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The building envelope is one of the most influential factors in energy consumption. Therefore,
optimizing the facade of the building with new technologies is one of the most effective passive
solutions to provide thermal comfort. The purpose of this research is to design a composite
facade, which according to the two main driving forces; the pressure difference caused by the
heat flow (air flow and wind force) and the insulation of the air, for a residential building with a
typical plan of Yazd in the hot and dry climate of Iran. That can be used to reduce the heating
and cooling load of the building. For this purpose, firstly, the effect of two types of two-skin
facades - floor-to-floor and all-over two-skin facades - compared to the model without two-skin
facades in cooling and heating energy consumption throughout the year was modeled and
analyzed with Design Builder version 6.1 software. The results of the constructions show the
possibility of reducing about 60% of cooling energy through the creation of air conditioning and
26% of heating energy through the creation of thermal insulation in the residential building
simulation model throughout the year by means of two combined shells. The findings of this
research lead to the creation of more efficient energy solutions by creating innovation and

combining new technologies according to climatic conditions.

doi: 10.5829/ijee.2023.14.01.10

INTRODUCTION

Today, energy conservation is a critical worldwide issue,
leading architects to consider sustainable approaches in
designing built environments [1]. In recent decades,
architectural projects, due to an improper imitation of
dominant movements, consume more energy for thermal
comfort [2]. The importance and necessity of this issue
are the main motivation for architects to use new solutions
in tune with sustainable approaches to reduce the
consumption of traditional energy resources and increase
the level of human comfort. On a global scale, dynamic
and static architectures address the issue of energy
compatibility [3]. While increasing energy efficiency and
reducing energy consumption for heating and cooling,
these solutions also try to provide an aesthetically
pleasing appearance and support sustainable architecture.
In recent years, indigenous research has followed these

*Corresponding Author Email: s.salkhi@ubonab.ac.ir (S. Salkhi)

strategies in hot and dry climates and attempted to
minimize the amount of energy consumption by using
modern design strategies. Most traditional houses in Iran
were designed based on climatic principles and demands.
All of them were built to fulfill stakeholders' different
requirements [4]. Nowadays, from the point of view of
using conceptual ideas of traditional indigenous
architecture, solutions such as windshields in a slender
element form in high-rise buildings seem illogical. Still,
its conceptual idea for the problem of natural ventilation
leads the mind to what happens if the walls act like a
super-windcatcher? Indeed exterior covering of building
plays a fundamental role in controlling the condition of
the internal environment [5]. In other word, building
facades have a significant impact on the reduction of
natural gas and electricity consumption because they are
the boundary between the interior and exterior of the
building [2].
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The idea of Double-skin Facade (DSF) technology,
which is composed of an external facade, an inter-mediate
space and an inner facade, as an effective solution in this
field is under the category of adaptable facades and the
passive wall [6]. Today, the DSF, along with the aesthetic
aspects and the powerful visual connection that
establishes the interior and exterior of the building, has
become one of the most prevalent energy-saving design
technologies in the world [7].

Double-Skin Fagade (DSF)

The principle of sustainable development in the built
environment makes the study and decision-making for the
application of new systems for the facade of buildings
necessary to achieve thermal comfort. The double-skin
facade consists of two walls, usually glass, separated by
an air cavity or buffer zone; The cavity uses natural
ventilation to drain the heat flow through the fagade
elements or mechanical systems. Verification of the
performance of this system largely depends on the local
climatic characteristics and design conditions [8].
Various terms are used to name two-skinned views that
do not evoke well-defined concepts. There are different
classifications for two-shell facades, but most of them are

based on the type of geometry between the two shells,
such as facade partitioning, opening width, height, and
depth of space between the two shells [9]. Figure 1
presents the types of double-skin facades based on the
type of ventilation and the variety in the area between the
two facades.

Determining the appropriate and optimal size for
different parts of the components of different types of
double-skin facades is related to many factors such as
climate, efficiency, employment level of the building, and
the building's need for natural ventilation. Proper design
of this type of facade can increase the circulation of
airflow in the middle and inside the building in a
completely passive way.

