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Abstract: This article assesses an architectural design utilizing an Energy Consumption consideration of
Natural Ventilation in a hot, dry climate (State of Khartoum) at residences designed for this climate. Method
used for examination of Autodesk IEVS software natural ventilation and simulation of energy consumption By
incorporating natural ventilation into home design, it was possible to maintain a suitable inside temperature
during the summer. The Best-Case Scenario for natural ventilation in terms of energy conservation Based on
the CFD simulation research, the internal air velocity performance is approximately 0.7 meters per second. The
wind velocity begins to diminish behind the apartment buildings. 95% of the interior areas have an average air
velocity between 0.43 and 0.9 meters per second. Internal Air flow pattern single floor house plan at Khartoum
(Alazhari City); displaying the internal air velocity of 0.7m/s near the window opening positions with the wind
directions in the details and pressure of the air as worst-case scenario, with velocity and temperature of the air
with average 220 as best-case scenario. In an urban planning neighborhood in Khartoum, the architectural
design process in Alazhari City's urban region for energy-efficient housing was implemented and determined.

Keywords: energy consumption; natural ventilation; dwelling design; cfd simulation; hot dry climate

1. Introduction

Design building utilizing an Energy Consumption perspective of Natural Ventilation is the
process of designing, choosing, and calculating the ratings of the system's equipment. [1]. This
procedure is contingent on a number of variables, including geographic location, sun irradiation, and
load requirements. As a developing nation, Sudan is experiencing a rapid urbanization process; the
proportion of urban regions is anticipated to increase dramatically in the near future. Consequently,
it is essential to identify the obstacles to urban housing in Sudan.[2], Energy consumption important
part of optimum design in a dwelling, include the natural ventilation was suitable for cooling the
house to go in green architecture and reduce the electrical load. For cooling, the natural ventilation
in this design was used to get the indoor temperature at a comfortable level during the summer,
while also saving energy in Sudan as a hot region. The average is through the analysis of Autodesk
IES (VE) v5.9.0.3 software for CFD design[3, 4]. Study was search in Khartoum for designing a clean
and low energy house towards to sustainable architecture, based on all the requirements of planning
spatially on the location and general in Khartoum state. For design purposes, the researchers have
considered a type of the residential area of Block 10 of Alazhari City(Urban of Khartoum); the type is
of insulated load bearing type as shown in [5]The ground floor plans of the types, which are slightly
different from each other. The design of the two types of houses was considered as an ideal example
of optimum design that is perfectly viable for implementation in the homes of second and third
classes|[5, 6].

The principle of natural ventilation was widely adopted by individuals and architects across the
globe. Due to energy concerns, indoor air quality concerns, and environmental challenges associated
with mechanically ventilated structures, the application of natural ventilation in buildings is gaining
popularity.[7], Observed and detailed in depth was a vast array of national and international natural
ventilation initiatives.[8] stated; the natural ventilation showed that the general strategy to the
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analysis evolved from traditional to computational methodologies. This also implies that computer
modeling appears to be the prevalent method for establishing problem concepts and solutions for
structures in the twenty-first century.[9, 10] noted that as wind modeling improved as well as with
computer speed and capacity, the approach was growing in popularity not only for its adaptability
and informative results but also for its affordable labor and equipment expenses. A domain including
both stationary objects (such as buildings) and non-stationary barriers (such as moving autos, trees,
etc.) could be modeled using CFD.)[11]. According to [10] Energy simulation and computational fluid
dynamics (CFD) were integrated into a central role in building design because they supply
complementary data on the performance of the building. However, due to the underlying
assumptions of each application, running them independently will not result in a reliable prediction
of the thermal and flow behavior of a building.[8]. Most simulation programs, for instance, assume
that the air in an indoor space is well mixed, that the air temperature and contaminants are uniformly
distributed in a zone, and that momentum effects are ignored.[12].

