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Abstract

The objective of this paper is the presentation of an approach towards the design the texture of
the opaque fagade of buildings with the aim of cooling energy conservation. This study is based
on the development and assessment of different alternatives for the opaque fagade on the
design stage of a building which are compared with respect to their heat gain during the period
of the year when cooling may be required to achieve comfort conditions in dependence of their
orientation, and includes a way of selecting the alternative with the lowest heat gain. The
application was realized in order to show that in particular in regions with high cooling energy
expenses the development of different alternatives for opaque fagades at the architectural
design stage of a building can provide designs with reduced heat gain. The method developed
in this study was applied to Istanbul region.

Keywords: Cooling energy conservation, energy consumption, texture of the opaque
component

Introduction

The facade of a building is an aspect of the architectural idea behind a
building which is perceived at first, and which, therefore, plays an important
part in the architectural design. The facade of a building is the result of a
balanced interaction of various aspects such as harmony between building
and environment, equipment with all the properties required for the particular
function, dynamic of the fagade (recesses and projections), ratio of opaque
to transparent components, material, colour, etc. The fagade of a building
may be constructed from more than one material. Depending on the
properties of the opaque component, the texture of the facade may be
completely smooth or rough, have recesses or projections. The fagade
texture which is established as a result is at the same time one of the most
effective tools to impart a distinguishing feature to an architectural design.
With innovations introduced by new technology also the fagade is changing
and may acquire a different character. The building sector which develops in
line with technology provides the opportunity for more flexibility in



architectural designs. The architect put these possibilities to good use both
in the functional and the aesthetic design of different facade textures. The
texture of the fagade in architectural designs is important with respect to
technological, economical, socio-cultural aspects, harmonization with the
environment, aesthetic impression etc, but also with respect to energy
conservation. With the aid of different fagade textures it is possible to reduce
heat gain and consequently to reduce the requirement for cooling energy.

During the period of the year which requires cooling, the main instrument of
protection against direct irradiation from the sun is the use of shading
elements on the fagade. It is, however, also possible to reduce heat gain
with the introduction of simple changes in the fagade texture without having
to employ shading elements. It is obvious that with changes in the shaded
and irradiated areas of a building fagcade, which occur constantly with the
movement of the sun during the day, the fagade texture assumes an
important role in the control of the amount of heat gain. When calculating
the heat gain during cooling period, the heat gain for different textures will be
different because of the constant changes in shaded and irradiated areas.
Facade textures which reduce the requirement of artificial cooling systems to
a minimum during the cooling period, which — in other words — ensure
energy conservation, should be the alternative of choice. These would be
fagade textures with the lowest heat gain.

Reduction of heat gain with the aid of the building fagade is of particular
importance in regions with a long cooling period and high cost of cooling
energy. Intemperate and hot regions of Turkey the cost of cooling energy is
4-5 times higher than the cost incurred for heating. For this reason, the
expenses for cooling energy need to be reduced in particular in temperate
and hot regions of the country. Minimization of cooling energy costs during
the period of the year requiring cooling is possible with the aid of the facade
texture. In this study the cooling period is defined as the period which
requires the use of mechanical cooling systems in order to achieve climatic
comfort conditions. It is a simple fact that a reduction in the load of
mechanical cooling systems reduces the expenses for cooling energy
(Koglar Oral, 2002).

The parameters affecting heat gains related to opaque components of the
building fagade are,

e optical properties,

e U value and

e texture of the opaque component.

Optical properties are absorbtivity and reflectivity. The U value (overall heat
transfer coefficient) of the opaque component is one of the most important
termophysical properties affecting thermal performance of a building facade
and it is easy to control by designers.

Depending on the texture of the opagque component, shaded and irradiated
facade areas change with the position of the sun during the day. The heating
effect of solar radiation can be minimized by reducing the irradiated fagade
area. A texture of the opaque component which provides as large a shaded
area as possible should be preferred for temperate and hot regions during
the cooling period. This paper, therefore, aims at examining the effect of the
texture of the opaque component on heat gains through the building facade
by means of the proposed method.
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Methodology

One of the most important parameters affecting cooling energy consumption,
in other words heat gains, is the building fagcade. In order to minimize heat
gains through the building fagade it is necessary to:

e determine appropriate values for the heat transfer coefficient of opaque
and transparent fagade components,

e reduce opaque and transparent surface areas where the heat gain is
high, and

e prevent the heating effect of solar radiation by providing shaded areas at
the opaque component and transparent parts of the building fagcade.

