which is used in underground spaces in different parts of the
world. These spaces, which are considered the oldest type of human shelter, date back more than
3000 BC years (Mohammadifar and Hemati, 2017).Iran is one of the countries that use
underground spaces as a residence humanity has been prevalent in it for a long time. The
construction of these spaces, which is more prevalent in the southwestern regions of Iran, and
especially in the cities of Dezful and Shushtar, is known as shavadan. Shavadans are usually built
at a depth of 8 to 12meters from the ground surface, and their most important function is to use
them as living spaces in the hot and cold seasons of the year (Bina, 2008). Due to their location
deep in the ground, these spaces use the heat capacity of the earth and have warmer air in winter
and cooler air in summer than their outside environment (Sadooghi et al, 2019).

An underground space such as a cellar, in order to have suitable conditions for people to live
in, must be at the optimum level of human comfort from two perspectives: "thermal
characteristics and ventilation conditions". On the one hand, cellars have various components
whose physical and geometric characteristics can play a significant role in this matter.
Accordingly, in this research emphasizing the physical characteristics of the vent as an air outlet
channel, its position and dimensions are examined to improve the thermal performance and
ventilation of the space inside the cellar . Given that finding an optimal pattern in relation to the
position and dimensions of the cross-sectional area of the air outlet channel in the cellar is
considered, the genetic optimization algorithm will be used for this purpose. With this
explanation, the most important research question can be posed as follows:

What is the most optimal location and dimensions of the cross-sectional area of a window in a
vault (with a cross-shaped shape) in order to improve the thermal performance and ventilation of
the space inside it?
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Research Background

The construction of underground spaces has been used in architecture in different parts of the
world since the past, but few studies have been conducted in relation to the analysis of ventilation
methods and comfort conditions inside this type of building. One of the first studies conducted in
this regard is the study of Golany and Ojima. In their study, they divided underground spaces into
five categories and, after examining ten different ways of using these spaces, examined the
different effects of their use on the natural environment and thermal comfort (Golany and Ojima,
1996). Gabriel also studied natural ventilation in underground tombs in ancient Egypt. The
results of this study showed that when the temperature drops rapidly in the desert with sunset, a
cool air-flow flows into the underground tombs, replacing stale air and dust (Gribble, 2009). In
another study conducted by Lee and Shon on ancient underground shelters in Korea, it was
concluded that the average daily relative humidity and temperature in these spaces were
significantly lower than in typical buildings on the ground surface (Lee and Shon, 1988).

Iran is one of the countries that uses underground spaces as residences. Human habitation has
been prevalent in it for a long time. The construction of these spaces, which is more common in
the southwestern regions of Iran, and especially in the cities of Dezful and Shushtar, is known as

shavadan. Shavadans are usually built at a depth of 8 to 12 meters from the ground surface, and

their most important function is to use them as living spaces in the hot and cold seasons of the
year (Bina, 2008). Due to their location deep in the ground, these spaces use the heat capacity of
the earth and have warmer air in winter and cooler air in summer than their outside environment
(Sadooghi et al, 2019). Among the first studies that analyzed the thermal performance of

shavadans is Bina 's research. In this study, while introducing the different components of the

greenhouse, by measuring the temperature inside the greenhouse in the hot and cold months of
the year and comparing it with the outside temperature, it was concluded that the temperature

inside the greenhouse in the hot and cold seasons has a difference of 15 to 25 degrees with the
outside temperature (Bina, 2008). In another study conducted by Moradi and Eskandari (2012),
the cooling and heating conditions inside the greenhouse were measured during different months
of the year using two experimental and numerical methods and then the results of these two
methods were compared. The results of their study showed that the temperature inside the