According to [12, 13] Predicting thermal comfort in naturally ventilated buildings using CFD
modeling alone was challenging. It's composed of the effects of climate on both large- and small-scale
environments, from entire neighborhoods to individual rooms. indoor thermal environment
boundary conditions and heat transfer/fluid dynamics calculations[14]. CFD studies for external
flows still have a somewhat restricted degree of accuracy, which is something that needs to be
carefully examined. A CFD study of the airflow around the building, on the other hand, will provide
solid results along with extra information on the special conditions for that building. For this reason,
the development and implementation of CFD-based urban climate assessment tools is essential.[14,
15]. Both the CFD method and the building simulation method had their own unique drawbacks in
terms of the amount of computational performance they required. However, recent advancements in
computer performance IES (VE) v5.9.0.3 software integrate with building simulation has made it
possible to improve the accuracy of evaluating the effectiveness of natural ventilation also give more
data analysis procedure that generates of airflow in buildings. This has made it possible to improve
the accuracy of IES (VE) v5.9.0.3 software integrate with building simulation.[16, 17]. In recent years,
the study of natural ventilation in buildings has been an active research subject, and the combination
of building modeling with CFD has emerged as the new trend (for delivering an accurate
solution).[16].

The Physical Features of Alazhari City(urban of Khartoum) According to [18, 19]greater
Khartoum is the name given to the capital of the Sudan in the urban Khartoum, Khartoum North,
and Omdurman are at the junction of the Blue and White Niles at 15°36'N 32°32'E and 96.520 m above
sea level.[20, 21]. Sudanese capital covers an area above 22,122 km?[22].[23] The topography of Land
is generally in Alazhari City as a part of Khartoum state was, flat with gradual slope towards the
north and the Nile[22]. In the west, the land was bear with Nubian stone and water bearing
sedimentation formation. In the south, it is covered with 30 meters of thick darkness and heavy slit
called Gezira clay[22]. The central and the main ports of the three towns fall within the area of recent
deposits of alluviums wadi fills, terraces, delta and swamp deposit and the location of greater
Khartoum.

(a B o (b)
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Figure 1. Al-Azhari City(uburban of khartoum) it describe(a)The Location of Al-Azhari City,
Khartoum State and (b)Azhari City Block No.10 The Area.

2. Research area and data:

2.1. Climatic Conditions

[23] The weather of Greater Khartoum, that is located at the southernmost tip of the Sahara
Desert, has been characterized as a hot desert. From November and May, the climate is hot and dry,
with a three-month period of cold weather between December and February. From June through
October, a three-month wet season dominates. At least sixty percent of the average rainfall thus is
relatively low, and sloped land is susceptible to significant erosion. With yearly evaporation rates of
3000 mm, the annual precipitation is just 150 mm. The wind direction follows a predictable
pattern.[22]. During the dry season, the winds blow from the north, whereas during the brief wet
season, the winds blow from the south. Soil corrugations discovered west of Omdurman are likely
caused by the ferocity of the prevailing north winds. May and June are known for their volatility, and
with that comes the "Haboob" wind. Between May and September, the sun shines for an average of
95% of each day.[18]. addition to the area is connected with centre of Khartoum through (Medany
high way) and connected with [Al-Ingaz], [ Mayo] and [Idd- Hussain] cities [18, 24].

2.2. An Urban Planning of Alazhari City(Urban of Khartoum State)

It is careful as the most central modern cities characterized as a result of the

bordered by the main street which is breaking into other main branches as well as all blocks in
central cities is consisting of 50- 100 thousands person[25, 26]. Although the shape of the city includes
different classes and blocks it is planned with both vertical and horizontal roads. It has a main centre
introduce the different blocks. This type of planning has some difficulty, and need to be improved
and efficient [27]. Intended for motive that the researcher attitude this crisis when designed and
planning the unplanned area at block no. 10, furthermore not far-off diverse from the blocks planning
of the intact city of Alazhari, because it must be harmony with attractive beautiful. The city planned
comprehensively with integrating all activities and different services as well as social and human
services [28]. So, there are (18) mosques and little number of nooks, there is only five basic school it
islocated in block (11, 10, 15, 23, 5). In attendance is another basic school under establishing, although
it is not completed but it is started to receive pupil. The completed rooms are without doors or
windows. The average student's walk to school is roughly one kilometer. There is only one hospital
in the region, and it's in building No (15)[2]. It receives medium cases but it has no ambulance [2, 28].
There is no market in the city that is because the city is located near Khartoum central market and the
local market. All the organization in the city is funded publicly and through aid and donations by
charity societies and citizens self-efforts [2, 6]. The current situation of the city is not satisfying the
central modern cities requirements and is not meeting citizens’ needs, which necessitate immediate
treatment by public and governmental authorities. Blocks are similar in design and in general shape
Grid planning as whole Khartoum state planning [29]. The services are extended from the first unit
through to the centre of the city.

