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ABSTRACT

As aresult of the change and development of Egyptian society, Egyptian government
has focused its attention of comprehensive development to various directio ns. One of these
attentionsis housing, construction and land reclamation in Upper Egypt to go out from the
narrow valley which isabout 5% of Egypt area. East El- Owauinat is one of these areas. It is
an agriculture project and must be valid all the facto rs needed for sustainability. East El -
Owauinat region is located at 22° 28" N latitude and 28° 42" E longitude. The climate of this
region is caricaturized by; aridity, high summer daytime temperature, large diurnal
temperature variation, low relative humidity and high solar radiation reaches to about
1000W/m? on horizontal surface in summer seasons.
In such environments, man losses his ability to work and to contribute effectively in the
development planning due to the high thermal stress affected on him. The strategy of building
in this regioy to understand the needs of the people but to create an indoor environment which
is suitable for healthy, and comfortable to live and work init. Also, reduce or if possible
eliminate the energy expenditure for environmental control. In order to achieve this, attention
has to be focused on building design which isafunction of building form, orientation,
location, and materials used. This study deals with the bio-climatic analysis of East El-
Owauinat region and the thermal performance of building in this region to valid the Egyptian
Energy Efficiency Residential Code. The results show that, the air catcher, court and Passive
cooling systems (evaporative cooling), maintained the indoor climate in the thermal huma n
comfort zone during the hottest period under the effect of climatic conditions of East El -
Owauinat. Orientation, size, shape, building materials and outdoors -climatic factors influence
in energy auditor of the building envelope. Also shading devices, ins ulating materials, and
smart glass achieve a harmony building with environment , and save energy by about 60%.
Thermal insulation is needed for al exposed roofs and the required thermal resistance has
aminimum R-value 22.5 m?K/W. The required thermal  resistance for walls must be
between 0.9 and 1.3 m*K/W.
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1. INTRODUCTION

East El-Owauinat is a new region located in the southwestern part of Egypt at 22° 28" N
|atitude and 28° 42" E longitude and about 365K m south Dakhla. It linked by paved road with
Kharga, Dakhla oasis and Abu Siambel city. Also it linked by an air line from Cairo airport.
The total area of it is 528 thousand acres used in the agricultural project. The area of the
project is divided into 22 pieces, each area of 24 thousand acres to be reclamation and
cultivation of 10 thousand acres and the rest of the safety belt underground reservoir with a
total 220 thousand acres in addition to 7 thousand acre experimental farm. Agricultural
Development and the National Authority for Remote Sensing assessment of environmental
risks to the movement of sand dunes and faults the floor constantly and located most o f the
soils in the sandy soil and sandy loam, and one of the best arable land and apply the irrigation
system developed in this region of both types, "irrigation sprinkler irrigation drip ™ by drilling
wells to tap underground water storage. The crops that enjoys cultivated area of field crops,
including fibers such as cotton, fodder and grain crops such as wheat, beans, soy and oil
crops such as peanuts, sesame and vegetable crops and medicinal plants. In addition to
horticultura crops, including dry-date and a half dry and fruits and ...... etc. A Horticultural
Services Unit of the Ministry of Agriculture farm animal production in association with the
Australian side 5 thousand nine head extension by 3 units manufacturing feed. Also the area
was suitable for breeding ostriches. Where a farm has been established by the one of the
companies allotted land in the region, which is a new addition to maximize the maximum
benefit from the climate and the nature and circumstances of the region. The association
cooperative housing for workers in the region and the province to allocate 250 thousand
square meters with a nominal price per square meter was developed division for land;
ratification has been initiated in the distribution to the neighborhood association members ,
which will help the stability of working with families. It also ratifies the region connecting the
various facilities of the credits the province. 664 wells have been drilled in the project area by
the companies which enough to irrigate an area of 79,680 acres. The project aims to increase
the agricultural land area of 227 thousand acres and the creation of a new urban community in
agricultural and industrial integrated outside the Old Valley, as well as creating jobs to
eliminate unemployment in addition to encourage investors in the field of agricultural
development in the advanced system of agriculture and irrigation .