The study was carried out to determine the effect of the texture of the
opague component on energy consumption for cooling. The methodology of
the study comprises the following main steps (Aksit, 2002) :

1. Determination of the opaque component alternatives

The most appropriate opaque fagade components and elements have to be
defined by way of developing various alternatives used in the construction
sector for opague component elements with respect to their heat transfer
coefficients. In this step optical properties and the orientation of opaque
components are also determined for opaque component alternatives.

When determining alternatives for the fagade texture, it was taken care to
select cost reducing alternatives which can easily be employed by the
construction industry. To facilitate easy construction of recesses and
projections, concrete was selected as opaque component material. For the
recesses and projections 5 cm and multiples of it have been applied
horizontally and vertically in a systematic way. In order to allow for
comparison, the ratio of recesses and projections of all fagade textures was
selected as:

- Avrecess | Avagade = 0.75
- Aprojection / Afagade =0.25

The fagade texture alternatives examined in this study are given in Figure 1.
Alternative 1 is a flat surface without any recesses or projections. It was used as
reference for the efficiency of the other alternatives.

Alternative 2 is an opaque facade with horizontal projections, and alternative 3 a
facade with vertical projections. The alternatives 4 and 5 have been derived from
the alternatives 2 and 3.
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Figure 1. Opaque component alternatives

2. Determination of the U value of the opaque component alternatives
The overall heat transfer coefficient of the opaque fagade component which
consists of different sections can be calculated with the following formula.

U A+ Up . Ag oo, +U, . A,
Uo = [1]

U, : Overall heat transfer coefficient of the opaque component, w/m®C
U,,U,...U,: Overall heat transfer coefficients of each different section created
by the opaque  component, W/m?*°C

AlZ,Az...An: Area of each different section created on the opaque component,
m

The overall heat transfer coefficient of each different section of the
opaque component (U4, U, ... U,) which are indicated in the equation above
can be calculated with the following formula (ASHRAE, 1993).
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1
Ul ,Uz...Un = [2]
l/(li +d1/}\.1 +d2/}\.2 + ... +dn/)\'n + 1/0(d

ai, 0g - Inner and outer surface heat transfer coefficients, W/m?%C
d;,d, ... d,: Thickness of each layer, m

A1,A2 ... Ay Thermal conductivity of each layer, W/m°C

1,2 ... n : Layer numbers

To select other variables related to the fagade affecting cooling energy
conservation, parameters such as orientation and optical properties of the
opaque fagade components have to be determined.

The overall heat transfer coefficient of the opaque component (U,) is 0.45
W/m®*C. This value is the minimum value of the overall heat transfer
coefficient for an opaque component that can be considered in reference to
building materials produced in Turkey.

It was assumed that the building fagcades are oriented west, southwest,
south, southeast and east. The external surfaces of the fagade elements are
painted in a bright colour with an absorbtivity (a,) of 0.40.

3. Calculation of heat gains per unit area for texture alternatives of the
opague component

In order to calculate heat gains per unit area for alternatives of the texture of
the opaque component, the following method was applied:

e Selection of the design day and evaluation of the meteorological data

To minimize demand for supplementary mechanical cooling energy, the
optimum value of the overall heat transfer coefficient for opaque components
should be determined in terms of the climatic conditions of the region during
the cooling period. Instead of repeating the calculations for all days of the
cooling period, it is more convenient to choose a representative design day
which simplifies the calculation.

Values of climatic parameters such as solar radiation intensities and outdoor
air temperatures are taken for the chosen design day.

Outdoor design conditions are determined for the design day, under real sky
conditions.

July 21% was selected as the design day of the region's cooling period.
Outside air temperature and solar radiation data were obtained from the
National Meteorological Institute. The calculations were made for "real sky"
conditions.

e Determination of the indoor design conditions

Indoor design conditions can be derived from the comfort conditions. Indoor
climatic parameters are air temperature, relative humidity, air velocity and
inner surface temperatures, whose comfort values can be determined by
means of comfort charts.
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The permissible limit value of inner surface temperature for an opaque
component is calculated as follows (Oral, Yilmaz, 2002):

tnrt =4 + ¢ [3]

tmrt - Permissible limit value for mean radiant temperature of the opaque

facade component for the design day of the cooling period, °C
tj : Comfort value of indoor air temperature, °C

¢ : Permissible limit value for difference between inner surface temperature
and indoor air temperature, °C.

