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ABSTRACT

This paperis a part of a research work that targets the evolution of traditional architectural
features to develop a passive designtstys for contemporary building#. counts on the building as a
selfclimate modifier in hot and aridlimate. The traditional house demonstrates awareness of solar
geometry and heat transfer mechanisms as basic physical principles which govern the heatsgain/lo
process within the buildingThe work in this paper is confined to examining the effettaafitional
solar controls and shading mechanisms. Discugsaturesare the resulted cross shading inarrow
streetcanyonand window screens. The suggested features were introduced as shading devices to an
existing contemporary buildingithin consecutivesimulations using TRNSYS. The climatic data for
Cairo as a case study was consider&de simulationmodelwas tested against indoor temperature and
validated by comparing results to measured data. The model then was modgifiedrdalucing
suggestedeiatures whictiound to be comparatively effective in lowering the indoor temperature

INTRODUCTION

An abandon of studies showed that the basic principle of traditional building was to accomplish a
couple of goals; fulfill privacy; and achieve comfort. These purposes were fulfilled through a passive
design strategy applied within urban setting, building form, and building envelop. The analysis identified
some key components and other subsidiary elements. The main common aspect is the duality of nature
of these key elements through which both thermal comfort and privacy were achieved. This paper
focuses on the role of shading systems; street cross shading; and window screens, on reducing indoor air
temperature in hot and arid climate regions with reference to the Egyptian capital Cairo.

Cairo is located on 30.0566° N, 31.2262° E in the North East side of the African continent. As
most of the countries in its region, Cairo is characterized by a typical hot and arid climate that receives
an average annual sum of 3000 hrs. Air temperature exceeds 40° C in the summer, as shown in figure 1.
The climate in general is characterized by large diurnal temperature differences which allow intense
solar radiation during the day and quick cooling down at night. These characteristics impose special
considerations upon building design and the urbanization process in general, especially with regards to
the solar geometry. The direct solar radiation intensity is up to 814-930 W/m2 on the horizontal surfaces.
Solar radiation is direct and strong during the day, but the absence of clouds permits easy release to the
heat stored during the daytime, in the form of long-wave radiation towards the sky during night-time
(Fathy, 1973). The solar radiation on horizontal surfaces reaches the highest range in June; 7.45
KhW/m?#/day in Cairo. Egypt receives an average between 5.4 and 7.1 kWh/mz2 of annual daily direct
solar radiation, as shown in figure 2, from north to south (Robaa, 2006).
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Figure 1 Daily temperature chart for Cairo Figure 2 Daily global radiation chart for Cairo
(source: Meteonom 7)

Determination of the daily and annual sun path is essential to calculate the solar intensity of
radiation hits the building (Hausladen, de Saldanha, & Liedle, 2006). It also helps to predict the resulted
shadows and hence the placement of shading devices (Datta, 2001). A stereographic projection of the
sun path shows both angles of altitude and azimuth as a diagram for the sun path which can be applied to
each latitude. Figure 3 shows the sun path diagram for Cairo, the sun position at 15:00 hrs. in April 24,
the period during which measurements took place for this study. The old town is characterized by almost
narrow urban canyons with aspect ratio, height to width H/W = 2, as shown in figure 4. As the street
width is proportional to the building height, the percentage of overshadowing one building by the other,
obstruction angle (e), remains constant for different building heights (Bansal, 1994).
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W=H/2
Figure 3 Stereographic projection of sun path, Figure 4 Building shading in relation to
Cairo at 15:00 hrs. in April 24 aspect ratio

Some recent studies focused on the influence of cross shading, orientation, and proportions of the
street canyon on temperature differences. The following results were observed: a study focused on street
canyon cross shading concluded that air temperature in the narrow urban canyon (H/W = 2) decreases by
4 °C compared with the wide urban canyon (H/W = 0.5) because of the lower solar gain in summer. A
latitude of 33°N, EW street orientation can achieve shading of about 30% for an 8-month period in a
year, with aspect ratio, H/W 2:1 or higher. The ratio 0.5:1 is least effective even with NS street
orientation, less than 35% street shading (Bourbia, Awbi, 2004)

