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A PARAMETRIC STUDY ABOUT MINIMIZING OF AIR CONDITIO  NING
AND LIGHTING ENERGY LOADS FOR A BUILDING IN  iZMIR

ABSTRACT

In this thesis, the effect of lighting and -eanditioning energy loads was
evaluated on total electric consumption in offiagldings. This evaluation taked
account of calculated values combined the lighéind the thermal condition effects.
It was in terms of saved energy by using a dayligisiponsive different glazing
system in comparison with an artificial lightingssgm by obtaining the numerical
and experimental results during eight-month. Expental result and data were
classified as hourly, monthly, and seasonal terfasrthermore the weather
conditions were considered by classifying the dagsclear, mixed or overcast.
Energy savings obtained by daylight responsivity wevestigated by evaluating the
differences of glazing units according to the mendind seasons. According to the
results of this experimental study, up to 30% eyesgving on total electric

consumption could be obtained for suitable glazings.

Keywords: Daylighting; Daylight factor, Office buildings, Ergy saving, Solar

heating



iZMIRDEKI BiR BINA ICIN IKL IMLEND iIRME VE AYDINLATMA
ENERJI YUKLER INi AZALTMA UZER INE PAREMETRIK CALI SMA

Oz

Bu tezde, ofis binalarindaki aydinlatma venikéndirme enerji yiklerinin toplam
elektrik tiketimi tzerindeki etkileri gerlendirilmistir. Degerlendirme aydinlatma
ve Isil durum etkileri birlikte gbz onine alinargkerceklgtirilmistir. Kullanilan
yapay aydinlatma sistemleri ile gigg tepkisellgini farkli camlama sistemleri igin
sekiz aylk sire boyunca elde edilen sayisal ve eyl sonuclarin
karsilastirilmasiyla enerji kazanimi paminda incelenngtir. Deneysel sonuclar ve
veriler mevsimlik, aylik ve saatlik olarak sinifthinimistir. Ayrica ginlerin acik,
karisik ve ¢ok bulutlu olarak siniflandiriimasi ile hagaatlar da dgerlendiriimeye
alinmstir. Gun gi1g1 tepkisellgi ile bulunan enerji kazancglari; cam tniteleriniaye
mevsimsel olarak farkliliklari gz 6ntne alinaradgetlendirilmistir. Bu deneysel
calismalarin sonuclarina Bh olarak, uygun cam Unite kullanimi ile, toplaneldtik

tuketiminde %30’a varan kazangsgnmasinin mumkun olabilegevurgulanmstir.

Anahtar s6zcukler: Gun gi1g1, Gun gigl faktort, Ofis binalari, Enerji kazanimi,

Gunsle 1sitma.
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CHAPTER ONE
INTRODUCTION

Energy consumption in the office buildings ase of the highest parts
compared to the consumption of the other buildiyyges. The annual energy
consumption in the office buildings varies, depagdon geographic location;
usage and type of office equipments, operationatduales, and the usage of air-
condition systems, type of lighting, number of pe&is the description of the
work, etc. Energy in office buildings is mainly sumed for heating, cooling and

lighting purposes.

Office buildings in Turkey consume over ongehof the nation’s primary
energy. Artificial lighting is estimated to accouior 25%—40% of this energy
consumption. Over the last three decades, seveealsumements have been
considered to reduce electricity use associatel aviificial lighting. The use of
compact fluorescent lamps, installation of occugasensors, and better design
strategies to minimize the number of fixtures acenmonly utilized energy

efficiency measures.

In the office building, most of the electricits used for creating a thermally
and visually comfortable built-environment by usiaig-conditioning system and
artificial lighting. Solar heat gain via fenestmt] contributes to a significant
proportion of the building envelope for cooling dbaore solar radiation means
more solar heat gain and, according to this, atgremoling load and larger air-
conditioning plant capacity. In hot climate regipiise principal objectives of
fenestration designs include eliminating direct heaf sunlight radiation and
reducing cooling energy. Besides, daylighting hasgl been recognized as an
important and useful strategy for energy consemwatind visual comfort in
buildings. Energy savings resulting from dayligigtimean not only low electric
lighting and reduced peak electrical demands, sat @educed cooling loads and
the potential for the smaller size of heating, \atihg and air-conditioning



equipments. The initial, running and maintenancstcof a building due to a
smaller air-condition plant capacity and peak eieat demand can be lowered.
On the other hand daylighting makes an interiorcepok more attractive.
People mostly expect good natural lighting in thearking spaces. The amount
of daylighting entering to a building is mainly dugh window openings that
provide the dual function not only of admittingHignto the indoor environment,
but also in connecting the outside world to thede®f a building.

There are so many studies related to the atratu of lighting and air-
conditing systems in the literature. An experimerdiudy was realized in a
laboratory (Figure 1.1) to compare the measuredevalf daylight illuminance
level on the working plane and the value estimatedoftware named LIGHT by
Franzetti, Fraisse & Achard (2004). The laboratsryjocated in the Research
Centre of EDF (Les Renardieres, France). In therktbry, illuminance meters
control the illuminance level on the working plaaed on other characteristic

points.

Figure 1.1 Laboratory and inguaénts of illuminance measures
(Franzetti, Fraisse & Achard, 2004)

On the other hand, a reference building was al$§meatk as a square-shaped
four floors office building in their study. The #dtarea of the five floors is
2800m2. All the offices are allocated on the pezighof each floor and the
common services are in the centre of the buildigople are working in the
building 5 days per week from 8:00 am to 7:00 pimerinal consigns are able of
the occupation. The interactions between naturdlaatificial lighting and HVAC



process were evaluated by relationships linkingrggneneeds and the most
efficient parameters which were defined in the nexfee of (Franzetti at al, 2004).
They showed that without valorization of the naklight, the cooling needs were
more important than the heating needs in their ysti€boling was used to
evacuate the internal loads which were mainly adugghting in the hot period.
This implied a large reduction of all energy neéelscept heating needs) when
daylight was valorized even by a basic light canttevice. This work (Franzetti
at al, 2004) illustrates the importance of takimgoi account the interaction
between lighting and HVAC system. This notion waeful to understand and

foresee the energy needs of office buildings.

A series of measurements of illuminance was cardedwithin an office
room located in Boulder, Colorado (US), (Ihm, Ner&riKrarti, 2008). The
measurements were obtained for over four-montlodeturing the year of 2004.
The office room has a rectangular shape layout aifidth of 2.9m and a length
of 5.5m with a floor to ceiling height of 2.4m. Twaindows with double-pane
low-e glazing were placed in the west facade of dffece. Continuous indoor
measurements were performed over a period of fanting. For each day, hourly
measurements were monitored from 8:00 am to 6:00Adhthe measurements
were performed at desk height. To assess the tiiylgg availability inside the
office space, the door was shut and the electiiglaing was turned off to ensure
that measured illuminance levels within the offggace were only caused by
natural light transmitted from the windows. It wlasind during sunny days that
the interior illuminance levels in the office rocah the desk level reached over
500 lux if natural light was utilized. As expectadeasurements show that the
illuminance level was higher close to the windowart at the back of the room.
Figure 1.2(a) and (b) showed the lines for equaiinance level (at desk height)
on March 9 (sunny day) at 10:00 am and 4:00 pnpeds/ely. As depicted in
Figure 1.2, the 500 Ix illuminance level was acbkigwnly near the two windows.

