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Abstract

This research is a study of how to increase the flow of natural ventilatiomigha
densityurban arealt was carried out in Ras Al Khaimah (RAK) city in the United
Arab Emirates (UAE)Distance between the buildings is an important variable in
promoting ventilation in urban design. High density zones in RAK cause poor
ventilationand the small distance between buildings prevent deeper penetration by the
wind. Thus, the scope of the study is to raise amount of natural ventilation in high
density urban areas in RAIK review of literature on the research topic is provided in
this study while both quantitative and qualitative data were collected through
numerical simulation, experimental approach and case study in order to maintain both
reliability and validity. The results of this research revealed thate is a
considerable impvement in the airflow movements around the buildings after the

urban parameters of the study area have been modified.
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1.0 INTRODUCTION
Most architects design buildings without taking into account that the distance between

the buildings is an important variable pnomoting ventilation in urban design. High
density zones in RAK cause poor outdoor ventilation and high rise buildings prevent
deeper penetration by the wind. Furthermore, building design today depends more on
using mechanical techniquds order to prowle indoor climatic comfort and
simultaneously ignore and forget the outdoor climatic comfort. There is no doubt that
outdoor air quality has direct effects on different areas of daily social and economic
life. One clear example is that improving air qualdan reduce health risks by
decreasing outdoor air pollution. Furthermore, using passive energy resources instead
of using active methods can save energy and improve air quality (Bruse, E669).

that reason focusing on improving the outdoor air quality in high density urban areas,

through promoting airflow between buildings in Ras Al Khaimah is very necessary.

This dissertation is therefore an attempt to promote airflow around the buildings
examining some parameters for urban design such as building proportions (length and
width), urban pattern types, the height of buildings as well as their shape and the

width of street canyons.

In this investigation, the advanced thdimensional computer tool, Enwiet,
version 3.0 was used in order to simulate the study area-nkgtvis a nor
hydrostatic’ model that predicts all exchange processes including wind flow,
turbulenceyadiationfluxes, temperature and humidity' (Toudert, 2005).

1.1 Justification
This investigation tries to maximize outdoor air quality in RAK in order to improve

the quality of lifeby creating comfortable bioclimatic conditioriBhe reasongor
choosing R.A.K as a case study are that R.A.K has suffered from a lack of planning
laws and regulations and equally important, that R.A.K is being under the
development stage and it can be noticed that there is a high density zone with narrow
spaces kbeveen buildings.Land use planning in Ras Al Khaimah needs to be
integrative and holistic in order to control urban development including urban growth,
industrial, commercial and residential location and infrastructure growth. Control of

urban planning cahe done through the use of master plan for urban construction and



progress which define a city's character and its future direction and scale of
development.

The population in RAK grew from 159,000 in 1998 to 197,000 in 2005. Furthermore,
it demonstratethe gross domestic production (GDP) growth from AED 5,218,000 in
1998 to AED 9,253,000 in 2005 (Government of Ras Al Khaimah, 2007). In Ras Al
Khaimah the private sector plays a leading role in the local economy and is
characterized by its specializatioand success in specific business activities,
particularly the industrial field. Thus the economy grew by 3.8% to 5% in 2005. The
main exports of Ras Al Khaimah include ceramic tiles, medicines, cement, crushed
rocks and fish while the main imports includaker, live sheep, cars and gold. The
imports and exports are developing dramatically as shown in appendix 1.1. Table 1
illustrates the numbers of buildings that were constructed in 2004. It can be noticed
that the number of muistory buildings is 11 Wwile the number of villas is 651
(Economic department, 2005). This research is therefore an attempt to minimize the
drawback effect of urban development on the environmental aspects in RAK. For that
reason, the densest area in RAK will be analyzed aseastady in order to improve

the most important environmental aspect which is the natural ventilation.

Tablel: Numbers of buildings and types in RAK (Economic department, 2005)

Construction and Building: 2004
Building permits 2219
Multi-floor Buildings 11
Villas 651
Arabic houses 166
Commercial & industrial buildings 60
Additions 438
Mosques 13
Others 380

Ras Al Kamiah is situated in the north of the UAE's seven emiratesloltated in

Latitude 25.37, Longitude 55.56 and Altitude 26m. The time zone of Ras Al Khaimah
is Greenwich Mean Time (GMT) + 4 hours (About Ras Al Khamiah, n.d). According
to the weather tool software, the climate in RAK is hot and humid. The mean

temperatire is 26.55 € and the lowest temperature (winter) is 11.2v@ile the

1



highest temperature (summer) is 41.%7 The solar radiation is highest in the Nerth
West and the clearest sky can be seen in November, while April is the cloudiest
month of the yeaiThe maximum prevailing wind average is 4.3 m/s coming from the
North-West.The max relative humidity in January is 70%, while in June it is 45%.
Air temperatures show that buildings can be naturally ventilated from November to

April. See appendix 1.2

1.2 Objectives
This investigation aims to answer the above question by:

1 Testing and evaluating the airflow movement in the urban area by using a
simulation method.

1 Changing the urban parameters in order to improve the outdoor air quality
in the urban area, desase air pollution and offer comfort pedestrian level

wind flow.

1.3 Study area
Ras AFKhaimah began its urban development recently, but this has not been based on

a wellplanned urban design. The absence of planning has an affect on some aspects
of theenvironment in certain areas in Ras Al Khaimah. For example, there are some
observed problems in these areas such as lack of daylight and natural ventilation, air
pollution, noise and heat islandghe inquiry focuses on the outdoor air quality in a

specifc area of Ras Al Khaimah.

Al-Quasim corniche is the densest area in Ras Al Khaimah and a huge area has been
chosen in order to make a study of it in terms of the air flow. This area has been
designed in accordance with regulations issued byD#gartment of Planning and
Surveying. These regulations are:

9 First two rows near the creek with height G+6

1 The next rows with height G+4

1 Keep 1.5 m from the neighbor site

1 Use only 50% of the land
The study area is located in Ras Al Khaimah city, the dapitthe emirate, in the
area called Old Ras Al KhaimaRas Al Khaimah city itself is divided into two parts

by a creek calle&Kkhour Ras Al Khaimah. Old Ras Al Khaimah is in the western part



of the city while the eastern part is known as Al Nakheel. Woeparts are connected
by a large bridge built across Al Khour as shown in figure 1.

Figure 1: Map of study area in RAK (Google earth software, 2007)

The site chosen has an area3@5025 m andoverlooks AtQuasim Corniche. The
reasorbehind choosing this site is that it is located in the center of RAK city which is
considered as the main developing area in the Emirate of RAK. Manyribggh
buildings were constructed in this area according to the authority of RAK
government. In additim the area contains many buildings with different heights in
the first two rows starting from 25 m up to 90 m. However, the second rows of
buildings have heights around 15 m in tall as shown in figure 2. See also Appendix
1.3 Furthermorefigure 1 showdhat there is a significant built up area between the
site and the sea, the direction from which the main wind is coming.

Figure 2: the study area map



The design of the study area is a large grid pattern, containing many small grids so
there are many types of access. The size of the buildings is depending on the plot
area. The distance between buildings is, generally, small. Also, the buildings are
extremely close to each other as shown in figure 3. See also appendix 2.1

Figure 3: The study area

Additionally, the shapes of the buildings vary from square to rectangle and the general
form of the study area is rectanguldarhe buildings pportion in the study area is
divided into two types. The first one is length equals width while the second one is
length equals double width so there are different types of building proportions. In
addition, the height of the buildings varies in thetfivgo rows while it is equal in the
next rows.There are some buildings in the first two lines with a height of G+20. The
study area consists of a large number of buildings with a height of G+4 and two lines
of buildings with different heights from 25 m % m see figure 4.
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45m

[ 60 m height
[ 45 m height
[136 m height
[ 30 m height
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Figure 4: The study area locatig@oogle earth software, 2007)

1.4 Identifying gaps in the source material
Some studies about natural ventilation by Muller et al. (2007) recommend solutions

that suit cold area. This is not the case in the Arabian Gulf countries where the
weather is extremely hot and humlkurthermorehigh buildings with high density
reflect he contemporary lifstyle that contributes to the poor ventilation as they
prevent deeper air penetration. The achievable density is largely dependent on the
necessary distance between buildings and this is realized as an important variable in
improving \entilation in urban design. Hence, this investigation aims to answer the
following question:

"Which urban parameters can increase the flow of natural ventilation with the

high density of buildings in the urban area in RAK?

