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Table 1: Relevant studies on window shading

Research

Lighting Thermal

Effect of an incompletely closed window shutter on
indoor illuminance level and heat gain (Esam Alawadhi)
Development of a window shutter with phase change
materials: Full scale outdoor experimental approach,
(Tiago Silva et al)

Thermal assessment of internal shutters and window
film applied to traditional single glazed sash and case
windows (John Currie et al)

Evaluation of residential window retrofit solutions for
energy efficiency, (Tim Ariosto, Ali Memari)

A comparative analysis of the energy performance of
traditional wooden shutters and
contemporary aluminum roller shutters in Istanbul, a Case
Study, (Fatih Yazicioglu)

Using phase change materials in window shutter to reduce
the solar heat gain, (Esam Alawadhi)

Evaluating Window Insulation for cold climates (Robbin
Garber-Slaght and Colin Craven)

Evaluating Window Insulation: Curtains, Blinds, Shutters,
and More, (Robbin Garber-Slaght and Colin Craven)

Energy saving and co reduction potential from solar
shading systems and shutters in the EU-25 (Georges
Timermans)

Insulating shutters: innovative enhancements for energy
saving, comfort, and security, (Gerald Cler,Larry Kinney)
Expanded polystyrene composite door shutters an
alternative to wooden door shutters, (K, Asthana & others)
The influence of automated window shutters on the design
and performance of a passive solar house, (M, Zaheer-
Uddin)
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Methodology function  function Year Software
Experimental . . 2016 -
Experimental - . 2015 -
Experimental - . 2014 -
Simulation . . 2013  Window, Therm
Simulation - . 2013 -
Simulation - . 2012 Therm
Simulation
and - . 2012 Therm
experimental
Simulation
and - . 2011 -
experimental
Simulation - . 2006  Capsol, Abaqus
Simulation - . 2005 Energy 10
Experimental - . 1996 -
Experimental - . 1987 -
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Fig. 2 A basic model of window shader
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Fig. 1 Windows shader in the museum of music one of
the old building in Tehran
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Fig. 4 Different window to wall ratios (WWR)
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Fig. 3 Different angles for the window openings

WWR) jlsms ay 5030 o d gy Connd dipe o

&l a5 Glasdlas .cowl a8 5 sloul (g )by Slsllas
A ) (SeSmme plaiBls )5 0oy alge gl o
VO 1) o, digy mhaw 8 5 ploal VYAY (5L3) o5
Al Jdo a5 cnl ool slpiy Ul pdaw woya Y- U
e (0 ol ol (5,8 yie Vo Likgh opl o 6Ll maw
(WWR) s,ls I, 3 QT = ooy &S (5)lers w4y cnd
Ol yob 4y mdgh pl jo a5 Casl Ao YY B YO
915 sadllae yo aS Lol 5l Jg05i o 0,8 /Y-
oalS gl 0yt Jadl e sla iisg ( Craven, 2011)
el il slaf Loges o sagad sloals ;s (53,1 & pae
Oleme an cad ol canl ol ool slpiinn (Caas dige
G (gl Dlafllas dan g ol a8 3 i o e SO
B SUSNUA- JC g IS A R AN TP A PP VW5 FiF 1 =W
&8lgoas ,SS > Y ;0 50 e 55,0 b Gudate 0y
Soliie slaca s glpoad ais 3 a0 olwl .l ouls
ol 00 osle Hlas T USS jo g e 4y 0 oty las
ool azd)S i o Laglale sl lse (b 25 69 90
Georges, ) Liegim Lol 1 Lagl 5L a0 a5 el

oby> 5 &5 e Gy o), wwsloads 7l Sl (2006

Table 2: U-value for the material of the case study (W/m2k)

Building Components Wall

Roof Floor

Partition Window

U- Value 0.46

1.44 1.44 2.58 2.90
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Table 3: Physical properties of windows shaders

Material Louver thickness _Louver Distance between  Distance petween shaders U-value
(mm) width (mm) Louvers (mm) and windows (mm) (W/m.K)
1 Wood 10 40 40 10 0.15
2 PVC 10 40 40 10 0.17
3 Aluminum 10 40 40 10 160
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Fig. 5 Monthly cooling load for the interior spaces
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Fig. 6 Cooling load for the interior spaces during a year
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Fig. 7 Heating load for the interior spaces during a year . . .. -
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Fig. 8 Monthly heating load for the interior spaces
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Fig. 9 Cooling load for the interior spaces during a year
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Fig. 10 Monthly cooling load for the interior spaces
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Fig. 11 Monthly heating load for the interior spaces
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Fig. 12 Heating load for the interior spaces during a
year
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Fig. 13 Monthly cooling load for the interior spaces
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Fig. 14 Cooling load for the interior spaces during a
year
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Fig. 15 Monthly heating load for the interior spaces
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Fig. 16 Heating load for the interior spaces during a year

Fig. 17 Monthly cooling load for the interior spaces

Fig. 18 Cooling load for the interior spaces during a year
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Fig. 19 Heating load for the interior spaces during a year

Fig. 20 Monthly heating load for the interior spaces
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Table 4: Total thermal load of the building during a year (Kw/h)

Wall to window ratio (WWR) Cooling Load

Heating Load

Thermal Load

Fluctuation (%)

Without window 776 619 1395
0% it smart window e
; 449 563 1012
protection
Without window 670 666 1336
50% Withpsrr(:]tzf\erit:zinndow “
protection 435 020 1oL
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1. Window Shutters
2. PCM
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3. Effect of an incompletely closed window shutter on indoor illuminance level and heat gain
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Development of a window shutter with phase change materials:Full scale outdoor experimental approach
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