LITERATURE REVIEW

Undoubtedly, the main part of energy consumption in the
building is related to heating, cooling, and air
conditioning. The external shell of the building is a very
important factor that determines the quality of the indoor
environment, regardless of the unstable external
conditions. The building's energy demand is not closely

Types of double-skin facades

Hybrid ventilation

Mechanical ventilation

Natural ventilation

This category refers to the different types of driving forces of the ventilation of the cavity between two glass facades. Apart from the type of
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Figure 1. Classification of DSF based on the type of ventilation and variety in the area between the two facades related to the

efficiency of the outer shell [10, 11].
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In research conducted by Afshinmehr et al. [13] in
order to take advantage of natural ventilation in summer,
the number and dimensions of facade vents and their
location in buildings in hot and dry regions of Iran,
modeling, and results of two the peeling of facades has
been investigated. The results of the software show that
the two-shell facade has increased the use of natural
ventilation and reduced the use of air conditioning
systems, thus improving indoor air quality.

Through simulation using Fluent and Design-Builder
software, it has been determined that these types of shells
have a high potential in reducing consumption. Buildings
have energy in the hot and dry climate of Iran. Of course,
in this case, ventilation of the space between the two
shells has been considered necessary to prevent flare-ups
in summer [10]. In another research, it has been shown
that the major results come from the natural ventilation
conditions in the facade of the two shells, which are
influenced by the size of the window openings. The depth
of the gap and the size of the ventilation valve have the
most complex effect on the ventilation rate. For example,
a greater gap depth increases the counter flow at the top
and an unnecessarily long valve weakens the heat transfer
[14]. Also, other research results have examined the
changes in energy performance among the types of two-
shell facades according to the construction characteristics
and the width of the air cavity. Overall, with a naturally
ventilated air cavity, the double-skin facade system shows
a potential reduction in annual cooling energy
consumption of 22% compared to the benchmark. The
use of mechanical ventilation in the air cavity can
potentially reduce the annual cooling energy consumption
of the building by 32%. Different typologies of two-shell
facades examined in this research have shown changes in
energy performance according to their design features.
Meanwhile, the box type and the shaft type have the best
energy performance in the demand for annual cooling,
which is 22% and 17%, respectively. Also, Zomorodian
and Tahsildoost [11] showed that the box and shaft
models are more acceptable from the point of view of
overall carbon emissions. In an article, the efficiency of
this type of facade in the climate of Tehran city, in an
office building in different options with and without a
double-skin facade, it is modeling, and energy
performance has been investigated by EQUEST
simulation software, and the results show that the use of
a double-skin facade in comparison with the single-skin
facade leads to a 16-20% reduction in the energy
consumption of the building's HVAC system [15].
Mirmohammadi and Taghizadeh [16] studied by
comparing the view of two crusts in two different climates
using software; it was concluded that in Moscow, the
cooling load decreases by 33% and the heat load
decreases by 5.9%, and in Yazd, 30 % in the cooling load
and 17% in the cold load. Zomoredian and Tahsildost [11]
simulated and evaluated the design process of the DSFof
an office tower in Tehran. The obtained results show a
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14.8% reduction in the need for heating, as well as an
improvement in indoor air quality in the cold period,
compared to a single-skin facade.

There are extensive research that have been done on
office buildings and in the cold climate of Europe and
North America [17, 18]. However, the hot and dry region
is the widest climate in Iran [4]. Many regions of Iran are
deserts, and Yazd (the sample studied in this research) is
located in the center of the Iranian plateau. Therefore,
about DSFs, this study intends to propose that, in addition
to natural ventilation in summer, it causes less energy
consumption in winter. For this purpose, a review of
related theoretical frameworks has been accomplished
and the types of DSFs’ classification and their function
have been studied. Residential buildings, which are
known as one of the main factors of global warming due
to high energy consumption [19] are often neglected.
Also, Kim has investigated the thermal performance of
DSFs in hot climate conditions in Saudi Arabia, proved in
his paper that the proper design of a DSF system provided
a better thermal performance so that the cooling energy in
buildings can be reduced [20].

Aksamija [21] pointed out that DSFs perform better
for insulation and trapping heat in the cold winter months
than single skins in reducing annual consumption.