Away from the windows, electrical lighting was ré@ga to complement



daylighting to accomplish the required 500 lux+titnance level at the work

plane.

w

Daylighting Muninance {foot-carndle)

o

Daylighting Nlaminance (foot-carndie)

Figure 1.2 (a) Iso illuminance distribution in ttested office room at
10:00 am of March 9 (sunny day). (b) Iso illuminardistribution in

the tested office room at 4:00 am of March 9 (suday) (Ihm at al.

2008).

A simplified analysis method which was obtairgy Ihm at al. (2008) was
developed and validated to estimate the potengidliction in annual electrical
lighting energy use for office buildings. The simfipd method accounted for the
building geometry, window size, and type of glazirfgpr the office space
considered in the validation analysis, an annualggnuse savings of up to 60%

associated with lighting could achieved using dimgnzontrol strategy.

Krarti, Erickson & Hillman (2005) were studigd provided a simplified
analysis method to evaluate the potential of datilgy to save energy associated
with electric lighting use. Specifically, impacts daylighting performance were

investigated for several combinations of buildirgpmetry, window opening size,



and glazing type for four geographical locationstie United States. Four
building geometries with various window-to-flooreas, along with different
glazing types were analyzed. In their study, thdidhating aperture defined as the
product of window visible transmittance and windtmaperimeter floor area ratio
was found to have a significant impact on energyings from daylighting.
Increasing daylighting aperture (either by incregsglazing transmittance or
window area) leads to greater daylighting beneffitsad shown that a daylighting
aperture greater than 0.30 will yield diminishimgurns on energy savings. It had
also found that geographical location had relagivelv impact on daylighting

savings potential.

The literature showed that it was very diffido evaluate the energy savings
coming from the artificial lighting dimming as aniction of the daylighting
availability. For office buildings, with classicalindows (no specific daylighting
system), Szerman (1993), gave the following valigadculated by simulations):
77% of lighting energy savings and 14% of totalrggesavings. Zeguers (1993),
also gave about 20% of lighting energy saving. Eohis & Van Bellegem
(1997), measured that an individual lighting dimgiigystem offered 20% of
lighting consumption savings. Opdal & Brekke (199&)mpared measurements
and calculation results and obtained 40% of lightsavings in simulations and
30% of lighting energy saving in measurements. £opldt & Rutten (1993),
expect a reduction of the lighting consumption@@®%. They speak about 46%
of lighting savings coming from the artificial lighg management as a function

of daylighting for a building.

The literature gave very different values. S&qealues could be explained by
the fact that many parameters play a rule mainljtrenresults. The presented
values here were difficult to compare because thege related to a particular
climate, building and daylighting systems. Howe\adl,the authors agreed that
the artificial lighting management according to laghting availabilities could
save much lighting energy but that this managemeontd not be done without



taking into account the visual comfort. An impottahink that also had to be
considered was that the management system hadacckpted by the employees.
If it was not the case, the energy savings coulddmeased to zero (Embrechts &
Bellegem, 1997).

Besides the issue of cooling energy in smialkef-envelope buildings, there
were two problems deteriorating the comfort leg@ahe was solar heat gains from
a glazed envelope, and the other was intense stinligense daylight of working
areas affects the attention and visual performaricthe occupant (Sanders &
McCormic, 1992; Luckiesh & Moss, 1927-1932), whileermal discomfort in
overheated or cold office rooms could lead to ptaisistresses, which were
commonly responsible for illness and poor perforoeafKaynakli & Kilic, 2005).
These problems, caused by insufficient considaraiidhe negative influences of
glazing on the comfort level during the design pss; affect how occupants use
their buildings and interfere with architects’ intked expressions (Kang, 1990).
According to the study of Lomonaco & Miller (199Productivity was increased

by 15% when office workers were satisfied with theivironments.



CHAPTER TWO
DEFINITION OF SOLAR ENERGY

2.1 Definition of Solar Energy

The sun is an average planet of diameter £.36’m and is, 1.5 x8m from
the earth and has a mass of about 2% It radiates energy from an effective
surface temperature of about 57R7From the central interior regions of the sun,
energy is transmitted radial, outward as electrametig radiation called “solar
energy”. This electromagnetic spectrum, which congdl the energy radiated by
the sun, extends from gamma rays (of wavelength i and lower) to radio
waves (of wavelength um and longer). The quantity of energy radiatedhisy
sun can be estimated from knowledge of the surdsusaand its surface
temperature and this amount to a rate of aboutl®8&W (Duffie & Beckman,
1991).

Sun

9
Diam = 1.39x10 m

7
Diam =1.27x10 m

11
Distance is 1.495x10 m

Figure 2.5un- earth relationship

The earth is at 149.5 million km from the samd has a radius of about
6360km. The total surface area of the earth is ®6d0 million knf. Figure 2.1
shows schematically the geometry of the sun-eagthtionships. This tilted

position together with its daily rotation and ygarevolution accounts for the



distribution of solar radiation over the earth'dace and the change in day length.

The intensity of solar radiation is measurgdabpyranometer. The instruments
have a sensor to cover in a transparent hemispheamcords the total quantity of
short-wave solar radiation. Pyranometers measuabéadj or “total” radiation: the
sum of direct solar and diffuse radiation.

2.2 Sun - Earth Angles

The solar radiation taken to the earth's serfss not constant. This common
information could be explained by an understandihthe sun earth angle concepts.

There are earth's surface varies in our dailydifthe solar radiation;

« Hourly variations during the day

+ Dalily variations, because of the clouds.

* Monthly variations, location and the sun's position
* Location variations.

* The surface of depending on the orientation.

The radiation emitted by the sun and its spaélationship to the outside of the
earth's atmosphere. The solar const@gi,is the energy from the sun, per unit time,
received on a unit area of surface perpendiculénealirection of propagation of the
radiation, at the outside of the atmosphere. THeevaf 1367W/m is used in this
thesis.

The earth moves around the sun on an elliptidzt. The variation of the earth-
sun distance due to earth’s orbit causes variakteaterrestrial radiation. The
dependence of extraterrestrial radiation on timgedr is defined by Equation 2.1
and is shown in (Duffie & Beckman, 1991).

360 nj 2.1)

G, = 1+ 0.033 cos——
On GSC( 365



where Go,, the extraterrestrial radiation, (measured on tkene normal to the
radiation on th@™ day of the year.)

The location on the earth's surface is desdriby the coordinates latitude and
longitude. The sun's position in the sky is desailby the hour angle and the
declination. The relative position is describedthg altitude and the azimuth angles
(Figure 2.2).

Latitude (p) is defined as the angular distance of a point ftbenequator on the
surface of the earth. The angular location couldhbeh or south of the equator.

North latitudes are taken to be positive, whiletedatitudes are taken as negative.

S Zenith Earth
AXis
© W
3
Sun
/J
ngirverS Earth Observers
out North
E
Celestial
Nadir Equator

Figure 2.2 Solar anglegy, J, ¢)

Longitudes or Meridians are semi great cirgassing through the poles of the
earth. The zero (0) meridian passing through Grednwear London is called the

prime meridian by international agreement.