The city is divided into three classes: consisting of (29) blocks. Figure (13) & (14). It is as pursue
a First class represents 28.7% of the area which consists of (6) blocks that is (5247) Sections and the
inhabited sections are (2098). Second class: It represents 13 % of the city[21]. It consists of (7) blocks
(8,9,25,26,27, 28, 29), and the number of sections is (2469), number of populations is (988) persons.
Third class: it represents 58.7% of the city as shown in figure 1(a-b) . It consists of (16) blocks, (2469)
sections, (4398) are the inhabited sections [6, 26]. Number of sections in the city is (18710) persons and
the inhabited sections is 38% - 41% in all blocks[2, 6]. The average of family members is about 6
persons[30]. The whole the city's population is about (52388). Population statistics for the various
classes and blocks [6, 31].

3. Materials and Methods
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3.1. Design approach of Energy consumption in a Housing Considering of the Climate of Khartoum

This paper considered climate and geographical location as having a major control of the
housing design[32]. In the hot dry climate, used a process to keep the house cool in summer and
warm in winter to save electricity[33].

3.1.1 Planning Strategies and Method

Existing conditions in Khartoum result from socio-economic, political and other forces[22, 34].
As strategy deals with planning and implementation, the strategies of

Development concern in this article.

Figure 2 lays out how the design is influenced by the infrastructure layout in the residential
sector. Utilities, land, water, transportation, local resources for employment, and suitable living and
working climates are all taken into consideration throughout the site selection process. [32, 35]. The
main criteria of urban forms were vertical rather than horizontal by grouping clusters for shading,
capturing cool breezes and minimizing glare and solar heat reflection. Other design strategies include
using water for cooling, using the courts for shading and ventilation by pedestrian networks to
confined buildings or trees and avoidance of large un shaded areas[35, 36]. Building Materials
detailed as The optimal design of materials selected for the house include concrete floors with red
brick walls[2], as they was provided even temperatures in the room with a window for south-north
thermal collection to absorb heat in the winter [37, 38]

3.1.3. Position and Size of Windows

Windows were strategically placed and sized depending on their orientation and the
construction materials utilized in the house. Openable windows at strategic locations allowed for
cross ventilation from the summer's cooling breezes. Windows were either double-hung, casement,
or sliding. [38]. As shown in the Figure 2 below:

The roof is well-developed enough to provide for access to the sun in the winter, while also
sheltering the window from the sun in the summer when the angle is altered. This house's
architecture makes excellent use of the shadows cast by external devices to reduce the interior
temperature during the warm summer months. [38]. North and West windows are in the shadow of
the vertical sun protection devices all year[2, 39], as shown in Figure 3. In the winter, windows should
be of high yield and good quality so that no heat losses are incurred [2, 6] detailed below:

heat is absorbed SUmmer

by the slab during

the day _O_
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Figure 2. Window Position of Location.
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keep west windows
small with good
summer shading

keep south windows
reasonably small

keep east windows

reasonably small with North facing windows can be large but
good summer shading require good summer shading

Figure 3. Ability for Saving Energy.

3.1.4. Air Movement and Draught Control

High quality ventilation prevents these common sources of heating air leaks. Ventilation was
reduced during the day to exclude hot[22], dust-laden outdoor air from the interior accomplished by
the location of the windows[40].

