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1. Introduction

Control of solar radiation, by passive solar tools is an important part of building design.
External shading device, which is the part of passive solar systems, is an artificial
environmental variable or element to control interior solar radiation on the base of desirable
orientation of window. Solar heat gain, particularly via fenestration, typically dominates
cooling performance (Olgyay, 1957).

The proper application of energy efficient shading devices in new buildings have the
technical potential to save 50-70% of total perimeter zone energy use. Therefore, even if only
25-50% of potential could be captured, the economical benefit due to decrease in the size of
HVAC plant and the energy consumption make them competitive, with large spin-off
benefit on the visual comfort (Data 2001). Moreover, overshading of the windows reduces
daylighting, which results in increasing energy use for artificial lighting or internal heat
gains (Littlefair, 1998). In that case, this can be possible with determination of optimum
dimension and shape in the shading device design. However, evaluation of many needed
variables, such as dimensions of window, solar geometry and climate data in design of
shading devices needs a period of long time and include complex process (Szokolay, 1980).
This situation makes the designer to pay insufficient attention to the external shading device
applications (Ralegaonkar, 2005). In addition, like eaves overhangs, terrace and beams
horizontal building elements which are not designed as an external shading device but their
shape on the face as an extension of functional or structural devices, shade to transparent
surfaces and this shading can negatively influence the thermal performance of the building
(Yezioro, 2009). For this aspect, external shading device’s shape and dimension should be
evaluated carefully at design of the building especially in the Mediterranean climate zone in
which solar heat gain is effective.

In shading device design methods, the trigonometric connection between angle of altitude
and azimuth of the sun with dimension of window and shading device are taken basic
criteria. However, design criteria of shading device is classified in four basic groups as given
below (Olgyay, 1957).
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316 Solar Radiation

A. Solar geometry data: The formulations and ground plane angle of the sun’s yearly
motion.

B. Shape and dimension alternatives of window and shading device: The formulations of
determining the geometry of window and shading devices.

C. Geographical location and climate data: Climate data and the required comfort data
obtained based on the climate data.

D. Function and usage: The shading device’s material, detail and usage.

As mentioned above, the most important point in the shading device design is to show the
dependence of shading device performance on the base of sun’s one-year motion. Thereby,
calculating the shading device design parameters with traditional methods requires
comparison of various drawings and equations on the base of sun’s one-year motion.
Computerized design with simulation programming, in offering various numerical and
graphical alternatives, is help to the designer by shortening the design period. In this article,
computerized simulation program of solar tool is used to analyze shading devices in
dimension and shape (Marsh, 2003).

2. Shading device design

Although the computer technology offers infinite numbers of graphics, shading device type
and dimension alternatives, and the selection of the optimum solution belong to the
designer (Siret, 2004). In other words, performance parameters such as comfort levels,
energy saving etc., are those that the decision maker uses to judge the appropriateness of the
product (Yezioro,2009). So, the most important part of the shading device design is the
selection of the alternatives that provide optimum type and dimension.

This paper describes an approach to simplify and clarify external shading device design. In
this regard, Table 1 above, on shading device design criteria has been generated in order to
determine how to select the interior comfort shading device dimensions at any site. With the
aim of clarifying and facilitating design, “shading device design criteria” have been divided
in two main part as seen in Table 1. Some of these criteria vary and some are fixed. In this
aspect, the shading mask, which monitors the shading device’s performance, and solar
radiation, day lighting, climate and comfort graphics, that are used to determine thermal
and visual comfort were evaluated as a design criteria to determine the geometry of shading
device’s optimize dimension and its shape. Then, as seen in the Table 1, by taking into
account the criteria interactions with each other, design criteria are selected on the basis of
priorities of the climate data of the building’s district.