The comfort value of indoor air temperature is 25°C (Berkdz et al., 1995),
(ASHRAE,1981), (Norman, Bryson, Cunningham, Thomas,1983). The
permissible limit value for the difference between inner surface temperature
of the building facade and comfort value of indoor air temperature is +3°C
during the cooling period. Permissible limit value for mean radiant
temperature is 28°C.

e Calculation of shaded and irradiated areas on the opaque component for
each hour of the design day

Depending on the recesses and projections on the opaque component and
their thickness, different shaded and irradiated areas will be formed.

In order to be able to calculate the shaded and irradiated areas with respect
to the recesses and projections on the opaque component, a shading
analysis must first be carried out. The shading analysis can be carried out by
means of profile angles.

To calculate shaded areas, the profile angles (2) and the horizontal shadow
angles (d), are used (Figure 2). The profile angle is the angle between the
perpendicular plane of the direction of the solar radiation and the horizontal
plan. Profile angles can be calculated as follows on the basis of the sun
altitude angle and the wall-solar azimuth angle (ASHRAE, 1993):

Q=tan™ (tanp/cosy) [4]
Q : Profile angle
B : Sun altitude angle

Y :Wall-solar azimuth angle
The horizontal shadow angle (8) is the difference between the solar azimuth
and wall azimuth.
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Horizontal shadow angle
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Figure 2. Horizontal shadow angle (6) and profile angle (£2) (Pita,1989).

With the aid of the profile angels and the horizontal shadow angles given in
Table 1, the shaded and irradiated areas in the fagades have been
calculated for each hour of the design day (21* of July) and for each
orientation. The programme Autocad was used to draw and calculate the
shaded and irradiated areas on the fagades. The drawings in Figure 3
indicate the shaded and irradiated areas for 11 am on the design day, with
Similar drawings have been made for each

orientation to the south.
orientation and each hour of the day.

Table 1. Profile angles (£2) and horizontal shadow angles (6) determined for

wW SwW S SE E

Hour «Q o «Q o) «Q o «Q o «Q o)

5 5,83 70 2,21 25

6 25,5 61 13,5 16

7 35,9 52 24,2 7

8 85,8 87 43,3 42 35 3

[e) 77,3 76 51,4 31 47,9 14

10 72,5 61 58 16 60,4 29

11 86,5 82 70,4 37 66,2 8 75 53

12 90 90 75,6 45 70 O 75,6 45 90 90

13 75 53 66,2 8 70,4 37 86,5 82

14 60,4 29 58 16 72,5 61

15 47,9 14 51,4 31 77,3 76

16 35 3 43,3 42 85,8 87

17 24,2 7 35,9 52

18 13,5 16 25,5 61

19 2,21 25 5,83 70
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Figure 3. Shaded and irradiated areas for 11 am on July 21 with orientation
to the south

l

e Calculation of sol-air temperatures affecting shaded and irradiated areas
on the opaque component

In this study, sol-air temperatures are taken as outdoor design temperatures.
The sol-air temperature is a theoretical external temperature that determines
a temperature equal to the combined effect of solar radiation and outdoor
temperature on any building component so that it is higher than the actual
outdoor air temperature. The hourly values of sol-air temperatures for
opaque components are calculated by means of the following formula
(ASHRAE, 1993);

teo = t0|+IT Zo
%d [5]

ty : Outdoor air temperature, °C

IT : Intensity of total solar radiation on the opaque component surface, W/m?
2o : Absorbtivity of the opaque component surface

a4 ; External surface heat transfer coefficient, W/m?°C

The sol-air temperatures for the shaded and irradiated areas of the building
fagade can be calculated separately with respect to the intensity of the direct
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and diffuse solar radiation. The intensity of the overall intensity of solar
radiation is equal to the sum of the intensities of direct and diffuse radiation.
In case the component remains in the shade, the value for direct radiation is
taken to be zero.