In research, natural ventilation conditions with DSF in
an office building in a hot and dry climate (Shiraz) were
investigated and simulated using Design Builder version
4.5 [5]. According to the analyzes carried out on
parameters and influencing factors such as wind speed,
temperature, distribution pattern, and air flow circulation,
the Corridor Double Skin Facade is a favorable option for
a hot and dry climate.

Hashemi his colleagues [22] investigated the effect of
using two shells in the building of the Court of Accounts
(located in Tehran) through experimental measurement
and modeling in EnergyPlus software. While comparing
the thermal performance of buildings with double-
skinned facades with buildings without them, this study
determines the strategies for using double-skin facades in
hot and dry climates of Yazd.

Also, other research results [5, 11] have investigated
the changes in energy performance among the types of
double-skin facades according to the structural
characteristics and the width of the air cavity. With a
naturally ventilated air cavity, the two-skin facade system
shows a potential annual reduction in cooling energy
consumption of 22% compared to the benchmark for the
hot and humid climate of Dubai [8], while by applying
mechanical ventilation in the cavity air can reduce energy
consumption by 32 percent. In addition, the different
typologies of two-shell facades studied in this study have
shown changes in energy performance according to their
design features. Meanwhile, box type and shaft type have
the best energy performance in demand for annual
cooling, which is 22% and 17%, respectively.



F. Najjari Seresht et al./ Iranian (Iranica) Journal of Energy and Environment 14(1): 76-86, 2023

Tao et al. [14] have shown that the main results are
due to the natural ventilation conditions in the facade of
the two shells, which are affected by the size of the
window openings. The depth of the gap and the size of
the ventilation valve have the most complex effect on the
amount of ventilation. For example, deeper gaps increase
the upstream flow at the top, and longer unnecessary
valves weaken heat transfer.

In addition Zomorodian and Tahsildoost [11]
demonstrated in their paper that box and shaft models are
more acceptable in terms of overall carbon emissions.

Gashniani and Yazdani [23] showed that the bilayer
plays an important role in the speed and pressure between
the shells compared to the external environment and it is
effective in regulating it for use in ventilation even in a
city like Manjil, due to the high wind speed which is
minimized the use of balconies and openings.

The overall behavior of the bilayer is very complex
due to several physical phenomena that occur
simultaneously  (air movement and convection,
conduction, and short and long-wave radiation). For
optimal performance, two-layer facades should be used
according to different climatic conditions, in the
appropriate pattern or type, and with appropriate
geometrical specifications and dimensions.

According to the studies, double-skin facades
generally have high initial costs and high maintenance
costs [24]. For this reason, researchers are trying to
achieve the most optimal method by combining different
technologies and solutions to reduce energy consumption
in the building in the long term. For instance, Aeinehvand
and his colleagues [25] proposed two different solutions
to increase the amount of natural ventilation of a
residential building in the humid climate of Yazd city.
The first solution was the combination of a double-skin
facade and a one-way wind tower, and the second solution
was a two-way wind tower. According to the simulations
in the Design Builder software version 4.5, increased the
amount of natural ventilation during the summer by 10%
and 38%, respectively.

Therefore, the development of construction
techniques so is extremely important and necessary to
guarantee thermal comfort and low energy consumption
[26].

In order to achieve natural ventilation throughout the
year in the hot and humid climate of Yazd city, in a
research proposed by Mousavinejad and Monfared [27] a
design that combined multi-story double-skin facade and
vertical cavity double-skin facade for the southern facade
of the building, which flexibility reduces the weaknesses
of the double-skin facade. and keeps the building in a
reasonable temperature range in different seasons.

The need to save energy, improve the quality of indoor
space, and increase energy-related efficiency has
encouraged researchers to study and experiment in
different laboratory conditions or computer simulations in
this regard. Most of the previous research has investigated
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the performance of a double-skin facade in commercial
and office buildings without specific climate planning. In
addition to calculate and compare the cooling load in the
first half of the year, the current study has conducted a
study on three models with the sample plan of Yazd city
for residential buildings.