3.1.5. Computational Simulation used IES (VE) v5.9.0.3 Software

To conduct this case study, we choose to use Virtual Environment IES (VE) v5.9.0.3 since it
provides the most flexibility in terms of model reuse across all study components.

For the overheating analysis, the software had to estimate bulk air flow throughout the building
so that the efficacy of the proposed ventilation method may be determined.[39]. This part of the
research utilized the Macroflo module of the IES (VE) v5.9.0.3 in tandem with Sun cast and the
Apache simulation engine. [41]

3.1.6. The Modeling and Simulation Process

The concept design layout for the Enterprise building was the first step in the process for this
case study. A central courtyard is used in the original design idea to create natural ventilation. [2].
As the warm air in the courtyard flows to the roof, it generates the cross ventilation, which makes the
building naturally ventilated. This case study's aims are first to verify that the concept design is
producing the desired results, and second to optimize the design for maximum efficiency.[42]. In the
first phase, we examined the effectiveness of the building's basic design by developing a model.

o Ventilation

According to The National Calculation Method's formulas were used in the simulations, which
meant that some degree of control was allowed for. Lighting energy decreased as glazing area rose,
while heating energy increased as a result of higher conduction losses and lower usable internal
gains.[41]. Following the energy analysis, a study of the building's overheating and its effect on
thermal comfort was conducted. The passive methods examined included opening up the ceiling to
reveal thermal mass, installing external shade, and opening windows at night. In this research, the
outside air flow velocity and pattern were predicted by creating a computational fluid dynamics
(CFD) model of the complete development. Therefore, one-story buildings were selected for in-house
simulation.[41]. Each of the CFD simulation produces a detailed result of air temperature, relative,
air flow velocity and pattern[43]. The macro flow is used to simulate the indoor environment. The
displays presented in this report consist of the 3d views of the airflow pattern taken from either
horizontal or vertical sections through the space [17]. Most simulations are performed at a constant
state temperature of 28 Co in an isothermal environment. The apartment's computational elements
were all set to 0.2m, whereas those nearer the buildings and the ground were all set to 1m. The
windows diagram analysis uses a northerly wind direction with a mean speed of 3 m/s as an external
boundary condition.
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3.1.7. Detailed of Site Description

The Ministry of Planning and Engineering Affairs in Khartoum, Sudan, was able to provide all
of the available and essential data, including plans of Alazhari City. The information here will be
used to develop a blueprint for the development of Alazhari City's Block No. 10. Suburban
neighborhoods' homes[2]. The study developed a house design in an urban area which is considered
as the third-class houses area in Khartoum state by adopting the architecture needs which is mainly
climatically appropriate[6]. The area of the 1-family-home is a 200 m? with an extra 100 m? for
courtyard, also designed and supported by [6] as shown in figure 4 (a) and (b). This design creates
a house plan that can accommodate 6-7 people. According to the design, it is possible to keep a
pleasant temperature inside a house year-round if the house is planned with the cooling impact of
the site (hot, dry climate) in mind, as simulated in table 1 by researchers. For this reason, the design
of the house allows for a significant amount of sunshine to enter the house throughout the winter in
order to provide sufficient interior heating, day lighting, and natural ventilation for human needs.[2,
5, 6]. As well limiting the sunlight that enters the house as much as possible during the summer to
maintain the interior cooling. In response to this, the architects and planners at the proposed site,
Block No. 10, made sure to position the building so that it faces south, where it would receive the
most sunlight and benefit most from the cooling effects of natural air circulation.[44] It had relatively
unobstructed southern exposure so that the atmospheric air being heated by the sun can enter the
house easily to make the interior cool during the summer season similar to [2, 21] resulted the
environment site planning allows appropriate levels of natural ventilation and energy consumption
into each dwelling, similar with [45].

Table 1. This is a table shown a solar attitude, heat consumption at location of study.