greenhouse fluctuates between 17 and 23 degrees Celsius throughout the year (Moradi and
Eskandari, 2012). In another study in Hazibi and his colleagues 2015, conducted a numerical
analysis of the temperature in a greenhouse in Dezful. Their research results showed that with a
10 % error, the numerical and experimental analysis results are similar to each other, and
therefore, the use of the svadan in the cold and hot seasons of the year can provide the possibility
of creating thermal comfort conditions for its residents (Hazbei et al, 2015). In the same regard,
in another study, Mohammadshahi et al. analyzed ventilation and heat transfer in the svadan
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using numerical simulation, in which the characteristics of the form of the svadan entrance
staircase on the thermal comfort inside it were examined. The results of their research showed
that the use of an S-shaped form in the staircase can have a better effect on the entry of air flow
and, as a result, thermal comfort inside the svadan (Mohammadshahi et al, 2016). In another
study, they analyzed some additional elements to the architecture of the svadan, including the
footrest, the coat, and the nightstand, and their effect on ventilation inside the svadan. Their
research results showed that adding a coat reduces the ventilation rate inside the courtyard, and
adding a rest foot and a nightstand to the shavada increases the air flow rate entering the shavada
and the ventilation rate inside it (Mohammadshahi et al, 2019). In another study, the thermal
behavior of the shavada located in a historic house in the city of Dezful was investigated using
two experimental and numerical methods. The results of this study showed that the internal
temperature of the shavada decreases compared to the outside, and in the winter, the temperature
increases compared to the outside (Tahbaz and Mofidi Shemirani, 2018). In another study,
Sadooghi et al. 2019 in experimentallymeasured and compared the thermal behavior of five
different shavadas in the city of Dezful between June and December. Their results showed that
using these spaces in hot and dry areas as a passive strategy can play a significant role in
reducing household energy consumption (Sadooghi et al, 2019).

Theoretical foundations of the research

Before entering the body of the research, it is necessary to introduce the different components
of the research:

Entrance: The entrance to the shed is located on the ground level, usually in the yard of a
house some sheds have an entrance door and others do not. The presence of a door can help direct
more air flow into the shed

Entrance staircase: All sheds have this section. These staircases provide a connection
between the ground level and the main space of the shed, and in addition to providing physical
access for people to the space inside the shed, they also provide the ability to direct air flow from
the ground level to the main space of the shed. Accordingly, in this article, the entrance staircase
is also referred to as the air inlet duct.

Main space: This space is a residential space that is used for human use and food storage.
This space is generally built at a depth of 6-12 meters from the ground and has a flat or arched
roof.In this article, the main space of the pavilion is introduced as the courtyard .

Air outlet channel: This channel is built on the main courtyard and connects the courtyard
space vertically to the ground. During the construction of the shed, this channel was used to
transfer soil to the ground surface, and when in use, this channel serves as a conduit for
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transferring air from inside the shed to the outside. In this article, this element is introduced as a
slit.

Cat: This space includes rooms that are enclosed by the main space on one side and by soil
on the other three sides, and has a surface difference of 20 to 50centimeters with the main space
of the tomb.

Tal: The main space of some of the shwadans , whose owners were related by family, were
connected to each other through horizontal channels known in the local dialect as tal (Sadooghi
et al, 2019; Hazbei et al, 2015).

Research Method

Based on what was mentioned earlier, the main goal of this research is to find the most
optimal window pattern to improve the thermal and ventilation performance of the windows in
the summer season in Dezful city. Accordingly, the research process is carried out in two steps as
follows:

Step 1 Numerical analysis of the fan in - CFD: In this section, after determining the
research case samples, the average values of temperature and air velocity inside the fan are
extracted for each sample by simulation in CFD. In this regard, Autodesk CFD 2018 software is
used to simulate the case samples.

Step 2 Using the Genetic Optimization Algorithm: In order to determine the most optimal
location and dimensions of the cross-section of the culvert in Shevadan, the genetic optimization
algorithm will be used. In this section, numerical data from the CFD section will be used.