Hour angle @) is defined as the number of minutes between trealLStandard
Time and solar noon, when the sun is straight eathThe hour angle, thus, is zero
at local solar noon, where afternoon hours aregdesed as positive. As the outcome
of 360 degrees per 24 hours, each hour is equivedebS of longitude. The hour
angle in degrees is,

o = (Local solar time — noon time) 15 (2.2)
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where local solar time and noon times are in haoosf time is 12:00)

Declination @) is the angular distance north (or south) of theaswy of the point,
when the sun is at its zenith with respect to tlaae of the equator, north positive;
-23.45° <9 < 23.45°. It can also be defined as the angle fdrimethe line extending
from the centre of the sun to the centre of théheand the projection of this line
upon the earth's equatorial plane. When the suliréstly overhead at any location
during solar noon, the latitude of that locatiomeg the declination. This is shown

clearly in Figure 2.3.

Celestial North Pole

Summer
Solstice

\ 23°45'

“ Observers
North

Apparent pat Iestial

of the Sun Equator
Celestial South Pole

"

Earth

Winter
Solstice

Figure 2.3 Sun path, Equinox and Solstices

The declination can be found from the equation @bjizr (1969):

5= 23.455in( 360%) 2.3)

where,n is the day number of the year (Table 2.1) (DuffiBeckman, 1991)
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Table 2.1n" Day of a year

Month Date n Day of year
January 17 17
February 16 47
March 17 76
April 16 106
May 16 136
June 12 163
July 18 199
August 17 229

Additional angles are defined that descrilgegbsition of the sun in the sky:

Angle of incidence @), the angle between the beam radiatiof) @n a

surface and the normal to that surface.

Zenith angle @), the angle of incidence of beam radiation on azbotal

surface. It is the angle betwegrahd X line as shown in Figure 2.4.

Solar altitude angle @), the angle between the horizontal and the linga¢o

sun, i.e., the complement of the zenith angle (f€du4).

Sun X

Figure 2.4 The Zenith Angle, Altitude Angle and the
Solar Azimuth.
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Solar azimuth angle §¢s), the angular displacement from south of the
projection of beam radiation on the horizontal plashown in Figure 2.4.
Displacements east of south are negative and Wwesuth are positive.

The Slope or Tilt Angle {§), is the angle the surface makes with the

horizontal plane (Figure 2.5). 0 £ < 180° (8 > 90° means that the surface

has a downward facing component.)

SUN

projection of the ///J’
normal of the tilted ~
plane on ’
horizontal surface

Figure 2.5 Tilt angle and azimutigke for a non south facing tilted surface.

The Surface Azimuth Angle §) is the angle measured on the horizontal plane
from due south to the horizontal projection of tlmemal to the surface (Figure
2.5). It is also given as the angle between thallowridian and the horizontal

projection of the normal to the surface.
2.3 Solar Incident Angle @)

Sunlight reaching the earth surface is termed beamlirect radiation. It is the

type of sunlight that casts a sharp shadow, and sunny day it can be as much as
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80% of the total sunlight striking a surface. Henoeam or direct radiation is the
most important type of radiation for solar procasse

The second type of solar radiation is diffuse aattgred sunlight. This is such
sunlight that comes from all directions in the slkyne other than the direction of the
sun. It is the sunlight scattered by atmospherimmanents such as particles, water
vapor, and aerosols. On a cloudy day, the suniggh0% diffuse. The amount of
direct radiation on a horizontal surface can bewated by multiplying the direct

normal irradiance times the cosine of the zenitjfl@rSolar incident angle is;

cosd = sino sip co@ - sid cas sSifi cpsr dS @os Los @
+ co9® sSip siPf cos ces+ CcOS EEn gin &in
(2.4)

There are several commonly occurring casesEfquation 2.4 simplified. For

different direction of surface calculate with afage azimuth angley must be

between 0° and 180°. For vertical surfages90° and Equation 2.4 becomes;

cosfd = - sind co® siB cog+ ca@s S CPS aoS 2.5)
+ co® sily siw

Useful relationships for the angle of inciderat surfaces sloped due north or due
south can be derived from the fact that surfacel slopef to the north or south
have the same angular relationship to beam radia#oa horizontal surface at an
artificial latitude of @-# ). The relationship is shown in Figure 2.6 for tim@thern
hemisphere. (Duffie and Beckman 1991)

cosf = co{¢g - B) cod cow+ sip-pB) s (2.6a)

For the southern hemisphere modify the equatiomeiplacing §-5) by (p+5),
consistent with the sign conventions@ands:

cosd = co{g + ) cod com+ s{p+pB) sin (2.6b)
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It also follows that the number of daylight heis given by

= Ecos‘l(— tarp tao) (2.7)
15

normal 5

K\o<\1’0(<\

(ad‘d\on —
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el s
v (¢-B) EQUATOR

| !

Figure 2.6 Section of Earth showiy ¢, 6, and ¢-f) for a south-
facing surface.

2.4 Extraterrestrial Radiation on a Horizontal Surface

The extraterrestrial radiation on a surfacamgttime is;

G, = G, cosd (2.8)

— //SOUth

Figure 2.7 Schematic of the sun rays coming to
earth’s atmosphere
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Figure 2.8 Extraterrestrial radiation on a
horizontal surface outside of the
atmosphere

If Equation 2.7 foGgn, and Equation 2.3 farog) are substituted in this equation,

below equation is obtained for the extraterrestadiation on a surface.

G, = Gsc(l + 0.033 cog:%j ca’3, (2.9)

where
Gsc : solar constant

n : day of the year.

Combining Equation 2.8 farog), with Equation 2.4 give&, for a horizontal

surface at any time between sunrise and sunset.

GO=GSC(1+O.033co§%j (cog ca@s cast gn 8in (2.10)

Integration of this equation over the perfoain sunrise to sunset, gives daily

extraterrestrial radiation on a horizontal surface.
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24x 3605 360n UL
H,=———-C |1+0.033 co5— || cog cds cag+— n a&in2.11
0 T ( 365 j( 180 # }( )

whereay is the sunset hour angle, in degreagss:

sing sind
Coswg = —————— =— tar ta 2.12
COSp CoD ? ( )

It is also of interest to calculate the etdreestrial radiation on a horizontal
surface for an hour period. Integration EquatidiiZor a period between hour angel

w1 andw; which define an hour (where, is the larger),

:%{l+0.03300§%)(( cog cab smg—a{)ﬁw gn sfa

|
0 180
(2.13)

(The limitsw; andw, may define a time other than an hour.)
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CHAPTER THREE
GLAZING, FENESTRATION AND FENESTRATION COMPONENTS

Fenestration components consist of glazingenaf framing and shading
devices. Fenestration can attend as a physical visuhl connection to the
outdoors with solar radiation. Natural lighting anelat gain are provided by the
solar radiation. Fenestration units can allow ratventilation, building energy
use thermal heat transfer, solar heat gain, dkalgs, and daylighting (ASHRAE,
1999).

3.1 Fenestration Components

Fenestration is made up of framing, glazing] aome times shading devices.
The glazing unit consists of two type of glazingteyn such as single glazing or
multiple glazing. The most common glazing matersaglass, but occasionally
plastic is used. The glass or plastic may be cleared, obscured, or coated
(ASHRAE, 1999).

Clear glass provides a high transmission of daylight wigpical visible
transmittance \(T) of 0.75 but it also allows a large amount of sdlaat (high

shading coefficient) to pass through into a bugdin

Tinted glass absorbs a great amount of infrared with s@dection of visible

light. TheVT ranges from 0.23 to 0.51 and manufacture in malyr.

