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ABSTRACT

A large area of Iran is located in a hot and dry climate, so has a high amount of sunlight absorption.
Systems providing indoor temperature comfort consume a major amount of energy in different parts
of the building. Some passive design techniques, such as solar chimneys can be used to keep thermal
comfort in buildings and reduce energy consumption. This study evaluates the thermal performance
of temperature distribution through simulation Design Builder Software in a government building
in Kerman City. This evaluation has been provided by doing a ventilation process with and without
integrating a solar chimney in the southern front of the building during summer and winter. The
formic variables of the chimney were then applied to examine temperature variations and thermal
comfort in different angles to determine the effectiveness of the solar chimney within 40-90-degree
angles in 10-degree steps relative to the horizon line by solving average airspeed and volumetric
flow rate parameters. Finally, the computational fluid dynamics (CFD) method was used through
Design Builder software to measure temperature distribution and airflow. The results implied that
the integration of solar chimney could optimize around 16% of the total energy consumption with
40% angel in the best state, and the average value of the thermal comfort index in July reached from
2.97 to 2.25, while this amount reached from -2.93 to -2.24 in January. This value has approached
ASHRAE standard 55 and ISO 7730. However, solar chimneys alone cannot provide considerable
thermal comfort in extremely hot weather.

Keywords: Thermal Comfort, Energy Optimization, Solar Chimney, Design Builder, Hot and Dry
Climate, Kerman.
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1. INTRODUCTION

Energy use in buildings makes up a large share of
global and regional energy demand. The heating
and cooling part has a considerable diversity in
the total energy demand of the building and varies
between 18-73% in the whole world (Urge-Vorsatz
et al. 2015). Selective heating and cooling systems
of buildings affect the energy requirement and CO2
emission. Solare energy is the most substantial
renewable energy source available in place (Abd
Elbar and Hassan 2019). Many measures have been
taken to investigate this topic. For instance, energy
conservation techniques are used in construction
with renewable energies like solar energy (Garcia et
al. 2002). The solar chimney is one of the strategies
taken to improve environmental comfort by providing
access to the natural energy source of the sun. The
solar chimney is one of the old strategies used for
passive ventilation by Iranians in the Middle East
and Romans in Europe (Lal et al. 2013) to increase
ventilation effectiveness by enhancing sunlight
energy absorption in the chimney (Khanal, Rakesh,
and Lei 2011).

Solar chimney includes a solar collector, a transparent
coating, and an inlet-outlet diaphragm. Solar thermal
energy may cause a temperature difference between
air temperatures inside and outside the solar chimney
channel creating a ventilation flow with a buoyance
effect. The hotter the day, the hotter the air collected
in the solar chimney channel and the faster the air
movement. This is a new design for maximizing the
ventilation effect by inducing temperature rise in the
chimney chamber to use sunlight radiation (Afonso,
Clito, and Oliveira 2000).

2. BACKGROUND

It has been highly interested in introducing innovative
strategies using integrated solar chimney systems
in recent years. Accordingly, this study aims to
contribute to current developments in the use of solar
chimneys for building ventilation and enhancing
energy efficiency in the case study building. Various
theoretical, empirical, and numerical studies have
been conducted on the integration of active and
passive energy-saving systems in the building to
strengthen ventilation. It is highly important to
integrate active and passive solar design elements to
realize energy efficiency inside the buildings (Cole,
Raymond, and Fedoruk 2015). Empirical results of
Afonso showed that chimney width is more effective
in ventilation rather than its height, and the Mathur
brothers (Mathur, Jyotirmay, and Mathur 2006) found
40°-60° as the optimum absorption inclination while
this angle varies based on the geographical latitude
of the location. However, Hamdy and Fikry (Hamdy,
[nass, and Fikry 1998) found that the optimum
inclination angle equaled 60° to provide the best
ventilation performance for their experimental model.

The optimum inclination angle leads to a partial
increase in chimney airflow for winter consumption;
however, the suitable ventilation rate is considerable
for summer months. Jalil Imran (Imran et al. 2015)
installed a solar chimney on the roof of a room in Iraq
and suggested an optimum inclination angle of 60° to
achieve the maximum airflow velocity.