CFD simulation is of great importance (Chen and Srebric, 2002 ). In this study, a uniform
flow pattern 1 at the inlet of the boundary(U o« = 4.2 m/s) and turbulence intensityii (I)
equivalent to3%. The value of the turbulence kinetic energy (K) was used in the input range iii
which is derived from the values of U co and It can be calculated it is obtained through equation
1. Also, the amount of turbulence lossiv (€) via the equation 2 can be derived that in this
relation C p is a constant value(0.09) and (I) is the turbulence length scalevwhich is obtained
from the equation I= 0.07D H. Also, D H is the hydraulic diameter of the domain which is

equal to(=0.46m).

K = (UsD)? (1)

2
e=(C,) — (2)


https://www.sciencedirect.com/science/article/pii/S2352484719311357#b34
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The walls of the computational domain are considered to be non-slip and have zero roughness
height (K S =0). (Launder and Spalding, 1983; Cebeci & Bradshaw, 1977). At the outlet wall of
the domain, zero static pressure is assumed. The case studies in this study were simulated based
on the climatic conditions of Dezful city. Based on the data of Dezful city meteorological station,

The average daily temperature in July and the average wind speed in10 year period from 2012 to
2022 in this city are 36.3 degrees and 4.2meters per second respectively (Khuzestan Province
Meteorological Organization1401).In all simulations, the wind angle is considered to be zero
degrees(6 = 0°).

Choosing the right turbulence model among other settings, it is used to accurately solve
simulations in CFD. The purpose of this is to verify the ability of the selected turbulence model
to accurately predict the flow. In this study, thestandard k-¢ will be used as a turbulence model
for numerical simulation of case studies.

The computational domain in the analysis of the research case studies consists of a cross
shaped fan that is installed in a wind tunnel with dimensions of SH WT and10H WT upstream
and downstream SH WT .On the sides and 5SH WT in height, considering the dimensions of 9 x
24 m2 for the courtyard of the pavilions in the case studies and their placement at a depth of
10meters in the ground (H=10 m) the dimensions of the computational domain in this study ,
arem 3 WX D X H =109 X 174 x 50 is considered (Figure 9). Calculations are performed
through CFD simulations in both open and closed spaces, which directly calculate the volumetric
flow rate through the openings. This method can create a dynamic interaction between the
internal and external environment at the openings (Ramponi and Blocken, 2012; Tan &
Glicksman, 2005). In constructing the mesh network in the computational domain, a hexagonal
mesh was used, with the number of cells in the case studies ranging from 1,625,412 to1,798,125
in Nostan. Figure10, shows the mesh pattern of one of the case study buildings.

Software validation

Autodesk CFD software will be used to simulate case studies. In order to assess the validity
and accuracy of the outputs of this software, a validation analysis will be performed. In order to
validate the temperature inside the shack, the results of the experimental study of Moradi and
Eskandari(2012)will be used. The sample studied in their study includes a shack in Dezful city,
which has dimensions of 5%12*2.70 m3 and is located 10meters below ground level .This vault
has no entrance and is accessed through a horizontal duct measuring 1.2 x 1.8 m2 at ground level.
After entering through an L-shaped staircase, it is possible to enter the main space of the vault.
The air outlet is also via a vertical cylindrical duct located in the central part of the main space of
the vault. The height of this duct from the vault ceiling to the ground level is 7.80 m Figure 1.
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The CFD validation sample analysis is based on the guidelines of (Franke et al., 2011) and
(Tominaga et al., 2008).According to this guideline, the upstream and downstream dimensions
of the domain vi are equivalent to SH WT and 10H WT and on the sides SH WT .Accordingly,
the dimensions of the computational domain are based on the size of the constructed model,
equivalent to 3m. W X D X H =55 X 192 X 60has been calculated. The validation results
regarding the comparison of the internal temperature of the swashplates in the experimental study
of Moradi and Eskandari 2012, andthe CFD results are shown in Figure 2.
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Figure 1. Shavadan model in the Figure 2. Comparison of CFD results with the
experimental research of Moradi and experimental research results of Moradi and
Eskandari (2012). Eskandari (2012).