1.5 Limitations
The analys focuses on outdoor air quality. The heat islands effect is considered but it

not the main concept from which to arrive to conclusions due to the complexity of
measuring heat islands in the study area. The urban parameters are taken into account

becaus®f the effective role they play in improving natural ventilation.

Another important limitation is that there are not many studies that recommend
solutions for improving natural ventilation in the Arabian Gulf. In addition, there is a

lack of references lated to the research topic in the UAE.



The simulation grid size is too large which results in having continuous errors,

therefore the simulation is considered as tocoasuming.

1.6 Structures of the thesis
Chapter Il Gives general information abouhe study area and mentions the

problems that are expected to occur in the study area.

Chapter Il Contains a review of the literature and what researchers have said about
natural ventilation and air quality. General characteristics of air flow, streebrcany
and heat island are also described.

Chapter IV Discusses the research methods which are experimental approach,
Computational Fluid Dynamic and the case study with a focus on a modetaétyI

of particular relevance in the framework of this study. Research instruments in
accordance to the validity ameliability will also be mentioned in this chapter.

Chapter V Discusses the implementation of action and the process of using
numerical simulation.

Chapter VI The results of the simulations by Exmiet software are discussed in this
chapter, whichsummarizes the most significant findings related to airflow around
buildings.

Chapter VII Discusses the research outcomes after modification some urban

parameters.



Chapter 2

2.0 BACKGROUND

This literature discusses some points about air quality natural ventilation. It
provides a theoretical framework in understanding factors influerainguality and
natural ventilation of the study arda.this literature review, natural ventilation will

be discussed in terms of the shape of buildingsmtbout which is more suitable for
natural ventilation. The arrangement of buildings will also be pointed out in order to
discover what type of buildings' arrangement can provide the maximum air flow to
the downstream buildings. In addition, air pollatievill be mentioned which is
another factor that obstructs air quality. As a result of the important role that wind
plays in improving natural ventilation, wind flow will be analyzed. Then wind flow
will be examined in a street canyon and an urban envieohias well as the effect of
wind on pedestrians. Lastly, heat island will be identified #rel cause and the
treatment of urban heat island will be referred to.

Many researchers have pointed out to some themes that have been mentioned in this
inquiry. However, there is no similar inquiry to this investigation that follows, more

or less, the same simulation method. Most studies on natural ventilation have been
done in western countries where the weather is cold; but there are few research
document have den found that study natural ventilation in hot and humid climate
such as (Chen, 2007). Thus, some adaptation has been made to the themes that refer to
the current research subject, taking into account the study area. Furthermore, in this
research some stiegies will be evaluated in order to find out the suitable solution and

put it into practice by using a simulation method.

2.1 Natural ventilation
Outdoor ventilation in urban areas is a sophisticated concept that concerns architects.

Natural ventilatiorrefers to the process of taking in and expelling fresh air by using
natural means rather than by mechanical ventilation. There are two variables that
control natural ventilation in buildings which are wind driven ventilation and stack
ventilation. The presures of the stack effect resulting from the air movement out of
the building are considerably lower than wind pressure. Tablada (2006) states that

these pressure differences are related to the two forces temperature difference
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shown in figure 5.
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Figure 5: Wind pressure on the buildings (Cheung, 2001)

Modern buildings in the Arabian GulEountries rely mostly on windriven

ventilation as the

main source of ventilation. Although, stack ventilation can improve

the air temperature of the space and rise up the warmer and pollutant air to flow out of

the buildings. See figure 6.
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Stack ventilation

Figure 6: Natural ventilation types (University of Florida, 2008)

Researchers like Allard (1998) suggest that effective design for natural ventilation
necessitates implementing both types of ventilation. This suggestion would be more
appropriate in cold regions of the world since the weather is appropriate most time of
the year. Furthermore, some authors discuss natural ventilation in office buildings for
different environments and wind influences like Muller et al. (2007). However the
wind pressure is neglected because Muller et al. (2007) does not consider the

buildingsenvelope shape and the surroundings.

Emmanuel (2005) points out to the important variables in controlling ventilation in
the urban areas which are built densities and heights. Usually poor ventilation system
occurs on the account of higlensity zonesand long walls of building fabric which
prevent deeper penetration wind. For that reason wind turbulence characterizes the
urban area clearly as compared to that in a rural area. Figure 7 illustrates clearly that
high density zone and different height ldings characterize the study area in the

current investigatio

Figure 7: High density and higiise buildings in the study area



Givoni (1994) states that 'an urban profile of variable building height, where buildings
of different heights are pted next to each other, and when the long facades of the
buildings are oblique to the wind enhance urban ventilation'(Givoni, 1994 cited in
Emmanuel, 2005, p.118).

2.2 Height of buildings
Allard (1998) points to logical consequences which are changindndiuyht of a

building while remaining the length and width the same wdrease the depth of the

downwind wake and leave the shape unchanged as shown in figure 8.

Figure 8: Air flow and buildings heights (Planning Department, 2006)

Changing thehigh of a building also resulted in unequally distribution of the airflow
paths around and within the building. There is a direct proportion between the
amount of air passing around the sides of the building and the amount of air traveling
over it. Accoding to Allard (1998), this causes less upward air movement through the
openings placed on the lower tthurds of the building windward facade; however,
the top onehird of the building windward facade will face more upward airflow,
regardless of the hgiit of the building.

The wind velocity increases in proportion to the high of the building so wind velocity
close to the earth's surface equals approximately zero and it increases with an increase
in height.Allard (1998) maintains that the wind velocitycreases at higher levels as

well as the airflow rate through the windward openings of the top floors and higher
suction at the side walls.As a consequence, 'the presence of one or a few tall
buildings near a group of lowse buildings results in higépeed wind in the passages

and streets around tall buildings' (Ahuja et al., 2006). In other words, the construction

of tall buildings in a region of lowise buildings changes the street level wind



environment. The reasons behind this is that the aictwhits tall building surface
turns aside the ground sourcing higind velocity on the dowswind and near the

corners of the buildings at street / pedestrian level as shown in figure 9.

Corner streams

,//
Wind direction
Vortex flow - i

Figure 9:.high surface wind speeds around ébtaltling (Ahuja et al., 2006).

2.3 Shape of the buildings
The extent to which the shape of a building affects the performance of natural

ventilation is a complex question that attracts the attention of many researchers.
Taking into account the shape ogthuildings is essential in order to obtain thermal
comfort and natural ventilation. Srebric et al. (2001) simulated several rows of houses
with two types of shapes square and rectangular to determine airflow and they found
that squareshaped buildings ammore suitable than rectangulstiaped buildings for
natural ventilation. The reason for this is that rectanegghaped buildings make the
distance between the two buildings very small, which blocks the passage of wind.
Thus, buildings with square shapesgl give a higher air velocity at the space than
rectangular buildings as shown in figure 10. Furthermore, Srebric et al. (2001) point
to a logical consequence that was indicated by the site plan CFD results which is that

wind speed on the first floor lEgher than that on the second floor.