In studies conducted by Gehad Mekkawi et al. (2020)
conducted a study on solar chimneys for enhanced
natural ventilation based on simulation through
Design Builder Software in Alexandria, Egypt. Their
results showed that the thermal performance of the
operative air temperature was reduced by 0.81°C and
air velocity was improved by 50% after introducing a
solar chimney at the right angle of 90° in the hottest
hours (Mekkawi, Gehad, and Elgendy 2015).

Jang Kong with Jianli Neo and Cheng Wang Lee
(2020) carried out some studies using simulation-
based techniques to find the optimum inclination
angle of a solar chimney in three cities in Italy. The
results showed that the optimum angle indicates a 45°
inclination in areas with severe sunlight and hot and
dry climate (Kong et al. 2020).

Mahdavunejad and Fakhari (2013) measured the solar
chimney's angle in four cities: Bandar Abbas, Isfahan,
Rasht, and Tabriz, and their results confirmed the
effect of solar chimney's inclination angle on the air
velocity efficiency and found an optimum 45° angle
that resulted in maximum ventilation (Mahdavinejad
etal. 2013).

Najmeh Zanganeh and Zahra Barzgar pointed to
providing thermal comfort in the building and
examined the thermal comfort rate of winter space
and the central courtyard of the Traditional House of
Toolai in Shiraz based on the thermal comfort using
the PMV technique to evaluate thermal comfort
and percent of dissatisfied individuals. The results
indicated that the thermal comfort of the winter-stayed
area of Toolai House had a considerable comfort rate,
and more than 85% of users were satisfied with the
winter space (Zanganeh, Najmeh, and Barzgar 2018).
Ansarimanesh and Nasrollahi conducted a study on
thermal comfort and determining the thermal comfort
area of residents of office buildings located in
Kermanshah. They estimated the indoor ambient of the
office buildings in Iran at an average level and found
suitable thermal areas of office spaces in Kermanshah
at the interval of 20-26°C (Ansarimanesh, Maryam,
and Nasrollahi 2018).

In another study, Jan Vanand and Razaghi
investigated the geometric parameters affecting
airflow velocity enhancement inside the solar
chimney. They implemented this study based on
the numerical modeling of a solar chimney made at
Tehran University based on the finite volume method
and K-epsilon turbulence model through Ansys
Fluent Software. The results showed that an increase
in chimney height, collector height, collector radius,
and chimney radius decline led to a 76% rise in inlet



airflow velocity in the tower (Jan Vanand, Isa, and
Razaghi 2018).

Moulai et al. examined the performance of solar
chimney and data related to temperature, velocity, and
pressure in different seasons of the year explaining
that solar chimney has an acceptable performance as
a system for ventilation and cooling the indoor space
in summer. In colder seasons when more airflow
is created in the environment, individual who are
working lose their comfort and the weather becomes
cold. Regarding the accurate performance of solar
chimneys in summer, airflow can help to save fossil
fuels (Moulai et al. 2019).

Fakhari and Heydari addressed the effect of applying
solar chimneys on the ventilation of spaces connected
to it in a hot and dry climate in Isfahan to measure
the area of spaces in which, a solar chimney with
optimum dimensions on each floor can ventilate its
required air. This research simulated different models
of solar chimneys connected to a 7-story office
building using Energy Plus software through which,
different models with various solar chimney sizes
were compared. Their results showed that the mass
flow rate of outlet air and volumetric flow rate differs
on various floors. The mentioned values are higher on
the upper floors. In upper floors that are close to the
outlet, pressure loss is less, and the chimney (or stack)
effect caused by density difference is higher in upper
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thermal and energy consumption simulation software.
Design Builder Software is one of the computer
programs for energy simulation and analysis.
Facilities and advantages provided by Design Builder
software and Energy Plus simulation engine using
specific techniques of computational fluid dynamics
(CFD) allow to model airflow inside the building,
airflow prediction analysis, and heat exchange.

In the present study, a revision is done to identify the
most optimum place for solar chimney placement and
examine the angle of its transmissive wall relative to
the horizon line from 40° to 40° in 10-degree steps.
Figure 1 depicts the chart of this process based on a
comparative analysis of energy consumption and the
Fanger index. This index is based on Asheri standard
55 and ISO 7730 and measures the predicted mean
vote (PMV) of individuals based on the seven-point
scale with the thermal balance of the body, which is
defined between -3 and 3 as reported in Table 1. Each
class expresses the average feeling of several people
in the same environmental condition. This range must
vary between -0.5 and +0.5 to make employees and
clients feel comfortable. This index is one of the most
important physiological indicators of temperature
(Bahadrinejad, Mehdi, and Yagoubi 2016).