Ventilation in the building
Cooling by ventilation includes natural ventilation and
night ventilation. Natural ventilation, as the main
technique of cooling, is the natural flow of air induced by
temperature and pressure differences [1]. A traditional
(wind tower) wind catcher is a special a traditional wind
catcher (wind tower) is an architectural solution that has
been used for centuries and provides natural ventilation in
buildings. The combination of buoyancy and stack effect
based on temperature changes with different changes in
the direction and intensity of wind flow causes changes
and creates positive and negative pressure fields. These
factors are emphasized in geographical locations with
very different levels during day and night. This solution
for passive cooling, ventilation, and air purification, in
hot and dry climates was developed and used frequently
by an unknown architect from ancient times [3].
Therefore, this article examines the issue of natural
ventilation regarding double-skinned facades as a
responsive option in providing thermal comfort
conditions for buildings in hot and dry climates in the
current conditions, and in this direction, studies the city
of Yazd as a case study.

MATERIAL AND METHODS

Despite the many studies that have been carried out on the
DSF, so far, no specific study has been done to design a
suitable DSF that will reduce the heating and cooling load
of the residential building throughout the year. While due
to the weather conditions of this climate, it is very
necessary to design a passive system that provides both
thermal comforts in winter and summer.

In this research, we tried to design a new DSF for a
residential building in the hot and dry climate of Yazd,
considering the combination of the climatic conditions
and the technology of the DSF.

Climate data

The case study, Yazd due to its geographical location on
the central plateau of Iran, has a hot and dry climate. In
order to collect data on thermal comfort and natural
ventilation in the selected climate (Yazd, Iran), climate
consultant software has been used. Figure (2) shows the
psychometric chart of Yazd. The area of the blue squares
marked on the right indicates the comfort zone in the
summer. As shown in Figure (2), activating the natural
ventilation option increases the comfort range in summer
to the size of a green square (8%- 651 hours).
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According to the outputs of Climate Consultant
software, the average wind speed in Yazd is 2.4 m/s and
the maximum wind speed occurs in the spring — the wind
speed in May reaches nearly 8 m/s. Due to the low
frequency of high speed winds and the spread of the
average monthly speed in the range of human comfort, it
is possible to use the wind potential throughout the year.
Meteorological data also indicate that in the period from
June to September, the prevailing wind in Yazd blows
from the north and northwest. Therefore, it can be
concluded that the north and northwest facades are
suitable for the proper placement of the DSF to create
natural ventilation in this city.

Simulation tool

In this study, ventilation rate, cooling load and indoor air
distribution analysis are conducted using DesignBuilder
combined EnergyPlus results to predict which type of two
selected models will have better performance than the
model without a DSF. Reason for choosing
DesignBuilder: software is that the building energy
simulation technique using DesignBuilder software
(EnergyPlus simulation engine) will be used to estimate
heating, cooling, and total energy requirements. In
addition, this software has been used in most scientific
sources to calculate Computational of Fluid Dynamics
(CFD) [27, 28].

Also, in this simulation daily consumption compared
better with daily measured consumption. The maximum
error will be around 5% in cooling load and 3% in heating
load [2].

Software validation

Baharvand and his colleagues [29] carried out a research
which is evaluated the DesignBuilder validation. In
present study, an experimental model which has done on
airflow and temperature was selected to compare its
measured data with DesignBuilder simulation and CFD
results. In addition, EnergyPlus which is the main engine
of simulation in DesignBuilder was used to prove the
accuracy of the results.

According to Figures (3 and 4), either very little
difference was seen between the experimental data and
the modeling or no difference was observed at all. Hence,
Baharvand and his colleagues [29] have came to the
general conclusion that DesignBuilder is a suitable and
reliable software in the field of cross-ventilation .

Case study

In order to evaluate the effect of DSF on the cooling load
and the pattern of inlet airflow distribution and
subsequently the outlet airflow distribution, models based
on the optimal orientation to achieve the desired summer
wind in Yazd was simulated. The simulated model in this
research has three floors with packing according to the
typical plans of Yazd. The glass used in this model is 3
mm double glazed with a conductivity of 0.9 W/(m-k) and
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13 mm of retaining space between the two glasses is
considered. Exterior wall double-glazed windows with 3
mm glass with a conductivity of 0.9 W/(m-k) are included
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Table 1. Dimensions and profile of surfaces

