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Abstract
This paper aims at developing solar screens for use in front of windows under the
clear desert skies. These external perforated panels revitalize a traditional solution
named “Mashrabeya”. They contribute to sustainability through utilization of natural
light. In this paper, series of experiments were conducted using Radiance software.
The impact of solar screen axial rotation on indoor daylighting of a residential setting
was investigated. The effectiveness of the axial rotation was demonstrated. Screen
influence on daylighting was strongly dependent on the orientation of the window
and time. Illuminance adequacy was tested. The North and South orientations with
upward and downward horizontal axial rotation were most affected when the rotation
angle increased from 0° to 30°, especially in the summer season. In the East, the
winter season was the most affected by the rotation. As a response to changing the
rotation angle, a linear increase relationship was observed in all orientations.
Keywords: Daylighting Performance, Solar Screen, Axial Rotation Angle, Desert
Environment, Egypt, Clear Sky
1.

Introduction

Utilization of natural daylight in buildings creates a pleasant productive atmosphere
in internal spaces. Natural light availability provides a direct link to the outdoor
environment through a dynamic and evolving distribution of light that creates a
stimulating and comfortable setting. This is especially evident in the clear sky
environment of the deserts, which provides remarkable opportunities for utilizing
daylighting. However, the abundance of solar radiation in the desert clear sky of the
geographic locations of Egypt, Saudi Arabia and many parts of the Middle East,
results in incidence of unwanted glare and thermal discomfort. Solar screen shading
systems, such as the “Mashrabeya,” were traditionally used in such cases. These
were composed of a lattice of wooden cylinders connected with spherical wooden
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joints. The screens were composed of fixed parts and opening parts that rotate along
vertical or horizontal axes, as shown in Figure 1. They provide shading and diffuse
natural light, thus eliminating the unwanted direct solar penetration. The axial
rotation of the screen openings control the penetration of natural light in order to
provide adequate illumination levels. The modern types of “Solar Screens,”
addressed in this study are basically adaptations of such traditional shading systems,
i.e. external perforated panels positioned in front of windows, but with new materials
and simpler shapes.

Figure 1: Interior view of a solar screen “Mashrabeya” having a horizontal axial rotation,
Cairo, Egypt. By:Wael Hamdan, 2006.

Solar screens were the subject of a number of publications that focused on their
effect on the availability of natural daylight. The closest study to the work of this
paper is the research by Aljofi which examined the potentiality of reflected sunlight
through combined wooden strips that formulate what is called a “Rawshan” screen
(Aljofi, 2005). A more recent study was an investigation by Lockyear, which
explored the use of algorithms in aiding the generation, analysis and fabrication of
solar screens (Lockyear, 2010). However, these studies did not address the
daylighting performance in regards to the use of perforated solar screens.
Other publications addressed the utilization of shading systems similar to the solar
screens, such as horizontal and slat shape devices, for control of daylighting. A
computer model for predicting the daylighting performance of a complex parallel
shading system that consisted of multiple slats was developed (Al-Shareef, Oldham
and Carter, 2001). In another related study, a daylighting model suitable for
embedded controllers was introduced for use in given room geometry (Lindelöf,
2009). It included control of position and tilt of venetian blinds, in relation to sun
position. Also, a methodology for simulating the illuminance distribution and light
dimming of a room with a controlled shading device was presented. It addressed a
highly reflective motorized blind system positioned inside a double glazed window
(Athienitis and Tzempelikos, 2002). These studies emphasized the need for
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understanding the process of daylight transmission through complex devices similar
to solar screens and presented the opportunity of developing automated control of the
behavior of the shading systems.
In another publication specifically related to the implementation of solar screens, the
optimum opening size of the solar screens that in provides daylighting while
maintaining the privacy levels desired in the cultures of the Middle Eastern countries
was studied (Sherif, Sabry & Rakha, 2010). In a different approach, the thermal
performance of the external perforated solar screens was evaluated in the desert
environment. It was found that the use of external perforated wooden screens
significantly reduced the cooling energy, especially for screens fixed in front
windows having south, west and east orientations. The highest saving potential was
found in screen perforation ranges between 80% and 90% (Sherif, Faggal & Arafa,
2010). Further studies by the authors also revealed that screens with a depth to
perforation ratio 0.75/0.75 achieved the most significant savings, in average. This
paper builds on the results of these investigations by the authors.
This paper reports on an investigation that studies the effect of the axial rotation of
the solar screens on the natural daylighting performance. The aim is to achieve
adequate and comfortable natural daylighting of the interior spaces. It addresses use
of different, yet appropriate, solar screen axial rotation angles for screens facing each
of the four main orientations: north, east, south and west.
2.