Table 1. Thermal Comfort Range of Fanger and Asheri
Standard

floors (Fakhari, Maryam, and Heydari 2012). Feeling FANGER Index ASHERI Index
3. ANALYSIS METHOD Cold -3 !
. . . . Cool -2 2
Regarding the developed construction industries
these days, energy consumption optimization is one Slightly Cool -1 3
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operation of ventilation systems, and the distribution
of flow, heat, and cold in different parts of the Slightly Warm 1 5
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Fig. 1. Graph of Nexus between Assessed Variables

3.1. The Necessity of Choosing Kerman City
and its Studies Building

According to previous studies, solar chimney
outperforms in a hot and dry climate (particularly

in summer) compared to other climates. The case
study of the solar chimney in office buildings in Iran
is not available, and only some samples have been
built in the hot and dry climate of other countries.
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On the other hand, a hot and dry climate is suitable
for providing cool air inside the room and increasing
comfort conditions by creating analytical models
based on the physical algorithms with measuring
absorbed radiant heat and its thermal behavior, heat
and hot air control, and urban temperature changes.
Therefore, Kerman was selected as the study location
to examine its climatic properties and its effect on
chimney function regarding the climate conditions
and climatic potential of this study which is located
in hot and dry climates. The Real Estate Building
was then chosen based on the location, possible
implementation outside the building, geometric
form of the building, and considering aesthetics and
integration of chimneys as much as possible into the
whole building.

LOCATION:  Kerman nt &P, KE, RN

'RADIATION RANGE Latuuderongiude: 50274 ot 55661 East.

3.2. Climatic Properties of the Studied Site

Several climatic parameters (solar radiation,
temperature, wind speed and direction, relative
humidity, air pressure, altitude from sea level, etc.)
are essential for the energy simulation process in
buildings (Rahman et al. 2014). In the extant study,
the climatic file of Kerman City (with geographical
northern 30.29 and eastern 57.60 longitudes) is used,
and its meteorological data is inserted into Design
Builder Software as a climatic file. With an area
of 185675 km?, Kerman Province is located in the
southeast of Iran (Fig. 4) and is part of a desert hot
and dry climate. Most areas of this province have
severe drought with extreme air temperature changes
and a wide gap between air temperatures in cold and
hot seasons and during days and nights.

TEMPERATURE RANGE Loca Al available>, <not available>

TION: KERMAN <ot
LattuderLongitude: 50 25 Horth. 6 07" East. Time Zone from Greenwich 4
Sourca:

irism WO Station Number. Elevation 1609 m

LEGEND

HOURLY AVERAGES
'DAYLITHOURS ONLY Bl

===

E 2 g 8 £ 8 &

E===

n====[[[[]]]

LEGEND
AvRAGE WG

= ,

T re e e Way w4 Aw S 0d hev  bec i

Fig. 2. From Right to Left: Air Temperature and Radiation of Kerman during Different Months
(Climate Consultant 6.0)

In general, the summer season with hot weather in
Kerman starts in mid-November until mid-April.
The weather is dry from August to November but
becomes cooler from January to May. According to
data obtained from the synoptic station of Kerman,
the annual mean temperature of this city equals

17.8°C, with minimum and maximum temperatures
of 109 and 25.1°C, respectively. According to
statistics of climate analysis shown in Figure 2, the
mean temperature difference between minimum and
maximum temperature is 24.8°C (Poursistani et al.
2021).
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Fig. 3. Psychrometric Chart and Thermal Area of Kerman City
(Climate Consultant 6.0)



The psychrometric chart shows climate parameters
affecting the case situation obtained from climate
software and meteorological data analysis of the area.
According to this chart, 11.6% of the area has thermal
comfort, and 22-26°C values are considered in the
temperature data of the studied building in this study.
Solar radiation: solar radiation varies in different
areas of the world. Having 300 sunny days and an
average of 4.5-5.5 kWh/m? radiation at the day, Iran
has been introduced as one of the countries with high
solar energy potentials (Fig. 3). According to the solar
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radiation potential map, Kerman with 234.1 sunny
days has been located in a region with an average
of 4.5-5.2 kWh/m? radiation (Mojarrad, Firouz, and
Moradi 2013). Average sunny hours in Iran equals
2900 hours a year. According to the data gathered
from the synoptic station of Kerman during 47 years,
the average annual sunny hours is 3200 hours, which
is a considerable value that is even higher than the
average annual radiation in Iran (Management and
Planning Organization of Kerman Province 2015).