When the design criteria stated in Table 1 are applied to a specific site , parameters related
to the dimensions of the window and the shading device could become definite on the
direction providing the interior thermal and visual comfort. However, in the building
design, dimensions of the windows and shading devices, are used to determine the
thermal comfort and sun lighting quality, which sometimes may interact with each other,
such as, a shading device that can, on one hand, provide desired shading during the year,
and, on the other hand, can reduce day lighting factor (DF) or prevent ventilation
(Khaled,2007).
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SHADING DEVICE DESIGN CRITERIA

VARIABLE PARAMETERS FIXED PARAMETERS
Solar Geometry Fenestration Location Climate
“Angle of .the S *Annual average
ijfé Yegtical shadgw *Window dimension | *Latitude temperature
HS%A' Horizontal *Rear wall dimension | *Longitude *Annual wind
N *Shading device *Time zone direction
shadow angle dimension *Altitude *Annual solar
ALT: Altitude of the sun raddiation
ORI: Orientation
DESIGN TOOLS
Sun Path Diagrams Design Options Comfort Charts & Standards
*Bioclimatic chart
*Stereoeraphic *Material, cost *Psichrometric chart
*Ortho gra phic *Function, montaj *ASHREA (Standard 142, 199)
*Eaui d;gs taIr)1 ¢ *Aesthetics, color *ISO (Standard 7730)
! *Economy *SC% (shading coefficient, ASHREA,
DOE)

MANUAL OR COMPUTER AIDED DESIGN PROCESS

OPTIMUM DIMENSION-INTERIOR COMFORT-ENERGY EFFICIENCY

Table 1. Shading device criteria

Furthermore, a shading device dimension, which provides shading in summer months, can
provide the same shading in winter months but reduces interior thermal comfort (Szokolay,
1980)). Also, design options of the window and shading devices criteria tools like material,
usage, economy and application details may affect the shading devices dimension, too
(Miguel, 2008). The colours of the building materials show different behaviour in the aspect
of reflecting and absorbing the sun light Olgyay, 1957). Shading devices, which are made
from a material that absorb sun light, used for shading in summer months, may increase
heat in the interior space. Besides, window glasses with coatings aimed at reducing
incoming solar irradiation, partially reflect or absorb incident solar radiation (Miguel, 2008),
so, glazing system effectiveness in controlling solar penetration also affect the shading
device in form and material (Alibaba, 2004). In order to resolve the above mentioned
problems, shading device dimension and type should be determined first. In this situation,
determining optimum device dimensions in a building, that will provide energy efficiency
during the year demands series of drawings, which are repeated for every window’s
dimension, specifying the orientation and geographical position and using the climate data,
is essential. Finally, evaluation of all the design criteria stated in Table 1, introduces the
design procedure which takes long time and contains complex process. More importantly, it
could not always be possible to evaluate all criteria that are in continuous interaction. In this
aspect, to give priority to variables or eliminate some of them will be an approach to
shading device design. For example, in hot climate zone, interior heat comfort, which can be
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318 Solar Radiation

acquired naturally, could be a priority design criteria for shading device. Furthermore, in
cold climate zones, shading device may not be required. Otherwise, protection from sun and
heat plays an important role in the Mediterranean zone with a hot climate during the
summer, while the problems of areas with cold climate are quite different (Cardinale, 2003).
In the residential building district, (which is determined with this procedure)?, selection of
one of the effective shading device types and elimination of the others are a solution for
making the design easier. Examining the subject critically, only the material, colour, cost and
economy that depend on these, can be applied to a shading device with undetermined
dimension and shape. From this aspect, in this study, for a selected building area, the
necessity of shading device type determination and dimension analyses were made. So, the
sun control elements that the users or designers can apply to buildings at Istanbul city,
Mediterranean climate zone with latitude 41° North, are seen can not provide the expected
energy efficiency because the types and dimensions of external shading devices are not
suitable. In this case, priorities of shading device criteria presented in Table 1 are
determined on the base of sequence stated below.

