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Abstract: The strategies of reducing convection through solar breakers and natural ventilation are factors
mfluencing the design and construction of buildings. The main reason 1s that the movement of air in the interior
spaces of any building generates a powerful impact on the thermal comfort of its occupants. Recently, the field
of reducing the convection and its techniques have considerable attention in civil architecture design. Tt
represents one of the most critical elements in the process of air conditioning with various climatic and
environmental factors. Therefore, the methods and techniques have been developed depending on the climatic
nature of each region of the world. This study exammes the most important mechanisms and advanced
techniques used in the field of reducing convection and natural ventilation. The primary purpose of applying
this study 1s to provide an appropriate health enviromment in the interior spaces. Additionally, to aclieving a
sustainable environment and avoid wasting it according to the datum conditions of the proper climatic
enviromment. That corresponds to the standards of modern buildings which are in turn the most important goals
of designers in the architectural area. The main challenges are to preserve natural resources and minimize air

pollution caused by the excessive use of machinery and equipment.
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INTRODUCTION

The Middle East Region has been considered the hot
spots during the Summer season. Traq is one of those hot
and dry climates and it is necessary to obtain appropriate
solutions to get rid of heat in the Summer season. Over
the past decades the architectural design in the
construction of buildings in the Arab countries (Traq in
particular) was influenced by social and environmental
nature. The old buildings used traditional treatments
architecture by using the mterior courtyard sigmficantly.
The reason for this is to create a comfortable atmosphere
environmentally. Additionally, to provide ventilation and
convection, natural lighting and saving a pleasant
atmosphere within the interior spaces of the buildings.
This style was taken into consideration to design of the
residential role and it emerges from ancient times until the
late 1990°s.

However, modern buildings usually use advanced
technmiques to take the benefit of moving the air and
providing shadows within the spaces of buildings in
contemporary architecture. This can be achieved in
accordance with the building itself and the climatic nature
of its area. Recently, new methods and systems have

emerged m the field of heat treatment which characterizes
the atmosphere of the study area. The natural air and
other natural energy sources are exploited by employing
them according to the Sun and wind mainly. Then,
mechanical devices can be adopted as a secondary
option.

Therefore, this research interests in the field of
modern technologies. It aims to reduce the convection to
provide natural ventilation for the internal spaces. It 1s
relied on renewable energy because of its importance in
the public arena. Consequently, minimize the worsening
health problems caused by pollution of the environment
and high consumption of energy and natural resources of
each region.

Problem statement: Recently, much attention has been
paid to solve the problem of reducing convection and
providing natural ventilation in the urban environment. Tt
is seen that the implementing of mechanical methods
causes a large waste of energy through the need to
generate electricity. Thus, it causes serious health
problems, environmental pollution and exhaustion of
natural resources. Accordingly, it 1s necessary to evaluate
this problem and make efforts to find solutions and
appropriate recommendations.
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Significance of study: The main goal of this research is to
that contribute to
providing the appropriate thermal and ventilation
in the spaces
environment. We took the benefit from the traditional

study the essential techniques

environment interior in the wban
architecture and design solution to be suitable for the
climatic environment of the region without the depletion

of energy and waste of natural resources.
MATERIALS AND METHODS

Theoretical study

Defecation of ventilation: In general, the ventilation refers
to breathing in oxygen and breathing out carbon dioxide.
In other words, the movement of air between the
environment and the lungs via. inhalation and exhalation.
Ventilation moves outdoor air mto a building or a room
and distributes the air within the building or (the
rooms). The general purpose of ventilation in buildings 1s
to provide pure air-breathing by both diluting the
pollutants originating in the building and removing the
pollutants (Waziri, 2007). Basically, ventlation is
categorized into natural ventilation and mechanical
ventilation. We now briefly describe both mechanisms as
follows.

Natural ventilation: It i1s applicable to all types of
ventilation in which the movement of air inside buildings
by wind power or air temperature difference. The air traffic
can be caused by one or both former workers and
depending on external weather conditions and the nature
and location of the building. Tt is noted that the rate of
natural ventilation 1s not constant because it depends on
the wind speed and differences in air temperature changes
over time. Therefore, achieving proper ventilation of the
building 13 the essential factors to overcome the
concentration of pollutants. However, it is necessary to
direct the openings of the building to the direction of the
prevailing winds in each area which can be performed by
taking care to have more than one hole in each room
(Atkinson et al., 2009).