Research Methodology

The research methodology is represented in three consecutive phases:
•

•

•

3.

Phase 1: A reference case (Base Case) that represents a living room space
with an external solar screen having no axial rotation was analyzed. The
illuminance analysis examined the visual adequacy ( ≥ 200Lux) and the
ability to read (≥ 500Lux) for each orientation.
Phase 2: The adequacy of daylighting was tested for a number of solar screen
axial rotation angles at each orientation. Axial rotation was made at 10˚
increments. The results were analyzed and discussed in comparison with the
base case. The choice of screen rotation axis was based on the sun angle as
expressed by the sun-path diagram for each orientation.
Phase 3: The visual comfort was analyzed for a selected number of cases.
These were the cases in which significant daylighting performance
improvement was observed in relation to the base case. Daylight Glare Index
(DGI) was computed for rendered images. The cases that exceeded DGI 22
were considered “uncomfortable” for users.

Experimentation Process

The Radiance simulation software was used in the daylighting experimentation
process. It was validated by different researchers (Merdaljevic, 1995). The principal
architectural features of a typical residential living room were chosen to represent the
base case (Table 1). The geographic location was also selected to suite the properties
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of a desert environment (El Kharga City, Egypt, N 25˚27’ – E 30˚31’). The simulated
living space and tested solar screen are presented in Figure 2.
Indoor Space Parameters
Floor level
Zero level
Dimensions
4.20 m * 5.40 m * 3.30 m
Internal Surfaces
Reflectance
85.7%
Walls
White color paint
Material
Reflectance
85.7%
Ceiling
White color paint
Material
Reflectance
31.7%
Floor
Material Medium colored wooden floor

Window Parameters
Dimensions
2.30 m * 1.20 m
VLT
85%
Solar Screen Parameters
Screen Dimensions
2.8m*1.8m
Reflectance
68%
Wood Medium off-white color Paint
Material
0.75 : 0.75
Depth Ratio
90%
Perforation %
0.05 m
Distance From Window

Table 1. Architectural space parameters for the tested space and solar screen.

Three zones were analyzed in each case. The first zone is located near the window:
the “near zone”, second zone at mid length of the indoor space: the “mid-length
zone” and third zone the rear wall: “the far zone”. Each zone contained 84 measuring
points in a grid of 0.3m * 0.3m at a working plane of height 1 m (Fig. 2). The
average of each zone was calculated, excluding the values of direct sun penetration
points that were having illuminance levels higher than 5000 Lux.

Figure 2: Base Case Parameters.

The experimentations were conducted with regards to the four main orientations in
the different seasons (21st of December – winter, 21 of March/September –
spring/autumn and 21 of June – summer) with different day times (9:00, 12:00 and
15:00). Simulations were conducted for the North, South and East orientations only,
since the results for 9:00 AM and 15:00 PM in the East were found similar to the
West orientation at 15:00 PM and 9:00 AM respectively, due to the symmetrical
nature of the sun path (Sherif, Sabry & Rakha, 2010).
3.1 Phase 1: Base Case Analysis
Depending on the time of day and the season each orientation had a different
daylighting performance (Fig. 3). In the south orientation, daylighting performance
was found adequate in almost all seasons and at all three tested zones, except in the
summer at 9:00 and 15:00, and in the spring/autumn at 9:00. All tested cases in the
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near zone of the winter season and spring/autumn at 12:00 were found suitable for
reading activities. Conversely, in the North orientation there was a significant
decrease in illuminance values. Consequently, daylighting performance was found
inadequate in almost all seasons in the three tested zones. However, the near zone
was adequate in the summer season. On the other hand, in the East orientation,
change in daylighting performance was considerably affected by the time of the day.
For screens oriented towards East at 9:00, illuminance values were found adequate in
most cases and suitable for reading in the near zone. However, at 12:00 only the near
zone met minimum illuminance requirements in spring/autumn seasons. All other
cases were found inadequate. As a general result, the mid-length and far zones could
be defined as problematic.

Figure 3: Base Case analysis.