Referance

Figure 10: Plan view the airflow around the house (a) square shape and (b) rectangular shape
Srebric et al., (2001)

The differences in the shape of buildings are essential to get gdifgrmance of
natural ventilation and. The shape of the building causes a positive pressure on the
windward face of a building and negative pressure on the leeward and other faces of
the building. Thus the building shape is vital in creating the windspres that will

pass wind flow through its apertures. In other words, wind pressure will differ
significantly, creating complex air flows and turbulence by their interaction with
elements of the natural environment (trees, hills) and urban context (bsijldin

structuresee appendix 2.2.

2.4 Buildings pattern
Today's buildings and houses do not support the use of natural ventilation because

most buildings with a typical area land have been designed to be aligned with the
street grid. This makes the buildsmupstream block wind from those downstream. In
order to decrease the wind blockage by the buildings, they must be staggered to
encourage natural ventilation. Linear alignments create gotessure area since a
wind shadow is available at the back of ledwilding. Srebric et al. (2001) believe

that the effective arrangement is to 'stagger the buildings according to the prevailing
wind direction'. This arrangement would decrease the wind shadow area at the back of

each building and provide the maximum witiow to the downstream buildings.

2



A stagger pattern layout is more suitable to an optimum use of air movement within
the buildings than a grid pattern layout, because the configuration provides less
sheltering from the wakes, and a similar effect caalbo obtained with a grid pattern

as shown in figure 11. (Allard, 1998, p.198) indicates that 'a building should be
designed to be high enough to overcome the wind sheltering obstructions, subject to
considerations related to other requirements and ihgildegulations'. Allard's
proposal will be appropriate when the density and configuration of the surrounding

buildings do not allow for a proper wind exposure.
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Figure 11: Airflow patterns through (a) a normal, (B) a scattered and (C) a di¢aymal of buildings
(Allard, 1998, p.198)

2.5 Wind pressure
Wind has an obvious influence on natural ventilation. Wind produces air flows inside

buildings as a result of high and low pressures on buildings of different sides. These
movements are stronglyedendent on the air flow around buildingallgrd, 1998, p.

27) believe that 'wind causes surface pressures that vary around buildings, changing
intake and exhaust system flow rates, natural ventilation, infiltration and exfiltration,
and interior presset. The main flow patterns and wind turbulence moving over a
building can even result in recirculation of exhaust gases to air i(iteeseke et al.,
2005).

2.6 Air Regimes
Moeseke et al. (2005) advocate that there are three types of air flowsajhaaka

place in the built environment when taking into account street canyons with
perpendicular wind. ‘Isolated roughness flow' and 'wake interference flow' transpire as

the wake is entirely or partly developed in function of relative distance between



buildings, while ' skimming' flow regime takes place where the bulk of flow does not
go through the canyon and stable vortexes appear in the canyon (See figure 12).
However, a passage between wake interference and isolated roughness flow happens

when streewidth equals around 1.5 building heights (Moeseke et al., 2005).
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Figure 12: Wind flow regime@Voeseke et al., 2005)

Sensitive urban planning measures could utilize these-flond patterns through
promoting deep wind penetration inbities In urban area, wind speed is reduced
considerably while its turbulence-€i speed variation) rises even within a short
distance. This is because of the occurrence of several barriers that increase the
roughness of the ground as compared to a ared and thereby raises the effect of
friction on the airflow. This is clearly presented Gyridharan & Ganesan (2004) via
numerical data. They find th&dr moderate to strong winds and for a height of 20 m
above the ground, a drop of 20% to 30% indlierage air speed results when moving
from a rural area into an urban one. Buildings in urban area that are rigicbsigéed
bodies distributed along streets cause the wind speeds to slow down, but
simultaneously the turbulence of the flow is greatly ioyed (Emmanuel, 2006,
p.116) (Santamouris, 2001, p. 33) finds out thhe flow in the urban areas is rarely
centripetal, because the irregularity of the urban area and the differences with the

surroundings prevent such a flow' as shown on figure 13.
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Figure 13: The urban canopy and boundary layer over cities (Santamouris, 2001, p.33)

The temperature in the urban environment is not stable which leads to short bursts of
wind from the countryside to the urban arée same findings have been reported by
Giridharan & Ganesan (200#)at is the 'air converges at the center of the city under
the impact of the pressure gradient induced by the horizontal temperature difference’.
Thus, the continuity of the flow creataa upward movement of air which stops at a

given height.

2.7 Street Canyon
Emmanuel (2005) defines urban canyon as an urban area that is characterized by the

threedimensional space bordered by a street, surrounding by buildings. In other
words, the ternstreet canyon can be identified as a relatively narrow street with
buildings aligned continuously along both sides. Conversely, street canyon can also
refer to larger streets which are known as avenue canyons. Furthermore, the term
street canyon has beerpanded to include urban streets which is not necessary has
aligned by buildings on their sides (Vardoulakis et al., 2003).

Concern about attaining the maximum environmental benefits by optimizing the
layout of the urban street canyon has become a cpotany concept for modern

urban design and planning.

Urban canyons are characterized by the parameters shown in Figure 14:
1. The mean height of the buildings in the canyon (H)
2. The canyon width (W)
3. The canyon length (L).



The aspect ratio(H/W), i.e. theratio of the average height (H) of buildings and the
width of a street (W), is a significant geometrical feature that affects the flow

structure between the buildings.
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Figure 14: Street canyon (Friends of Environment, n.d.)

Street canyon characteristics are clarified/aydoulakis et al., (2003)
The dimensions of a street canyon are usually expressed by its aspect ratio,
which is the height (H) of the canyon divided by the width (W). A canyon might
be called regular, if ihas an aspect ratio of approximately equal to 1 and no
major openings on the walls. An avenue canyon may have an aspect ratio
below 0.5, while a value of 2 maybe representative of a deep canyon. Finally,
the length (. of the canyon usually expresses thad distance between two
major intersections, subdividing street canyons into short (L/H=3) medium
(L/H=5) and long canyons (L/H=F Urban streets might be also classified in
symmetric (or even) canyons, if the buildings flanking the street have
approximaely the same height, or asymmetric which there are significant

differences in building height.

Street canyon causes multiple reflection of solar radiation, restricts the view of the sky
dome (characterized by the sky view factor SVF) and generally lithésfree
movement of air (Harman et al., 2004). For long urban canyons aspecttretias

the height of building/width of street (H: Whave been used customarily in order to
identify the geometry (Emmanuel, 2005, p.28jind flow in street canyonsyind
vertical and wind parallel to the canyon alignment or undisturbed wind have been
studied by many investigators.



2.8 Wind speed in street canyon
Most designers attempt to explain the air motion inside the urban layout. They usually

begin their desigmf air motion at city level, particularly in its street layout pattern.
(Emmanuel, 2005, p. 118) argues that 'streets should be aligned to obtain the
maximum benefit from mactevel wind directions'. In other words, this would
usually mean aligning thersets according to the main wind directions. Although a
city street layout parallel to the major wind directions will be useful at the urban scale,
it can cause wind flow problems at a building scale, Givoni (1994) indicates that the
street layout shouldebat an oblique angle (between 30 and 60 degrees) to the

prevailing winds (Givoni, 1994 cited in Emmanuel, 2005, p.118). See figure 15.