Daily values of sol-air temperatures (te,) for opaque components are
calculated by means of the following formula;

24
teoo :(Zl teo)/ 24 (6]
i=

Sol-air temperatures were used as the outdoor design temperatures.
e Determination of the cooling period

The cooling period in the context of this study was taken from previous
scientific studies which had established this period for various climatic
regions of Turkey on the basis of regional meteorological and consumer data
(Aksit, 2002), (Koenigserger, Ingersoll, Mayhew, Szokolay,1973). Sol-air
temperatures were used as external design temperatures for the
determination of the cooling period. Since sol-air temperatures change with
the orientation of buildings the cooling period changes accordingly.

Figure 4 shows cooling periods related to different orientations for the region
of Istanbul.
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600 1~

400 -

200 1~
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970
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w SW S
Directions

Figure 4. Cooling period related to different orientations for the region of
Istanbul

e Calculation of heat gain per unit area of texture of the opague component
alternatives during the cooling period
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Istanbul region for which the calculation was carried out is located in a
temperate-humid climatic zone. Since the daily external air temperature
change in this climatic zone is not as extensive as in the hot zone, the heat
gain calculation in this study was carried out for a steady state.

The heat gain passed through the opaque fagade component can be
calculated with the formula below:

Q = Uo . (teo - ti) [7]

Q : Amount of daily average heat gain per hour and unit area of the opaque
component, W/m?

U, : Overall heat transfer coefficient of opaque facade component, W/m*°C

teo : Sol-air temperature of the opaque component, °C

t;: Indoor air temperature, °C

When the shaded and irradiated areas are taken into consideration, heat
gain related to various factor values of the overall heat transfer coefficient
established at various recesses and projections can be calculated with the
formula below:

[(Ul-Als-(teos'ti))+(U1-A1i-(teoi'ti))+(U2-A25-(teos'ti))+(U2-A2i-(teoi'ti))] [ ]
Q= 8
Ags + Agi + Ags + Ay

U, : Overall heat transfer coefficient of the projections of the opaque
component, W/m*C

U, : Overall heat transfer coefficient of the recesses of the opaque
component, W/m*C

A5 : Shaded area on the projections of the opaque component, m?

Ay : Irradiated area on the projections of the opaque component, m?

A,s : Shaded area on the recesses of the opaque component, m?

A, : Irradiated area on the recesses of the opague component, m?

teos - SOI-air temperature affecting the shaded facade areas, °C

teoi : SOl-air temperature affecting the irradiated facade areas, °C,

Heat gains during the cooling period per unit area of the texture of the
opaque component are calculated by multiplying the values of daily average
heat gains per hour and unit area with the number of hours of cooling period,
thereby taking the orientation into account.

Figure 5 gives the variation of the daily average hourly heat gains per unit
area of the alternatives for the design day (21 July) with due consideration of
the orientation.

4. Comparison of the heat gains calculated according to fagade texture
alternatives and orientations for the cooling period

The main criterion which is used for the comparison is given below:

The texture of the opaque component that provides minimum heat gain
during the cooling period is qualified as the most appropriate one'.
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Figure 5. Variation of the daily average hourly heat gains per unit area of the different

alternatives.
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Comparison of the heat gains calculated and the selection of the appropriate
alternative for the texture of the opagque component can be realized by means
of graphics. Hourly heat gains of the texture of the opaque component
alternative with respect to orientation can be plotted on the same graphic.
This display allows comparison of different alternatives for each hour of the
day. Since the alternative with minimum heat gain requires minimal
mechanical cooling energy consumption, it is the most appropriate
alternative from the cooling energy conservation point of view.

Figure 6 shows the different heat gains per unit area of the opaque fagade

alternatives with respect to their orientation. Alternative 2 which is oriented
south ensures the lowest heat gain.

a, =0.40

U,=0.45 W/m*°C
3000

@ Alternative 1

NE 2000 8 Alternative 2
§ 8 Alternative 3
E B Alternative 4

B Alternative 5

Directions

Figure 6. Heat gains per unit area of the different alternatives during the
cooling period

Conclusion

In this study different opaque facade alternatives have been compared with
respect to their heat gain. In Figure 7 the reduction in heat gain of the
different alternatives during the cooling period has been given as percentage
of the flat fagade alternative without recesses and projections (alternative 1).
For the south-oriented alternative 2 for example, this reduction reaches a
value of 43.45%. In other words, the cooling load of alternative 2 is 43,45%
less than for the flat fagade of alternative 1.