Number of Height of each floor Area of each floor Dimensions of windows Depth of cavity
floors (m) (m) (m) (m)
Selected model 3+parking 35 14x7.6 1.5x1.5 0.6
Occupancy hours Everyday/whole year (the room is intended for residential use)
Cover level 0.5Clo Summer clothes
Table 2. Specifications of materials used in the walls
Materials Density (kg/m?®) Heat capacity ( kJ/kg.K) Thermal conductivity (kJ/hr.m.K) Thickness (cm)
Face Brick 1700 0.8 3.024 10
Polystyrene insulation 35 14 0.1224 8
Concrete Masonry 1400 1 1.836 10
Plasterboard 1000 1 1.44 1.3
Table 3. Specifications of materials used in the roof
Materials Density (kg/m?) Heat capacity (kJ/kg.K) Thermal conductivity (kJ/h.m.K) Thickness (cm)
Moisture insulation 2100 1 2.56 1
Fiberglass insulation 12 0.84 0.144 14.45
Air layer - - - 20
Plaster layer 2800 0.896 0.9 1.3
. A , to evaluate their compatibility and adaptability in hot and
P T dry climate. Dimentions and temperature profile of the
- ' surfaces were tabulated in Tables 1 and 4. Also the
o M. specifications of materials used in the walls and roofs
" ™ A -
T} were shown in Tables 2 and 3.
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Figure 5. Proposed plan for computer simulation

Table 4. Temperature profile of surfaces

energy consumption, and the second is related to how to
distribute airflow in indoor spaces.

The first step in the simulation is to calculate the
amount of air change per hour according to the window

schedule, and the second step is to investigate the effect
of DSF performance in reducing the cooling load in the
absence of active cooling systems in spring and summer.

External Inner Inlet air
surface surface temperature
(°C) (°C) (°C)
Wall  surface 30 25 27
temperature
Window
surface 25 - 27
temperature

Comparison of the average air exchange rate in two
models with DSF

Regarding the air change rate in two models with DSF, it
could be inferred that the average amount of natural
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ventilation in the model with a corridor is 1.36 ac/h higher
than in the model with a multi-story.

Figure 6 shows the cooling and heating load of a
building without DSF in Yazd. It is observed that the
maximum cooling load is 4925.67 kWh, and the
maximum heating load is 739.91 kWh, which occurs in
July and January, respectively.

Cooling and heating energy of two evaluation mode
Figures 7 and 8 show the energy consumption of the two
simulated models —multi-story and corridor— for cooling
during the warm months of the year. It could be seen the
maximum cooling load of multi-story and corridor-type
is 5420.28 kWh and 2509.01 kWh, respectively.

Figures 11 and 12 indicate the performance of two
types of DSF compared to the model without DSF. As it
is evident, the corridori type works better in hot seasons
load and gas consumption in the three models that have
been calculated.

Figures 9 and 10 show the effect of DSF on heating
(more optimal cooling load consumption), this is the case
that the multi-story type performs best in the cold moths
of the year (more optimal heating load consumption).
Figure 13 shows the comparison of heating energy in
three models. The suggested section for DSF is illustrated
in Figure 14.
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INNOVATION

Proposed model
Considering that the purpose of designing this type of
facade is to provide natural ventilation to the building
during the warm months of the year and also help to
reduce energy consumption over the year, so we need to
design a fagade that acts as an air conditioning system in
summer to create an airflow inside the building. In
addition, it should act as insulation in the winter.
According to the software simulation, it could be
inferred that the model with the corridor-type of DSF is
more suitable for warm months than the model without
DSF and the model with multi-story type DSF. While the
energy consumption of the model with a multi-story DSF
is less in winter than the other two models. So to achieve
optimal energy consumption in Yazd during the year by
using a DSF in the building, a solution that acts as the
corridor type in the summer and as the multi-story type in
the winter must be offered.

How the proposed facade works?

The performance of this fagade is such that in the hot
months of the year, when more cooling and air exchange
are needed for each floor, the entire DSF works separately
(like corridor type). In cold months of the year, the
existing partitions between the floors are moved away
automatically. So the DSF works as a multi-story type. As
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well as this, all the openings on that side of the building
are considered to be closed; so the buffer part acts like
insulation.