Coatings on glass affect the transmission of solar radiataond visible light
may affect the absorptance of room temperatureatiadi Some coatings are
highly reflective (such as mirrors), while othere @esigned to have a very low
reflectance. Some coatings result in a visibletliggmsmittance that is as much as
1.4 times higher than the solar heat gain coefiiciédesirable for good
daylighting while minimizing cooling loads).
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3.2 Insulating Glass Units

Insulating glazing units (IGUs) are a put unskeal assembly with a minimum
of two panes of clear or coated glass (Figure 3l insulating glazing unites
consist of three type of property category suchheat control glazing, solar
control glazing and heat and solar control glazihge most common type of
glass is clear. However, low-emittance glazing besome common, because of
the good thermal performance. Reflective glass rlssmore heat than tinted
glass and offers good reflecting characteristithainfrared region with a certain
reduction ofVT. There are two types of low-e coating: high-sglam and low-
solar-gain. The first type reduces heat condudtwough the glazing system and
is used for cold climates. The second type redao&s heat gain by blocking the
infrared range of the solar spectrum, is used &drcimates. There are two ways
of providing low solar- gain low-e performance. Thest is with a special
multilayer solar infrared reflecting coating. Thecend is with a solar infrared
absorbing outer glass. To protect the inner glazing the building interior from
the absorbed heat from this outer glass, a cofdaté type low-e coating is also
used to reduce conduction of heat from the outerep@® the inner one. In
addition, argon and krypton gas are used to redoeegy transfer instead of air in
the gap between the panes and low-emittance (laylaejng (ASHRAE, 1999).

OUTDOOR INDOOR

SURFACE 1 2 3| |4
GLAZING PANE

METAL SPACE
S'GH% BUTYL PRIMARY SEALENT
URETHANE SECONDARY
DESICCANT SEALANT

Figure 3.1 Insulatingggaunit construction detalil



19

The chosen glazing units, in this thesis, are: <ita§lazing, Heat Control
Glazing, Solar Control Glazing, Heat and Solar @urGlazing; which are given
below and defined by Trakya Cam, (2008).

3.2.1 Classic Glazing

Classic glazing is produced from glass unit, assednith two or more panes
of glass separated by a dehydrated air or gagl fileermediary space. Classic
glazing comprising two panes of clear float glagsrdases heat loss by 50%

when compared with single glazing and contributesrtergy saving.

3.2.2 Heat Control Glazing

Glass when used as single glazing in windoersebting from the light and
heat of the sun is possible, but high amount oft Hess occurs in winter.
Increasing the thickness of glass does not fullptrdoute to heat insulation.
Insulating glass units contribute to energy sawiggdecreasing the loss of heat

through windows and provide a comfortable environine

Heat control glazing has a neutral appearaheger to clear float glass. It
provides high light transmittance. Its effectivertmal insulation provides heating
expense reduction. In winter, cold spaces by wirglawe eliminated. The heat

inside the office is radiated equally.

3.2.3 Solar Control

Solar control glasses provide a comfortabkirenment by limiting thesolar
heat gains to interior spaces and enables comigadiun's excessive glare. It also
provides the reduction in cooling energy consunmtand expenses in air-

conditioned environments. Solar control glass sffearious alternatives to users
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in terms of solar control performance, such asprgakflection, and benefit from
sunlight.

Solar control performance of glass is deteediby the total amount of solar
radiant energy entering to the room through thegland is expressed as solar
factor. Solar factor varies according to the qugraf energy transmitted directly
and the quantity of energy absorbed. Solar comflasdses are related to thermal

breakage risks.

3.2.4 Heat and Solar Control

In geographical regions, where summers andevgnare both experienced
throughout the year, it is important for glass toyide heat insulation and solar
control as well. Heat and solar control glasseshawe used for decreasing heat
loss during the cold days and for limiting solaahgains during the hot days of
the year. Heat and solar control properties caprbeided by applying a coating
on the surface of the glass or by incorporatinglarscontrol glass and a heat
control glass within an insulating glass unit sepealy.

Heat and Solar Control Glass reduces heating anithgeexpenses by;

» decreasing heat loss through the glass (from tieeian to exterior)

» decreasing solar heat gains.

3.3 Framing

The three main used to window framing matsraale wood, aluminum, and
polymers. Wood is known as a good structural amsdlating material, but it is
affected from weather, humidity and organic conamtMetal is strong but it has
very poor thermal performance. The metal of chaicevindows is aluminum,
because of manufactures ease, low cost, and lighghty but the other side

aluminum has a thermal conductivity more than wawodpolymers. Polymer
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frames are made of extruded vinyl. They have smtiteermal and structural
performance of wood, but vinyl frames are not gjrdior large windows
(ASHRAE, 1999).

3.4 Shading

Shading devices shade the window from direst penetration but allow
diffuse of daylight to be admitted. Shading devigedude interior and exterior
blinds, integral blinds, interior and exterior sms, shutters, draperies, and roller
shades. Shading devices on the exterior of thenglaeduce solar heat gain more
effectively than interior devices. However, interaevices are easier to operate,
adjust and service. (ASHRAE, 1999)

For exterior window shading; upper horizontal petijgy which is made of
concrete wall is supposed to be used for increasimgmer sunlight coming with
a wide surface azimuth angle and keeping stillviirdger sunlight with a narrow
surface azimuth angle. By this way; heat gain imtan will be saved and in

summer will be reduced (Figure 3.2.).

A B}T
b

Figure 3.2 Overhang

(A) represents summer angle of the sun,

(B) represent winter angle of the sun
(Wachberger, 1998)
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3.5 Determining Fenestration Energy Flow

Energy flows occur three ways. First reasorthis temperature difference
between outdoor and indoor air through fenestratiprway of conductive and
convective heat transfer. Second reason is net-wavg (above 2500um)
radiative exchange between the fenestration andgutsounding and between
glazing layers. Finally is short-wave (below 250Qusolar radiation (either
directly from the sun or reflected from the growrdadjacent objects) incident on
the fenestration product. (ASHRAE, 1999)

Calculations are based on the observation tti&ttemperatures of the sky,
ground, and surrounding objects (and hence thdiama emission) correlate with
the exterior air temperature. The radiative intargdes are then approximated by
assuming that all the radiating surfaces (includihg sky) are at the same
temperature as the outdoor air. With this assumptilbe basic equation for the
instantaneous energy flo@through a fenestration is (ASHRAE, 1999)

Q=UAy (tur— ) +(SHGQ A; E 3.1)
where is

Q . instantaneous energy flow, W

U - overall coefficient of heat transfer (U-factony/(n?-K)

tin . interior air temperature, °C

tout . exterior air temperature, °C

Aye . total projected area of fenestratiorf, m

SHGC: solar heat gain coefficient, non dimensional

E : incident total irradiance, W/m

The quantitiesd and SHGC are instantaneous performance valu@sis

divided into two parts:
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Q=Qth+ Qsol (3-2)
where
Qi . instantaneous energy flow due to indoor-outdeorperature difference

(thermal energy flow)

Qsol :instantaneous energy flow due to solar radiatsmtar energy flow)

U — Factor(Heat Transmittance) touches Qg, while Solar Heat Gain and

Visible Transmittance takes 6l

Qr=A QA+ AQ (3.3)

where the subscriptrefers to the frame, amgrefers to the glazing.