Detailed comparision of the different opaque fagade alternatives yields the

following results:

e Orientation of the fagade to the south results in a reduction of the cooling
load of 43.45% for alternative 2, 21.54% for alternative 3, 40.30% for
alternative 4 and 29.22% for alternative 5 as compared to alternative 1.

e Oirientation of the fagade to the southwest and southeast results in a
reduction of the cooling load of 23.05% for alternative 2, 21.98% for
alternative 3, 28.87% for alternative 4 and 28.71% for alternative 5 as
compared to alternative 1.

¢ Orientation of the fagcade to the west or east results in a reduction of the
cooling load of 14.67% for alternative 2, 7.85% for alternative 3, 16.06%
for alternative 4 and 12.38% for alternative 5 as compared to alternative
1.
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Figure 7. Reduction in heat gain as percentage for different alternatives during the cooling
period compared to Alternative 1

As can be seen from the results of the comparison, with changes in the
opaque facade at the architectural design stage it is possible to reduce heat
gain and with it cooling energy expenses.

This study is of particular interest for developing countries such as Turkey
where expenses for cooling energy constitute an important part of the total
energy expenses. As a result of this study, it should be stressed that the
contribution of the appropriate architectural design to the reduction of energy
consumption in the operation of the finished buildings can be considerable.
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Sogutma enerjisi korunumu
acgisindan opak cephe elemani tasarimi

Bu makalede, sogutma enerjisi korunumu agisindan opak cephenin
tasarimina yonelik bir calismanin sunulmasi hedeflenmektedir. Calismada
ele alinan yaklasim, tasarim asamasinda gelistiriimis olan farkli opak cephe
alternatiflerinin, yonlendirilis durumuna bagli olarak sogutmanin istendigi
donemde 1sI kazanglarinin karsilastiriimasi ve farkli alternatifler arasindan
en az 1sI kazancini saglayan alternatifin segilmesini kapsamaktadir.
Uygulama calismasi, 6zellikle sogutma enerjisi harcamalarinin fazla oldugu
bélgelerde, mimarin tasarim asamasinda gelistirecegi farkli opak cephe
alternatifleri ile 1s1 kazanglarinin azaltilabileceginin ortaya konulmasi
amaciyla gergeklestirilmistir.

Binalarda kullanilan cephe dokularinin, ginin her saatinde cephe ylzeyinde
olusturdugu golgeli ve guinesli alanlarin degisimiyle, 1s1 kazanci miktarlarinin
degdisiminde énemli rol oynayacagi aciktir. Sogutmanin istendigi dénem igin
IsI kazanci miktari hesaplarinda, her doku ve her saatteki gdlgeli ve glinesli
alanlar farkh olacagindan her doku icin 1si kazanglari farkl olacaktir.
Sogutmanin istendigi donemde, binalarda yapma sogutma sistemlerinin
minimum dizeyde g¢aligmasini saglayan dolayisiyla sogutma ener;jisi
tasarrufu saglayan cephe dokulari tercih edilmelidir. Diger bir deyisle, en az
Is1 kazancini saglayan cephe dokusu alternatifinin segilmesi gerekmektedir.

Cepheler araciligi ile i1s1 kazanglarinin azaltiimasi, 6zellikle sogutma ener;jisi
maliyetlerinin ylksek oldugu ve sogutmaya ihtiya¢c duyulan dénemin uzun
oldugu bdlgelerde énem kazanmaktadir. Turkiye'de, ihmh ve sicak iklim
bdlgelerinde sogutma enerjisi maliyetleri, 1sitma enerjisi maliyetlerinin 4-5 kat
Uzerinde olmaktadir. Bu nedenle dzellikle ilimh ve sicak iklim bdlgelerinde
sogutma enerjisi maliyetlerinin disUrilmesi gerekli olmaktadir. Sogutma
enerjisi maliyetlerinin minimize edilmesi, sogutmaya ihtiya¢ duyulan dénem
suresince cepheler aracihdi ile 1si kazanglarinin azaltiimasi ile olanakh
olabilmektedir. Bu galismada sogutma doénemi iklimsel konfor kosullarinin
gerceklestirilebilmesi icin mekanik sogutma sistemlerine ihtiyag duyulan
dénem olarak tanimlanmaktadir. Bilindigi gibi mekanik sogutma sistemlerinin
gOrev payl minimize edilirse, sogutma enerijisi giderleri de azaltilabilecektir.

