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ABSTRACT

Optimum usage of daylight plays a an importatnt role in high-performance architecture and planning.
Innovative daylighting systems in contemporary buildings can produce various benefits such as
maximizing daylight penetration, optimizing visual comfort and reducing energy consumption. This paper
is to develop a new louver-driving mechanism to optimize adoption of daylight in deep-plan building in
order to meet requirements of high-performance architecture. Methodology of the paper emphasize on a
experimental and quasiexperimental approach for examination of different types of louver-driving
mechanism. The greater city of Tehran adopted as case study of the paper. The main goal is based on
searching standards to better louver design in order to optimize energy demands by using this shading
device. Thus 45 different cases with different louver width and angles and different louvers’ distance
from fagade were chosen to analysis.Visual comfort and energy efficiency are analysed in an integrated
approach. Moreover the combination of daylight and energy performances has always been an issue, as
different software packages are needed to perform detailed calculations. A simplified method to overcome
both issues using recent advances in software integration is explored here. All daylight, thermal and glare
analysis were done in DIVA plug-in for Rhinoceros/Grasshopper which has ability to effectively calculate
daylight metrics (using the Radiance/Daysim engine) and energy consumption (using the EnergyPlus
engine). It can be concluded from experiments that generally, the various size of the louvers were not
much different from each other and custom sizes can be selected according to the plan but any alteration
in louver’s angle and distance from fagade were followed by changes in lighting and thermal load of
room. In the case of the using fixed louver in design in Tehran’s climate, distance between 0 and 13
centimeters and angle between 22.5 to 45 degrees are introduced as the optimum mode.

Keywords: optimization, louver-driving mechanism, high-performance architecture, energy efficient
architecture, innovative daylighting system, deep-plan building.

SENTEZ VE OPTIMIZASYON DERIN PLAN BINASI YENILIKCi GUN
ISIGI SISTEMI MEKANIZMASI PANJUR-SURUS

O0Z

Giin 15181m1n optimum kullanimi yiliksek performansli mimari ve planlama bir bir importatnt rol oynar.
cagdas binalarda Yenilik¢i giinisig1 sistemleri gibi, gilin 15181 en iyi seviyeye gorsel konfor optimize ve
enerji tiketimini azaltarak gibi cesitli faydalar iiretebilir. Bu yazida, yiiksek performansli mimari
gereksinimlerini karsilamak amaciyla derin plan binada giin 15181 kabuliinii optimize etmek igin yeni bir
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panjur-siiriis mekanizmasi gelistirmektir. kagit Yontem panjur siiriis mekanizmasi farkli degerlendirilmesi
icin deney ve quasiexperimental yaklagim vurgulamaktadir. Tahran biiyliksehir kagit vaka caligmasi
olarak kabul etti. ana hedefi bu gdlgeleme cihazi kullanarak enerji taleplerini optimize etmek i¢in daha iyi
bir panjur tasarimi standartlarini arama dayanmaktadir. Boylece cepheye farkli panjur genisligi ve acgilar
ve farkli panjurlar 'mesafe ile 45 farkli olgular analysis.Visual konfor ve enerji verimliligi biitiinciil bir
yaklagimla analiz edilmektedir secilmistir. Farkli yazilim paketleri ayrintili hesaplamalar1 gerceklestirmek
icin gerekli Dahas1 gilin 15181 ve enerji performanslart kombinasyonu her zaman bir sorun olmustur.
Basitlestirilmis bir yontem burada kesfedilmeyi yazilimi entegrasyonu son geligsmeleri kullanarak her iki
sorunlarin iistesinden gelmek icin. Tiim giin 15181, 151 ve parlama analiz DIVA plug-in etkili bir giindiiz
Olclimleri hesaplamak i¢in yetenegi (Radiance / Daysim motorunu kullanarak) ve (EnergyPlus motorunu
kullanarak) enerji tiikketimine sahip Rhinoceros / Grasshopper i¢in yapilmistir. Genellikle, panjurlarin
cesitli boyut aydinlatma ve termal degisiklikler izledi plani ancak cepheye herhangi bir panjur en agida
degisiklik ve mesafeye gore segilebilir birbirleriyle ve 6zel boyutlarda ¢ok farkli degildi deneylerden
sonucuna varilabilir odanin yiik. 0 ve 13 santimetre ve 22.5 45 derece arasindaki ac1 arasinda Tahran'in
iklimi, uzaktan tasarim kullanarak sabit panjur durumunda optimum modu olarak tanitilmaktadir.