Where The climate of this region is caricaturized by; aridity, high summer daytime
temperature, large diurnal temperature variation, low relative humidity and high solar
radiation reaches to about 1000W/m? on horizontal surface in summer seasons. These
extreme therma environments reflected on people and their effort in development and
sustainability due to the high thermal stress. So it isimportant to study and evaluate the effect
of the externa environment and the thermo physical and optical properties of the building
materials on the availability of comfort for people in residential building in this region.

With the energy crisis, efforts have been motivated towards the development of new concepts
for building design and urban planning to moderate the rate, direction and magnitudes of heat
flow and reduce or if possible eliminate the energy expenditure for environmental control . In
order to achieve this, attention has to be focused on building design to improve its thermal
performance and produce indoor comfortable environmental conditions. The strategy of
building in such climate dependent on controlling the indoor environment conditions to make
it healthy and comfortable to achieve alarge contribution of people in development planning.
Where, Building envelope regards as the main construction element which has an important
role in the thermal performance of unconditioned bui Iding and also has important role in
saving energy in conditioning building, and roof considered the major part of the building



Proceedings of the 9" | CCAE-9 Conference, 29-31 May, 2012 |[EE |8

envelope, attention was focused on the roof. In Egypt the thermal effect of roof is increased
as one go towards from north to south.

In Egypt different field measurements and theoretical studies were carried out to investigate

the thermal performance of the traditional houses under the effect of local external climatic

conditions of Cairo region (30°N) @ . The results of these studies showed that dry and spray
water shading roofs devices, insulating roof, air gap roof, double walls and ventilated double

walls improve the internal environmental conditions. Theoretical and experimental study was
carried out to investigate the thermal performance of a pre-fabricated concrete flat in 15 May
city, and clear that reasonable agreement between the theoretical and experimental indoor air

temperature of the flat is achieved®. Saving energy consumption in hot arid region and the
effect of nocturnal radiation in increasing the thermal efficiency of the building was studied

theoretically under the climatic conditions of Aswan (24°N), Egypt. This study showed that,
thermal insulation thickness of about 5-7cm thick in roof help in reducing the total thermal
transmittance (U-Value) to be 0.4W/m?C, which is the favorable value in Upper Egypt. This
thickness led to save cooling load by about 80% in conditioned building. Ventilating the
shaded roof increase the effect of the shading and movable shading help the usefulness of
nocturnal radiation in night hours ¢ ). The requirement for building in the Waste Costal of Red
See (Ghardaga) was carried out ©. Evaluating the external climatic conditions of Toshky
region (23.5°N), Egypt and evaluating the thermal performance of some traditional building
built their, give us a picture view about the climate of Toshky and the periods of warm, hot

and very hot init. This study shows that using Nobaa sandstone in wall aloneis not favorable.
The study also shows that domes or vault built from concrete without using material with

specia thermal characteristics is not the solution, and if dome hasn’t top opening to loss the
hot air, a hot heat island is found and led to discomfort 8 9 A developed new building
material with three line defense of thermal insulation used in walls and apply the concept of

domes and vault with good thermal insulation help in valid the thermal comfort in building in

Toshky region, and let the indoor environmental condition of the building to be within the
comfort zone in the very hot and dry period in summer @°. The therma performance of
exposed composed roofs in very hot dry desert region in (Toshky) region, Egypt was carried
out and investigate that; the construction roof systems (insulated concrete, double, planted
and un-insulated concrete roofs) valid an indoor air temperature thermal damping of about
96%, 90%, 89%, and 76% respectively, the green roof gives the lower indoor air temperature,
due to the evaporation process, and the indoor air temperature of room with active concrete
roof can improved by shading this roof and using good thermal conductivity tube material like
stanlistail ™. The thermal performance of building envelope in very hot dry desert region in
Egypt (Toshky Region) was carried out and investigate that; Nobaa sand stone in walls alone
falls to valid thermal comfort due to the high storage, high thermal mass and thermal