Figure 15: Street canyon and air flow (Baskaran & Kashef, 1996)

The wind speed in street canyons has a lower value than undisturbed wind. The
results of investigations by Ghiausa et al. (2006) show that when the undisturbed
airflow has values larger thaii£ m/s, a connection exists between undisturbed wind

and the wid in the street canyons. When a 2 m/s or stronger wind blows

perpendicular to a street canyon, a vortex results in the canyon. If the wind is parallel
to the canyon axis, the vertical speed in the canyon is very low. When the airflow
speed is lower thand/s, the temperature measured inside the canyon streets is about

5 C lower than that of the canopy layer as shown in figure 16.
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Figure 16: Wind velocity and winthduced pressure are reduced in urban environment
(Ghiausa et al., 2006)

Also Giridharan & Ganesan (2004) point to a similar result whickeigk winds are

5% to 20% more frequent in a city than in the countryside. However, the wind
velocity is higher in the centre than in the periphery of the city when the wind
velocities areless than a threshold of 4 m/s. Therefore, in the case of weak wind,
Emmanuel (2005) suggests to utilize the thermal differences that take place at the

edges of water bodies in order to induce wind flow.

2.9 Air Pollution
The air flow, and therefore thair pollution are influenced by the street geometry,

climate characteristics, and trafficoduced turbulence because street canyon builds
up pollutants between the buildings. For example vehicle exhaust fumes cannot easily
disperse and thus prevent winenetration into the street canyon as shown in
figurel?.



Figure 17: Air pollution source around buildings (Carthy, n.d.)

Outdoor air pollition isa great obstacle to natural ventilation for the reason that filters
can not be utilized as in mechanical ventilation system. In other words, air pollution
trapped in open spaces makes these spaces unhealthy and thereby make natural
ventilation ofindoors less desirable. Outdoor air pollution may affect the indoor air
guality via exchanging the air and taking in the air pollutant. According to Ghiaus, et
al. (2005), 'The facade air tightness, as a characteristic of the building, represents a
key fador in this relation because it is the main link between the indoor and outdoor
environments, being at the same time an important characteristic of the natural
ventilation property of the building'. In other words, indoor pollutant concentration
depends orthe outdoor absorption of the pollutant as the air tightness link between
the indoor and outdoor-urthermore, different building arrangements and the spacing
between the buildings have a major effect on air pollution concentratioms tunnel
experimats by Theuref1999)indicate that 'dispersion depends much on the angle
between the orientation of the buildings and the approach flow direétigthermore

a study by Flassak et al. (1996) shows that the number of vehicles and the
composition of a cafleet have a greater effect on the pollution concentration than the
building parameters (Flassak et al., 1996 cited in Theurer, 1999).



2.10 Pedestrian level wind flow
High wind speed and outdoor air pollution have a great influence on the pedestrian

comfort. Comfort or discomfort is an abstract phenomenon. There is no exact
definition of comfort or discomfort level as they depend on many factors such as age,
sex, type b activity, and psychological state. Hence, temperature, wind speed and
humidity conditions are very subjective terms which may comfort some people and
simultaneously discomfort others. In other words, under the same conditions, some
people may feel quiteomfortable whereas other may complain. According to Ahuja

et al. (2006), it is not only a particular value of wind speed, which may cause
discomfort, but there are other parameters which altogether affect comfort and they
include gustiness, duration, amihd speed. An air velocity (V) above 8 m/s is seen

as uncomfortable air velocity. Wind speed above 10 m/s causes unpleasantness while
a speed above 20 m/s is considered to be hazardous. See appendix 3.1. For that reason
information on the wind flow fields crucial for the evaluation of counter measures to

improve the current comfort condition.

2.11 Heat islands
Heat islands rise when natural ground is replaced by buildings that catch the arriving

solar radiation throughout the day and therradiate i at night. This slows the
cooling procedure, consequently maintaining nighttime air temperatures higher than
the temperatures in suburban areas (William, et al., 20045.phenomenon is called

the heat island effect which is an increase of temperainiras urban area to more

than the temperatures in surrounding suburban and rural areas as shown in figure 18.
Ghiausa et al. (2006) share the same view that is ‘temperature in urban areas is higher
than in rural surroundings thus affecting the potential siack effect.Tamura&

Wilson (1968) indicates thattack action occur as result of pressure difference that
depends on the building height and the difference between temperatures inside and
outside building. However, the shadow and the thermal ineftibuildings partly
balance the urban heat island effect.



Sketch of an Urban Heat-Island Profile
I gze .
= ...-' "
$ ] (]
5 i L
i .”- Y
o . ___." .,
[wl | |_“|.lltl' L™
E ."'.' -,
= - s . -~ "..
5 . '\-.‘..'" -
: _
E 85° e LT ﬂni""'. .““-ii (1T
&
P
b
=
- b.- = &.
Fural Suburban  Cormmercial Downtown  Urban Parlk Suburban Rural
Residential Residential Residential Farmland

Figure 18: Sketch of a heat island profi@&ridharan & Ganesan, 2004)

Heat islands were first noticed by meteorologists more than a century ago and they are
the most obvious climatic sign of urbanization. Emmanuel (2005) portrays that heat
islands have been observed in practically all parts of the world except in the Polar
Regions. The effect of UHIs is related to summer temperatures in urban areas as they
are higher than in rural surroundings (Allard, 1998, p.22). Therefore, a higher urban
temperature increases the demand of the electricity in urban area on account of its
importance for the air conditioning of buildings. In addition, it increases the emission
of pollutants such as sulpur dioxide, carbon monoxide, nitrous oxides and suspended
particulates via smog production and power plants (Santamouris, 2001, p.48). It is
influenced by many factors including climate, topography, physical layout and short
term weather conditions (Allard, 1998, p.22). (Emmanuel, 2005, p. 22) indicates that
‘a heat island is best visualized as a dome of stagnant warm air over the heavily built
up areas of cities'. Heat islands are extreme at night, taking place a few hours after
sunset. This has faeaching implications for urban design in the tropics where night
time them stress is relatively lowhe heat island power is relative to the degrke
urbanization. Giridharan & Ganesan (2004) argue that the UHI worsens both indoor
and outdoor thermal discomfort and enlarge the space conditioning energy

consumption.



2.12 Causes of UHI
Giridharan & Ganesan (2004) have found that heat island effeafluenced by the

following physical properties and phenomena in an urban environment:
1 Canyon radioactive geometry.

Thermal properties of material.

Anthropogenic heat.

The urban green house effect.

Reduction of albedo by canyon geometry.

Reduction inevaporating surface.

Reduced turbulence transfer.
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Manmade factors or thaesign variableshat contribute to the above
physical properties and phenomena are:

Urban structure.

Size of the city, population and density of buifi area.

Ratio of the height dbuildings to the distance between them.
Width of the streets.

Building materials.

Surface materials.
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Sky view factor.

Oke (1987) has effectively associated height to width ratio (canyon geometry) and sky
view factor to UHI. In addition, Knowles (1977)$eecognized that 'thermal mass of

the built environment is a function of height to floor area ratio of the built
environment' (Oke, 1987 & Knowles, 1977, cited in Giridharan & Ganesan, 2004).
Thus, height to floor area ratio have an effect on the UHmRscevious discussion,

it can be argued that urban heat island may transpire in R.A.K city, particularly in the
study area on account of the occurrence of some factors that cause heat island. These
factors are size of the city, population and density df4op area, ratio of the height

of buildings to the distance between them, width of the streets.

2.13 Heat island parametric models
Heat island studies are principally intended towards an understanding of the role of

the indispensable parameters inflogig the temperature increase in cities. Studies
have emphasized the role of city size and population, weather conditions such as

cloud cover, wind speed humidity, urban canyon characteristics, etc.



There is a relationship between heat island intensith wie size of the urban
population. Oke (1988) found that hesland intensity for North American cities is
greater than European cities. The reason behind this as clarified by Oke (1988) is that
North American cities have highese buildings and highedensities than typical
European cities (Oke, 1988 cited in Santamouris, 2001). Figure 19 demonstrates that
RAK city has a similar situation to American cities in which both of them have high
rise buildings and high densities. In the study area, thereight higkrise buildings

in one row of plots with 260 m in length and around 8 m between buildings.