Sogutma enerjisi maliyetini dolayisiyla bina cephesinden is1 kazanglarini

azaltmak igin;

e Cephe opak ve saydam bilesenine ait toplam 1si1 gegirme katsayisi icin
uygun degerlerin belirlenmesi,

e Isi kazancinin yuksek oldugu opak veya saydam ylzey alanlarini
azaltmak ve

e Cephede golgeli alanlar yaratarak giines isiniminin isitici etkisini azaltici
Onlemler almak

gerekmektedir.
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Bu calismada; sodutma enerjisi korunumunu hedefleyen cephe dokusunun
belirlenmesi hedeflenmektedir. Calismanin adimlar ise asagidaki gibidir:

1. Cephe Dokusu ve Cephe Dokusunu Olusturan Opak Bilesene Ait
Alternatiflerin Belirlenmesi

Cephe dokusunu olusturan cephe opak bilesenine ait alternatiflerin toplam
ISl gegirme katsayilarinin ve optik 6zelliklerinin belirlenmesi ve bu degerlere
bagli olarak opak bilesenlere ait katmanlasma detaylar igin yapim
sektodriinde kullanilabilecek cesitli alternatifler gelistiriimesi yolu ile en uygun
cephe opak bileseni ve katmanlagsma detayi alternatiflerinin belirlenmesi
gereklidir. Cephe opak bileseninin bazi bélimlerinde, dokudan dolayi farkl
kalinliklar mevcuttur. Bu nedenle, farkli kalinliklardaki kesitlerin toplam 1si
gecirme katsayilari da birbirinden farkli olacaktir

Sogutma enerjisi korunumu surecinde etkili olan cepheye iliskin diger
degiskenlerin segilmesi igin, cephenin baktirlabilecedi yonler ve cephe
dokusuna ait cephe opak bilesenlerinin optik 6zellikleri belirlenmelidir.

2. Cephe Dokusu Alternatifleri igin Birim Alandan Kazanilan Isi
Miktarlarinin Hesaplanmasi

Cephe dokusu alternatifleri icin farkl katmanlagsma detaylarina bagl olarak

birim alandan kazanilan i1si miktarlarini hesaplamak igin izlenen yol asagida

aciklanmistir.

e Hesaplamalarin Yapilacagi Tasarimin Dayandirildigi Gindn Belirlenmesi

e Tasarimin Dayandirildigi Dig Kosullarinin Belirlenmesi

Tasarimin dayandinildidr gun i¢in; gines isinimi, dis hava sicakligi gibi iklim

elemanlarina ait degerler gercek atmosfer kosullarina gére belirlenmelidir.

e Tasarimin Dayandirildigi i¢ Kosullarinin Belirlenmesi

Tasarimin dayandirildigi i¢ kosullar, iklimsel konfor agisindan cephe opak

bilesenine ait termofiziksel 6zelliklerin belilenmesinde uygulanan tasarim

degiskenleridir. Iklimsel konfor agisindan bir hacimdeki i¢ yiizey
sicakliklarinin, i¢ hava sicakhgi kadar énemli oldugu bilinmektedir.

o Ele Alinan Cephe Dokusu Alternatiflerine Gére Tasarimin Dayandirildigi
Glndeki Tim Saatler igin Cephede Olusan Golgeli ve Ginesli
Yuzeylerin Belirlenmesi ve Alanlarinin Hesaplanmasi

Cephede olusan golgeli alanlari hesaplayabilmek icin, profil acilar ve
geniglik acilari kullanilir. Geniglik agilari, cepheye dik konumlandiriimis
disey elemanlarin duvara paralel kenarlarinin goézleme noktasi ile
olusturduklari dizlemlerin duvar dizlemi ile yaptiklari agilardir. Profil agilar
ise, gunesin ylkselis agisi ve cephe-gines azimut agilarina bagh olarak
hesaplanabilmektedir.

e Tim Saatlere Gére Cephede Olusan Gélgeli ve Glnesli Yizeyler igin
Sol-Air Sicakliklarin Hesaplanmasi