conductivity of it. The indoor air temperature of hollow clay brick and light sand block have
approximately the same thermal Performance through the day time and they nearest to the
upper limit of thermal comfort ? . Theoretical and experimental studies were carried out to
evaluate the thermal performance of building with different building envelope in different
country. The thermal performance of building and optimization the thermal insulation

thickness in walls were studied . The thermal performance of a vegetated cladding system
on facade walls was also study ¥. Experimental approach to the contribution of plant —
covered building envelops were study *®. The effect of thermal mass walls to reduce building
heating or cooling load regards as one of the most effective way where using massive
building envelop components del ay and flatten thermal waves caused by external temperature
swings'™®. In Mediterranean countries theoretical and experimental study was carried out to
evaluate the thermal performance of building. The ventilating roofs have been widely used,
the effect of roof tiles on the therma performance of ventilated ducts were studied, and

3
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indicate that the presence of air permeable layer and elements to protect the ventilation duct

eliminate any difference in performance which were due to the cross section of the ventilation
duct ™48 The finite element model was carried out to investigate the thermal performance
of non air conditioned buildings with vaulted roof and flat roof. It clear that building with a
vault roof have lower indoor air temperature comp ared to those with a flat roof , that is
because such roof dissipate more heat by convection and thermal radiation at night due to the

enlarged curved surfaces 9 Different insulation materials (mineral wool, polyurethane, and
polystyrene) were used to evaluate the thermal performance of building for decreasing the
thermal demand and heating and cooling load . The usefulness of low earth temperature
was discussed theoretically and experimentally to show the effect of earth-pipe —air heat
exchanger systems in reducing the cooling load of building in summer V. Previously
theoretical and experimental study was carried out using different passive approach; shading,

insulation, roof pond, movable shading, and evaporative cooling for roof 28 All these
study show that applying different passive approaches help in improving the indoor air

temperature of building. This study deals with the evaluation of bio-climatic analysis East El -
Owauinat region. Also investigate the effect of external climatic con dition and thermo-
physical characteristics and thermo-physical properties of building materials on and thermal

performance of residential building to valid comfort and save energy in Owauinat region

according to Egyptian residential code .

2.CLIMATIC FACTOR

The outdoor climatic condition (outdoor air temperature, relative humidity, solar intensity,
and wind speed) are the main factors affecting on the thermal performance of the building in
any region.

2.1. The Outdoor Air Temperature and Relat ive Humidity

Figure (1.a) shows the monthly mean maximum and monthly mean minimum of the outdoor
air temperature of East El-Owauinat. The figure shows that the monthly mean maximum /
minimum temperature increase gradually from January till reaches it’s ma ximum value of
about 35-40° C through May, June, July, August and September and then began to decrease.
Figure (1.b) shows the monthly mean maximum / minimum relative humidity in East El -
Owauinat seems to be decreased gradually fr om January to reach minimum value of 12% in
May June and July then began to increase slowly starting from August . It is clear that
through summer season in East El -Owauinat the low value of relative humidity with the high
value of dry temperature help in using the concept of evaporative cooling in East El -Owauinat
in general and ain specia casein building to valid the thermal comfort for people.

2.2. The Solar Intensity Incident on Horizontal and Different Orientations

Figure (2) shows the calculated solar radiation fallen on the horizontal surface and different
orientations on East El-Owauinat region, during summer (JULY, 21) seasons. From Figure
(2.a) we can conclude that the south orientation is the best orientations received minimum
values of solar intensity during summer season, and this help in making control on the solar
radiation fallen on the south orientation. The figure also demonstrate that the horizontal
surface receives the greatest amount of solar intensity and its maximum va lue reach to be
1025 W/m? at noon and still over 800 W/m? for about 7 hours. The east and west direction
receive high amount of radiation reach to about 733W/m? at 8:00 AM for the east and at
16:00 PM for the west directions. Also the figure clear the amount of solar intensity fallen on
the north direction in the morning and afternoon . Figure (2.b) shows the sun path diagram and
the variation of shadow forming on the different direction at noon.
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3. DIFFERENT METHODS OF EVALUATING THE THERMAL