4. Dissections and Results

4.1. Low-Energy House Technology Options at Alazhari City (Urban of Khartoum State)

The design includes wide windows with dimensions of 1.5m x1.5m to cover the maximum area
of the most indirect natural light of south and north exposure. The inclusion of the cover on the roof
and the refraction of the sunlight, According to the overarching plan of the building, windows can
be designed to selectively admit sunshine and disperse daylight throughout the day and the year. [2,
5]. Therefore, window orientations were integrated in the rule to produce the right combination of
light for the construction, depending on the climate and latitude of Khartoum state of north for more
effective natural ventilation. Researcher improved the amount of light by using a large light in the
room using window size as above as clear in Figure 1. [46, 47] determined the affect the amount of
light transmission through the windows as a main element effect of sustainable design and
sustainable architecture to find an optimum design of low energy building [48, 49].
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Figure 4. View of Designed Residential one type of a house designed at Azhari City Block
No.10 The Area. (a)Prespective of designed site (b) Prespective of a house(c) Urban planning of block
10.

4.2. IES Virtual Environment> (IES VE>) was used for computational simulation.

The IES Virtual Environment (IES VE) is a collection of applications that all collaborate together
and have the same user interface and data model. [41]. The software provides a framework for in-
depth design evaluation, allowing structures and systems to be optimized in light of comfort and
energy efficiency requirements. [41, 50]. The Virtual Environment (VE) was chosen for this research
because it allowed us to use a single component for all of the study's needs.

4.3. Simulated Weather Data Analysis

Khartoum climate design test data and the IESV software reference year were used to collect and
analyze the weather data. The data used to create the IESV weather file is collected over the course
of a year to ensure that it is indicative of a typical year's worth of weather.[51]. Figure 4.46 shows the
results of the simulations run using the IESV file to analyze energy use. Served as input for analyses
and simulations of the effects of local climate factors like temperature and wind on building design.

4.3.1. Radiance Energy Plus Integration

Once the simulation list has used Radiance to computing daylight availability and lighting
control response[52], this information was used to inform the energy plus model as clear in Figure 5.
This is generally able by defining a lighting plan for the Energy Plus model in concentrate, switching
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off the resident Energy Plus day lighting calculation and simply using the lighting schedule dictated
by Radiance-based simulation.

Laocation: Kharkourn *
Latitude: 15.62° M
Longitude: 3255 E [Local Time Meridian: 45.00° E] Huarth

Sun Pathz Shown:
— June 22

— March 22

— September 22
— Januany 1

— December 21
— December 22

wiest

Figure 5. Sun Path in Khartoum.

4.3.2. Air Movement and Ventilation

In hot and dry areas like Khartoum, Alazhari City, the outside air during the day is so hot that
the movement of air into a building is not encouraged|[6]. In this design, in the summer the hot season
is found at night, ventilation is desirable to cool the structure of the building, and detailed by using
IESV software. As resulted in Figure 6; Sun at a high angle, high temperatures, and a moderate south
airflow characterize the summer months of March through June. The months of July to October,
termed as the rainy season, are usually colder than the rest of the year. also the air is going down into
the interior while the heated internal air is exhausted. To obtain the prevent heating by day; opening
was opened to produce ventilation, as air movement during the day will not be required. Winter
months (November—February) have the lowest solar angle and mildest average temperatures (Figure
7). Furthermore, it prevents heat accumulation. Furthermore, the researcher creates large windows
to accommodate the climate conditions.[53] Contribute to this outcome by serving in Khartoum. As
depicted in Figure 4.49, the designs considered for obtaining natural ventilation in buildings depend
on the airflow in the area to reduce the temperature inside the building. Using IESV software, the
annual air temperature ranges from 21° to 35°C, while the relative humidity ranges from 45 to 95%,
with the exception of July and August, when it falls below 20%. Cool night as depicted in Figures 7
and 8. This study utilized metropolitan Khartoum settings; this may be a crucial factor for natural
ventilation design in Khartoum. It was comparable to [54, 55] in the similar range of natural
ventilation 30°-36°. In the location of case study, for the hot and dry condition, a building has a heavy
structure; as a first study using this software in Khartoum and details the future of cooling a house
[56].
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4.4. Inputs and Assumptions for the Simulation