As can be seen in Figure 2, the results of CFD numerical simulation have been compared
with the experimental results of Moradi and Eskandari (2012)regarding the temperature inside
the greenhouse during 12months. Examination of these figures shows that the simulation results
are consistent with the experimental results of Moradi and Eskandari (2012), with an error of less
than 50 percent. Therefore, while confirming the validity of the simulation results in relation to
the calculation of the two parameters of temperature and air velocity inside the greenhouse, the
use of the RANS modelis reliable for analyzing research samples .

Case examples

As mentioned earlier, the main goal of this study is to determine the most optimal location and
cross-sectional area of the air outlet channel in the shack. Accordingly, one of the most common
types of shacks in Dezful city with a cross-shaped spatial pattern was selected as the base
building and different positions and cross-sectional areas of the windows were installed on it. The
base building plan pattern, different positions of the windows and different cross-sectional areas
of the windows are shown in Figure 3.
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Figure 3. Plan of the location and dimensions of the cross-sectional area of the window in the case
examples.

This building includes a pavilion with courtyard dimensions of 9x3 meters, located 10meters
below ground level, and accessed via a direct staircase. It has a width of 2meters (with a
footbridge) and leads to the ground level. Also, at the end of the courtyard, there are three 3x3
meter-wide chambers with a height of 50centimeters from the floor of the courtyard. The
courtyard is 3 meters high and the courtyard space is connected to the ground level through a
cylindrical window located at different positions and cross-sections. Outside air enters the
courtyard through the entrance cloister and , after passing through the courtyard, is transferred to
the ground level through the window.

Figure 3-A shows the different positions of the windows in the slats and Figure 3-B shows
the different cross-sectional areas of the windows. As shown in Figure 3A, in the model under -
study window positions can be considered, with 5P1 being the closest and PS5 the furthest

position from the slat entrance. Also, Figure 3 B shows 9 window cross-sectional areas from
(A1 =0.5m2 to A9 =7m2 ), with Al being the smallest cross-sectional area and A9 being the

largest. The maximum cross-sectional area that can be installed at each position is (P) each P
consists of a square with dimensions 3*3m2. With this description in each Pidifferent cross-

sections can be examined resulting in a total of 45 case studies in this study (Table 1).

Table 1. Research case studies based on location and cross-sectional area of the window.
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Data analysis and discussion

As previously mentioned, the findings of this research are divided into two parts, including
numerical analysis of the shafts in theCFD environment and the use of a genetic optimization
algorithm to find the best option among the case studies. In the numerical analysis section the
average temperature and average air velocity inside the building were extracted usingCFD
simulation, and in the optimization section, the most optimal position and cross-section of the
shaft will be extracted using a genetic algorithm.

First step: Numerical analysis of case studies iCFD

As mentioned, in this section, after simulating case studies in the CFD environment results ,
regarding the average temperature and average air velocity inside the courtyard will be presented.

Average temperature inside the courtyard

According to the simulation results , the average temperature inside the Shavadan courtyard at
a depth of 10 meters from the ground surface in July fluctuates between 21 and 25degrees; the
lowest temperature in Case P 1 A 1 at 21.22 C® and the highest value corresponding to Case P
3 A9 at24.89 C°It has been obtained. Also, with the increase in the cross-sectional area of the
window in different positions, the average temperature inside the courtyard has also increased
relatively. This increase is clearly visible in positions P 3 , P 4 and P 5 while this rhythm is not ;
observed in position P 2 and P 1 is somewhat different from the others (Figure 4).

Figure 5 Average temperature of all samples examined in different positions (P i) shows the
ratio of input. Based on this image, it can be seen that the average temperature in all samples in P
1 is the lowest and with increasing distance from the inlet, the average temperature of the samples
under study increases at each position, so that this value at P 5is the highest value. In other
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words, with increasing distance from the entrance, the average temperature inside the courtyard

has increased relatively overall.
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Figure 6 shows the different temperature contours associated with the case samples at a

height of 90 cm above the ground. As can be seen in these contours, with the increase in the
cross-sectional area of the window in the samples under study, the average temperature inside the

courtyard has increased.
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Figure 6. Heat contours in the interior of the Shavadan courtyard in July.