Further research focused on the mid-length zone as it was representative of the
average performance within the room.
3.2 Phase 2: Axial Rotation for each Orientation
In this phase, the effect of rotating the screens axially at 10˚ intervals was examined
for each orientation separately. The choice of rotation axis was based on the sun
position in each orientation.
For the North orientation, the rotation axis was placed at the lower end of the screen
for it to admit more daylight from the sky dome, as there is no direct solar access.
Conversely, the rotation axis was located at the upper end of the screen in the South
orientation. This allows the screen to block the direct sun penetration, while
admitting the indirect and reflected components of daylight. To achieve the same
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results in the East and West orientations, the axis was placed at the side of the screen
(Figure 4). However, since the sun path is symmetrical, simulation was done for the
East orientation only as discussed earlier.

Figure 4: Solar screen rotation axis suited for different orientations.

Illuminance levels were found to be directly proportional to rotation angles in all
orientations, seasons and time. Change of the rotation angle had an effective impact
in the North orientation window during summer, as all tested times became adequate,
but never reached required illuminance for reading. However, in winter and
spring/autumn, daylight availability increased, yet never reached adequacy (Fig. 5).

Figure 5: Increase in illuminance due to change in rotation angle.

In the East direction, most cases reached adequacy through rotating the screen 20°.
This is with the exception of 15:00 cases, where adequacy was never reached. For
9:00 tests, the capability of reading comfortably was reached in all cases by the 30°
rotation. Although it was only in the summer at 9:00 and 15:00 were there were
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inadequate cases, to insure adequacy at all times and to insure the capability of
reading at 12:00 all year round in the South, a 30° rotated screen should be used.
The increase of illuminance values in comparison with the values of the base case
was examined. At a 30° rotation angle, the most affected season was the summer in
the North and South orientations, where the increase reached 144% and 166%
respectively. While in the East orientation, the winter was the most affected season
having an increase of 179% (Fig 6).
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Figure 6: Percent increase of illuminance in reference to the Base Case

An analysis of the percentage of cases that became adequate as a result of the screen
axial rotation was conducted (Fig 7). It was found that in the East orientation, the
improvements resulting from rotating the screen 20˚ and 30˚ were equivalent. The
glare experimentations will help define which rotation angle is more suitable in terms
of both adequacy and visual comfort.
Rotation Angle
Base Case - 0°
10°
20°
30°

North
11%
33%
33%
56%

Orientation
East
South
44%
78%
56%
78%
67%
89%
67%
100%

Figure 7. Improvement percentages as a result of screen rotation.
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3.3 Phase 3: Visual Comfort Analysis
In this phase, the Radiance simulation software was used to render Fish-eye views
taking positions directed towards the side of the room as shown in Figure 2. The base
case of the East orientation at 9:00 was rendered and compared to the case were the
solar screen was rotated by 20°. DGI was calculated for the rendered cases. It was
found that the incidence of glare is directly proportional to screen rotation
(DGI=20.89 at 0° “Acceptable” and DGI= 27.56 at 20° “Intolerable”). The adequate
values of illuminance achieved at 20° rotation angles causes intolerable glare
phenomena. It is therefore suggested to use different daylighting techniques to
control glare, and further research is recommended.

Base Case

-

20° Rotation

Figure 7: Radiance rendered fish-eye views with corresponding DGI. (East Orientation – 9:00)

4.

Discussion & Conclusion

The effectiveness of the axial rotation of the external perforated solar screens in front
of windows was demonstrated in this paper. Screen influence on daylighting was
strongly dependent on the orientation of the window and time of the day. Each
orientation had a different axial rotation direction in order to ensure efficient
performance.
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Figure 8: Design guidelines for suitable rotation angle for adequate illuminance in North, South and
East orientations at different seasons.
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Illuminance adequacy was tested in each orientation especially at the mid zone of the
tested room. The North and South orientations with the upward and downward
horizontal axial rotation were the most affected when the rotation angle increased
from 0° to 30°, especially in the summer season. In the East orientation, the winter
season was the most affected by the rotation.
Average illuminance was calculated for each season in tested orientations at different
angles of rotation as demonstrated in figure 8. As a response to changing the rotation
angle, a linear increase relationship was observed in all orientations. The linear
performance slope values varied depending on seasons. The presented chart could be
used by architects when designing solar screens. It would aid in choosing suitable
rotation angles that achieve illuminance adequacy in a residential living room for
both leisure and reading activities.
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