In 2006 Georgakis and Santamouris showed that ambient temperature above the canyon is found to
be higher than the temperature inside the street with maximum of 5°C (Georgakis, Santamouris, 2006)
The duration of solar radiation incident on both the east and west facades simultaneously was less than 3
hours in a traditional narrow canyon. The NS street orientation for H/W = 1.5:1 and higher can result in
street shading between 40 to 80% of street area, whilst diagonal street orientations NW-SE (S2, S3) and
NE-SW (S5, S6), can only manage street shading between 30 to 50% of street area throughout the year.

Studies have proved that incorporating overhangs depending on the different mean azimuth angles
for summer and winter direct sunshine decreases the thermal gain through the building. For vertical
glazing shaded by horizontal overhangs facing south, the rate of heat transfer into the building was 75
Wm2 lower than unshaded windows, for June 21 (Askar, Probert, and Batty, 2001). It has been proven
that the use of window screens in hot climates reduces the cooling loads and the perforation ratio of the
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screens influences the inside temperature. Simulations were applied to screens on west, south, east and
north facades and an ultimate ratios were proved as achieving the highest rate of energy saving.
Proposed ratio between the width and depth was 1:1 with an 80% perforation in the west and north
orientation and 90% in east and south. In comparison with non-shading windows, the energy savings
resulted from the use of these screens reached 30%, 30%, 25% and 7% for the west, south, east, and
north orientations. (Sherif, EI Zafarany, and Arafa, 2012).

METHODOLOGY

The methodology of implementation of this paper was to test the indoor air temperature of an
existing contemporary building which adopts the modern construction method prevailing in Cairo. The
selected case study was intended to compromise the major opposites to the suggested features which
would be introduced to the simulation package in TRNSYS to compare results with those of the base
case and hence determine the extent to which those features can influence the indoor temperature. In
order to validate the model generated in TRNSYS, in-site measurements took place within a certain
timespan, which were then compared to the simulation results that found to be quite identical.

Case Study

The selected case is located on the eastern borders of Cairo within a residential quarter in the
district of Heliopolis called the Sheraton Housing Area. Figure 5 shows a satellite image of the site. The
monitored case exists in the first floor of a nine-story residential building on a ground floor area of 310
mz2. Each floor consists of two identical apartments with an area of 135 m2. The main fagade is south-
west oriented on a main street with 75 m. and a central green area, shown in figure 6. The building is a
concrete structure and its walls are of hollow red bricks with density of 1790 kg/m3, thermal conductivity
2.1 kd/hmk, and specific heat 840 J/kg.C according to the Egyptian code for Buildings. Windows are
6mm. single clear glass with aluminum frames and all doors are made of wood. Parquet timber flooring
is applied to the monitored case. The monitored room, shaded in the floor plan, figure 7, is the main
living area of the western apartment in the first floor. The room is overlooking the main street through a
relatively wide window 6 mz2, about 54% of the wall with no shading device. The case shows a lack of
any cross shadings from opposite buildings except for the building facing the north east facade.

——— ~

Fiure 5 Location and urban setting | Figure 6 General view Figure 7 Floor plan
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Table 1. Building description Table 2. U-value of material

Item Description Material W/m 2K
Location Eastern borders of Cairo External wall (solid red brick 20 182
Building type Residential cm. and 2 cm. plaster '
Ground floor area 310 m? Internal wall (solid red brick 10 265
Wall material Hollow red bricks cm. and 2 cm. plaster '
Skeleton Concrete Internal floor (concrete slab 18 071
Wall thickness 10-20 cm cm. and massive wood floor) '