Figure 19: The study area with high rise buildings and high density

2.14 Treatment
The previous discussion shows that improvinguéetilation condition of urban spaces,

taking the pollutants produced by forms of transport (cars, lorries etc.) away from the
street canyons and treatment the UHIs requires the following
o Taking control of the urban parameters such as changing the poogodf
buildings (length and width)xhoosing another type ofban pattern, modifying
the height of buildingsusing differenshapes for buildingsr adjusting thevidth
of street canyon
o Considering the main climate characteristics and the irregufautidefore the
stage of street or urban planning. Architects can rely on the main wind direction
as the real wind direction is always variable.
o In all conditions, there must be a street aspect ratio (H/W) of less than 3, if
possible much lower in ordeo tavoid having tall buildings beside narrow
streets with busy traffic. According to Allard (1998), the ratio of the length to

the width should be not too high in order to avoid a significant decrease in the



pressure in the middle of the windward facadénwivssible suction effects at
the edges(p.22) see figure 20.

Figure 20: Street canyon geometry (Emmanuel, 2005, p.23)

o The flanking buildings should not be continuous and uniform to allow gaps in

the building geometry in order to improventilation as shown in figure 21.

o Garden plots can be constructed to attain better effects.

Figure 21: Poor ventilation with this type of flanking building geometry (Chen, 2007).

Strategic planting of deciduous trees at urban exposaresonsiderably decrease the
effect of urban heat island. Miller (1988) suggests that trees affect urban
microclimates on two levels which are human comfort and building energy budget
(Miller, 1988 cited in Emmanuel, 2005, p. 88). William et al. (2004&g tMliller's

(1988) point but they assert that 'the effectiveness of trees as a cooling element is

limited under conditions of heightened humidity because the rates of evaporation



transpiration drop by ~50% '. Improvement potential in a city is hinderedisantly
by paving over traditional street tree planting sites. As a consequence, the number of
sites to plant trees on city blocks is very few (William et al., 20B#)nting trees is

an inexpensive strategy to have a noticeable impact on the quaiiey o

2.15 Conclusions of chapter 2
In this chapter, a review of literature has been summarized on the fietdguodl

ventilation, buildings arrangement, air pollution, the shape of the buildings, wind
pressure, air regimes, street canyons, windtieet canyons, , pedestrian level wind
flow, heatislands, heaisland parametric models, causes of UHIs, treatrobbHIs.
Some final remarks are given below:

o0 The patrticular design details of the buildings and the streets, the height of the
buildings réated to one another, and the direction of the buildings with respect
to the wind, seriously influence the actual wind flow inside the urban canopy
layer.

o Several studies have recently shown timaproving ventilation necessitates
architects to be award# the following:

1 Location of a town within a region,
The overall density of the urban area
The particular design details of the buildings and the streets
Orientation and width of streets
The height of the buildings related to one another

The directionof the buildings with respect to the wind
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Availability, size and distribution of open areas and green belts



Chapter 3

3.0 REASEARCH METHODOLOGY

Different research problems demand different research approaches. There are two

types of researchmethods which are quantitative and qualitative research.
Quantitative research is Obased on testing
with numbers and analyzed using statistical techniques' (Dobbin & Gatowski, 1999).

By contrast, qualitative apprdacaims to understand the situation from multiple
perspectives in order to get a holistic picture of the situation. Laboratory approach,
measurement tools are not used in the current investigation since the simulation,
experimental approach and case stugyraore suitable for measuring airflow around

the buildings.

3.1 Laboratory approach
Laboratory approach provides highly controlled conditions for test and measurement.

The laboratory offers a greater reliability and comparable results through controlling
over the variables. Cause areffect relationship can be easily accomplished via
isolating a factor of a complex system. It is commonly used in order to choose
between options for components. On the other hand, there are some disadvantages of
the laboratoy approach such as isolating a component of complex system is not
always efficient because sometimes the whole system is more than a collocation of
component. In addition, any problem in the test facility may affect the reliability of
the results. Furthienore, it is not appropriate for analyzing large real scale outdoor.
Therefore laboratory approach is not suitable for the current investigation because the
aim of the investigation is to analyze the outdoor airflow in the high density zone.

Wind tunnel ests may offer more relevant results for the reason that changes in
building shapes or patterns can be made simply. Design team can use a wind tunnel to
simulate and calculate the airflow around buildings and an environmental chamber to
determine naturalentilation. Furthermore, this tool enables the study of a specific so
as to examine diverse hypothesis. However, the disadvantage of wind tunnels is the

shortage of tunnels large enough for investigation on urban models.



3.2 Measurement tools
Measurementools such as real scale measurement, parametrical models and field

measurement are the preferred techniques used by many researchers. Real scale
measurements are the most accurate tool on account of their giving an exact concept
of pressures on a partian building in a specific environment. However, they provide

less efficient results about a particular building's shape and especially about a unique
environment (Moeseke et al., 2005). Another negative aspect of real scale

measurements are related todiand cost limitations.

As wind tunnel tests are impractical, expensive and-tiorsuming, parametrical
models are a solution to promote natural ventilation particularly for architects who are
unable to afford expensive or technical scientific work. seheanodels offer
relationships between some factors in order to evaluate wind speed. However,
Moeseke et al. (2005) find that the results produced by wind tunnels are more reliable
than those of parametrical models.

The field measurement is used dollect hourly climatic data in different periods
around the year in the real field of the study area. Furthermore, this measurement can
examine the effect of various parameters on the outdoor air quality. However, this

type of measurements takes a longetitest period that largely exceeds the scope of

this master thesis see figure 22.
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Figure 22: The instrument that is used to measure the urban heafEiasdoret al., 2006)



3.3 Experimental approach:

Experimental approach is the main research method used in this study. It is "an
attempt by the researcher to maintain control over all factors that may affect the result
of an experiment". In doing this, the researcher attempts tondeteor predict what

may occur.In this investigation, an evaluation of the outdoor air flow between
buildings in the urban area will be conducted. Experimental design is a plan of the
procedure that enables testing the hypothesis by reaching valid conslabout
relationships between independent and dependent variables. It involves two
alternative scenario of increasing outdoor airflow between buildings in the study area
in R.A.K. The first scenario, involve evaluating the current situation of the siedy

in terms of the airflow movement around the buildings. The second scenario, involve
determining solutions by taking control over the urban parameters which can increase

the air flow around the buildings.

This experimental research involvebserving the effect of the manipulation of the
independent variable on the dependent variable. Furthermore, an attempt will be made
to control all other variables except the dependent variable constant. For this
investigation, the independent variables #ne urban parameters such as building
proportion, width of street canyon, the high and the shape of the buildings. Dependant
variables are wind speed and wind direction. It can be argued that the experimental

research is valid in terms of the abilitygeneralize the effect of the factors.

The methodology used to evaluate the second scenario described above consists of

two overall steps:

1. Using the Enwvimet software to simulate both cases in order to analyze the
affect of changing the urban parameters increasing the wind speed and

direction

2. Comparing the results of the first scenario and the second scenario to be able
to make recommendations regarding natural ventilation and pedestrian

comforts.



3.4 Numerical simulation
Simulation research is 'characterized by the generation of data, in a propositional

form, that can be returned to the readrld context for its benefit' (Groat & Wang,
2002, 275). It demands controlled replication of «weafld situation or events in orde

to examine the dynamic interactions within that situation.

Computational fluid dynamics (CFD) technique is a type of simulation that was used
in this research to calculate the airflow distributions in and around a building. CFD
modeling is a general term used to 'describe the analysis of systems involving fluid
flow, heat transfer and structured around numerical algorithms that can tackle fluid
flow problems' (Vardoulakis et al., 2003).