Analysis of the air flow distribution in hot months

In the second part of the research, the results of CFD
analysis and the distribution of airflow both in the buffer
and inside the room have been investigated. Two types of
airflow could be seen in the DSF with ventilation valves;
the first is a turbulent flow that has a high temperature and
very low speed, and the second is a continuous flow that
has a low temperature and a higher speed. Therefore,
controlling the direction of air movement in DSFs and
creating air movement is very important. The vertical
distance between the air inlet and outlet is very effective
in this regard. The closer the air inlet valve to the floor
and the air outlet valve to the ceiling, the more surface of
the inner shell is exposed to the blowing and cooling
airflow, and the turbulent flow is more drawn towards the
outer shell.

The result of this process is keeping the inner shell
cool which is in direct contact with the room. According
to Figure 15 the incoming airflow from the northwest
side, through the DSF which is a separate horizontal
corridor on each floor, causes the transfer of inlet and
outlet air becomes faster and more appropriate. In multi-
story DSF, because all the floors are fed from one
champer, this causes the incoming airflow in each floor is
significantly reduced compared to the corridor type in the
summer. In addition, the possibility of a flare-up in the
upper part of the buffer is more. In addition, there is a
higher possibility of flare-ups in the upper part of the
multi-story type.
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Figure 15. Classification of airflow distribution in three simulated model; (A) External renders, (B) Air flow distribution-plan, (C) Air
flow distribution-section and (D) Air flow in the space between the two shells and the inner space. Signs of (1), (1) and (I11) represent
models with corridor DSF, with multi-story DSF and without DSF, respectively.

CONCLUSION

This study attempts to examine the potential energy
savings of two kinds of DSF which are suitable for
residential buildings in the hot and dry climate of Yazd,
Iran. Analyzing the weather condition of Yazd using
Climate Consultant software, the upcoming challenges in
the process of climate design in a hot and dry climate were
recognized. So, designing a DSF that could provide a
suitable response to the weather conditions of Yazd was
planned to ensure the comfort of the residents of the
residential building during the year. Simulating different
models of DSF and Single Skin Facade (SSF), a
combination of multi-story types and corridor types

84

toward the northern fagade of the building was obtained.
The performance of the fagade could be improved both in
terms of thermal and ventilation.

In the last stage, investigations were done to optimize
the CFD analysis performance and distribute airflow in
the buffer and inside the room. The results of energy
consumption and ventilation rate charts show that the
cooling load in the model with corridor type has
decreased by 62.54% compared to the model without
DSF during the hot months. On the other hand, the
heating load of the model with a multi-story type is 26%
less than the model without a DSF during cold months.

Finally, according to the obtained results, the
combined DSF is designed to function as a corridor type
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in the summer and as an integrated structure ( multi-story
type ) in the winter to achieve maximum energy savings
throughout the year.

REFERENCES

10.

11.

12.

13.

14.

Mohammad Alinezhad, F., 2020. Energy Saving through
Connection of Sunken Garden with Nature and Passive Cooling in
Traditional Buildings of Hot and Dry Climate of Iran, Iranian
(Iranica) Journal of Energy & Environment, 11(1), pp. 19-25.
Do0i:10.5829/ijee.2020.11.01.04

Abdoli Naser, S., Haghparast, F., Singery, M. and Sattari
Sarbangholi, H., 2022. An Optimal Model for Designing and
Executing Windows in Tabriz Residential Buildings to Reduce
Energy Consumption, Iranian (lranica) Journal of Energy &
Environment, 13(1), pp. 27-38. D0i:10.5829/ijee.2022.13.01.04
Hartman, P., Cehelova, D. and Bielek, B., 2019. Principal
solutions for sustainable adaptive facades providing suitable
indoor environment for inhabitants, Applied Mechanics and
Materials:  Trans  Tech  Publications, pp. 435-442,
Doi:10.4028/www.scientific.net/amm.887.435

Tayari, N. and Nikpour, M., 2022. Investigation on Daylight
Quality of Central Courtyard’s Adjacent Rooms in Traditional
Houses in Hot Dry Region of Iran: A Case Study Yazdanpanah
House, Iranian (Iranica) Journal of Energy & Environment, 13(4),
pp. 320-332. Doi:10.5829/ijee.2022.13.04.01