Solar radiation will have a different effect the frame and the glazed area of a

fenestration, so that;

Qsol = At)onp"' AQ. (3.4)

where the subscrifp refers to the (opaque) frame (for solar energy flands

refers to the (solar-transmitting) glazing.
3.6 U-Factor (Heat Transmittance)

The glazing unit's heat transfer paths incl@®ne-dimensional center of-
glass contribution and a two-dimensional edge dumion. The frame
contribution is primarily two-dimensional. Conseqtlg, the total rate of heat
transfer through a fenestration system can be leatmiknowing the separate heat

transfer contributions of the center glass, edgsgland frame. The overall U-



24

factor is estimated using area-weighted U-factays éach contribution by
(ASHRAE, 1999);

=chAcg+UegAeg+U A (3.5

At

Uo

where the subscriptsy, eg andf refer to the center-of-glass, edge of- glass, and
frame, respectivelydy is the area of the fenestration product’s roughnopein

the wall or roof less installation clearances.
3.6.1 Determining Fenestration U-Factors

3.6.1.1 Center-of-Glass U-Factor

Heat flow across the central glazed must think almth convective and
radiative transfer. Convective heat transfer isedasn high-aspect-ratio and
natural convection correlations for vertical. Theddtor for single glass can be

calculated as, (ASHRAE, 1999)

U= 1
1/h +1/h + L/1000k

(3.6)

where,

ho, b : outdoor and indoor respective glass surface traatsfer coefficients,
W/(m?K)

L . glass thickness, mm

k : thermal conductivity, W/ (m-K)
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3.6.1.2 Edge-of-Glass U-Factor

Edge-of-glass heat transfer is two-dimensi@mal requires detailed modeling
for accurate determination. Based on detailed timtedsional modeling,
developed the following correlation to calculate #dge-of-glass U-factor as a
function of spacer type and center-of-glass U-fa@&HRAE, 1999).

Uegg= A + BUcg+ CU%, (3.7)

whereA, B, andC are correlation coefficients, which are listed iable 3.1 for
metal, insulating (including wood) and fused-glapacers, and a combination of

insulating and metal spacers.

Table 3.1 Coefficients for edge of glass U-factor

Material A B C
Metal 1.266 0.842 -0.027
Insulating 0.681 0.682 0.043
Glass 0.897 0.774 0.01
Metal and insulation 0.769 0.706 0.033

Note: A, B and C have units of (W/ %rK)) " where n=1,0 and -1 respectively

3.6.1.3 Frame U-Factor

Fenestration frame elements consist of all stratttnembers exclusive of the
glazing units and include sash, jamb, head, ahdngmbers; meeting rails and
stiles; mullions; and other glazing dividers. Esttmg the rate of heat transfer
through the frame is complicated by the varietyesiestration products and frame
configurations, the different combinations of metsr used for frames, the
different sizes available, and to a lesser extéet,glazing unit width and spacer
type. Table A4 lists frame U-factors for a variefyframe and spacer materials
and glazing unit thicknesses (ASHRAE, 1999).
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3.7 Indoor and Outdoor Surface Heat Transfer Coefftients

Fenestration system is exposed surfaces aedetivironment due to the
convective and radiative heat transfer. Surfacd Iraasfer coefficients outer
glazing surfacesh, and inner glazing surfacels provides of radiation and
convection. Outer glazing surfachs change the wind speed and orientation of
the building (Table 3.2). Convective heat transiefficients are usually decided
at standard temperature and air velocity conditmm®&ach side. Wind speed can
use from less than 0.2m/s for calm weather to @%en/s for storm conditions. A
standard value of 29W/@K) for 6.7m/s wind is often used to winter design
conditions. For natural convection at the innelfaxe coefficienth; depends on
the indoor air and glass surface temperatures anthe emissivity of the glass
inner surface. Table A.5 shows the variationho¥alues for winter conditions,
summer conditions, glazing high and types. Desigoéen uséy =8.3W/(nf K),
which corresponds ta; =21°C, glass temperature of —9°C. For summer
conditions, the same valule E8.3W/(nf K)] is normally used, and it corresponds
approximately to glass temperature of 35§G;24°C. If the room surface of the
glass has a low-e coatinli, values are about halved at both winter and summer
conditions (ASHRAE, 1999).

Table 3.2 Glazing — factor for various wind spe@8SHRAE, 1999).
Wind speed, km/h

24 12 0
U-Factor, W/(m? K)

0.5 0.46 0.42
1.0 0.92 0.85
15 1.33 1.27
2.0 1.74 1.69
2.5 2.15 2.12
3.0 2.56 2.54
35 2.98 2.96
4.0 3.39 3.38
4.5 3.80 3.81
5.0 4.21 4.23
55 4.62 4.65
6.0 5.03 5.08

6.5 5.95 5.50
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Estimate a representatilefactor for an aluminum-framed, double-glazing is
clean glass and solar turquoise coating on a sesorfidce and heat gray coating
on a third surface. Total dimension is 1500mm b0#0m and it occur four of
1350mm by 1350mm panes (true divided panels), eadsisting of double-
glazing with a 6-12-6mm air space and a metal space

Tepekule office building information, assume thas tividers have the same
U-factor as the frame, and that the divider edge has the Bafactor as the edge-
of-glass. Calculate the center-of-glass (cg), enfgglass (eg), and frame areas (f),

respectively.
Acg =[4(94-13( 135 13| /1= 3.95h
Aeg =[4(94 x 13§] /16~ 3.95 1.126%

A =[400x 145 /10~ &« (94 135)/T0- 0.724

Ucg= 1.78 WIniK (Table A.1)

Uegg=3.40 W/nfK (Table A.7 center of glass 6. topic 2. column)

Us = 5.2 W/nfK (Table A.4 aluminum frame double-glazing insutBte
Up =U A tU AU A) A

Uy =[(1.78x 3.95)+ (3.48 1.126) (522 0.734) *4 1

U, =2.52 Winf K
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If our glass type was classic double and oigasses; than we should take the
heat transfer coefficient at the center of the gjlas 2.78 W/MK due to the
Table.A.6 Topic 6 Column 1. Calculating is doneovel

Ug =UcgAcgtU eghegt Us A ) Ay
U, =[(2.78< 3.95) (348 1.126) (52 0.734) %4 1

U, =3.20Winf K

If there is no certain knowledge about thaltbeat transfer coefficient of the
glass; than we may use the numbers given at thdats part of ASHRAE, 1999.
From Table A7 it was used the heat transfer cdefftovalue of 3.21W/AK.

It was released that; there was an accepthfiégence between the ASHRAE
standards and our calculated value. According ts; tthe value of the heat

transfer coefficient for the fenestration was siggubto be acceptable.
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CHAPTER FOUR
LIGHTING, TYPES AND PROPERTIES

4.1 Lighting

Lighting as a term; has been mostly useddligto get vision and to establish
perceptual relationship between human and physicatonment. Light is not just
a physical quantity that provided sufficient illumation; it is a certain factor in

human perception.

Daylighting; is bringing the daylight rays an& space via various means, that
is available during the day. When sunlight reachesrtain low level, addition
natural daylight with artificial light becomes nesary. Because lighting has a
motivating factor in human life. Lighting is perfoed in various spaces such as;
offices, schools, hospitals, traffic, security aahlinost all issues to establish
comfortable visual conditions. In this work it wasned to study the glazing
properties to establish these conditions. Qualityl ajuantity of light was
examined firstly, then basic rules valid for gemheéighting issue formed in the
specific area; workspaces (Ozturk, 2006).

4.2 Types of Lighting

A successful lighting scheme is made up vés# layers: natural, general and
public light. People would not notice the bad liggt but would know the
symptoms: headaches and sore eyes, frustratidreiplaces at not being able to
see what are there and what they are doing (OZ2006).