Vardoulakis et al. (2003) indicates that CFD modeling is a powerful technique that
deals with complicated shaped walls and ogwrounding situations. CFD technique
has been effectively used to calculate airflow in and around buildings, even though it

necessitates a considerable amount of computing time.

As there is nowadays rapid progress in computer speed and capacityFihe C
technique appears to be a good approach and is therefore used in the current

investigation.

3.5 Envirmet software
In this investigation, Enwinet software will be used to simulate the study area.

According to Chen (2007), ENMhet is a threelimensionhmodel that is able to
calculate different processes in, at and between different urban elements with a high
resolution.The major advantage of ENWhet is that it is one of the first models that
seeks to 'reproduce the major processes in the atmospaeedfect the microclimate
on a wellfounded physical basis such as the fundamental laws of fluid dynamics and
thermodynamics' (Toudert, 2005). According to the objectives of the present study,
ENVI-met presents several advantages:
1. Simulating the urban aas with daily changes and operating wind speed, wind
direction and wind pressure.
2. Presenting a complex urban area with buildings of different forms and sizes.
3. Providing a high resolution of the time and place which allows a fine reading
of the microcliméic changes by concentrating on the urban geometry.



4. Requiring a small amount of input parameters and providing a large number of
outputs.
5. Calculating many variables of output.
After the Envimet software was used to simulate the study area in order tk chec
airflow around the buildings, any problem that might occur in the current situation is
going to be analyzed. Finally, certain strategies will be followed to improve the air

quality of this area.

3.6 Case study
In this investigation, a certain area inAX has been chosen as a case study in order

to find out a solution for a particular problem which is improving the airflow as a
factor influencing air quality and natural ventilation in high density areas. The main
purpose of choosing a case study metisoth concentrate on an area with higge
buildings to apply the appropriate strategies for improving air quality which depend
on the natural setting of this city. A case study has many advantages such as its
applicability to realife and contemporary uman situations and its public
accessibility through written reports. Case study results relate directly to the ordinary
reader's everyday experience and facilitate an understanding of compldite real

situations.

The case study is complex because it involves multiple sources of data such as
landscaping, climatic data, population, land use, topographic, high, shape, materials
and arrangement of the buildings. Therefore, it produces large amounts of data for

analysis

Data gathered is normally largely qualitative, but it is also quantitative when the
climatic data and urban area measurement were taken in consideration. Furthermore,
data gathered from the simulation was analyzed in terms of describing a value that
relates to an urban area such as airflow. In addition, according to the findings, the
relationship between urban form and air quality can be assumed. Data gathered from
the case study will include the following:

1. A reliable work for improving the air qualiip a selected city.

2. The micraclimate for the location of the case study to calculate the airflow.



3.7 Validity& Reliability
Validity can be defined as the degree to which a test measures what it is supposed to

measure. There are two basic approachésetwalidity of the experimental approach:
these are internal validity, and external validity.

1 Internal Validity: asks if the experimental treatment make the difference
in this specific instance rather than other extraneous variables. This is
depends onhe quality of numerical simulations which is based on
extremely accurate input data (Moeseke et al., 2005).

A serious of errors in simulation stage occurred due to the large size of the site of the
study area as compared to the maximum size ofEtng-met software grid. As a
consequence a lot of modification was necessary and a lot of time was consumed in

order to reach to the current model as shown in figure 23.

On the other hand, the output of the simulation is similar to what has been expected,
in addition, the changes that have been made to the variables treated the target
problem which is increasing the airflow around the buildings, particularly the
modification of the buildings proportion (length and width) and changing the width of

street cayon.
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Figure 23: The errors message in simulation stage

1 External Validity: asks to what extent that the populations, settings,

treatment variables, and measurement variables can be generalized.

Aiming for studying the entire of the study area and the effect of the surroundings on
each other, the resolution of the output map is not high as the size of the study area is
too large. Furthermore, as the simulation takes a long time, few times wetela

on account of the time available for this investigation. The time to simulate one hour
needs 24 hours in reality. Simulated one hour in reality takes approximately seven
hours computation time and thereby it would be complex to simulate tfamnty

hours.

According to Key (1997), the reliability of a research instrument ‘concerns the extent
to which the instrument yields the same results on repeated trials'. Simulation results
are not reliable to some extend since the input data are not accl#epkdticularly

the buildings and landscaping dimensions. In addition, the available computer power

is small for high simulation accuracy.

Although unreliability is always present to some extent, there is a good deal of
reliability in the data gathered byeans of repeated measurement. The simulation

was repeated many times in different hours in order to maintain accuracy. As in the



findings stage, the simulation was repeated seventeenth time in different hours in a
day. The modification stage was repeathtee times in different hours of each
parameter and the results are the same. According to Key (1997), The tendency

toward consistency found in repeated measurements is referred to as 'reliability’.



Chapter 4

4.0 IMPLEMENTATION OF ACTION

In this part & the work, the field experiment being simulated will be described. The
Envi-met software was used to simulate the field experiment conducted in RAK city
in the UAE in June 2006. After initializing the design, the CFD technique was used to
calculate the alow in and around the buildings. Based on the calculated results, the
designs were modified. Several alterations will be necessary until a satisfactory
outdoor air quality for the building is achieved. In order to provide an easy user
access,Chen (2007)states thatmost commercial CFD packages include the
sophisticated input and output interfaces. They contain three main elements:

i.  The preprocessor, which serves to input problem parameters at the-EBisiVI
editor, make the grid of the computational domaiecide on the physical
phenomena that need to be treated such as air pollution, identify the fluid flow
properties, and finally define the appropriate boundary conditions such as
wind turbulence.

ii.  The processor, which first estimates numerically thenank flow variables,
then simulate the input area air flow using the EM\At default
configuration, and finally get the output file with the results.

iii.  The postprocessor, which demonstrates the grid of the domain, plots vectors
such as wind velocity and otours such as pollutant concentration by
LEONARDO software.

The purpose of the simulation is to evaluate the air flow around the buildings in the
study area using the Enmiet software. The simulation by CFD package includes the

following input paramets:

The site was chosen with an area 3¥%6025 m that overviews on Al Quasim

Cornish. It is located in the center of RAK city which is considered as the main
developing area in RAK Emirate. The area contains many buildings with heights in
the first twolines ranging from 25 m to 90 m. The second rows of buildings have

heights a round 15 m as shown in figure 24.

The model of the study area provides various types of one input such as: wind

direction, orientation, air temperature, relative humidity andstimeounding areas



such as: water surface, green areas, urban areas, open areas. The study area includes
some landscaping features such as asphalt, sandy soil and pavement. All the above
data were input in Enunet software in their exact places.
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Figure 24: The study area



The design of the study area is a large grid pattern, containing many smaller grids so
there are many types of access. The size of the buildings differs depending on the
plot area. Additionally, thehapes of the buildings vary from square to rectangle. The
general shape of the study area is rectangular as shown in figure 24. The proportion of
the buildings in the study area is divided into two types. The first type is length equals
width while the seond one is length equals double the width. In addition, the
proportion with the height of the buildings varies in the first two rows while it is equal

in the next rows.

The second parameter is the weather data of RAK city which is indispensable in
attaining a precise result. The third parameter is the different distances between the
buildings that also need to be indicated in order to get more accurate result. This
parameter depends on the nature of the study area for the existing buildingsass well
for the proposed buildings. This parameter has a strong effect on the air quality as

shown in figure 24.