Average annual sum, period 1999-2011 o100 200km

_} <1200 1400 1600 1800 2000 220> KWhim® ‘GHI Solar Map ©2015 GooModel Solar

(www.Yjc.ir)

(www.Solargis.info 2016)

Fig. 4. From Right to Left: Average Annual Solar Radiation Map of Iran-Situation of Kerman at Country Scale

4. THE GEOMETRY OF THE SIMULATED
BUILDING

The simulated model includes a three-story Real
Estate Building in Kerman Province with office use,
which is located at the end of Ferdowsi Louvered-
northern side of Neshat Park. The useful meterage of

e ——

4.1. Base Building Analysis through Energy
Optimization and Thermal Comfort Approaches

According to temperature distribution at different
hours a day and higher radiation intensity, the
volumetric airflow rate will rise and reaches the
maximum rate in the middle of the day due to the

floors equals 3548m?, and the useful height of floors
equals 3.2m in length. The main entrance gate of this
building is located in the southern front, and a window
has been deployed on all fronts of the fagade and its
ceiling to achieve better lighting and ventilation of
space. Figure 5 shows the modeling process of the
case study through Design Builder Software.

Fig. 5. Simulated Model of Real Estate Building in Kerman City through Design Builder

sun's direction. The volumetric airflow rate is then
reduced due to the radiation intensity decline. The
average indoor air temperature of the studied building
equals 34.89°C in the hottest month of the year (July),
while equals 34.89°C in the coldest month (January)
(Fig.s 6 & 7). The considerable point is that the
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temperature of office rooms is extremely high, and
proper strategies must be taken to reach the optimum
thermal conditions by using outdoor air to moderate
the thermal conditions of office spaces and reduce

the energy consumption rate in the studied building.
Energy consumption equals 2337.9.13 kwh in the
current situation; in other words, 66.22 kWh was
extracted from the software.
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Fig. 6. Temperature Distribution on the Third Floor of the Building based on CFD
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Fig. 7. Temperature Distribution in the Floor along the Chimney based on CFD
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According to the chart shown in Figure 8, thermal
comfort, indoor temperature, and radiant temperature
of space, as well as the required energy of the base
building are shown. Accordingly, the range of thermal
comfort satisfaction varies between -2.93 and +2.97,

which starts from the coldest month (January) to the
hottest month (July). The results of the base office
building are highly far from the comfort criteria due
to the lack of thermal exchange with fresh air and
suitable ventilation in different parts of the building.
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Fig. 8. Average Thermal Comfort Index in a Sample Office Building during Different Months

In this research, a revision was conducted to find the
best location for the deployment of solar chimneys
adjacent to the spaces that require higher ventilation and
temperature distribution. For this purpose, the modeled

process was done to find air temperature distribution in
the initial mode of building and, and identify the spaces
that have higher air temperature rather than the comfort
extreme. The building was integrated with two south-



toward solar chimneys to moderate the undesired air,
which is shown in Figure 9.

The place of chimneys has specific climate properties
and solar radiation angles regarding the different
geographical locations and their placement front.
Accordingly, solar chimneys with Im length, 0.8
widths, and 12.8m height were installed on the
southern front of the building, and some valves were
created to create a temperature connection between

Fig. 9. Deployment of two Chimneys in Selected
Locations

4.2. Building Analysis by Applying Solar
Chimney

Acceptable results were presented after placing two
solar chimneys and doing the required dynamic
analyzes. Accordingly, the high temperature of
spaces was reduced due to solar chimney suction and
was replaced with cooler air resulting in an energy
consumption decline. According to results of Figures
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the upper part of each floor and the chimney. The
materials used in the external wall of the solar chimney
comprise 10cm concrete with 5cm  Polystyrene
insulation (Fig. 10). The heat exchange coefficient
of the window used in the chimney equals 1.96 W/
m? K, which is made of UPVC frame, transparent
double-glazed glass with 6mm thickness with middle
air space of 13mm in thickness.