Keshavarz, Z.,2017. Evaluation of natural ventilation in a corridor
double skin fagade (case study office building in shiraz), Journal
of Sustainable Architecture and Urban Design, 5(1), pp. 15-28.
Ahmed, M. M., Abel-Rahman, A. K., Ali, A. H. H. and Suzuki,
M., 2016. Double skin fagade: the state of art on building energy
efficiency, Journal of Clean Energy Technologies, 4(1), pp. 84-
89. D0i:10.7763/jocet.2016.v4.258

Hou, K., Li, S. and Wang, H., 2021. Simulation and experimental
verification of energy saving effect of passive preheating natural
ventilation double skin facade, Energy Exploration &
Exploitation, 39(2), pp. 464-487.
Do0i:10.1177/0144598720956288

Aldawoud, A., Salameh, T. and Ki Kim, Y., 2021. Double skin
facade: energy performance in the United Arab Emirates, Energy
Sources, Part B: Economics, Planning, and Policy, 16(5), pp. 387-
405. D0i:10.1080/15567249.2020.1813845

Yazdizad, A., Rezaei, F. and Faizi, F., 2014. Classification of
double skin Facade and their function to reduce energy
consumption and create sustainability in buildings, 2nd
international congress on structure, Architecture and Urban
Development, Tabriz, Iran.

Hadiyanpour, M., Mahdavinejad, M., Bemanian, M. and
Haghshenas, M., 2014. Feasibility Study of Using Double Skin
Facade in Architectural Design of Hot-Dry Climate of Iran, in
order to Save Energy (Case Study Yazd City), Honar-Ha-Ye-Ziba:
Memary Va Shahrsazi, 19(3), pp. 29-38.
D0i:10.22059/jfaup.2014.55401

Zomorodian, Z. S. and Tahsildoost, M., 2018. Energy and carbon
analysis of double skin fagades in the hot and dry climate, Journal
of Cleaner Production, 197, pp. 85-96.
Doi:10.1016/j.jclepro.2018.06.178

Poirazis, H. (2004) Double skin facades for office buildings:
Report EBD.

Afshinmehr, V., Aref, F. and Shaneh saz, M., 2015. A numerical
analysis of double skin facades in summer, Nagshejahan- Basic
studies and New Technologies of Architecture and Planning, 5(2),
pp. 77-85.

Tao, Y., Zhang, H., Zhang, L., Zhang, G., Tu, J. and Shi, L., 2021.
Ventilation performance of a naturally ventilated double-skin
facade in buildings, Renewable Energy, 167, pp. 184-198.
D0i:10.1016/j.renene.2020.11.073

85

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ghasnbaran, A. and Aminpour, A., 2014. Assessment of Thermal
Behavior of Double Skin Fagade in the Climate of Tehran, Journal
of Sustainable Architecture and Urban Design, 1(2), pp. 43-53.
Mirmohammadi, A. and Taghizade, M., 2021. Studying
Effectiveness of the Double Skin Facade on the Tropical and Cold
Climate Conditions, Journal of Sustainable Architecture and
Urban Design, 8(2), pp. 50-41.
Do0i:10.22061/jsaud.2020.6437.1660

Bui, D.-K., Nguyen, T. N., Ghazlan, A., Ngo, N.-T. and Ngo, T.
D., 2020. Enhancing building energy efficiency by adaptive
facade: A computational optimization approach, Applied Energy,
265, pp. 114797. D0i:10.1016/j.apenergy.2020.114797

Zhang, T. and Yang, H. 2019. Flow and heat transfer
characteristics of natural convection in vertical air channels of
double-skin solar fagades, Applied Energy, 242, pp. 107-120.
Doi:10.1016/j.apenergy.2019.03.072

Amani, N., Sabamehr, A. and Palmero Iglesias, L. M., 2022.
Review on Energy Efficiency using the Ecotect Simulation
Software for Residential Building Sector, International Journal of
Energy and Environment (IJEE), 13(3), pp. 284-294.
Do0i:10.5829/ijee.2022.13.03.08

Kim, D. D., 2021. Computational fluid dynamics assessment for
the thermal performance of double-skin facades in office buildings
under hot climatic condition, Building Services Engineering
Research and Technology, 42(1), pp. 45-61.
D0i:10.1177/0143624420952962

Aksamija, A., 2013. Sustainable facades: Design methods for
high-performance building envelopes. John Wiley & Sons. ISBN:
1118549643.