All analyses utilized the identical exterior constructions as the planned baseline building. In
order to prevent overheating, the inside ceilings of certain examined scenarios were finished with
bare concrete rather than ceiling tiles. Figure.8 depicts the construction U values employed in the
study. It was essential, when conducting the building study, to employ profiles and acquire features
that were representative of how the house would be utilized in practice. The activity database served
as the basis for assumptions on internal gain. The profiles utilized in the study were derived from the
findings of the investigation. Figure 4.51 depicts the Occupancy profiles utilized for analysis. For the
energy analysis, a minimum quantity of fresh air for 1 to 10 individuals is required. This was replaced
with natural ventilation rates determined by the volume air flow analysis similler for the overheating
study. [57].

4.4.1. Cooling by Natural Ventilation in Alazhari City

The process of supplying natural air in this design to occupied spaces to offset heat and
contaminants produced by people or brought into the space by outside air is known as ventilation.
This design had the indoor air quality is controlled by removal of the outdoor element temperature.
In these low energy houses, the energy requirement associated with cooling can be maximized
through the implementation of natural ventilation. The researcher had introduced the natural
ventilation in the urban planning and the architeure design for the purpose during the summer to
keep air movement make suitable with a comfortable degree with a human body [58].

4.4.2. Design and Control of Ventilation in a House

The design was basically considered with the architectural layout of a house at the location of
the study used IESV software. The consecrations of the design of natural ventilation were gotten
efficient enough to natural air. The air flow path or window positions were taken into consideration
in the. In this research, to control of the temperature of the room using the natural ventilation, it
depends on the most wind in Khartoum. It was the North and South wind in the winter and West
and South in a whole year, the most thermal wind as the result was 41% it was in July and August as
shown in Figure 9. It deals with [59]results with different locations depending on the most wind. That
obtain the natural ventilation system distributes constantly pure and fresh air.

A ey DAV DRCARUUTVIN = All VISIDIE 111ETTTRI L0NES 151 JANUATY + 15T UEORMOE!
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Figure 9. Different Values of Cooling.
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4.5. Boundary Conditions

4.5.1. Atmospheric Boundary Conditions

All the simulation is the set under isothermal condition of 28°C air temperature at Khartoum
state condition. The environment coarseness for the surrounding building and landscape are model
using [60], air flow around buildings. Air movement in buildings has been investigated using the
IESV model. IESV's accuracy and efficiency in investigating airflow in and around buildings hinge
on two factors: the incoming wind to the building site and the size of the computational area. To get
accurate results in a reasonable amount of time using IESV's computational efficiency, the next two
parts will cover how to simulate the oncoming wind and how to determine the computational
domain.

4.5.2. Simulated Wind

Differing sets of data on the incoming wind are provided by the on-site measurements and wind,
each of which has a 1/4 power law represent-wind profile and the same turbulent intensity. However,
[61] wind pressure variations across buildings and indoor airflow distributions are rarely consistent.
They said the differences could be attributed to the ebb and flow of the wind. The speed and direction
of the natural wind were highly unpredictable, making its generation in a wind tunnel difficult. [62-
64]. Natural wind, on the other hand, changes the direction and velocity over time, while in a
traditional wind tunnel, the wind direction is fixed. The histogram for the simulated natural wind's
direction shows some evidence of a normal distribution at high wind speeds (4.46 m/s), consistent
with the simulation's results. But the histogram tends to be uniform at low wind speeds (1.17 m/s).
Wind speed and direction at the Khartoum site are displayed in Fig. 4.55. [65, 66] conclusions that are
similar.