Anahtar Kelimeler: optimizasyonu, panjur siiriis mekanizmasi, yiiksek performansh mimarisi, enerji
tasarruflu mimarisi, yenilik¢i giin 15181 sistemi, derin plan bina.

INTRODUCTION

Energy use in buildings accounts for a large percentage of total energy consumption worldwide, which
leads to a great amount of CO, emission to atmosphere.[1] European studies on energy consumption show
buildings are responsible for 40% of energy use and 30% of CO, emission.[2] The recent interest in
energy efficiency[3] and sustainability has led to the implementation of design strategies[4] in buildings
that aim to achieve optimal utilization of daylight with minimum energy consumption for lighting,
cooling, and heating.[5] Daylight provides about 110 Im/W of solar radiation, while fluorescent lamps
produce about 75 Im/W of electrical input and incandescent lamps about 20 Im/W. Therefore, daylighting
generates only 1/2 to 1/5 of the heat that equivalent electric lighting produces, thus significantly reducing
the building cooling load.[6] In best cases, active and passive systems that use daylight and control
components are known to reduce lighting energy consumption by as much as 65%.[7] The combined
savings from reduced lighting and cooling loads can be substantial, since electric lighting can account for
25-40% of a commercial building’s energy requirements.[8] Similarly in Iran, 25% of the electricity
consumption in an office building relates to artificial lighting.[9] Daylight utilization not only causes a lot
of lighting energy for building but also it is considered as a source of heat generation in buildings.[10] On
the other hand, daylight increase in indoor spaces may cause over heating or glare problems.[11] So,
strategies for more daylight inclusion are needed for office interiors within any city (like Tehran), which
has a growing demand for electricity. In offices within Tehran, artificial light is considered as the main
contributor to the visual environment, even though there is an abundance of daylight during that part of
the day known as ‘working hours’.[12] It is what daylight control and shading devices are for. Thus the
goal of solar controls is to reach equilibrium between the energy load due to solar radiation and the
minimum daylight required.[13] A solar control should obstruct direct solar radiation and should take
advantage of the diffuse radiation arriving from the sky dome[14] directly or after some internal
reflections on the shading device.[13] Shading devices play very important role in building energy
demands [15]therefore they are crucially significant in architectural design [16] especially when we want
to interact traditional architecture and contemporary architecture.[17]

RESEARCH BACKGROUND

A daylighting system combines simple glazing with some other element that enhances the delivery or
control of light into a space. Whilst ordinary windows deal adequately with some of the daylight needs of
a space, there are new technologies and solutions that extend performance beyond that of the conventional
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solutions[18]. There are several ways to classify daylighting systems.one of the classifications is based on
how the system works: with or without shading.

Louvers and blinds are traditional daylighting systems that can be applied for solar shading, to protect
against and to redirect daylight. They can located on the exterior or interior of a window, or between the
panes of glass.[18] Their applications range from simple fixed ventilators to window shutters to complex
airflow control devices in double skin facades. The evolution of louver technology continues today with
increasing use in modern buildings. Louvers are generally described as a system of horizontal or vertical
slats that are angled to admit light and air and keep out rain, direct sunshine, and noise. A louvered
opening has series of such slats integrated into a frame. The louvers are opened and closed by rotation
about a pivot, supported from the frame. The angle of the louver slats can be adjusted through manual or
mechanical operation.[19] Design of such louver systems is well developed, as in the excellent treatise by
the Olgyay brothers.[20] This list of studies generally summarizes what has been covered by the efforts of
previous researchers.

Tzempelikos and Athienitis[21] evaluated the effects of shading device characteristics, shading control
and glazing area on cooling and lighting energy needs for a building located in Montreal; an exterior
roller blade has been considered as shading device.

Stazi et al [22] studied the louver shading devices through the analysis of the impact of adopting different
materials, length of slats and vertical distance between slats.

Datta[23] analyzed the influence of fixed horizontal louver shading devices on thermal performance of a
building for Italian climates, considering a simple 2-zone building with high external wall U-value
(1.691Wm_2 K _1); the study focused on a louver shading device applied to the south-facing window.

Palmero-Marrero and Oliveira [24] investigated the effects of louver shading devices applied to a building
for different climates (Mexico, Cairo, Lisbon, Madrid, London), assessing their impact on indoor thermal
conditions and energy demand compared to a building without shading devices.

Exterior louvers are usually made of galvanised steel, anodised or painted aluminium, or plastic (PVC)

for high durability and low maintenance.