PERFORMANCE OF BUILDINGS
There are many methods to evaluate the thermal performance of buildings. The first approach
related to comfort standards. This method is called Bio -climatic method, which has been
proposed for buildings that take more passive approac h for heating and cooling in areas where
acceptable humidity can be maintained. The second method is the experimental methods. In
this method temperature distribution through the building envelope surfaces and thermal
performance is determined experimentally and evaluated. The third approach is the
mathematical and simulation method, which is carried out by energy software programs.

3.1. Bio-Climatic M ethod

There are many different Bio-climatic methods used for evaluate the thermal performance of

building envelope. These methods are dependent on the external climatic conditions of the
location and the approach of thermal comfort. The famous three Bio -climatic methods are
Olgay comfort chart, Mahony tables and the psychometric charts developed by Givoni and

psychometric charts developed by ASHREA ©%*9_|n Egypt many studied were carried using
these tools * 4% some of them divided Egypt to six climatic zones ¢, Bioclimatic charts
facilitate the analysis of the climate characteristics of a given lo cation from the viewpoint of
human comfort, as they present, on a psychrometric chart, the concurrent combination of

temperature and humidity at any given time.They can also specify building design guidelines

to maximize indoor comfort conditions when the building’s interior is not mechanically
conditioned. All such charts are structured and refer to, the comfort zone.

3.2. Experimental Technique

There are two types of experimental techniques, which are used to determine the thermal
performance and ener gy efficiency of building under the different external climatic conditions
of different seasons.

3.2.1. The First Technique

Temperatures distribution through the envelope elements, indoor air, mean radiant
temperatures, and internal surfaces temperatures are measured and recorded for at least three
days under the effect of external climatic conditions of different seasons. Internal and external
relative humidity, solar radiation, and wind speed also measured and recorded. Damping
factor, decrement factors, and time lag of the building envelope were determined 2419 Also
the human degree of sensitivity to the indoor climate is measured and determined by using the
indoor weather stations. In which the human degree of sensitivity is given by the Pr edicted
Mean Vote (PMV) value which lies between -3 and 3 is a set of environmental variables,
which satisfies Fanger comfort equation produces optimum comfort , table (1)®?. The
instrument which measures simultaneously the PMV and PPD values were developed by
Korsgaard and Madsen “©.

Table (1): Predicted Mean Vote (PMV) according Fanger Equation

Case Ver Coole [ Cool | Comfo | Warm [ Hot [ Very
col d rt hot

PMV -3 -2 -1
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3.2.2. The Second Technique

The second technique is that used for evaluating energy consumption in the building. It isa
technique for measuring the energy consumed, for cooling/heating loads, lighting,
equipment’s...etc by using voltmeter analysis stations. These measurements are contributing
in the field of electrical planning of any countries, and also to know how energy efficiency
can be improved. This method of measurement is adequate in the case of commercial building
rather than in the case of residential buildings “Y.

3.3. THE MATHEMATICAL MODEL FOR THERMAL EVAL UATION
OF BUILDING AND SIMULATION METHOD TECHNIQUE

3.3.1 Analytical Study

The thermal response of building is defined as the reaction of the building envelope to some
form of heat input and the amount of internal loads. It depends mainly on ori entation, size,
windows to wall ratio, also on the thermo physical and optical properties of the building
materials, and on the external environmental conditions. Heat transfer in building takes place
by three simultaneous modes; conduction, convection and radiation. Heat is also transfer by
ventilation and stored in the building fabric. The general e%z?ﬁon governing the heat flow

through a homogeneous layer in one dimension iswrittenas =

K(@%TIox2) = pCy(aT/at) )