Average air speed inside the courtyard

Airflow velocity is the rate of movement of air molecules in space (Tian et al, 2017).The data
obtained from the average velocity inside the courtyard in different samples show a linear trend
with increasing cross-sectional area of the vent (Figure 7). The highest velocity value in Case P
4 A 9 with a value of 0.1 m/s and the lowest value in Case P 1 A 1 with a value of 0.004 m/s.
Also ,with increasing the distance of the vent to the inlet, the speed difference between A 9 and
A 1 In each Pi it has increased significantly .

Figure 8, Average speed of all samples examined at each PiAs can be seen, the average speed
in all the samples studied is the lowest in P 1 and increases with increasing distance from the
input in a way that this value is the same in P5. It is the highest value compared to other

positions.
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Second step: Finding the best option among the case examples using the genetic algorithm

Genetic algorithm is an evolutionary algorithm used to find optimal formulas or values for
various problems ((Schmitt , 2001). In genetic algorithm, several solutions to the problem are
first are generated randomly (Vose, 1999). This set of solutions is called the initial population
and each solution is called a chromosome. After selecting the best chromosomes, Using the
genetic algorithm operators, chromosomes are combined and a mutation is created in them.
Finally, the current population is combined with the new population resulting from the
combination and mutation in the chromosome (Schmitt, 2004). In short, the process of using
genetic algorithms can be summarized as follow (Whitley, 1994):

A) Introducing the answers to the problem as chromosomes
B) Introduction to the fitness function

C) Gathering the first population

d) Introducing selection operators

e) Introduction to operators Reproduction
To solve each problem, it is necessary to map each of the above steps to the problem space

and then solve it.

Based on what was stated earlier, the main goal of this research is to find the most optimal -
location and cross-sectional area of the air outlet channel in the courtyard in a way that increases
the speed and reduces the temperature inside the courtyard in summer. Accordingly, the research
problem is to optimize A i1 for each P i and finding the most optimal A 1 ingeneral, it is a
building. In order to find these points, which are the so-called extrema of the functions related to
speed and temperature.Genetic algorithm was used as one of the most basic algorithms in solving
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optimization problems for this purpose. The Python implementation environment and the dataset
used are the same data obtained from the CFD process.

After creating the initial population, the set of operators related to the boundary conditions is
checked, and if the condition is met, a new population is created and the data related to the area
and position are loaded to calculate the fitting function corresponding to each of the positions as
well as the overall fitting function. Next, the obtained fitting value is compared with the previous
value. If the conditions related to optimizing the desired parameters (minimum temperature and
maximum speed) are met, the algorithm ends; otherwise, the gene is increased and the initial
operators are applied, and the same process is repeated.

In each Pi, speed and temperature are two parameters that are to be measured relative to A 1
and corresponding to each, the minimum temperature and maximum speed are determined. For
this purpose, in the first step, the equations related to each of these parameters are calculated in
terms of A 1 proportional toP i according to Algorithm 1land their graphs are drawn. The results
obtained from the equations related to these parameters and the desired graphs with them are as
shown in Table 2.

Algorithm 1: Determination of Equation of Velocity/Temperature

1-Start

2-Initialization:

-Set array of Velocity/Temperature and A based on CFD data

- Standardize Velocity/Temperature data based on the concept of standardization: S_value = X—u /o
3- Calculation of coefficient of trend line of best equation

4-Calculation of r-squared

5-Plot figure of equation based on dataset

6-End

Table 2. Equations related to the values of velocity and temperature inside the courtyard based on -
different positions of the window(P i) and the area of the window cross-section(A i)

P; Velocity (V) Temperature (T)

Velocity
»*
Emperature
s
2

V=0.01005387*A2+0.38333079*A-1.4369555 T=-0. 03093943 *A 2+0. 59994891 *A-1.50995541
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After determining the equations related to each of the velocity and temperature parameters, the
next step is to determine the minimum temperature and maximum air velocity in the case samples
which is done according to Algorithm 2. In brief to determine the corresponding points, A i for
each of the P i where the temperature is the lowest value and the velocity is the highest value.The
gradient-based optimization scheme is used. The details of determining these points are as viiper
Algorithm 2.
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Algorithm 2: Details of optimized point of Temperature and Velocity based on optimization scheme