The above parameters were carefully selected, as well as the phenomena that need to
be treated: for example, the discomforts of pedestrian level flow, heat islands,

air pollution and the poor air quality and natural ventilatidhis would help in
defining the passivism in the study area and applying the appropriate strategies to
solve this passivism.The properties of the flow are velocity,essure, density, and
temperatureThe velocity of the air flow in the case study is 4.3 m/s and the aiean
temperature is 26.55°CThe air flow boundary conditions such as objects, time,
geographical location, surface orientation awdtemperature areery important in

achieving accurate simulation.

The study area has a grid arrangement. The benefit of this arrangement comes from
the possibility of modeling a wide range of the building arrangements through
changing the height of the building or thetdinces between the buildings. An equally
important benefit is the accessibility of the measured wind velocities around the
buildings for the normal arrangement. Another important input is selecting the size of
the computational domain to form such a cgafation which mainly relies on the
expected air flow patterns and wakes around the buildings under examination. The
size of the computational domain grid is 220 X 120. Air flow, in turn, depends on the

size of the buildings and local land configuratioesBarchers have indicated that 'the

4



size of the domain as a multiple of building dimensions, taking into consideration that
the rise in the domain not only increases the number of grid nodes but also demands
more CPU time'(Baskaran & Kashef, 1996). Thamfohe size of the domain must

be selected so that a certain level of precision is maintained.

4.1 Simulation procedures of existing situation:

Depending on the Emmet software, the study area was modeled in the actual
setting. The buildings witldifferent heights, sizes and shapes were also modeled. The
actual places of each building were located. After that, the landscaping tools (soil,
trees, pavement, asphalt and water) were situated in their places. See appendix 4.1.
Configuration files were dprepared using the following data: see appendix 4.2

Start Simulation at Day (DD.MM.YYYY): =30.6.2001
Start Simulation at Time (HH:MM:SS): =12:00:00
Total Simulation Time in Hours: =3.00
Wind Speed in 10 m ab. Ground [m/s] =43

Wind Direction (0:N..90:E..180:S..270:W..) =315

Initial Temperature Atmosphere [K] =293
Relative Humidity in 2m [%)] =72%

Checking the file by using the Enmiet default configuration window is the next step

in checking the simulation process. This step is a pre simulation step. See appendix
4.3. After that, the simulation was started to get an output file with the wind flow
patterns. The duration of each simulation was about 24 hours depending on extract
andthe required data from the output file and displays it in the form of maps. Then,
Leonardo software was used to get the final output. This software explains the
different wind velocities, air flow patterns and air behavior. See appendix 4.4



Chapter 5

5.0FINDINGS AND ANLAYSIS OF CURRENT SITUATION

In this chapter, the results of the simulations by Enet software are discussed. It
summarizes the most significant findings related to wind speed, air pollution, poor
natural ventilation and discomfort pedestrlevel wind flow. This chapter is divided

into four zones which are illustrated in figure 25. First zone expresses the area with
different wind speedThe second zone defines the air pollution as a resuigbf

density of built up arewhich reduceshe airflow in the space between the buildings.

The third zone defines poor natural ventilation because of the dense of the buildings
which affect the speed of the airflow. Also, some buildings block the air to reach to
the other buildings. On the other lgarthe perpendicular of air flows in the street
canyon decrease the wind speed. Finally, the last zone discusses the pedestrian level

wind flow.
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5.1 Zone 1 problem:Wind speed

In zone 1, different wind speed can be analyzed in the study area. Wind speed has a
considerable effect on air pollution and weather turbulence. At the same time, wind
speed can effectively drive the air flow through the openings of the buildings in

zonel.

From figure 25, it will be noticed that the blue color with below 0.47 m/s and high
dense of contour lines which define law wind speed. This type of problem occurs

betveen the buildings as there is a small distance between them.

In some places, the row of buildings prevents the flow of the airflow into other
buildings. Airflow behavior depends on the local flow between the buildings and
obstacles. Flow direction anelocity are a result of interaction of the outer flow and

the type and arrangement of the buildings in their surroundings

This type of air flow does not have a strong effect on the buildings and the pedestrians
for the reasons that the maximum wind vélparound the year is approximately 4.3
m/s. This finding supports what Giridharan & Ganesan (2004) maintain which is that
weak winds are 5% to 20% more frequent in a city than in the countrgidéne

other hand, it can be seen that there is a higld wpeed on the corner of some
buildings as shown in figure 26. This type of speed may be inconvenient for
pedestrians as mentioned by Ahuja et al., (2006). The wind which hits the surface of
tall buildings touches the ground causing high velocity windshenwindward side

and near the corners of the buildings at street / pedestrian level.
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Figure 26: Wind speed in the existing situation

Wind flow parallel to the long facade causes almost low wind speed on both the
oppositdong facades of the buildings as shown on the mdigure 27
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Figure 27: Low wind speed parallel to the long facades

The patterns of the wind speed distribution were unequal for the reason that almost all

buildings are long flataced. Fluctuations in the wind speed values can be seen
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Figure 28: Unequal wind speed on ftet-faced




The differences in wind speed are found to be capable of generating a goeftbeross
of air. Figure 29 show the wind speed produces difference airflow across the

windward and leeward facades.
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Figure 29: Wind speed difference ass the windward and leeward facades

5.2 Zone 2 problem:Air pollution

The windward facade of the buildings block the airflow from other buildings. The
lower wind speed in this zone prevents getting rid of existing air pollution, for the
reason that thair in these areas can not be refreshed since there is a lack of air
motion. There are many causes of air pollution in these areas such as smoke sources
and mechanism equipments outlets. A study by Flassak et al. (1996), shows that the
number of vehiclesral the composition of a car fleet have a greater effect on the
pollution concentration than the building parameters (Flassak et al., 1996 cited in
Theurer, 1999)

This type of problem can be seen marked in blue and dark blue on the map as shown
in figure 5 with wind speed ranging from 0.47 to 1.41 m/s. High density zones
reduces the flow of air between the buildings. This may clarify the reason behind

selecting these areas as air polluted areas.

According to the literature review, air pollution transpireshese areas on account of
high-density zones, and long walls of building fabric which prevent deeper
penetration of wind as can be noticed on the nmafigure 25. Another equally

important reason for selecting these areas as air polluted areaghe tbafiguration



of buildings does not allow gaps in the building geometry and, as a consequence, it
prevents airflow around the buildings. The nzepshown in figure 30lustrates that
the flanking of buildings is continuous and uniform which redubesairflow in the

space between the buildings.
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Figure30:High-density zoneseduces the airflow in the space between the buildings

5.3 Zone 3: Poor natural ventilation
The airflow around the buildings is weak in some areas angtbidem has a great

effect on the natural ventilation in the buildings. Some buildings have good natural
ventilation in some elevations while other buildings have poor ventilation. This
phenomenon is marked in blue and dark blue on theasamhown in figee 25. Wind

velocity measurement ranges from 0.47 m/s to 1.41 m/s.

The narrow spacing between the buildings has a significant impact on the
microclimate of the study area. Narrowly spaced buildings will shelter each other
from the wind. Hence, the spacbstween the buildings, as well as the buildings
themselves, will have poor natural ventilatias shown in figure25. The map
illustrates the vital features of natural ventilation that help to drive the ventilation to
the buildings. The blue areas shownn figure 31 show how airflow is utilized to

drive the ventilation by wind speed.
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Figure 31: Drive the ventilation by wind speed

A variety of wind speeds occur on the building facade causing wind driven
ventilation. These wind speed differences force the air into the buildings through the
openings of the building facade on the windward side and expel polluted air out of the
buildings through the openings of the building facades on the leeward side. Green and
yellow color (from 1.88 to 2.82 m/g)s shown in figure 32epresent the ventilation
principle utilized to take advantage of the natural driving forces to ventilate a space.
Thiscan be done by singleded ventilation, cross ventilation, or stack ventilation.
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Figure 32: Natural driving forces to ventilate buildings

A maximum airflow comes from the northwest direction. Emat results show a
more sophisticated pattern with airflow flowing through the whole building from
downward wind depression parts to upward wind strong depression parts. This flow
emerges on eachide, leaving weak ventilated parts on the middle part of the

building.