Where; T is the temperature (°C), x is the space dimension (m), t is the time (sec), k is the
thermal conductivity (W/m °C), p is the density (kg/m®), Cp isthe specific heat; (J/kg °C)

The boundary conditions assumed to solve this equation at the outside and inside surfaces are
given as.
K@T/ X)x=0 = heo (Tso- Ts)) )

k (0T/ 6X)xat = hg (Ts - Ta) ©)

Where; Ty and T4 are the outside / inside surface temperature (°C), Tao and Ta are the

outdoor / indoor air temperature (°C), hsy and hg are the heat transfer coefficient of the
outsidelinside surface including the radiation and convection components (W/m 2 °C),

There are many complex mathematical methods to solve the equations of heat transfer
through the building envelope, from which the matrix method. “? The admittance procedure
using the matrix solution to estimating the energy transfers and temperature changes under
steady cyclic conditions. It determines the temperature dependent on the daily mean and
swing about the mean by the calculation of the thermal characteristics (Y -value; Y, decrement
factor; A, timelag; ¢ , surface factor; Sf of multi-layer construction**% .

3.3.2. Thermal Transmittance

Other ssmple method used to determine the thermal efficiency of the building envelop eis the
total thermal transmittance (U-Values) of roofs and walls. The total U-Value of the building
can be determined as follows “>47,

Uo = {UIAL+U2A2 +UiAi........... UnAn}/ Ao (4)
Ui = {UsAs+ UgAg}/ Ai )

Where:

Ai = Areaof wall noi, m?

As = Areaof solid part, m?
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Ag = Window area, m*
Uo = Total thermal transmittance, (W/m? °C)
Ui = Thermal transmittance of wall i, (W/m? °C)
Ug = Thermal transmittance of windows including glass and frame, (W/m * °C)
The U-Value for any composite construction element can be written as follows
U = {Vhao + X (Li/ki) + Lhai } (6)
Where:
Li = Thickness of layer no i, (m)
ks = Thermal conductivity of layer i, (W/m°C)
hai,hao = Heat transfer Coefficient of internal and external surfaces, (W/m? °C)

3.3.3.The Over all Heat Transfer Coefficient

The over al heat transfer coefficient of walls and roofs is other method used. Different
international codes calculate the over al heat transfer value of walls and roofs according to
the heat gain in summer season for the solid part and windows by conduction and from the
solar gain by radiation from windows as follows &%,

OTTVi =U Ai (1-\WWR)ATDeg+ Ug Ag WWR AT + Ag WWR(1-SGR)SFSC 7)
Where:
Ai = The total Areaof fabric noi, (m?)
Ui = Thermal transmittance of opaque part of wall or roof, (W/m K)
OTTV = Over al heat transfer value, (W/m?)
Ug = Thermal transmittance of glass including glazing and frame, (W/m °K)
WWR = Open window ratio, (non)
SGR = Shading ratio, (non)
SF = Solar heat gain factor, (W/m?)
SC = Solar shading factors of the glass, (non)
ATDeq = Equivalent temperature of solid part, (K)

Table (2) shows the calculated Over all Heat Transfer (OTTV) in Different
Climatic Zones ®

Table (2): The Over al Heat Transfer (OTTV) in Different Climatic Zones

Zones Alex. Cairo ASUIAT | ASWAN
Roofs 20-25 20-25 20-25 20-25
Walls 40 45 50 55

3.3.4. Simulation M ethod

There are hundreds of energy analysis tools and methods that are u sed worldwide to predict
the potential savings of energy conservation measures. In the Italy energy institute devel oped
simulation program called PSS6 ©V, while in the USA, DOE2 provides an up to date listing of
selected building energy software (DoE-2000) ®?. Generally, the existing energy analysis
tools can be classified into either forward or inverse methods. The energy predictions are
based on physical properties of the building systems such as geometry, location, construction
details, and HVAC system type and operation. Most of the existing detailed energy simulation
tools such as DoE-2, TRANSYS, Calpas 3®® and F-Load ®* follow the forward modeling