Hashemi, N., Fayaz, R. and Sarshar, M., 2010. Thermal behaviour
of a ventilated double skin facade in hot arid climate, Energy and
Buildings, 42(10), pp. 1823-1832.
Do0i:10.1016/j.enbuild.2010.05.019

Gholipour Gashniani, M. and Yazdani, D., 2022. Studying the
usage of Double Skin Facades in utilizing Manjil wind in building
ventilation, Journal of Renewable and New Energy, 9(1), pp. 110-
118. D0i:20.1001.1.24234931.1401.9.1.12.3

Xu, C., Xi, Q. and Ma, Q., 2021. Technical Characteristics and
Energy Performance of Double Skin Faces: A Review, E3S Web
of Conferences: EDP Sciences, pp. 01029,
Doi:10.1051/e3sconf/202124801029

Aeinehvand, R., Darvish, A., Baghaei Daemei, A., Barati, S.,
Jamali, A. and Malekpour Ravasjan, V., 2021. Proposing
alternative solutions to enhance natural ventilation rates in
residential buildings in the Cfa Climate Zone of Rasht,
Sustainability, 13(2), pp. 679. D0i:10.3390/su13020679

Pourshab, N. and Khoda Karmi, J., 2015. Providing the optimal
pattern of double-layered glass facades to increase natural air flow
in office buildings in hot and dry climates. Master Thesis, llam
University, Iran.

Mousavinejad, M. and Monfared, A. G., 2015. The design of two
skins to benefit from natural ventilation In the hot and humid
climate of Kish Island, The Third International Congress on Civil
Engineering, Architecture and Urban Development, Iran.

Chung, L. P., Ahmad, M., Ossen, D. R. and Hamid, M., 2014.
Application of CFD in prediction of indoor building thermal
performance as an effective pre-design tool towards sustainability,
World Applied Sciences Journal, 30(30), pp. 269-279.
D0i:10.5829/idosi.wasj.2014.30.icmrp.35

Baharvand, M., Hamdan, M. and Abdul, M., 2013. DesignBuilder
verification and validation for indoor natural ventilation, Journal
of Basic and Applied Scientific Research (JBASR), 3(4), pp. 8.


www.scientific.net/amm.887.435

F. Najjari Seresht et al./ Iranian (Iranica) Journal of Energy and Environment 14(1): 76-86, 2023

COPYRIGHTS
©2021 The author(s) This is an open access article distributed under the terms of the Creative Commons @ ®
Attribution (CC BY 40), which permits unrestricted use, distribution, and reproduction in any medium, as long

as the original authors and source are cited No permission is required from the authors or the publishers

Persian Abstract

o._\:.S.?

SRy 3l ez lasidesS b pletle sles siluainge o) (5ol 6551 B ran Gl 5o Jelse 005108 30 51 6l b (Sg e disy
ol Sl )L.i‘..é yes 545)24: S99y 90 A d>gf Las el ijﬁ sl @l)]o OR9 Q{l )‘l JERV-IW gf“)‘)"’ qu..;‘ u‘“"b 51).; JL,.B).& é‘hb&ol)
5 oiebe)S Ol GRels el wigny o8 ol () iS5 05 @l o 05 S O b G pleitle ol s 0g Bale 5 LS Oz Sl 2
Sl o Jae b aslin o — (5,0l g aib 4 adls gy 98 (slod — atwgy 98 slales l £43 g0 ;50 lal jshaie pad 4y 05ty B le (lolejw
g slasiluds @t w08 ST g5ledas £) a5 jalo cplps 53l e 5 b Jle U Jobo 50 (oiule S g (cdalopr (55 Bpan ) digy g0
3l Jon 55 ()l ke sl B,k 31 (cale,S (5551 90y T 5 £gelas arses sbml Gsb 3l (il s (551 0oy B+ 10l ISl Sy s S
Slas3slsiSs oS 5 5 555l oloal b Buiow (nl sloaidl ablige oad (b (oS 5 atug 90 gled aliws 4 Jlo Job U 0 G5Sne laiSle ah
23,5 0 3l pasl )5 (sl lSaly G5 4z (ol Lld 4 az i b s

86