The airflow velocity in the canyon is strongly related to its aspect ratio and the wind
velocity above the canyon. Orange cobw shown in figure 38lemonstrates that

some places have good ventilation as the wind velocity above the canyon ranges from
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Figure 33: Good ventilation parallel to the canyon axis

This is in sharp contrast to what appears in blue and dark blue agesd®wn in
figure 25. It illustrates weak ventilation as the wind speed parallel the street canyon is
1.41 and below m/s. A vortex phenomenon appears which causes poor air exchange

whenthe wind speed perpendicular to the canyon agishown in figur&4.
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Figure 34: Weak ventilation perpendicular to the canyon axis



5.4 Zone 4:Pedestrian level wind flow

From table 2 below, ands shown in figure 25t can be seen that ththscomfort
caused by pedestrian level wind flow does not appear to be a serious problem in the
study area for the reason that the maximum value of wind speed measurement in the
study area is in the range of pink and dark pink areas from 3.76 m/s and above.
According to the table below, this value of wind speed causes a gentle breeze. This
type of wind does not have a serious effect on the pedestrians due to the limited effect
of a slight breeze wind on extending a light flag. A gentle breeze in the sealysar

suitable for human beings, but high speed winds such as gales and cyclones are not.

Table 2. Summary of wind effects (Ahuja et al., 2006)

Description of wind effects (m/sec) Description of wind
Speed
No noticeable wind. 0.41.5 Light airs
Wind felt on face 1.63.3 Light breeze
Wind extends light flag. 3.454 Gentle breeze

According to the literature review, Ahuja et al. (2006) believe that it is not only a
particular value of wind speed, which may cause discomfort, but there are other
parameters which altogether affect comfort such as gustiness and duration of wind.
The actial effect of the wind on pedestrians in the study area is very subjective,

depending on many factors such as age, sex, type of activity, and psychological state.

Another important case is the presence of high rise buildings besides®buildings

which causes uncomfortable wind conditions around high rise buildings. This leads to
discomfort for the pedestrian but comfort or discomfort are abstract phenomena and
there is no exact definition of comfort or discomfort level. Hence, temperature, wind
speedand humidity conditions are very subjective terms which may comfort some

people and simultaneously discomfort others.



Chapter 6

6.0 URBAN PARAMETERS

Analyzing the findings involves answering the research question whidios,can
we increase the perfmance of natural ventilation in the case of high density of
buildings in the urban area in RAKBased on thesummary of the Enwmet
simulation outcomesthree significant themes emerge which is air pollution, weak

natural ventilation and wind speed.

Based on the above themes, this chapter tries to find some solutions in order to
improve the outdoor air quality in the study area by controlling the urban parameters
in the study area. These parameters include the following:

1 Changing buildings proportioflength and width)

1 Choosing other types of urban layouts

1 Modifying the height of buildings

1 Constructing buildings of different shapes

1

Adjusting thewidth of the street canyon



6.1 Modification of simulation procedures
To change the parametetise daign of the input file was modified and then the same

procedure was used in order to simulate the new situgdi®mone previously, the
same Enwimet default configuration window was utilized in the simulation process.
After that, the simulation was stad to get an output file with the wind flow patterns.
This step took a long time in view of the configuration file data and the size of
domain. Then, Leonardo software was used to get the final output that includes the
wind velocities, air flow patterns drair behavior. The input file was redesigned to
change thgarameters. This change involved the width and length of the buildings,
the width of street canyonyrban patterrtypesandthe height and the shape of the
buildings

6.2 Changing buildings propation and adjusting the width of street canyon:

Figure 35: Changing buildings proportion in the study area
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Figure36: The airflow movement around buildings was improved clearly on accc

of the changes in buildings proportion (length and widtigAdjusting
thewidth of street canyon



According to the literatureerview, the ratio of the length to the width of street canyon
should not be too high in order to avoid a significant decrease in the wind speed in the
middle of the windward facade with possible suction effects at the dédjasd,

1998, p.22). Figure 36lustrates thathe differences in the proportion between length
and width from building to another raises the flow of air between the buildings. The
floor area of the building was not changed but the length and width were changed. As
a consequence, thesthnce between the buildings was increased; therefore, the

airflow was also increased in the study aasahown in Figure 37.
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Figure 37: Airflow increases due to increase the distance between buildings

Furthermore, the measurementlod wind speed demonstrates that there is a dramatic
increase in the value of the wind speed as shown in the tableeJrevious value of
the wind speed ifrom 0.47 m/s to 1.41 m/as indicated in blue and dark blue in
figure 25. The new value of theiwd speed is range frord.23 m/si 3.86 m/s as
clarified in green, yellow and orange in figure 36. Also, the differences in the
proportion between length and width allow the wind flow to move smoothly into the

buildingsas shown in figure 38.



Wind Speed

below 0.59 m/s

0.59t0 1.14 m/s

1.14t01.68 m/s

r 1.68t02.23m/s

5 223t02.77mis

Tk - 277t03.31m/s

4 l 3.31t03.86m/s

'I ‘!: 3.86t04.40m/s

\ '!} 440t04.95m/s
iivered

above 4.95 m/s

TN

11
; i\!
i

Figure 38: Increasing ofvind speed

Adjusting the output file of the buildings proportion parameter is useful at this stage.
The reason for this is that change in the buildings proportion in tyderprove the
airflow in the study area selted in increasing the width of the street canyon as shown

in figure 36.

According to the literature review, concerns about attaining the maximum
environmental benefits by optimizing the layout of the urban street canyon become an
important concept focontemporary urban design and planning. Improving the urban
ventilation condition and taking the traffic pollutants away from the street canyons
requires considering the main climate characteristics and the irregular layout before
the stage of street orhan planning. Architects can rely on the main wind direction as
the real wind direction is always variablé&rom output file, the following
improvements can be observed:
1 Wind speed is increased which is helpful in driving the natural ventilation
into the buildings as shown in figure 39
1 The distance between the buildings is increased so the wind flows
smoothly between the buildings as shown in figure 40
1 The size of the log facade is decreased as well as the blocking of the

airflow as shown in figure 41
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Figure 41: Decreasing the size of the Iong facades and reduce the blocking of air flow

These improvements occur because of the following:
1 The width of street canyon is modified
1 The street layout of the study area is parallel to the major ditadtions
1 The flanking buildings are not continuous which allows gaps in the

building geometry

For that reason, most architects begin their design of air movement at city level,
particularly in its street layout pattern. According to the literatureewevVEmmanuel
(2005) argues that 'streets should be aligned to obtain the maximum benefit from

macrclevel wind directions'. (p. 118)

Envi-met results indicate that there is a considerable increase in the value of wind
velocity as a result of changingethbuildings and canyon proportion which is

demonstrated in the table 3 below.



Table 3: Comparison between the old reading and new readings after changing the buildings and

canyon proportion

New readings Old readings Zone
Zone
#1
Zone
#2
Zone
#3
From the figures, it can be noticed t From the figures, the weak air flow arou
significant improvement of air floy the buildings can be noticed. It is indicat c
ont
around thebuildings as indicated in gree| by blue and dark blue color with values (1 .
men
yellow and orange with values (1.68 rii/{ m/s and below)
3.86 m/s)
T EEEEEE E ¥
g 28 5385 8 8

- Y
D ow
] 23
B 2=
B
B
[ ]

Wind Speed
- below 0.47 mis


















































