4.2.1 Natural / Daylight

Daylight factor is the percentage of sunlighining down to a reference point

in a room, and is related with dimensions of windats transmission, area of
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room, surface from which light is reflected. Dayligis an important part of
natural light. Sun’s kinetically movement in anairs the show passing time and
ray of light come the different angels (Ozturk, 8D0

lllumination’s additive effect to working ocgier and its effect in creating the
suitable effect for correct comprehension are altetyl accepted. High levels of
daylight have an extremely positive effect on ocerg) working performance and
behavior. There are several ways to maximize niatiglat. Releasing light to
come through windows without obstructions, removéegondary glazing which
absorbs light, and choosing light and bright paoiors will affect how light a
room is. To make the most of the natural light de in a space, firstly it is
needed to know how to use it, and secondly remerttiar daylight changes
throughout the year (Ozturk, 2006).

4.2.2 Artificial Lighting

Daylight had always been the defining agenithvihe development of more
efficient artificial light source, the knowledgeathhas been gained of daylight
technology was joined to artificial light. Naturaddoor lighting describes by
windows and skylights, artificial indoor lightingeans by lamps; electric lights.
Lighting refers to the devices or techniques usadilfumination comprising

artificial light sources; lamps (Ozturk, 2006).

Long-term experiments on preferred levelsighiting in office have shown
that even with daylight levels in the middle rargé&00lux, people will switch on
artificial light as well. From this it can be und&rod that the need for light is

stronger in artificially lighted rooms than the walrequired by the standards.

The beneficial effects of light are undisputécbm an economic point of view,

however, opinions differ:
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» Daylight helps to save energy. If a lighting leg&éb00lux can be achieved
through the incidence of daylight, artificial liglttan be switched off
reduced this one view

» Daylight intensifies feelings of comfort. Being alib experience daylight
changing with the time of day and to have a viewsiole are positive

components of daylight.

4.2.3 Lighting Design

Lighting design as it applies to the built Baement, also known as lighting
design and is both a science and an art. Propepredransive lighting design
requires consideration of the amount of functiohght provided, the energy
consumed, as well as the imaginary effect provigethe lighting system. Office
buildings are worried about saving money througk tbwering of energy

consumption used by the lighting system (OzturlQ&}0

These artificial lighting systems should alemk the impacts of, and ideally
be integrated with, daylighting systems. Lightiresidn requires the consideration

of several design factors:

» Tasks occurring in the environment

* Occupants of the environment

» Initial and continued operational costs

» Aesthetic designer impact

» Physical size of the environment

» Surface characteristics (reflectance, specularity)
* Maintenance capabilities

» Operating schedule of the building
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Table 4.1 llluminance level (f}, for office (Manav, 2005)

Building Type :OFFICE Em(lux)
Circulation area, photocopy 300
Writing, Reading, data input etc. 500
Drawing 750
Computer Room 500
Meeting/Lecture Room 500
Information 300
Archive 200

4.3 Office Lighting Systems

4.3.1 Lighting Effects

Lighting effects, rather than just equipmamtables us to describe the intended
results of the lighting system, not just the medfwm. instance some effects are
Direct Lighting, Indirect Lighting, Direct/Indiredtighting, Diffuse Lighting etc.

In office lighting, the desk represents the moshewn work plane for measuring
light levels (Ozturk, 2006).

4.3.2 | deal Office Lighting Criterion

Before putting in order the basic rules fode€al office lighting”, we must
assign its meaning or what we are trying to expldihe term “ideal office
lighting” includes conditions such as; employee’'sual comfort, interior
ambience and energy consumption of the lightingesys. “Ideal office lighting”
has to satisfy employee, employers in both physindl psychological ways.

* As “subjective brightness” evaluation, is not a swable quantity but

perceived quality, it is concerned with issuesngkplace in visual area



33

such as; surface and objects’ reflectance factootyrs, location and
illuminance level dispersion of light source (nafeartificial) etc.

» Lighting system must integrate with designer. Tighting system must be
arranged suitable for office building’s structureferior office types,
chosen furniture and properties.

* Workplace plane and adjacent environment everyiparisual area must
not have the same illuminance level; there mugtieearchy among focal
points. Thus; we can interfere with monotonousness.

* With automation systems, it is possible for usd@ust both daylight and
artificial light at a level; also they offer mor@rofortable and effective

workplaces (Carlson, Sylvia & Verne, 1991).

4.3.3 Office Performance

Suspended indirect lighting can cause excesseiling brightness which
reflects on computer screens, reducing user comafatproductivity. A furniture
mounted unit can spread light smoothly across #ikng to eliminate these hot
spots. They balance the brightness of the ceiliitly the workstation and provide

comfortable illumination to surrounding spaces (@it 2006).

When workstation surfaces are brighter thagirteurrounds, occupants are
drawn to their work and distractions are reducelis Thelps to direct office
speech into sound absorbing partitions, and nosseck lighting means more
acoustical ceiling tiles.

4.3.4 1deal Luminance at Workplace

Luminance means the amount of light that etriin object or surface. The IES
(Mluminating Engineering Society of North Americagcommends luminance
levels in a range depending on the task. The offreeronment includes different

visual activities. Office work requires various lumance levels over a wide range;
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too much light should not wash out the screen anlemearby papers brighter
and uncomfortable for vision. On the other handpgic design and other visual

performances require much more.

In general, luminance over 500lux is most afiely obtained by a
combination of local and general lighting syste@$ice and furniture surfaces
should be of light color and high reflectance awaydhigh contrast with visual
tasks and also reducing the output required ofigiming system, making it more
economical and energy efficient. Providing visudérest through selective use of
highlights and accent colors makes a space moreadipg and enhances workers'
sense of well-being. Luminance should be relativelyiform to prevent
distracting bright and dark patches. Uniformitythe ratio between the minimum

and average levels of luminance (Ozturk, 2006).

Figure 4.1 An office with indirectly lighted ceilin

4.4 Daylight Factor Measurement

The effect of glazing type on electric liglgiMemand was studied in this
section. There were a lot of variable for performednvestigate the effect of
window area, window transmittance, orientation, emess of officeWhen the
electric lights are controlled, electricity consump is further reduced; the
impact of automatic control of dimmable lighting @ooling load was also
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investigated. The selection of window size for eagkntation was an important
criterion. Window size is expressed as window- &hwatio (WWR). Firs of all,

three factors were examined for daylight avail&ili

(i) the ability to provide adequate daylight into Hpace;
(i1) the reduction in electricity demand for lighty and

(i) the impact on peak heating and cooling demand energy consumption.

Although, there are many other parameters hwkiould be taken into account
when selecting window size, such as glare, thewcuoaifort, or even aesthetics,
those should be evaluated at a second step.

The lighting system has been adjusted for taaimg a constant illumination
level of 500lux on the working desk for this studlyhen the daylight level at the
work desk exceeds 500lux, the artificial lighting switched off manual.
Furthermore the values measured by light metethenatorking desk have been
checked at each measured point every 30min., ifiltheination level drops
below the limit of 500lux the artificial lightingsiswitched onAn experiment has
been conducted for 500lux illumination level on therking desk with daylight,
and 5kWh energy consumption has been recorded dayawhich is read of

electricity meter every experimental days (Ozt@®06)..