Outer surface

Inner suface

Fig. 10. Executive Specifications Solar Chimney
Wall

11 and 12 obtained from Design Builder simulation
software, the average indoor air temperature during
the hottest month (July) reached from 34.29°C to
32.06°C (2.23°C reduction) assuming that mechanical
facilities are turned off. The air valve is closed in
cold months o the year to prevent warm air exit and
heat loss on the upper part of the chimney, so the
temperature of the building increased from 13.30°C
to 16.42°C in January.
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Fig. 11. Temperature Distribution in Building Floors after Applying Solar Chimney based on CFD
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Fig. 12. Thermal Performance and Temperature Distribution and Chimney Airflow in Sample Building of
Kerman

Energy consumption values required for a building's
thermal comfort after installing solar chimneys equals
208414.61 kwh or 58.74 kWh/m?, which indicates
11% energy optimization. As explained before, the
thermal comfort criterion can be achieved by creating
airflow. The effect of chimney on the thermal comfort
can be seen in July when it reached 2.97 to 2.49
units implying improved thermal comfort and lower
dissatisfaction among users. In January, this value
reached from -2.93 in the base building to -2.47 in
the building where the solar chimney was installed by
closing the end valve of the chimney and transferring
the produced warm air into the case building.

4.3. Analysis of Form Variable on the Chimney
of the Studied Building in Kerman City

The ratio of the transmissive wall inclination angle
of the solar chimney to its horizontal surface is
one of the most important factors affecting the
volumetric airflow rate. The assumed models have
been simulated in six states to achieve the optimum
depth. In simulated models, all specifications are
considered similar (like the initial model) except for
the transmissive wall inclination of the solar chimney.
The air volume inside the chimney chamber moves
by gaining solar radiation and an internal load of the
building, and air layering take different complicated
shapes based on the size and form of the chimney
and specifications of the transmissive wall's shells.
To determine airflow and its speed in the case study,
software analysis was done in determined points at
entrances leading to air transfer valves from inside
to outside it. Seven points were selected from the
indoor space (points A, B, C) and its outlet from the
chamber to outside (selected points D, E, F, G), as
shown in Figure 13. Despite the difference between
indoor temperatures of chimneys caused by different
heights of place and the microclimate of buildings,

temperature values of this space must be measured.
The equations ruling chimneys include equations 1-4,
which are the protection of mass, velocity, and energy
which are three underlying principles for thermal
flow through the solar chimney.

2
7

Fig. 13. Airflow Path and Heat Exchange, and
Analyzed Points in a Studied Building in Kerman

) %(pw)w-(pv*v*) =-VP+ V- () +pg”

2 Qconv=hAhAT,

M= m
3) " pa
4 acH=122 >;36100

In these equations, Q represents volumetric flow
speed and Vvol expresses the room volume to which,
the solar chimney is connected. ACH depends on the
room-to-chimney area ratio. M (normal mass flow)



(Khanal and Lei 2011), ACH (air change in hour), and
Qconv (convective heat exchange speed) are operative
indicators of the present study. When Equation 4 is
applied on some floors, air change repetitions through
the solar chimney will exceed the required value.
According to Asheri ventilation standard (62.1), air
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change must be done 6-8 times per hour in an office
building (ASHRAE Standard 62.1). Moreover, it is
worth noting that the temperature of floors will be
increased as reported in Table 2 when the sun height
rises or when the bottom floor of the solar chimney
chamber is decreased.

Table 2. Airflow Path and Heat Exchange in a Studied Building in Kerman-Author

Row  Rotation Schematic Fagade

Airflow

1 80%
2 70%
3 60%
4 50%
5 40%

The outputs of Design Builder software indicated
good direct and indirect solar heat gain on the upper
floor of the building, so great static heating energy
is created for warming the building in cold seasons.
When valves are closed in winter, lower floors
obtain thermal comfort easily without using any
installation. Therefore, chimneys have the potential
to increase direct and indirect radiative energy gain

but also provide higher thermal ventilation and
discharge. Temperature stability reduces the cooling
load for the next day. All floors face temperature
disturbance during hot months of the year when the
cooling system works; therefore, space temperature
will be reduced due to airflow between openings
of the building’s floors. Stable thermal layering
indicates the indoor chimney's potential for creating
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thermal distribution balance and convective flows.
Accordingly, temperature changes on each floor have
minimum and maximum rates that are occurred in
different intervals due to thermal capacity and lag
and temperature differences with the space. Equation
5 contributes to a suitable index for displaying
temperature change and thermal layering in solar
chimneys:

(5) Temperature change index = (T, T . )/n

min-

E

where Tmax and Tmin indicate maximum and
minimum temperatures, and n shows the number of
records within the time interval between maximum
and minimum temperatures in the considered floor.
Figure 14 has shown and compared temperature
change indicators in different points determined
under various physical conditions (90%, 80%, 70%,
60%, 50%, and 40%).
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Fig. 14. Temperature Change Index in Determined Points of Building under Different Physical Conditions:
90%, 80%, 70%, 60%, 50%, and 40%

The critical point of temperature changes is seen in
the area close to the chimney's transmissive wall,
so a temperature movement cycle is created when
temperature is directed towards the upper valve of the
chimney. Therefore, the results of chart 4 indicate that
the studied chimney shows considerable 3.86-degree
temperature changes in terms of thermal change
index in the chimney with a 40-degree angle relative
to the horizon angle. Accordingly, temperature equals
23.04°C in point D at 3m height from the chimney’s
surface, 24.17°C in E point at 6m height, 24.36°C in
point F at 9m height, and 24.43°C in point G at 12.4m
height. However, this temperature difference reaches
3.55° in vertical solar chimneys, while temperature
equals 21.41, 22.19, and 23.76°C in points A, B,
and C, respectively. The temperature of points D, E,
F, and G equals 24.51, 24.68, 24.83, and 24.96°C,
respectively.

According to assessments done in Figure 14, the
indoor space of the building would have changed
for temperature reduction by increasing the bottom
floor surface and chamber volume in terms of static
function. Chimneys with smaller chamber volumes
have higher temperature velocities rather than
chimneys with larger chambers. The larger the size of
the chamber, the more the temperature changes will
be. The chamber size affects the heat exchange due to
direct and indirect solar radiation gain and its better
connection with the surrounding environment. The
thermal discharge will be terminated after exiting the

upper valve of the chimney.

On the other hand, Figure 15 depicts the effect of the
increased depth of the chimney on volumetric airflow
on upper floors. As seen in the charts, solar chimney
function depends on its depth. On all floors, the
highest volumetric airflow during office hours is seen
in the chimney, which has a better bottom distance
of the chimney chamber and transmissive wall angle
rather than solar radiation angle. According to the
presented models in this research, the chimney with
40% inclination has the highest airflow volume,
and its highest amount occurs during hours when
solar radiation is maximum. The outlet air speed of
the chimney during office hours has more airspeed
changes in the model of 40% with 16.47m depth.
This speed reaches 0.3m/s in point D, 0.47m/s in
point E, 0.53m/s in point F, and 0.58m/s in the peak
point of the chimney (G), while the lowest air speed
is seen in the vertical chimney with 1m depth. This
speed reaches 0.29m/s in point A, 0.31m/s in point B,
0.48m/s in point C, 0.42m/s in point D, and 0.5m/s
in point E. The points F and G exit the chamber with
0.55 and 0.6m/s speeds, respectively. Therefore, the
optimum depth of a solar chimney in a three-story
office building equals 40%. Hence, solar chimney
functions have been compared on different floors.
Figure 15 depicts the volumetric airflow speed on
different floors indicating less airflow rate on lower
floors. Because air passes a longer path from lower
floors to reach the air exit in the upper part of the solar



chimney, pressure loss is higher on these floors due to
the friction between air and the solar chimney's wall.
(Therefore, flow speed and rate are higher on upper
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floors). Moreover, the chimney effect phenomenon
caused by density difference is higher in upper floors.
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Fig. 15. Airspeed Change in Certain Points of the Studied Building at Different Angles: 90%, 80%, 70%, 60%,
50%, and 40%

According to the simulation results of this study,
this system helps to achieve lower PMV indicators
reducing its rate from 2.97 to 2.25 in July as shown
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in Figure 16. However, average thermal comfort
reached from -2.93 to -2.24 in January.
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Fig. 16. Thermal Comfort in Different Months of the Year within Various Modes

The 40% solar chimney can be used to provide a part
of the building ventilation standard. This chimney
has improved the average operating temperature from
34.89t030.41°C in July, and increased air temperature
from 13.30 to 17.13°C in January. Therefore, this
chimney provides climate conditions during the hot
and cold months of the year. The energy consumption

rate in each mode was determined as reported in
Table 3. In the most optimum model, the energy
consumption of the base building was reduced from
233709.13 kWh to 196058.59 kWh after applying the
chimney with a 40% angle, while energy reduction in
the most optimum model equals 16.11%.