1-start
2-initialize variables

2-1-initialization: initialize population of chromosomes p(g)
2-2-Set generation: iter=1000,
2-3-Calculation: initial cost of temperature and initial cost of velocity as fitness measure

3-Define Requirement class for problem
3-1- class Problem: problem.py
3-1-1: set argument of problem.py
3-1-1-1-objective functions : minimize temperature and maximize velocity
3-1-1-2- num_of variables : set with 2 (based on P and A)
3-1-1-3- range variables: set (a with [0.5,7]) and (p with [1,5])
3-1-1-4- same_range: A Boolean argument, default = False. If true, the range of all variables are the same.
3-1-1-5 - expand : A Boolean argument, default = True. in our expand set with false and functions are
treated as a vector of f([A, P])
4-Define Requirement class for Evaluate class evolution : evolution .py this class has two phases
4-1-Phase 1: set argument
4-1-1-1-num_of generations : number of generations, set with 1000
4-1-1-2- num_of individuals : set with value 100
4-1-1-3- num_of tour particips: set with default value(2)
4-1-1-4- tournament _prob: set with default value(0.9)
4-1-1-5 - crossover_param : set with default value(2)
4-1-1-6 - mutation_param : set with default value(2)
4-2- Phase 2: define methods: this method returns list of best temperature and velocity in the last generation
4-2-1 - if Cost satisfies conditions Dstore results
4-2-2 - Else while termination criteria not met
4-2-2-1 g 2g+1
4-2-2-1-1- Select P(g+1) from P(g)
4-2-3 -Crossover P(g+1)
4-2-4 - Mutate P(g+1)
4-2-4-1 -Evaluate P(g+1)
5-increment of iteration step
5-1-i=i+1

6-Calculate new cost and checking
Checked the optimally satisfied condition and itter check? (i>iter)
5-1- Ifyes Pstop algorithm and generate results
5-2 - If No Doptimizer and go to Evaluate of Function step
7-End

After implementing Algorithm 2in the Python environment, the optimal values of the cross-
sectional area of the vent for each P are presented in Table 3.
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Table 3. Optimal valuesof A with the lowest temperature and highest speed in each of thePi

Row Window position in the Window cross-sectional
courtyard(Pi) areaM 2)
1 Pl 5.42
2 P2 436
3 P3 3.14
4 P4 2.29
5 P5 1.61

As can be seen from the table above, the optimal values of the cross-sectional area of the
window have been introduced in different positions of the courtyard. The values obtained in this
table mean that in each position(P i) if the value mentioned in the table is considered as the
cross-sectional area of the window, the lowest temperature and the highest air velocity are created
inside the courtyard . In other words, in these conditions, thermal comfort inside the courtyard in
the hot season of the year (which comes with a decrease in temperature and an increase in

ventilation speed ) is created.

Discussion

The findings obtained in this study can be divided into two parts: The first is the findings
related to the numerical part, which is derived from the outputs of the CFD was obtained and the
second is the data related to the optimization that was used by the genetic algorithm. In the
numerical findings section, the average speed and average temperature inside the space of the
shaft were extracted for each case sample, the results of which are shown in Figures 4 and 7 .
By examining these graphs, it can be seen that Case P1 A 1,Case P2 A 1,Case P3 A,
Case P4 A1 andCase PS5 A1 has the lowest values and Case P1 A 9,Case P2 A9,
Case P3 A9,Case P4 A 9and Case P5 A 9 have the highest velocity and temperature
values. This means that with the increase in the cross-sectional area of the vent at each P 1 the ,
temperature and velocity values also increase relatively. However, considering that the analyses
conducted on the case studies were conducted in the summer season, the simultaneous increase in
temperature and velocity cannot lead to thermal comfort for the occupants. In such conditions,
thermal comfort is created when the temperature is the lowest and the velocity is the highest
possible. Accordingly, in order to extract the best vent cross-sectional area for each P i
,optimization methods were used.