Mechanical ventilation: It is well known that mechanical
fans drive mechamical ventilation. Fans can either be
installed directly in windows or walls. Additionally, they
can be installed in air ducts for supplying air into or
exhausting air from a room. In the literature, the type of
mechanical ventilation depends on the climate. For
example, in warm and humid climates, infiltration may
need to be minimized or prevented to reduce interstitial

condensation. Tt can be implemented in warm, moist air
from inside a building penetrates a wall, roof or floor. In
these cases, a positive pressure mechanical ventilation
system is often used. Conversely, in the cold climates,
exfiltration needs to be prevented in order to reduce
interstitial condensation. In consequence, negative
pressure ventilation must be applied. For a room with
locally generated pollutants such as a bathroom, toilet or
kitchen, the negative pressure system is often used
{(Dragan, 2000).

In a positive pressure system, the room is in positive
pressure and the room air is leaked out through envelope
leakages or other openings. Whereas in a negative
pressure system, the room is in negative pressure and the
room air 18 compensated by “sucking™ air from outside. A
balanced mechanical ventilation system refers to the
system where air supplies and exhausts have been tested
and adjusted to meet design specifications. The room
pressure may be maintained at either shightly positive or
negative pressure which 1s achieved by using unequal
supply or exhaust ventilation rates. For example, a slight
negative room pressure 15 achieved by exhausting 10%
more air than the amount in a cold climate to minimize the
possibility of mterstitial condensation. In an airbomne
precaution room for infection control, a minimum negative
pressure of 2.5 Pa is often maintained relative to the
corridor (Dragar, 2000; Auf, 1997).

Functions of natural ventilation: Natural ventilation and
air movement achieve three purposes: providing fresh
and healthy air, cooling or heating of buildings and
refrigeration of residents. Firstly, cooling or heating the
buildings from the inside with load currents. This comes
when there 1s a difference in temperature between the
inside and outside until the building is cooled from the
mnside (the temperature outside should be cooler than
inside and vice versa). This difference in temperature
depends on how the temperature changes during the day
(structural cooling is the heat obtained from the outside
and heat generated at home or the combination of all
these factors).

For the second function, refrigeration of residents in
specific conditions by cooling the body, removing sweat
and moisture from the human body. Thus, the ventilation
increases the process of heat loss by convection currents
due to rapid air movement in the presence of air currents.
If we do not feel proper ventilation at the body level, the
cold and refreshed feeling will not be achieved the desired
purpose. The sense of cold and recovery do not come as
aresult of the cold body but it comes as a result of the
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(b)

Fig. 1: a-c) The use of wind catcher in different forms mn the Gulf States

passage of air currents fast enough to evaporate sweat
and reduce the temperature of the body gradually leading
to a sense of cold.

Applications of natural ventilation systems: As we
mentioned earlier there are several applications of natural
ventilation systems in contemporary architecture. It
on the nature of the bulding and its
function, geographical location, climate environment and

depends

architectural design. So, we can review the most important
applications and its mechanism in order to achieve natural
ventilation as follow:

Wind tower system (wind catcher): Tt is a tower with air
ports above the facades of the buildings to pull cold air
down to enter the interior rooms of the house or buildings
(Fig. 1). The external air movement from the top creates a
“pressure differentials” that helps more to pull the air from
the inside. Therefore, its presence with “Mashrabiya”
ensure the constant renewal of the cabin air. Wind tower
(or wind catcher) provides natural ventilation by taking
clean air that is free from dust and other impurities from
the upper layers of outer space and make it flow through
the internal areas. Regardless of the general direction of
the building and its relation to the direction of the wind it
helps to increase the speed of the air inside the building.
The size of the wind catcher depends on the temperature
of the air outside in the case the temperature in the
entrance of windcatcher 1s low. Therefore, the horizontal
partition must be large. Nonetheless, if the temperature is
higher than the maximum thermal comfort then the
horizontal study must be small. Additionally, it should be
provided in such a way that the air is cooled through
mside by using a wet tatami or wet plates of charcoal
placed between two plates of metal mesh. Furthermore,
the flowing air can be directed over a water element like
Salsabil or Fountain in order to increase its moisture level
(MLtd., 2019).