Slab thickness 12-18 cm Roof (concrete slab 12 cm with 0.45
Windows 6 mm. single clear glass stereo-pore insulation and tiles) '

with aluminum frames Glazing (6 mm. single glass) 5.6




Measurements

Filed measurements took place for indoor air temperature of the selected room for one week long
from the 18" to 25" of April using temperature data loggers hanged from the ceiling of the space on a
height of 1.7 m. To get more plausible results, two data loggers were installed in the room, one facing
the window directly overlooking the street and the other facing the balcony as shown in figure 8. A
temperature data logger was as well placed outside in the balcony to get real ambient temperature
records. The data loggers used are HOBO U12-012. According to the manufacturer, the measurement
range of the loggers are -20° to 70° C and 5% to 95% RH. The accuracy of the loggers is = 0.35° C from
0° to 50° and + 2.5% from 10% to 90% RH. The loggers were set to continuously take readings each 10
minutes. The space was vacant and totally closed during the measurements periods and no cooling
system operated. The results of the field measurements are shown in figure 9.

Although the selected period is not the best to represent the hot climate of the region, it was quite
adequate for validation of the simulation model that should be tested against real measurements.
Moreover, a comparatively high temperatures which reached a maximum of 38° C were recorded, which
closely matches the hottest summer days. The weather data for Cairo was obtained on daily basis during
the measurements period and a week before from the NOAA (National Oceanic and Atmospheric
Administration). The obtained data included hourly records which were subsequently used to create a
weather data file that was given to TRNSYS to run the simulation. Some differences were traced
between the values of the measured ambient temperature, especially for the minimum values, and those
of the obtained weather data which found to be 4° C less in average as shown in figure 10. This could
be attributed to the differences between both sites of measurements as the weather data is obtained from
the weather station that installed in Cairo Air Port in a totally open spacious and un-urbanized area. This
is quite different from the site in which the readings were recorded; within relatively dense urban fabric
in which the measured temperature should be influenced by the heat island effect and the heat released
from the buildings during night-time cooling.
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Figure 8 (a, b, c) Data loggers installation
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Simulation Package

As the main concern of this stage was to validate the capacity of the simulations by comparing their
results to those of the real in-site measurements, a model of the selected case has been created and all
related data was given to TRNSYS 17. A 3D model was created by TRNSYS 3D, as shown in figure
11, and the previously mentioned construction materials and their thermal properties, as shown in tables
1 and 2, were entered in TRNSYS Build. Simulation has run for the selected timespan and five days
before upon the created weather data file. Initial values for indoor temperature was set to 21° C and
relative humidity to 50%. A comparison then was carried out between the simulation results for indoor
temperature of the selected room and the measured values.
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Figure 11 Model of the case study Figure 12 Simulation results for indoor temperature
created by TRNSY'S 3D tool against measured data

The results, shown in figure 12, demonstrate remarkable conformity between both profiles of
measured and simulated indoor temperature which reaches a maximum of 30° C and a minimum of 25°
C in both cases. As described above, the space was closed all along the measurements period and hence
no ventilation or infiltration rates were applied. This might explain the relatively narrow gaps between
maximum and minimum temperatures as it limits the chances for the occurrence of effective night-time
cooling. Ventilation and the role of wind velocity can be discussed within subsequent paper that focuses
on the role of the courtyard, as the work of this paper is confined to discussing the shading devices and
the response to the solar factor.

Experiments

The main objective of this paper is a preliminary examination of the effect of the traditional
shading methods on indoor air temperature in hot climate. As long as simulation results for the basic
case were found to be similar to the measured data values, experiments could take place by incorporating
the suggested features into the created model and hence results could be compared to those of the basic
case to assess potential influences. Two major experiments then took place as follows:

Narrow Street Canyon, Cross Shading. The old traditional city was always characterized by
dense urban fabric and narrow streets that generally form deep narrow canyons with average width of 7
cubits. This formation resulted in subsidiary streets which are almost east-west oriented being shaded
along the day. The case studied in this paper represents an extreme opposite to this situation with a street
width of 75 m., which supposedly played a significant role in the relative high indoor temperature.
According to the west-south orientation of the main fagade, it would be then exposed to the direct solar
radiation especially from the middle of the day on.