7
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approach. It is clear from the analysis of different energy software which was carried out by
the authors and the measurements there still a big difference between the simulation methods
and experimental methods, these differences may be due to the simplest assumptions in
mathematical models. New software programs are the Design Builder and ECTDEC ©* %9

4. CASE STUDY

To illustrate the thermal performance of building in East EI-Owauinat, a one design of EBNY
BAIATIC project developed by the Egyptian government was chosen. Figure (3) shows a plan
of flat in the upper storey of this building. The building analyzed in this study is of 63m? floor
area. The building has the following description. Walls consist of 25cm clay brick with
density 1790 Kg/m?®, and inside and outside plaster layer. Roof consists of reinforced concrete
with thickness 15cm covered with/without thermal insulation layer with thickness 8cm from
expanded polystyrene and finished by cement tiles and sand. Figure (4 &5) show a cross
section in the wall and roof with the thermo-physical properties and characteristic of them.
Window is considered as traditional window. The opening used glass of 6mm (SC =0.8), and
its U-Value is 54 W/m?*C. ECOTECT V5 software computer program was used for this
investigation. The reception room was chosen as a unit for the study. The thermal
performance of the building was carried out in different direction, carried out on the building
using ventilation in night and all day and finally by using / not using thermal insulation in roof

and walls alternative walls and roofs to reach to the favorite R-value required in this region
according the Egyptian code.

5. RESULTSAND DISCUSSION

5.1. Bio-Climatic Analysis of Owauinat

The thermal comfort of human being is governed by many physiological mechanisms of the
body and these vary from person to person. In any parti cular thermal environment it is
difficult to get more than 50% of the people affected to agree that the conditions are
comfortable. Personal (activity, clothing, age and sex) and physical environmental variables
(air temperature, mean radiant temperature, relative humidity and wind speed) are the

principle factors affecting the human thermal comfort. Olgay(so), Mahony tables(sl), Givoni
chart® |....etc is simplest methods and depends on the external climatic condition, they did

not give a complete configuration about the thermal performance of the building and its
thermal load which valid the thermal comfort for the occupants. The bio-climatic analysis of
Owauinat with Mahony tables investigates that, the planning of city must be compact and the

opening must be less than 20%. The walls and roof must be heavy with thermal insulation in

the outer layer to decrease the heat capacity of the building and also to be as line defiance in

the extreme time A!"°'s).

On other side a formula determined the “indoor Comfort” temperature, T, relative to an
exponentially weighted running average outdoor temperature, T, and applicable to free
running building without mechanically narrowly controlled indoor temperature was

developed as follows®®.

Ta=17.6+ 0.31*T, (8)
within the limitation that 17.8 °C< T, < 29.5°C..
Where,
Tn = neutrality temperature
To = Monthly mean outdoor temperature

Table (3) shows the upper/lower limit temperature (T, + 2) of the comfort zone in Owauinat.
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By determining the upper and lower limit of comfort we can reach to the ratio of heating,

shadi n? and cooling requirement in Owauinat by using the estimated hours temperatur e by
Novel ®. Table (4) shows the estimated hours temperature for Owauinat While peopleiin this
region may be compatible with a high temperature . From the table we can investigate that, the
ratio need for shading in Owauinat reach to be about 73%, the need for using mechanical
cooling unit reach to about 24%, while the need for warming reach to about 27%, and thereis
about 49% of hours per year is comfortable. From this table we show that shading and
controlling the amount of solar intensity reach to building lies in the first in making the
building suitable with its external environment.

Givoni’s and ASHREA psychometric charts, aimed to predicting the indoor conditions of the
building according to the outdoor prevailing conditions and based on the linear relationship
between the temperature amplitude and vapour pressure of the outdoor air in various regions.