Sol-air sicaklik, dis hava sicakhdi ve gines 1siniminin birlesik etkisini ifade

eden teorik bir sicakliktir ve dis hava sicakligindan daha yUksektir.

e Sogutmanin istendigi Dénemin Belirlenmesi

Bu calismada sogutmanin istendigi dénem siiresi Iklimsel Konfor Grafigi
aracih@l ile belirlenmektedir. iklimsel Konfor Grafigi'nde goérilen 'Durgun
Hava Kosullar igin Konfor Bélgesi'nin tist sinirini belirleyen 0.25 m/sn hava
hareketi hizi egrisi ve i¢ ¢evrede izin verilebilen maksimum hava hareketi
hizini belirleyen 0.8 m/sn i¢ hava hareketi hizi edrisi arasinda kalan dénem,
dogal vantilasyonla konforun ihtiyacglar agisindan saglanabilecedi donemdir.
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0.80 m/sn'nin Uzerinde i¢ hava hareketi ihtiyaci istenen dénem ise dogal
vantilasyonun yetersiz kaldidi ve istenen i¢ iklimsel kogullarin saglanabilmesi
icin sogutma enerjisine ihtiya¢ duyulan dénemdir.

Her ayin 21. ginlerine ait 10 yillik saatlik ortalama dis hava sicaklhidina bagl

olarak hesaplanan sol-air sicakliklar ve bagil nemlilik degerleri iklimsel

Konfor Grafigine islenerek hacim igcersinde istenen hava hareketi hizlari (Vi)

belirlenebilmektedir.

e Sogutmanin istendigi Dénem igin Cephe Dokusu Alternatiflerinin Birim
Alanlarindan Kazanilan Isi Miktarlarinin Hesaplanmasi

Cephe dokusunun birim alanindan kazanilan dénemlik i1s1 miktarlari, yonlere

gOre birim alandan kazanilan gunlik ortalama saatlik 1s1 miktarlarinin

sogutmanin istendigi dénemin saat sayisi ile c¢arpilmasi sonucunda

bulunmaktadir.

3. Sogutmanin Istendigi Dénem Igin Yonlere ve Cephe Dokusu
Alternatiflerine Bagh Olarak Hesaplanan Isi Kazanci Miktarlarinin
Karsilastiriimasi

'Sogutmanin istendigi donemde minimum 1s1 enerjisi kazancini saglayan

alternatif en uygun alternatiftir' kriteri uyarinca karsilastirma yapilmaktadir.

Bu kriter uyarinca sogutmanin istendigi dénem siresinde en dusik 1si

enerjisi kazancini saglayan alternatif belirlenebilmektedir.

Hesaplanan isi kazanci miktarlarinin karsilastirilmasi ve uygun katmanlasma
detayl ve cephe dokusu alternatifinin secilmesi grafikler yardimiyla
yapilabilir. Yénlere gére her bir katmanlasma detaylr ve cephe dokusu
alternatifinin saatlik 1s1 kazanci miktarlari ayni grafige islenerek gun
saatlerinde her saat icin farkli alternatiflerin karsilastirimasi mimkun olabilir.
Bu grafikler yardimi ile ele alinan farkh doku alternatiflerinde minimum 1si
kazancini saglayan alternatif, yapma sogutma enerjisi harcamalarinin
minimize edilmesini saglayacagindan sogutma enerjisi tasarrufu agisindan
en uygun alternatif olarak segcilebilmektedir.

Bu galismada farkl opak cephe alternatifleri, 1s1 kazaglari agisindan birbirleri
ile karsilagtiriimigtir. Kargilastirma sonuglarindan goérildiga gibi, mimarin
tasarim asamasinda opak cephelerde yapacadl duzenlemelerle, 1si
kazanclarini ve dolayisiyla sodutma giderlerini azaltmasi mUmkin
olabilmektedir.

Bu calismalar, 6zellikle Turkiye gibi sogutma enerjisi harcamalarinin toplam
enerji harcamalari igersinde 6nemli bir yeri olan gelismekte olan ulkeler igin
Onem tasimaktadir. Sonu¢ olarak, tasarim asamasinda enerji ekonomisi
acisindan mimar tarafindan alinacak dogru kararlarin binanin igletmesi
asamasinda enerji giderlerinin azaltimasina 6nemli katkilar saglayacagi
g6zardi edilmemelidir.
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