4.5 The Parameters Influencing the Artificial Lighting Consumption

4.5.1 Effect of the Window Orientation on the Lighting Energy Consumption

The north oriented room consumption is alwdwygher than from other
orientations. Then, coming in this order, the dldon is east, west and south.
When there is a large amount of available daylighth the room, coming from a
large window are or/and a high glazing transmitéartbe orientation influence
can be minor or even non-existent. During high rcleaurs, the daylighting
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availability is so important that the diffuse ark texternal reflected lighting
portions, added to the internal reflected lightarg sufficient to reach the lighting
demand (Bodart & Herde, 2001).

4.5.2 Effect of the Office Width, Depth on the Lighting Energy Consumption

When the room width increase, the electribtligg consumption per floor in
square meter decreases. But the office depth @ffewdt high value according to
the width of the window. This evaluation is true fevery facade configuration.
Effect of the room depth is shown in Figure 4.2dBd & Herde, 2001).

3500 A

3000 4

Maminancedlux
5 g

8

]

| ——glazing 1 —=— glazing 2 ——glazing 3 —— glazing 4|
Figure 4.2 Illuminance distributions on the worlap distance from facade (18.07.2008).

4.5.3 Effect of the Room Wall Reflection Coefficients on the Lighting nergy

Consumption

Light colored internal surface are always hélfor the lighting consumption.
The lighting consumption difference between faceolefiguration and room size
is higher for dark rooms. The light color has higifiection coefficient and this

provide that lighting energy consumption decredBeslart & Herde, 2001).
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4.5.4 I nfluence of the Glazing Transmission Factor on Lighting Consumption

The transmission of the windows has a sigaificimpact on daylighting
induced, the energy saving. The artificial lightc@nsumption increases when the
lighting transmission factor decreases howeves, tbnsumption variation is not
linear and the lighting calculation is based oreaessary lighting level (500lux).
Figure 4.3 shows the lighting artificial consumptiéor the four orientations
(Bodart & Herde, 2001).

Artificial lighting consumption (kWh/m?)

o 10 20 30 40 s 80 7o 80 80 100
Glazing visible transmittance (%)

Figure 4.3 Evolution of artificial lighting
consumption of the glazing Vvisible
transmittancgBodart & Herde, 2001).

4.5.5 Parametric Analysis

This thesis study contains various types akigig for offices. The perimeter
and floor areas ratio of office is defined the getim characterization of the
office. The intent was to obtain a wide range ahtmittance values to get broad
representation of available numerical data. Theler'dl? lists the window areas

and four different types of glazing used in theaxpental study (Ihm, 2008).



38

Table 4.2 Window transmittance and rangeAgfA, and A/A; ratios used in the experimental

study
Visible Window to Perimeter to Total
Glazing Label Transmittance Perimeter Floor Floor Area Ratio
area ratio (A/Ay) (AJAY)
Clear C 0.78 0.4 0.3
Heat Control H 0.77 0.4 0.3
Solar Control S 0.16 0.4 0.3
Heat and Solar H&C 0.69 0.4 03
Control

Au/A,: Window to perimeter floor area: This parameteovmes a good
indicator of the window size relative to the dakligloor area.

A /As: Perimeter to the floor area: This parameter iaugis the extent of the
daylight area relative to the total office flooear Thus wheiy/A; =1, the whole

building can benefit from daylighting (Ihm, 2008).

These measurements were carried out for dgbt mmonths period during the
year of the 2008. For each experimental day washhoweasurement from 8:00
am to 6:00 pm. All the measurements were perforatedesk height (working
plane) of 0.762m. Measurement shows that the ithamte level is higher
different to the windows than at the back of thennalhm, 2008).

To determine the percent savinfgsin annual use of artificial lighting due to
daylighting; implementation of using daylighting ntmls in office buildings,
(Krarti et al, 2008) found that the following equat can be used:

fy=b[1-exp(-az,A, /A)| A 1A (4.1)
where is:
T : the visible transmittance of the windowaziey

Au/A,  :the window to perimeter floor area.

Ay/As  :the perimeter to total floor area.
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Thus, whe\y/As = 1, the whole building can benefit from dayligig a andb
are coefficients that depend only on building lawmatand control strategy. The
coefficientb represents the percent of time in a year thatiglayhg illuminance
level can provide the required design illuminaneep®int, 500lux. In other terms,
the coefficientb measures the daylighting availability during bunfyl operating
hours in a given geographical location (Pyonchamjekrezek & Moncef).



CHAPTER FIVE
EXPERIMENTAL SET-UP

5.1 Office Description

Tepekule is one of the businesses buildintggmir (38 27’ 02.48”N latitude
and 27 10’ 13.37”E longitude) (Figure 5.1). One of offevas arranged for an
experimental study from Tepekule. Building was eckd for study and
measurements because of the three reasons: litived/ big-size building with a
glazed envelope on four sides. Secondly, the desigias intended to express a
high-tech appearance and feeling of expansivengsapplying glazing to this
building envelope design as the Chamber of Mecharimgineers inizmir.
Finally even though it has been designed with hgghlity, its occupants have

suffered from the poor illuminance at indoor enmireent.

Tepekule has twenty floors and height of 6070 he seven floors over the
ground floor are belonged to the Chamber of Medwaritngineers. These are
used for business, exhibition and conference pago$he first of two floors
under the ground floors are used to garage. Atheften floors over the Chamber
of Mechanical Engineers are employed for officdse Top of the floor is used for

local service (Figure 5.2).
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Figure 5.1 View of Tepekule
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Figure 5.3 Tepekule settlement plan

The office floors have two different types s#ttlement which are 5Cnand
100nt. The offices at the corner side are 18Gmd the offices at other sides are
50nt (Figure 5.3). First type of the office has an as&0nt with a width of 5m,
the length of 10m, and height of 3.15m. The offiegth the area of 100fhave
width of 10m, length of 10m, and height of 3.15ng(Fe 5.4). Small offices are
oriented to southwest and southeast side and wis@oetotally 6rh Big offices
are oriented both southwest and southeast and wsdare two different

directions to totally 12/

The office, number 407 at the tenth floor afp&kule was selected for the
experimental study (Figure 5.5). Office was prodider this experiment by the
Chamber of Mechanical Engineers. There has not begroccupier in the office
during the experinetal study. Office is at the clii@en of the sea side. Windows
with double-pane off-line coated reflective solantol glazing are placed in the
southwest facade, 1m x1.5m dimension four piecdbeabffice. The glazing is

middle degree of dirty. The flame of the windovalaminum and non-opened.
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Table 5.1 Geometrical and optical properties ofdfiiee envelope

Envelope element Total area Reflectance
Ceiling 50n% 0.9
Opaque walls 95M 0.7
Floor 50m 0.2