The chart combines different temperature amplitude and vapour pressure of the ambient air
plotted on the psychrometric chart and correlated with specific boundaries of the passive
cooling techniques overlaid on the chart. These techniques include evaporative cooling,

thermal mass, naturalventilation cooling and passive heating . These techniques can be used at
the pre-design analysis stage for assessing the climate, establishing the thermal control task
(The thermal control task can be defined as the difference between the given climatic

conditions and the desirable indoor conditions) and selecting the appropriate passive control

techniques. Figure (6) shows the design strategies on ASHRE psychometric chart with the
designed comfort of Owauinat and the extended zone for using ventilation, thermal mass,
evaporative cooling, passive heating and mechanical heating and air conditioning . The Figure
shows that in winter season the climate of Owauinat region is near to the comfort zone and
using the passive heating system tasks make the building to be in the comfort region. In
summer season the figure shows that this region need extensive way to the cooling
requirement, and using shading, green area and evaporative cooling help the climate of the
building to enter the comfort zone.

Table (3): theupper / lower limit temperature of the comfort zone during
the summer season in Owauinat region .

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Max. 189 | 209 | 242 | 32 356 [382 (382 369 |354 |336 | 253 | 211
Temperature
Min.

4.4 5.6 9 154 | 198 | 221 | 251 | 224 | 208 | 147 | 106 |7
Temperature
Avg.

Temperature( 117 [ 133 [ 166 | 237 | 277 |302 | 317 | 297 | 281 | 242 |18 141
To)

Upper limit 232 237 | 247 | 269 | 282 | 289 | 294 | 288 | 283 | 271 | 252 | 24
of comfort
L ower limit 192 | 197 | 207 | 229 | 242 | 249 | 254 | 248 |243 | 231 | 212 | 20
of comfort

Figure (7) shows the hourly distribution of the outdoor air temperatures and the hourly
estimated environmental indoor temperatures inside the reception room in East El -Owauinat
on July 21 at different orientations. The figure shows that the outdoor air temperature
continue over 30°C for more than 10 hours and this led to case high thermal stress on people
in this region. The reception room was investigated in different directions. We can notes that
in al directions the environmental indoor temperatures still high in day and night, that are

9
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because there is no ventilation used and the exposed of the roof to high insulation flux over
800W/m? for about 7 hours and the high outdoor air temperature. Also we can notes from the
figure that the environmental indoor temperatures of the north direction give the lower on
with respect to the other.

Figure (8) shows the hourly distribution of the outdoor air temperatures and the hourly
estimated environmental indoor temperatures inside the reception room with/ without using

thermal insulation in East El-Owauinate on July 21. The best case of north direction was
chosen to make a comparison of the environmental indoor temperatures without and with

thermal insulation in the roof and walls. The figure illustrate that the presence of thermal

insulation help in making the envir onmental indoor temperatures approximately stable all the
day and lower than that the case without insulation. The the U -value of the roof change from
1.919 to 0.356 W/m*C and the walls from to 1.5 to 0.726 W/m%*C by adding thermal
insulation, which valid the Egyptian Code R-value requirementsin this area.

Table (4): The Two Hours Estimated Temperature for East EI-Owaiunat.

Monthes Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Tmax. 18.9 /1209|242 | 32 |35.6|38.2|38.2[36.9|35.4[33.6|253]|21.1
Tmin. 4.4 | 5.6 9 [15.4]19.8[22.1]25.1|22.4|20.8|14.7]106| 7
Trang 145|15.3(15.2|16.6 |15.8|16.1|13.1|145|14.6 |18.9|14.7|14.1
Time S Tow Hour Estimated Temperature
0 0.222 19 | 23 | 26 | 28 | 26 | 24 | 19
2 0.139 22 | 24 | 27 | 24 | 23
4 0.056 21 | 23 | 26 | 23 | 22
6 0 20 | 22 | 25 | 22 | 21
8 0.111 22 | 24 | 27 | 24 | 22
10 0.583 25 26 | 19
12 0.861 19 | 22 23 | 19
14 1 19 | 21 | 24 25 | 21
16 0.917 20 | 23 24 | 20
18 0.694 20 | 27 28 | 21
20 0.444 23 | 27 27 | 23
22 0.306 20 | 25 | 27 27 | 25 | 20
Ratio of warming needed 27%
Ratio of comfort 49%
Ratio of cooling needed 24%
Ratio of shading needed 73%