2.1 Reasons of the shading device priority that will be applied to the site layout

Location data and climate in Istanbul city, the area of the research, are given in Figure 1. In
general, Mediterranean climate conditions are manifested in Istanbul city (Figure 1). In the
Mediterranean climate, prevention of solar heat gain is a preferential criterion in building
design (Cardinale, 2003). In Istanbul city, in the planned residential areas which were
designed without taking into consideration of solar heat gain, the compulsory mechanical
cooling systems to obtain interior comfort in summer results in significant or considerate
energy consumption.

As stated in Figure 1, the temperatures in June, July, August and September are at the level
that affect interior comfort negatively on the base of ASHREA temperature standards (Table
1.). In addition, solar heat gain that are earned in November, December, January, and
February is necessarily for interior comfort. In this case, the 6th, 7th, 8th and 9th months,
bright sunshine duration are priority for shading device criteria for latitude 41°N. In this
respect, shading blocks which shading device has scanned through in one year period, must
stay in June, July, August and September months and between 8:00-16:00 o’clock that the
time interval solar heat gain is at the highest level. In Figurel (yellow line), Latitude 41, are
seen the time, month, and orientation that are needed for shading.

" MONTHLY DIURNAL AVERAGES - Istanbul, Turke

Fig. 1. [stanbul climate (Green: Comfort zone, Yellow : Solar radiation, Red: Average
temperature)
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2.2 Determination of the shading device type that provides shading only at the
required time during one year period

Stereographic diagram in Figure 2 shows shading blocks which includes time, month, and
orientation of 180°. In Figure 2, the time, at which the Sun returns from North to South and
South to West are considered the base for Istanbul city, which is located at latitude 41°North
and longitude 28°West.

The scanned shading blocks in Fig.2 define the required shading block in one year period at
latitude 41°.The scanned shading blocks in Figure 2 and Figure 3 can be defined as the
“horizontal” type shading device. In this case, horizontal type and south facade (180°) are a
priority-shading device for latitude 41.

Stereographic Diagram
Location: 41.0%, 28.0°

Sun Position: -149.4°, 883K ...
HSA: 30.6° 1207 =t
VSA: 71,15

Time: 13:00 %57 g0 BREVSC: 18.4%
Date: 15th Jul {196} Owvercast Sky: 15.5%

Percentage Shading: 100%  Uniform Sky: 21.3%

Fig. 2. The scanned shading blocks on diagram (Pink plus: Daylight factor, DF, Blue tone:
Shading SC%, Black: Altitude of the sun, ALT, yellow: Date, time)
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OYERHANG FIN EGGCRATE

SEGMENTAL MASK RADIAL MASK COMBINATION MASK

Fig. 3. Shading device types

2.3 Determining shading behaviours of established type dimension alternatives

investigate established The horizontal type shading devices with their dimension
behaviours, window, wall and shading device’s dimension alternatives, which affect
directly performance of shading device, have been determined. In this situation, horizontal
device priority-dimension alternatives, like “overhang” priority-dimension alternatives, are
applied separately to a fixed “W ” type window with width 1.00m., height 1.20m., and the
shading blocks are analyzed as seen in Figure 4. Here, overhang is 65 cm wide. Effective
Shading Coefficients are seen Figure 5. So average shading coefficients are 15% in winter
and 83% in summer which provides energy efficiency.

Fig. 4. Overhang
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Latitude: 41.0°
Longitwde: 28.0°
Timezone: 30.0° [+2.0hrs]
Crrientation: 180.0°

Month Avg.5C Max.5C  Min 5C
Januany 138w 20% 0.0%
Februany 23.3% 30 0.0%
March 382 B4.0% 0.0%
Agpril 68.5% 100.0%  Z3.0%
May 83.5% 0.0 48.0%
Juns BT.3% 0.0 ED.O%
Juhy TBE%  100.0% 3BO0%
August 623%  81.0% ZI0%
September 15.5% BB.O% 0.0
COctober 21.1% 350% 0.0%
Mowember 12.85%  Z20% 0.0%
Decamber 10.4% 20.0% 0.0%
Winter 15.8% 2T.0% 0.0%
Sanninmeer 83.1% 0.0 453
Annusl 44T  B2E%  152%

Fig. 5. Effective Shading Coefficients

3. Conclusion

In the design of shading devices, evaluation of many variables data makes the design a
complex process. This paper describes an approach to simplify and clarify external shading
device design. So a table is generated to determine how to select the criteria for the interior
comfort in any building area. Phases and priorities of shading device criteria are analyzed
and presented in table 1. Therefore, the design strategies that were followed in this study
could be applicable to any building area.