IESV took a variety of ways to simulating the incoming flow, as natural wind and the macro
flow from a wind tunnel have distinct properties. In the chase through the wind tunnel, IESV
manipulated the wind's direction. Referring to Figure 10 for the simple situation of a single location.
Depending on the strength of the simulated wind, IESV generated a normal or uniform distribution.
[28, 39]. [67] found that the average change in wind direction over a 15-minute period is roughly 80
degrees. Time in the simulations was around 10-20 minutes, and the wind direction varied by 80
degrees, as shown in Figure 4.56. On-site measurements showed that the wind speed was anything
from 0.5 to 4 m/s just over the roof of the building. Below the roof, the wind speed would be
significantly less. This analysis therefore assumed that there was no discernible pattern to the varying
incoming wind directions. According to the weather reports from Khartoum, [68] which is the nearest
to the development site windrose diagrams were plotted the annual of the year is blowing from the
north direction with an average wind speed of 3m/s as shown in Figure 11.

(b)

Figure 10. This figure is two parts (a) analysis wind (b) shown the size of windows related to analysis

the flow of wind matching to the size of windows.

4.5.3. Selection of the Best, Worst and the Average Unit

Based on the external CFD simulation of the entire development, the best, worst and the average
unit are identified and chosen for internal wind velocity ranges from 0.02 to 3m/s. The spaces between
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the apartment blocks signify an important role in providing negative pressure; which are required
for the improvement of cross ventilation similar with (Hawa , L. & Mat, S. 2012). That means the
effect will enhance cross natural ventilation if there is sufficient if window opening on both front and
back of the apartment. Refer to Figure 4.56 below.
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Figure 11. Windrose at the location (house).
4.6. Analysis of the Best, Worst and Average Case Situation

4.6.1. Best Case Situation

Based on the CFD simulation, the one storey. Has the bet internal air velocity of approximately
0.7m/s. The wind velocity starts to slow down towards the rear of the apartment spaces.
Approximately 95% of the internal areas have average air velocity between 0.43 m/s to 0.9 m/s. Refer
to Figure 11. Internal Air flow pattern single floor house plan at Alazhari City; showing the internal
air velocity of 0.7m/s near the window opening positions this detailed in Figure 12. with the wind
directions in the details and pressure of the air as worst case situation, Figure 4.58 with velocity and
temperature of the air with average 22° as a best case situation similar with [69, 70].
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Figure 12. Worst Case Situation.
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Figure 13. Best Case Situation.

4.6.2. Worst Case Situation

Based on the CFD simulation, eastern / western direction one story building in Alazhari has the
worst air velocity. 80% of the internal space of the eastern / western direction one story building has
air flow anywhere between 0.05 m/s and 0.01 m/s / s accepted near the window opening where the
air flow is approximately 0.1 m / s. This is appropriate to no window openings are located at the both
West and East directions of the house, the window openings are only located at the North and South
of the unit it is observed that window openings which are located at the East and West on the unit
are inadequate to improve more air flow speed for cross ventilation for the eastern /western direction
one story building as details in Figure 13. as [71] found.

4.6.3. CFD Simulation Situation

Detailed of result clear in Figure as the result of a simulation that mean The house or the type
has better ventilation rate in the evaluation of the one storey building. That obtained the one story
building type has more windows opening at the north of the house it was Approximately 60 % of the
internal areas have average internal air velocity 0.49m/s . Also [72] resulted in the typical case
situation in Malaysia, the opposite unit of the 3 storeys or Semi-Detached apartment type able to
obtain average of internal air flow velocities of 0.46 m/s around the window openings.

4.8. Saving Energy

This design that includes modifications to improve the indoor environment may increase the
building's energy consumption. Figure 14 illustrates the proportional breakdown of the basic
building's energy consumption. Simulation application IES Virtual Environment (VE) is utilized to
run a series of sensitivity analyses on a collection of design parameters that have the potential to
affect the building's performance. The results revealed that the yearly energy savings as the primary
objective were 71.1%. It is relatively simple to determine the optimal solution for a single analysis
criterion based on the previous results. It is essential that a design fulfills an acceptable quality across
all analyzed criteria. This selection can be aided by an integrated performance view that compares
the characteristics of each design choice. Out of the scenario provides the finest overall performance,
as indicated by the fact that obtaining the location indicates its performance. This additional energy
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is smaller than the amount of heat energy that can be recovered in a naturally ventilated environment.
[71].