Modern technologies of wind catcher system: Recently,
the wind catcher system has evolved significantly and
emerged with new technologies such as Monodraught
wind catcher. Sice, 2000, the kind of wind catcher
considered an extension of wind catchers wlich has
spread m the Middle East Region. This system made a
significant development of air ducts that operate on the
principle of thermal propulsion with a chimney system. It
has been proved that the wind catcher is the most
effective way to provide optimal natural ventilation. Tt is
implemented even commercial buildings in Europe
including all British companies (FP., 2019). Monodraught
wind catcher has shown its superiority on other natural
ventilation systems because it does not depend on wind
direction. Furthermore, the types of wind catcher vents
with guided blades and always one-way catch the
prevailing wind. Moreover, the diection of the air
movement 1s changed to a 90° angle to bring the air into
the building’s vacuum where the valves are open. Due to
the variation in temperature between inside and outside
the building it affects air density and gives more pressure
on mtemal and external air blocks. Then, the warm air rises
at an angle of 90° to get out and spread in the outside
atmosphere. As shown in Fig. 2, the system provides
natural ventilation at night and day during the Summer
months according to the mechanism.

Alternate discharge in high tower buildings: This
method 13 one of the best ways to vent the spaces in
tower buildings where the air 15 provided from the
lower areas to drive through the altemating opemngs
overlooking the inner cowtyard. One of the most
important towers that depend on this technique in
ventilation is Regional Commercial Bank Tower in
Frankfurt, German (which was designed by architect
Norman Foster) (Riain et al, 1999). It consists of
fifty-three floors and considered the first office tower in
the world n addition to being as the tallest bulding in
Burope.
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Fig. 3: a-c) Natural ventilation at the commercial bank regional management tower in Frankfurt, Germany
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Fig. 4:a-¢) The solar chimney mechamism at the Greystone and Watford buildings m the United Kingdom and the

Victoria Parks building in Sydney

The purpose of this project 1s to explore the nature of
the hugh office building. According to this trend, we study
the new ideas developed for its relationship to the
environment. The basic idea of this concept relies on the
natural systems of lighting and ventilation. All offices are
flooded with daylight and have windows that can be
opened, allowing employees to control the surrounding
work environment.

Nevertheless, the result of this system in terms of
energy consumption is equivalent to half of the levels in

the traditional office towers and environmentally.
Additionally, the gardens help flow daylight and fresh air
into the central courtyard and act as a “chimney” for the
natural ventilation of offices on the inside. Depending on
the direction of each garden, plants were selected from
one of the following three regions: North America, Asia or
the Mediterranean Region (Fig. 3).

Solar chimney system: As shown m Fig. 4, solar chimney
system (so-called a thermal clumney) is a way to improve
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Fig. 5: a, b) The models of moving surfaces and green surfaces to provide natural ventilation and temperate atmosphere

natural ventilation in buildings using convection of
heated air from inert solar energy. It 1s considered as a
vertical pathway that uses solar energy to enhance the
natural ventilation of the building. The solar chumney has
several types and forms where the simplest one is that it
is painted with black to absorb the largest amount of
solar radiation. During the day with high temperatures,
the hot air stream 1nside the chimney rises to the top and
the cold air enters from the bottom (Al-Hamdi, 1999).
The elements of the solar chimney consist of the
following:

¢ Solar collector area: located in the upper part of the
chimney used to guide

*  Main ventilation slot: location and elevation are two
crucial factors

*  Ajrinlet and outlet openings

Surfaces and cooling of building causes: The surfaces
have a significant role in providing natural ventilation. Tt
has handled in modem ways (such as covermng the
spaces, the walls with surfaces and moving elements, the
possibility of opening and closing automatically) in order
to discharge the air from the top of the vacuum and grab
it from the bottom to create a stream of air in the inner
space (Atwa et al., 2018).

The cooling of the building’s cover can be performed
through several techmques including the use of water and
plants for horizontal surfaces. It can alse find
contemporary cooling methods for building surfaces
which provide active movement of natural air currents
within the building (known as the attic). Tt is suitable for
ventilation of housing in temperate cimates meluding also
what 1s known as double ceilings and separated by an air
space. Some of them have a light metal cover and a
vacuum that is added to the ceiling of the building and the
shadow of the building. Additionally, others have an air
space connected with double spaces of walls and areas
under the floor of the building as shown in Fig. 5.