This experimental step proposed a building opposite to the main facade and as the same height as
the monitored building, leaving a street width of 6m, which creates a relatively deep narrow street
canyon with aspect ratio much over 2. Although the case of adding a building in front of another is
unlikely to happen within existing urban settlement, this experiment is applied to demonstrate the effect
of narrow street canyon cross shading if being considered within urban development that take place in



the future. It was added as a shading device in TRNSYS 3D model, as shown in figure 13. An updated
shading matrix was then generated in TRNSY'S Build and the simulation has run as the same as the basic
case in terms of period, material properties and other parameters. The results showed a significant
decrease in indoor temperature that averages 4° C when compared to the values taken from simulation of
the base case, as shown in figure 14.
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Figure 13 A building opposite to the Figure 14 Simulation results for Indoor air temperature
south-west facade added as a shading device with cross-shading compared to base case

Window Screens. Another shading device was added which is a window screen. The screen was
incorporated to the window on the south-west facade. The window occupies an area of 6 m2, about 54%
of its wall. The screen was designed with modular sections of 5x5 cm. with proposed ratio between the
width and the depth 1:1 and 50% perforation, as shown in figure 15. The resulted exposed glazing
surface was then 19%. The simulation has run with new shading matrix generated and without opposite
building. The results showed also decrease in maximum indoor air temperature with average value of
2.5° C, as shown in figure 16.
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Figure 15 A window screen incorporated Figure 16 Indoor air temperature after adding
on the south-west facade a window screen compared to basic case
DISCUSSION

It is quite relevant that the first case in which an opposite building exists is found to reflect better
thermal performance, as shown in figure 17, this could be attributed to a couple of factors. First is that
the entire facade is shaded by the opposite building not only the shaded proportion of the window. Hence
the transmitted solar radiation into the space would be significantly reduced, as shown in figure 18. The
second factor is the role of resulted reduced outdoor temperature of the street and hence the facade
temperature. In this case when the sun hits the surface of a building in a street canyon, convective
current results as the air density changes the hot air moves to the upper level and be replaced with cooler
air which has greater density, as shown in figure 19. The exposure of gap to the night sky enhances the
night time cooling since the heat radiates up to the sky. The street is cooled down during night and
daytime unless the sun is coming on a vertical angle. However, this could be discussed within a
following paper.
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To predict the performance of the suggested features during the hottest summer days, simulations
have run for the base case to a year time span, figure 20. The same experiments were applied upon
yearly weather data and a relative differences were found for maximum temperature in both cases within
summer days in July and August, as shown in figure 21. In winter days however, the case of cross
shading condition showed comparatively dramatic decrees in indoor temperature during January, as
shown in figure 22. As the length of shadow on a wall surface can be determined, in relation to solar
geometry, by horizontal and vertical shadow angles, as shown in figure 23. The decrees of indoor
temperature could then be attributed to the position of the sun being too low in the sky and the opposing
building that would almost block the radiation that would not reach the lower floors which remain
shaded all the time, as shown in figures 24 a-b. However the window screens would be less effective in
winter due to the limited shading resulted by the angle of the sun beam, as shown in figures 24 c-d.
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Figure 23 Shadowing angles  Figure 24 Resulted shading by sun angle:

V= vertical shadow angle, a-summer sun with cross shading, b-winter sun with cross shading,
H=horizontal shadow angle c-summer sun with window screens, d-winter sun with window screens
CONCLUSION

Solar control was achieved within the old city on both levels of urban density and building
envelop. The orientation of main roads in the old town is north-south; however the secondary streets of
the residential quarters are east-west oriented. The buildings as a cluster therefore are shading each
other. The amount of shading depends mainly on the morphology of the street canyon which results in
decrease in the canyon temperature and hence the facade temperature and subsequently the amount of
heat transferred by conduction through the walls. The incorporation of window screens also contributes
to lower the indoor air temperature in hot and arid climate. The screen acts as a baffle zone between the
interior and the exterior, so the glare of sunlight is broken up by the lattice that provides a dark area. By
introducing both techniques to a contemporary building by running simulations using TRNSYS it is
found to be relatively effective in reducing maximum indoor temperature in hot weather. However, the
suggested features can be more efficient when applied within future researches considering convective
current resulted in narrow street canyons and the role of cross ventilation in night-time cooling.
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