Il Annual Energy Saving = 71.1 %

100 100
90 + 1 90
-k 1 80
o
= T0 - 1+ 70
£
;,J"u 60 | 1 60
B 59 1 59
£
o0 1 a0
£
E 301 1 30
=
20 4 1 20
10 1+ 10
D - Lo

Jan. 'Feb. 'Mar. ' Apr. 'May 'Jun. ' Jul. 'Aug. 'Sep.' Oct. 'Nov.'Dec.

Figure 14. Annual Energy Saving at location.

4.9. Validation

Analysis of the impacts of physical diffusion on cross-ventilation flow and validation of CFD
models of coupled outdoor wind flow and internal airflow for four distinct configurations of simple,
isolated, single-house have been the primary focuses of this research. The following limitations on
the scope of the research are mentioned:

- The effects of physical diffusion are subjected to the same restrictions. Buildings in suburban
and urban regions, which are dominated by high-velocity wind jets through channels between
buildings, are predicted to feel at least the same, if not more severe, effects. [73, 74] Natural
ventilation was the only method considered for this analysis. To better understand how physical
diffusion influences one-sided ventilation flow, more research is needed. Considering these
limitations, it's worth noting that: - To our knowledge, this is the first study to examine the
impacts of physical diffusion on cross-ventilation flow in the Khartoum area in such depth.
There is no agreement in the scientific literature on how to obtain turbulent kinetic energy
profiles from the recorded mean wind speed and turbulence intensity profiles, therefore
understanding the impacts of physical diffusion is essential.[4, 75] propose a parameter value of
a = 1, which was found to be optimal in the current investigation. Computational grids for
suburban and urban configurations are generally very unstructured grids, on which
convergence can only be attained by introducing adequate diffusion, utilizing the schemes as a
result of these types of configurations. [74, 76].

- The size of the upstream standing current is reduced, and the jet's spread inside the buildings is
widened, as shown by the velocity-vector fields. Inside the structure, the effects were most
obvious along the central axis between the apertures, while outside the building, they were more
muted.

5. Conclusions

The second part was the designing of urban planning and appropriate solutions in
implementing the low energy design of the residential buildings and the, natural ventilation and
loads of energy simulations at an Alazhari City in Khartoum - Sudan. The main finding of the
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planning idea was concerned. The tilt roof's orientation and slope will determine the result. The
modules and roof can face south with a 32 degree tilt if the location is at a latitude of 32 degrees north.
In this design, the basic material was used in construction was of solid brick. The following type was
designed in this article implemented for energy saving towards to low energy houses. The final
design of Energy Consumption Using Natural Ventilation in Dwelling Design, CFD Simulation In
Hot Dry Climate technology was put into effect with sustainable design, sustainable architecture,
and a low energy building natural ventilation used for cooling to decrease the house energy cost or
consumption using high levels of installation in the site location was a basic contribution of this
research. The government of Sudan needs to review their green policies and programmes regularly
in order to maintain a sustainable market environment for rapid adoption of BIPV technology. The
main result of calculate natural ventilation in this design was dependent through the window.
During the construction, the building’s orientation was maximized to the northern and southern
direction. Also, important part of the design, towards to energy consumption the natural ventilation
was suitable for cooling the house to go in green architecture and reduce the electrical load. For
cooling, the natural ventilation in this design was used to get the indoor temperature at a comfortable
level during the summer, while also saving energy with Sudan being a hot region. The average is
through the analysis of Autodesk IEVS software daylight. This study was the first research in
Khartoum for designing a clean and energy consumption house using BIPV towards to sustainable
architecture. The findings of this design determined a grid planning is a suitable for block 29 at
Alazhari City, based on all the requirements of planning spatially on the location and general in
Khartoum state. A low energy house was designed with two types of urban design focusing on
architecture design and urban planning in the location with a low energy house constructed spatially
with natural ventilation. There are several options for low-energy, single-family homes that can be
comfortable and sustainable if the right design and structure are included during the building
process.
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