The role of solar breakers for reducing convection: It is
well known that solar breakers can be either vertical or

horizontal surfaces. Furthermore, it might be mounted
either in portrait orientation or oblique direction on the
fagade. Moreover, it can be placed either on the edges of
the window or in the front, so that, the window shade
from the direct sunlight according to the horizontal
angle and anchored to the Sun. Solar breakers can be
considered as particular structural elements that have an
impact on the protection of buildings from direct sunlight.
It has the advantage of allowing low solar rays to enter
the building during the peried of high solar radiation
during the Summer. This property is an essential tool in
solar control, especially in hot areas. The primary function
of the Sun breaker should provide the necessary
protection from the direction of sunlight without blocking
the vision and providing natural ventilation, m addition,
its ability to reduce the amount of heat gained. There are
many types of Sun breakers mcluding horizontal
Sun breakers, Sun-beams and Sun-blockers. The following
explains the properties of both horizontal and vertical
breakers:

*  Horizontal breakers are useful when it is used to
shade a window on the Southern facade where they
prevent sunlight from entering the Summer

s Vertical breakers are also useful when it is
implemented to shade a window on the North fagade.
In the case of the Eastern and Western facades it is
possible to use moving head Sun catheters as they
are more effective than fixed sunspots

The horizontal coupling union with the vertical
(composite) can be used to shade a window on the South
facade and utilized on the Eastern and Western interfaces
in the case of making the vertical breakers moving and
horizontally fixed (or vice versa) (Ali, 2011).

Elements of air flow rate calculation for ventilation and
their types: Natural wind speed ventilation with equal
openings for air entry and exit: there are several factors
associated with securing natural ventilation by taking
advantage of the speed and movement of air resulting
from the force of the extemal wind. These factors are:
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mean wind speed, wind direction, daily and seasonal
changes of wind speed and direction and the impact of
adjacent buildings, highlands and other obstacles in wind
movement (McQuiston and Parker, 1982). Air vents are
preferred to be directly facing the direction of the external
wind. Additionally, air exit vents on the opposite side or
at the ceiling and at the low-pressure position of the
ceiling or wall.

Natural ventilation resulting from air temperature
difference mside and outside the building and the
existence of feeding holes and ejections for this purpose:
As aresult of the temperature difference of the air with the
outside, air flow occurs due to the difference of cold air
density from the hot air. The hot air rises to the top and
replaces cool air from outside the construction of the
lower operungs. The external air flow rate resulting from
the temperature difference can be calculated according to
the previous relationship.

Natural ventilation resulting from the combined effect
of wind speed and temperature difference: when there 1s
a combined effect of wind velocity and temperature
difference 1t 13 not possible to collect the flows. In this
case, the flow calculation is determined from the following
relationship:

Vi=V

— Vtotal
where, [1s the correction coefficient.

Experiment study: In order to achieve thermal comfort and
provide natural ventilation within the spaces of public
buildings, the building of the Faculty of Education at
the University of Kirkuk was chosen for study and
application of design elements. It 15 important for
mentioning that the situation may change the reality of
the state of the building from one case to another
according to the surrounding climate and achieve thermal
comfort through the application of special programs. The
experiments were carried to calculate the changes in the
event of altering or adding additional design elements to
reach the desired goal.

Existing computer programs such as RIVET and
DesignBuilder are used to calculate the required data. In
the first step using RIVET, the architecture of the building
was designed. Then, the design has transferred to the
“DesignBuilder”. After that, the required climate data has
added in order to evaluate the results that represent the
reality of the building. We then designed the solar
breakers and inserted the wind catcher on the roofs.
Accordingly, we recalculated the outcomes to achieve
thermal comfort and natural ventilation in the interior
spaces of the building (our study goals). In the followimng
subsections, we explain the programs and how they
umplemented in the experiments.

RIVET program: It is a well-known production design
software and considered as one of the Autodesk
programs. RIVET uses building information modeling
technology (Building Information Modelling) by
designing a model that contains construction information
of geographical location, cost, characteristics of used
elements, manufacturing characteristics and other
essential data. This model can be implemented
structural analysis, energy and lighting analysis and
estimating quantities of construction material and total
cost (Stine and Hansen, 2018). The program allows the
user to create a 3D Model that comprises of building
elements from foundations, floors, walls, windows and
ceilings. Furthermore, the software has the possibility of
converting the design to a 2D Model and the composition
of projections, study and rendering. The most mmportant
feature of the REVIT program from other design programs
15 that the model designer 1s always updatable for any
change to the basic drawing. Finally, the rest of the
dependent models such as projections, sections,
quantities of materials will change accordingly
(Sarhan and Zouim, 2017).