Figure (9) shows the hourly distribution of the outdoor air temperatures and the hourly
estimated environmental indoor temperatures inside the reception room in East El -Owauinate
on July 21 at different ventilation period. The figure shows the effect of using ventilation
through 24 hours of the day and using night ventilation period from 20:0PM to 8:0AM. The
figure that night ventilation help in reducing the environmental indoor temperatures to be
nearest the upper comfort level in night and early hours of the day. We can notes from the
figure that if forced ventilation is used by fan the environmental indoor temperatures will be
improved and enter the comfort zone.
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6. CONCLUSIONS
The building sector in the south of Egypt needs more study and the comfortable strategy must
be considered. We can conclude from this study that:

1.

2.

3.

8.
1
2.

Bio-climatic methods are used to verify the first idea of design f or non-conditioning
buildings.
For non-conditioned building shading devices and control opening areas in the envelope
has the first priority.
Light color help in decrease the direct share of solar radiation on heat gain through
walls.
Simulation methods and the parametric analysis are required to evaluate the thermal
performance of the building before constructed .
Concrete roof dab without thermal insulation case thermal stress in night and early

hours of the day on people and this has p assive effect on the thermal comfort of people.
The required thermal resistance has a minimum R -value =2.5m?K/W for roof and 0.9-
1.3 m*K/W for walls.
thermal insulating materials must be used in all exposed roof to save thermal comfort
inside building spaces, where it reduce the effect of thermal radiation during day time
hours and also reduce the contribution of mean radiant temperature on the thermal
comfort during night during long period of the year, and to conserve energy When
mechanical means are used.
The environmental indoor air temperature still high inside the building , this due to the
high solar intensity fallen in this area and still over 800 W/m? for about 7 hours, and
high outdoor air temperaturethe which continue over 30°C for more than 10 hours. This
indoor will modified when all the design strategyneed in this area used.
New building materials, smart glass and thermal insulating materials can be used to
improve the thermal performance of the building and save energy of buildingsin Egypt.
Natural night ventilation period from 20:0 PM to 8:AM led to reduce the maximum and
minimum environmental indoor air temperature. Also Using fan help in increasing the
draw of the moderate outdoor air inside the rooms.
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(1.a) : The monthly mean maximum and monthly mean minimum of the outdoor air
temperature of East EI-Owauinat.
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(1.b) : The monthly mean maximum / minimum relative humidity in
East El-Owauinat.
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Fig. (2.a) : The calculated solar radiation fallen on the horizontal surface and different

orientations on East El-Owauinat region, during summer (JULY, 21) seasons.
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Fig. (2.b) : The sun path diagram and the variation of shadow forming on the
different direction at noon.

Fig. (3) : A plane of EBNY BAIATIC project developed of East El Owaiunate, Egypt.
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Fig. (6): The bioclimatic analysis of East EI Owauinat region with ASHREA .
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Fig. (4) : A cross section in the wall with the thermo-physical properties.
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Fig. (5): A cross section in the roof with the thermo-physical properties.
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Fig. (7) : The hourly distribution of the outdoor air temperatures and the hourly estimated
environmental indoor temperat ures inside the reception room in East El -Owauinat
on July 21 at different orientations.
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Fig. (8) : The hourly distribution of the outdoor air temperatures and the hourly estimated
environmental indoor temperatures inside the reception room with/ without
using thermal insulation in East El -Owauinate on July 21.
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Fig. (9) : The hourly distribution of the outdoor air temperatures and the hourly estimated
environmental indoor temper atures inside the reception room in East
El-Owauinate on July 21 at different ventilation period.
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