The slats can be either flat or curved. Slat size varies with the location of the blinds: exterior, interior, or
between the panes in a double-paned window. Exterior slats are usually between 50 and 100 mm wide;
interior slats are usually 10 to 50 mm wide.[18] Louvers and blinds can be used in all orientations and at
all latitudes and can be added to a window system whenever necessary. Exterior blinds affect the
architectural and structural design of a building; interior blinds have less impact. In practice, horizontal
louvers and blinds are generally used on all building orientations, and vertical blinds are predominantly
used on east- and west-facing windows. Advanced designs have different requirements from conventional
blinds.[18]

Louvers and blinds may obstruct, absorb, reflect and/or transmit solar radiation (diffuse and direct) to a
building’s interior. Their effect depends on the position of the sun and their location (exterior or interior),
slat angle, and slat surface reflectance characteristics. Thus, the optical and thermal properties of a
window with louvers or blinds are highly variable.[18]

The purpose of this study was to identify the impact of different light transmission patterns from
building’s facade in the thermal and visual comfort of the interior space and use of proper transparent and
solid surfaces in the outer shell of the building with the aim of achieving optimal daylight also
introduction of Standard Louvre Ordering tailored to the needs of the building.
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Experimental and quasi-experimental research strategy was used in this study and simulation model was
used as technique to study the sample‘s behavior. Diva software was used as simulation tool. DIVA is a
plug-in for rhinoceros, which stands for “Design, Iterate, Validate and Adapt”[25] This software allows
for environmental analyses in Rhinoceros and its Grasshopper components. It integrates Radiance/Daysim
for daylight calculations and EnergyPlus for thermal analyses. Both Daysim and EnergyPlus have been
extensively used and validated in research and practice, and their integration in Grasshopper allows them
to be accessible to a wider range of users [26]

METHODOLOGY
This study evaluates daylight illuminance and thermal performance and glare condition of different
louvers cases by using Diva as the daylight modeling tool and an interface for energy plus modeling tool.

WORK PLANE ILLUMINANCE

Work plane Illuminance as an indicator of daylight, is used to check the quality of daylight in spaces.
Different places need different amount of WPI due to different activities in different places.[27] WPI
should be 500 Lux to have enough potential for reading and writing. Acceptable range for Work Plane
[lluminance is 300 — 500 lux for offices.[28] If Work Plane Illuminance is less than 100 lux, the office
room is considered too dark for paper and computer work. If the amount of work plane illuminance is
between 100-300 lux, the office room has acceptable range of daylight for computer work but this is not
acceptable for paper work. If work plane illuminance is between 300-500 lux, this amount of Work Plane
[lluminance is acceptable for paper work and ideal for computer work.[9] The light of office rooms

suitable for paper work and too bright for computer when Work Plane Illuminance is higher than 500
lux.[29]

SIMULATION MODEL
For the purposes of this paper, a standard Office model was constructed as detailed in Figure.1. Light
sensors are placed on a 0.25*0.25m grid in height of 0.75m from floor.

Figure 1. analysis model in DIVA

All simulations are performed in the Tehran, Iran climate with no exterior obstructions. All the material
settings are chosen from Diva default material. Five users share the space. Exterior walls are modeled as
having a U-Value of 0.21 W/m2K. Windows have a visual transmittance of 0.508, a solar heat gain
coefficient of 0.4 and a U-Value of 0.55 W/m2K. Solar reflectance and visual reflectance of louvers is
0.75. Thermal material setted from ASHARE ZONES which is near to Tehran’s climate and daylight
material detail is shown in table.1.

Tablel :Daylight model’s material setting
| Roughn | Specular | BLU | GREE | RED | Materi

Submit Date: 10.02.2016, Acceptance Date: 25.03.2016, DOI NO: 10.7456/1060ASE/018 177
Copyright © The Turkish Online Journal of Design, Art and Communication



The Turkish Online Journal of Design, Art and Communication - TOJDAC April 2016 Special Edition

ess ity E N al
Ceiling
0 0 0.7 0.7 0.7 70
Floor
0 0 02 02 0.2 20
0 0 0.5 0.5 0.5 Wall50
0.2 0.3 08 |08 0.8 Al‘m‘“
num
Visual Visual Glazin
transm transm s
issivit | . double
1ttance
y pane
87% g0v, | clear

In order to optimize louvers design, their main parameters selected as variable factors are their width,
angle, and distance from facade. Their distance from each other supposed to be same as their width
because lower than that limited view and more than that had glare problem. (Figure.2)

A Louvers Distance From each other
Equal to Louver's Width

B Distance from facade

c Louver's Angle

Figure 2 Louver variable design parameters

LOUVER’S DIMENSION (PARAMETER A)

To select the most optimal mode it’s essential to study available louver’s dimensions. The available
aluminum louver width is from 8 centimeter up to 60 centimeter. Louvers’ form has been considered
rectangular in the study. 10 cm, 35cm and 60cm have been selected as louver’s width samples and they
are studied and analyzed.
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Distance of slats from each other is the part of the facade that is between the Louvers and can be seen
from the facade and seeing the outside and view is possible from this space. the amount of opening
depends on the angle of the Louvers. Louver at the angle of 0 degrees has the most opening space and has
full outside view and it’s reduced as the angle increase toward 15, 30 and 45 until it is completely closed
at 90. The value of this opening also has a large impact on air pressure in the window surrounding.