As mentioned above, the genetic algorithm was used in the optimization analysis. This method
was used to predict the most optimal cross-sectional area (A) at eachP i and in the entire
building. The results of this section are presented in Table 3.In addition to the optimal values of
the window cross-sectional area for each position (P 1) this table also shows that by increasing
the distance between the window as the air outlet channel and the plenum as the air inlet duct, in
order to create comfort conditions in summer, the dimensions of the window cross-sectional area
should be reduced; so that according to the results of the genetic algorithm, the most optimal
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window cross-sectional area was obtained at position P 1 as the minimum distance between the
window and the(inlet plenum), while at position P 5as the maximum distance between the
window and the(entrance door), the most optimal window cross-section area was obtained as
1.61 square meters (Table 3).

Conclusion

The present study investigated the thermal performance and ventilation of the space inside the
Shevadan as a type of underground space in traditional Iranian architecture using numerical
modeling. The main goal of this study is to find the most optimal location and the most suitable
cross-sectional area for the air outlet channel in the Shevadan in order to improve the thermal
performance and ventilation of its internal space in the summer season in a hot and dry climate.
The independent variable in this study is the location of the air outlet channel relative to the
courtyard and its cross-sectional area, and the dependent variable is the thermal performance and
ventilation of the internal space of the Shevadan (courtyard). In this study, one of the most
common types of Shevadan in terms of space in the city of Darful in southwestern Iran (with a
hot and semi-arid climate) was selected as the base sample and 45case samples were extracted
based on the independent variables of the study. The diversity of case samples is formed based on
changes in the position of the air outlet channel and its cross-sectional area. The Shevadan
courtyard is located with a cruciform geometry at a depth of 10meters from the ground surface
and is accessed via a direct staircase. Air enters the courtyard through this staircase and air exits
through a vertical cylinder (window). It is carried out on the roof of the courtyard. The results of
this research are presented at two levels, including numerical results from CFD analysis of the
samples and the results of the optimization section extracted from the genetic algorithm, as
follows:

e Numerical analysis results derived fromCFD outputs

e As the cross-sectional area of the slat increases, the average temperature inside the slat
increases: in different positions(P i), the lowest temperature was observed atA=0.5 m2
and the highest temperature was observed at A=7 m2 .

e As the cross-sectional area of the vent increases, the average air velocity inside the vent
increases: in a way that at different positions(P i ), the lowest average velocity was
observed at A=0.5 m2 and the highest at A=7 m2 .

e the window and the entrance staircase (as an air inlet channel) increases, the average
temperature inside the shed increases: in different positions (P i), the lowest temperature
was observed at A=0.5 m2 and the highest temperature was observed at A=7 m2 .

¢ the window and the entrance staircase increases , the average air velocity inside the shed
increases in different positions (P i), the lowest velocity was observed at A=0.5 m2 and
the highest at A=7 m2 .
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eOptimization results based on the output of the genetic algorithm

e Thermal comfort inside a shed as an underground structure in summer is created when the
temperature reaches the lowest possible value and the speed reaches the highest possible
value. Therefore, the most optimal state for creating comfort conditions inside a shed is
created when , by increasing the distance between the air inlet and air outlet channels, the
cross-sectional area of the air outlet channel also decreases.

In this study, finding the optimal conditions was carried out in conditions where the location

and cross-sectional area of the air outlet duct were considered as independent variables of the
research.However, the study of other form features of the air outlet duct such as height from the
ground, angle, geometric form, etc. can be considered by researchers in future research. Also, the
analysis of the thermal and ventilation performance of the sheds in other seasons, including

winter can be introduced as a field of future research in this field.
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i- A uniform mean wind speed profile
1i- turbulence intensity

11i- The turbulent kinetic energy
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Vi- upstream and downstream
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