Design builder software: It 1s a specialized software in the
field of (Green BIM) which are used to simulate energy
consumed in buildings. The program 1s able to provide the
possibility of simulation work for the whole building or
parts of the building depending on the building model
(Building Model). Additionally, it can simulate the
geographical location and weather data for any building.
This program was carried out to calculate the amount of
the entering light to the building and the consumed
energy due to cooling and the heating and the ventilation
in the building at any time of the year (Garg et al., 2017).
The program can also perform the following: calculate the
amount of entering light to the building and the heat
generated before and after the addition of the solar mass.
Additionally, the software can calculate the impact on the
consumed energy by cooling. Evaluate the impact of
wnserting the wind catcher on the natural ventilation
of the building and its effect on cooling energy due to
cooling.

Steps of the experiments

Step 1: The building of selected as a study sample
(represented by the Faculty of Education, Umversity of
Kirkuk) was drawn by the Autocad program. The study
sample is an area of 5000 m® of one fleor approximately
Fig. 6. As shown in Fig. 7 (which is designed by REVIT),
the building consists of seven floors.

Step 2: As shown in Fig. 8, the file contaimng the building
drawings has transferred to a program to calculate the
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Fig. 9: a-f) The addition of new design elements (solar breakers, spacers and roofing)

of the
According to climate information for the sample study
area, the tangible results have achieved to meet the high
rates of convection in the interior spaces of the

building.

convection degrees building’s  condition.

Step 3: A new design element was added to the building
i order to reduce the convection and the direct bright
light scattered inside the building spaces. Tt consists of
olfactory fractures for exposed destinations to extend the
periods of sunlight and direct perforation. In addition
to this, awr suspension was added which provide
natural ventilation to a large proportion of the
building’s internal spaces through the exploitation

of prevailing winds in the region. Figure 9 shows
the inserted design elements to the study sample.

As illustrated m Fig. 10 1t 1s clear that the results were
very positive as we found that the amount of convection
15 less than the quantity contamned m the reality of the
building. Furthermore, the amount of natural ventilation
has also increased within the intemal spaces of the
building leading to achieve a healthy environment for the
occupants of the building Fig. 11. Furthermore, through
the positive results reached, we determined that the
amount of energy spent has also decreased Fig. 12.
Finally, the calculations were conducted for one floor
where the results are multiplied by the number of floors of
the building.
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Fig. 12: The amount of electrical power spent per floor before and after the redesign: a, b) Temperature heat gains and
energy consumption-Kirkuk University 1 July, 31 December monthly

RESULTS AND DISCUSSION

From the above mentioned experiments, we
summarize the findings as follows: it is vital to the use of
simulation programs in the design of buildings to momtor
the cuwrrent situation and in searching for climatic
solutions in conjunction with the architecture of the
bulding. Thus, achieving the required thermal comfort in
reality. It is essential to use natural cooling methods
through the design methods to pull air into the spaces of
buildings (such as wind catcher). Additionally,
exploitation of the prevailing winds, especially, seasonal
ones have a significant role in reducing the temperature.
The benefit of using suitable solar brealers, especially,
exposed facades to dmect sunlight Furthermore, it
necessary that these solar breakers should be works to
provide shadows, thus, providing thermal comfort for as
long as possible within the spaces. The evolution of
materials and methods of msulating the walls and roof of
the building from solar radiation has helped to reduce the
leakage of heat into the building’s spaces. Despite the
high cost of installing natural ventilation techniques it is
economically viable in the long term. Reduces the cost of
electrical energy significantly in case of adding the
proposed design elements according to the results
obtained through the simulation programs adopted.

CONCLUSION

Designers should be encouraged to rely on
internationally approved software to conduct building
simulations during design to minimize design problems
that emerge after implementation Furthermore, It is
essential to take into account the technical development
in desigmng elements that may lead to reduce the
temperature in the interior spaces of public buildings.

RECOMMENDATIONS

It’s necessity dependence on design principles that
reduce mechanical means and directed towards the
optimal exploitation of natural energy (such as the use of
wind to provide natural ventilation). Finally, from the
experiments, it is necessary to pay more aftention to
evolve software programs that can help the designers to
test the design before implementation.
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