Table 11. Energy Consumption Rate in Real Estate Buildings when using Chimneys in Different Angles

Energy Consumption Rate

Optimum Percent

Specifications of Shell

Relative to base

Total (kwh/m?)  Total (kwh) Heating (kwh) Cooling (kwh) Building
Base Building (without Chimney) 66.22 233709.13 97953.41 135755.72 -
Regular Chimney (90°) 58.74 208414.61 88157.71 120257.14 10.82
Regular Chimney (80°) 58.32 205827.63 87888.40 117939.23 11.93
Regular Chimney (70°) 57.56 203139.98 85521.93 117618.05 13.08
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Energy Consumption Rate

Optimum Percent

Specifications of Shell

Relative to base

Total (kwh/m?)  Total (kwh)  Heating (kwh) Cooling (kwh) Building
Regular Chimney (60°) 56.83 200569.18 83236.21 117332.97 14.18
Regular Chimney (50°) 56.09 197951.63 80962.22 116989.41 15.30
Regular Chimney (40°) 55.55 196058.59 79403.73 116654.86 16.11
5. VALIDATION on a lower scale. The results were then projected in

According to the subject of this study that examined
design models of solar chimneys from different
angles, the software simulation results of this novel
subject must be validated. Since an inclined sample
of solar chimneys is not available in Iran, the design
strategies obtained from conducted studies and
simulation results of the model were implemented

real space to achieve actual volumetric airflow and
ventilation speed inside the solar chimney's chamber.
Figure 17 depicts the sample of solar chimneys at
different angles. According to the data obtained from
the temperature data recorder, solar chimneys with
40% inclination had higher thermal rates rather than
other models, so it could enhance ventilation level.

Fig. 17. Sample of the Inclined Solar Chimney on a Smaller Scale and Different Angles

6. CONCLUSIONS

Many incentives direct us toward the development
of green buildings. Natural ventilation provided by
solar chimneys is considered a novel strategy for
reducing energy consumption, so it can be used in
areas with proper solar radiation to create natural
cooling or heating. Regarding the better performance
of chimneys in Kerman City, this study compared the
average temperature of rooms, air inlet speed in the
rooms, and air outlet pressure in formic models.

In the conducted assessments, the body and form of
studied chimneys were changed and it was found that
the inclined transmissive wall of the solar chimney
towards the sun angle led to more air volume in the
chamber. This case, in turn, increased the volume
of exchanged air, so that the increased volume of
the chamber in the chimney with 40% inclination
experienced some changes regarding temperature
reduction, and more temperature fluctuations occurred
in its chamber due to direct and indirect solar radiation

gain and better connection with the surrounding
environment. The mentioned changes affect the heat
exchange, so more heat discharge occurs exiting from
the upper valve of the chimney. On the other hand,
this case results in more acceptable thermal comfort
and more optimum energy consumption. It should
be mentioned that the environmental temperature
on the floors resulting from solar radiation entering
the chimney would change the volumetric airflow
rate and speed on each floor. The higher temperature
is felt on the upper floors. In all floors, the highest
volumetric airflow during office hours occurs in
40% of chimneys in which, a bottom distance of the
chimney chamber has a better ratio to solar radiation
providing the highest volumetric rate and average
airflow speed rather than other samples. Moreover,
the high heat of space and radiative properties of
sunlight due to the location of the studied building
in the hot and dry climate of Kerman enhance the
performance of the solar chimney in increasing
temperature exchange speed inside the chamber.



Increased depth of chimney (40% sample) in floors
plays a better role rather than other samples leading to
higher volumetric airflow speed in a horizontal line of
that floor due to the higher volume of air chamber of
the chimney. This higher volume in upper floors lead
to increased volumetric airflow speed in lower floors,
which caused more rapid exchange speed in upper
floors. It is worth noting that pressure loss caused by
friction between air and the wall of the solar chimney
is higher because the air passes a longer path from
lower floors to reach the air outlet point in the upper
part of the solar chimney. However, the increased
temperature trapped in the chimney and chimney
effect phenomenon caused by density difference is
higher than the imposed pressure loss, which leads
to outperformance and higher efficiency of inclined
solar chimneys compared to vertical chimneys
without inclination in the transmissive wall.
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