In order to respect and preserve the opening, the distance between the Louvers and their width is intended
equal in simulation.(Figure 3.)

[r——
4+ 7 /
B
- I,
-
- /
"
- ﬂ
Il
L4 /
- | ——————————————————— ]

Figure 3: relation between opening space and louver angle

LOUVERS’ DISTANCE FROM FACADE (PARAMETER B)

The other parameter of the study is distance of louvers from fagade. The samples of this factor which was
studied are 0 cm, 13cm, 25cm, 37cm, and 50cm.

LOUVER’S ANGLE( PARAMETER C)

Based on previous studies that had been advised preventing angles greater than 45 in the Louver design,
in this simulation variable angle were considered from 0 to 45 degrees. Among the range of 0 to 45
degree three samples were chosen. There are 0 °, 22.5° and 45 °.

o)

Figure 4 Chosen angle samples

DATE AND TIME OF SIMULATIONS

Analysis of the amount of heating and cooling energy needs and glare were done annual but Due to the
high amount of data, illuminance analysis was done on winter solstic and summer solstic.

Simulation of heat and glare were done in 45 different louver’s situations and dimensions. illuminance
analyze was done in 21st of December and June, each one in 45 states that was 90 position in total.
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Figure 5 The cases simulation results at 9oclock of 21thJUNE in terms of illumination evaluation levels: *“300>x”,
“x>1500” and ‘“1500>x>300" areas. The numbers before A,B,C are sample amount. For example 10A-0C-0B means a

louver with 10cm width and 0° angle and 0 amount of distance from facade
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Figure 6 The cases simulation results at 12oclock of 21th December in terms of illumination evaluation levels:
“300>x”, ““x>1500” and ‘*1500>x>300" areas. The numbers before A,B,C are sample amount. For example 10A-0C-
0B means a louver with 10cm width and 0° angle and 0 amount of distance from facade

RESULTS AND DISCUTION
In Diagram of the optimal light illuminance at 9 o’clock of 21st June optimum case happens when more

percentage of data are in range of 300 lux to 1500 lux. According to this diagram the 22 degree is more
desirable than 0 degree and 0 degree is more desirable than 45. With both 0 and 22 degree angels by
increasing louvers’ distance from fagade the presentage of optimum illuminance decreses but it becomes
reverse in 45°angle.

In Diagram of the optimal light illuminance at 12 o’clock of 21st december optimum case happens when
more percentage of data are in range of 300 lux to 2000 lux. According to this diagram the 45 degree is
more desirable than 22 degree and 22 degree is more desirable than 0. In all angels by increasing louvers’
distance from facade the presentage of optimum illuminance increases. The main conclusion that can be
deduced from above is infection of louvers dimensions and importance of louver’s angle in room’s
illuminance.

Submit Date: 10.02.2016, Acceptance Date: 25.03.2016, DOI NO: 10.7456/1060ASE/018 181
Copyright © The Turkish Online Journal of Design, Art and Communication



The Turkish Online Journal of Design, Art and Communication - TOJDAC April 2016 Special Edition

8000

Emin ®max

7000

6000

5000
4000

3000

2000

1000

10A-0C-0B |

10A-0C-13B

10A-45C-0B  |um

10A-45C-13B
10A-45C-25B
10A-45C-37B
10A-45B-50C

10A-22C-0B |ummm
3 5A-0C-0B
35A-0C-13B
35A-45C-25B | ——
35A-45C-37B
3 5A-45C-50B
60A-0C-0B
60A-0C-13B

10A-0C-25B
10A-0C-37B
10A-0C-50B
10A-22C-13B
10A-22C-25B
10A-22C-37B
10A-22C-50B |umm
35A-0C-25B
35A-0C-37B
35A-0C-50B
35A-22C-0B
35A-22C-13B
35A-22C-25B
35A-22C-37B
35A-22C-50B
35A-45C-0B
35A-45C-13B
60A-0C-25B
60A-0C-37B
60A-0C-50B
60A-22C-0B
60A-22C-13B
60A-22C-25B
60A-22C-37B
60A-22C-50B
60A-45C-0B
60A-45C-13B
60A-45C-2 5B
60A-45C-37B
60A-45C-50B
withou louver
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Figure 8 The cases simulation results at 12oclock of 21th December in terms of minmum and maximum illumination The
numbers before A,B,C are sample amount. For example 10A-0C-0B means a louver with 10cm width and 0° angle and 0