The criteria which are determined from the results of analyses, should be used as a
substructure for commercially supplied shading devices like awnings, louvers, shutters and
Venetian blinds by designers and users. Furthermore, “the design strategies” which are
established in this study are applicable to any building in residential district.

4. References

Data, G.; (2001). Effect of fixed horizontal louver shading devices on thermal performance of building
by TRNSYS simulation, Renewable Energy, 23, pp.497-507.

Khaled, A. & Al-Sallal; (2007). Testing glare in universal space design studios in Al-Ain, UAE
desert climate and proposed improvements, Renewable Energy, 32, 6, pp 1033-1044.
Yezioro, A.; (2009). A knowledge based CAAD system for passive solar architecture,
Renewable Energy 34, pp769-779

Littlefair, P.; (1998). Passive solar urban design: ensuring the penetration of solar energy into the
city, Renewable and Sustainable Energy Reviews, 2, pp.303-326.

Marsh A., J.; (2003).”Solar Tool”, Cardiff University. U.K.

Miguel, a. f.; (2008). Constructal design of solar energy-based systems for buildings, Energy and
Buildings, 40; 6, pp. 1020-1030.Cardinal, N. & Micucci M, Ruggiero F.; (2003).

www.intechopen.com



322 Solar Radiation

Analysis of enerqy saving using natural ventilation in a traditional Italian building,
Energy and Buildings, 2003, 35, pp.153-159.Alibaba, H., Z. & Ozdeniz, M., B. (2004).
Building elements section system for architects, Building and Environment, 39, pp307-
316.

Olgyay, V.; (1957). Solar control and shading devices, Princeton University Press, Princeton NJ,
pp- 38-45.

Ralegaonkar R.V., Gupta R., Design development of static sunshade using small scale
modelling technique. Renewable Energy, 2005, 30, 6, pp.867-880.

Siret, D. & Houpert, S.; (2004). A geometrical framework for solving sunlighting problems within
CAD systems. Energy and Buildings, 36, pp.343-351.

Szokolay, S.,V.; (1980). World solar architecture, John Wiley and Sons Inc., New York, pp. 7-10.

Yezioro, A.; (2009). A knowledge based CAAD system for passive solar architecture, Renewable
Energy 34, pp769-779

www.intechopen.com



Solar Radiation

SOLAR RADIATION Edited by Prof. Elisha B. Babatunde

Edued by Elcha B Babitunds

ISBN 978-953-51-0384-4

Hard cover, 484 pages

Publisher InTech

Published online 21, March, 2012

Published in print edition March, 2012

The book contains fundamentals of solar radiation, its ecological impacts, applications, especially in
agriculture, architecture, thermal and electric energy. Chapters are written by numerous experienced scientists
in the field from various parts of the world. Apart from chapter one which is the introductory chapter of the
book, that gives a general topic insight of the book, there are 24 more chapters that cover various fields of
solar radiation. These fields include: Measurements and Analysis of Solar Radiation, Agricultural Application /
Bio-effect, Architectural Application, Electricity Generation Application and Thermal Energy Application. This
book aims to provide a clear scientific insight on Solar Radiation to scientist and students.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Nilglin Sultan Yiceer (2012). An Approach to Overhang Design, Istanbul Example, Solar Radiation, Prof.
Elisha B. Babatunde (Ed.), ISBN: 978-953-51-0384-4, InTech, Available from:
http://www.intechopen.com/books/solar-radiation/an-approach-to-overhang-design-istanbul-example

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBMIERFEK6SS LiEEPrREB ARG DA 4058 TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