amount of distance from facade

In Diagram of the minimum and maximum of room’s illuminance, contrast of light in the room and
the maximum and minimum of room’s illuminance could be studied. According to diagram in 9 a.m.
of 21st June maximum and minimum both reduced by increasing angle from zero to 45 but it’s
reverse by increasing louvers’ distance from fagade.

On 21 December lighting condition for different distances and angles have somewhat chaotic graph But
generally 45° angle outperformed the other two angles. 45 degree angle for each of the three sizes with
louvers’ distance of Ocm and 13 cm from facade have acceptable behavior.
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Figure 9 the iluminance’s deviation from 500 lux for 9 oclock of 21 JUNE
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Figure 8: the selected worst condition of annual glare of cases

For better comparison the diagram of data’s standard deviation from 500 Iux as an optimum amount was
drawn.

This diagram in 21st June shows that louvers’ performance by increasing angle from 0 to 45 and
decreasing distance from 50 to 0 becomes better and there is much difference between 0 distances from
facade with other amounts.

The diagram of 21st December at 12 A.m. has many rises and falls but generally 45° angle is better than
22° and 22° is better than 0°. But 22° angle in some distances is Undesirable than 0° angle. In generally
45° angle with all dimensions in distance of 0 cm till 13 cm from facade has a good performance.

In annual heating and cooling load diagram by increasing angle of louvers heating load increases and
cooling load decreases and by increasing the louvers’ distance from facade heating load decreases and
cooling load increases But changing louver width does not make more difference in cooling and heating

load.

Result of glare analyze for all cases is almost identical and is imperceptible glare but in 12 a.m. of winter
days partly disturbing glare could be seen.

Totally it could be concluded from diagrams that louver’s width has not saleint effect on illuminance and
thermal load of room and different dimensions could be selected according to design but the most
important factors in louver design is angels and after that louvers’ distance from facade.

Table 2: optimum cases of each figure
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Figurel
1

From pluralization table on top could be concluded that if the fixed louvers has been used in design the
optimum case would be the angle of 22.5° till 45° and louvers’ distance from facade between 0 cm and 13
cm. but if the movable louvers has been used in design the optimum case would be more louvers’ distance
from with 45° angle in winter and less louvers’ distance from facade and smaller angle in summer.

CONCLUSION

Studies show that Tehran has high Daylight potential in the south So that after preventing and disturbing
the direct sun lights in summer still could receive proper light in interior space and in winter that the use
of solar radiation to heat the building is recommended also the interior lighting is provided from it.

In fact, in Tehran Daylight Illuminance on the vertical plane in the south is at the level which may cause
the glare problem for the residents, in condition of using large area of transparent surfaces.

However shading devices by controlling the daylight can make using the daylight in Tehran on vertical
surfaces in the south efficient.

Purpose of this study was to identify the impact of different light transmission patterns from building’s
facade in the thermal and visual comfort of the interior space and use of proper transparent and solid
surfaces in the outer shell of the building. In order to reach these goals among the daylight systems, the
louvers which are adjusted the pattern of exposure in space, were selected for review.

In order to study different patterns among various size and angles of the Louvers some samples from
range of each factor were chosen So 45 cases with variety of angles sizes and different distances from
facade were selected for experimenting.

A single model simulated in DIVA and all thermal and lighting and glare conditions of the space were
studied synchronously in it.

Generally these results were obtained from simulated samples that although in summer daylight cause
undesirable and unwanted heat in interior space but the depths of the rooms are faced with Light
deficiencies because of the high radiation angle of solar rays.

Conversely, in the winter entering direct light into space not only reduces the heat load and helps heating
space but also causes glare and visual problems. For this reason interactive and dynamic design is more
efficient than designing with fixed objects.

In general, the various size of the Louvers were not much different from each other and custom sizes can
be selected according to the plan but any alteration in louver’s angle and distance from fagade were
followed by changes in lighting and thermal load of room.

In the case of the using fixed Louver in design, distance between 0 and 13 centimeters and angle between
22.5 to 45 degrees are introduced as the optimum mode.

If the movable louver system is used in design, in winter the optimum condition is angle of 45 degree and
far louver distance from facade and in summer the closest distance of louvers from facade is optimum
condition.
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