The ceiling color of the office is white, wallre light pink and floor is
concrete (reflection coefficient of envelope = 0.9, g» = 0.7, o = 0.2
respectively) (Table 5.1). Since the office hashe®n used for occupiers already;
there have not been any furnitures and equipmamntegithe experiments. When
the experiment was done, it was behaved as there @czupiers in the office,
while the air-condition system and artificial ligig used. The illumination
system consists of six luminaries with incandestamps, each has 100W, which
is marked as plus in Figure 5.6, Figure A.7 andufggA.8. Luminaries are
positioned in two rows: The first row is parallel the windows and the second
one is suspended under the ceiling with the len§th6m. All of the lamps have
turned on during the working hours. The electrinstomption is counted with an
electric meter which has owned by each office.
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Figure 5.6 Incandescent bulbs plan of theeff
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For temperature measurement, T-type thermdesupere installed at each
measurement point of the office as shown in Figui® Figure A.7 and Figure
A.8. The thermocouples were set up nine pointhefibhdoor office which were
numbered from one to nine. The thermocouple nundbeiee was settled in
interior surface of the glass. Six of the thermgaes, which were hanged up the
incandescent lamps with the distance of 60cm frieenceiling, were set up inside
of the office. Thermocouples numbered one and tweevset up to exhaust vent
and intake vent of air-condition system. A dataglxgwas used to measure the
temperature at each measurement point at every n30Each one of the
measurements was taken twenty four values in foumutes. After each
measurement, the average value was calculatechenaverage value was used in

the next step of calculations. Outdoor temperatas taken from Ege University
Institute of Solar Energy.
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8 7 interiror surface
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el exhaustvrt

Figure5.7 Thermocoupliglsin of the office

lllumination values (daylight + artificial lid) were measured by light meter

from the desk height (working plane). Measured {2001 the office are as shown
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in Figure 5.8. Vertical lines were installed at ®nof each window. The
intersection points of vertical lines and five lzomtal lines which are installed in
front of the window region distance of 75cm and ttker lines were distance
150cm. The intersections of the lines were measemémoints for the lighting

values. These values were recorded continuouslgi@ndd at every 30min.
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Figure 5.8 Measurement of illumicamplan of the office

[

Table 5.2 Technical property of air condition indemunite
Cooling capacity 5.6 kW 19,000 btu/h
Heating capacity 6.3 kW 21,500 btu/h

The indoor unit of air-condition system is piped ceiling type. Interior unit’s
absorbing and intake vents are set up through idgeh ceiling which is done
entry of the office. The intake vent is providingetflow of conditioned air to the
office space from the front side of the hidden ingil The exhaust vent is
60cm x 60cm dimension and set up at the bottonaserdf the hidden ceiling.
By this way, a circulation of air inside the offiteprovided.
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The office was selected according to the sgéan and daylight design criteria
from glazing. It has been designed to be rectaspkpe and elongated along
northeast and southwest axis. During winter peribd,building needs maximum
energy of solar. The lighting requirement of théicef has been based on the
glazing unit of the building. The site is suitalite the location of the building
since there are not high buildings which can ovadslwv it. The site views the sea.
These are advantageous conditions for the offiguré 5.9 shows the paths of
the sun forizmir. For summer, considering in the time of sum@asd sunset, the
sun has the azimuth angle of about®2Md for winter the sun has the azimuth
angle of 60. These are the critical angles to be consideredtinilding design in
terms of thermal condition (Karagla2006).

NORTH NORTH
SOUTH SOUTH
Summer sun path Winter sun path

Office azimuth angle Office azimuth angle

Figure 5.9 The path of the sun of summer aimdewfrom office

5. 2 Building Components

5. 2. 1 Wall Components

Heat transfers to/from the office through twalls: The first one is the outdoor
wall and the second one is wall along the entranke.neighbor offices, are using
the air-condition system and that’s why there isary heat loss/gain from them.

The following criteria have been taken into consiien while determining the
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wall material. Heat conductivity coefficient of 15mutdoor wall (Figure 5.10) is

0.488W/mK, and 20m iddoor walls (Figure 5.119.806W/mK (TS 825).

Aeratedcconcrete has been chosen as the wall material nicattproperties are

given of the wall below;

The density (when it is dry) : 500kg/m
Heat conductivity coefficient : 0.22W/mK
Thickness : 20cm

For wall insulation, curtain wall facades haveen used. The reasons for
utilizing curtain wall facades are to perform betteght transparency,

appearances, ventilation, heat and noise.
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v

OUTER PLASTER (2cm)

CURTAIN WALL (5cm)

Figure 5.10 Section of outdoor wall
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1~ INNER PLASTER (2 cm)

AERATED CONCRETE ( 20 cm)

OUTER PLASTER ( 2 cm)

Figure 5.11 Section of indea|

5. 2. 2 Window Components

The energy efficiency of windows is usuallpnmesented with theiu-Factor.

There are some factors that affect the U-valuewiinaow.

* The type of the glazing material

» The number of layers of glass (double glazing)

» The size of the air space between the layerseoflazing

» The thermal resistance or conductance of thedrand spacer materials
* The air tightness of the installation.

In the experiment, double glazed window witmin gap glazing, which was
coded ITR120 and gave the heating and lighting gnags in Table A2, has been
used Heat transfer coefficient of glazing is 2.58#C which was calculated at
the chapter third (ASHRAE,2001).

5. 3 Air-Condition System

Cooling and heating of the office is made wéah air-condition system.

Ventilation is the preferred to spring season bseait is not necessary any
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cooling and heating in this office. Solar gain bk tglazing function of the
building added excessive heat gains in summer,usecaf the glazing solar

transmittance property.

For air-condition system design;

= Wind speed and its direction in the building site,

= Other buildings and plants surrounding the buildihgxists),
= Type of windows utilized,

= Calculation of solar heat gain

= Calculation of cooling and heating load

Natural ventilation is not possible becausendsivs are non-opened.
Infiltration or overload under worst conditions net entered the indoor of the
office. Because of that mechanical ventilationbfigatory. Size of the vents is a
function of a number of factors, the aim of theceland the area of the office, the
number of the occupier. The intake vents shouldigd and the exhaust vents
low. The intake vent is turned towards to the effspace and the exhaust vent is

placed to the entry of the office.
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CHAPTER SIX
CALCULATION METHODS

In this chapter, the required calculationsdar project will be done so as to
gather qualified information about the effectivened the glazing system on
heating, cooling and ventilation. These calculai@ne done according to three
seasonal periods, winter, summer and spring. Asoftfiee is set up dynamic
calculation principles and this chapter will be d&d to solar calculations
(Karada, 2006).

6.1 Solar Calculation

The basis heating resource of the office essblar energy from the glazing so
solar radiation is the base interest in solar ¢atmns. Beam radiation is the solar
radiation received from the sun without having bdepersed by the atmospheric
processes such as clouds. It is defined direct sathation. Diffuse radiation is
the solar radiation received from the sun afteditection has been changed by
dispersing by atmospheric elements such as paiiclest, smoke and water
vapor. Absorption of radiation in the atmospherehi@ solar energy spectrum is
due largely to ozone in the ultraviolet and to watgpor and carbon dioxide in
bands in the infrared (Duffie & Beckman, 1991).

Reflected radiation is either diffusing or beaadiation reflected from the
foreground onto the solar aperture as shown inrEigul. Calculation of these
three types of solar radiation is very importantdgtermining the efficiency of
solar resource for heating and cooling. Radiatimdent on a surface that does
not have a direct view of the sun consists of défand reflected radiation. Solar
calculations are quite complex and have differetable to consider. Therefore,
in order to examine them in detail, they are stiidimder separate sections
(Duffie & Beckman, 1991).
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Figure 6.1 Direct, diffucedaground-reflected radiation on a tilted surface

(Duffie and Beckman, 1991)
6.1.1 Calculation of Beam and Diffuse Components of the Total Radiation

Measured on a Horizontal Surface
Clearness of the sky has an important roleetermination of beam and
diffuses components of the total radiation, and #éxpressed by a ratio named as
“clearness index(Kny”. The ratio of monthly average daily radiation @n
horizontal surface to the monthly average dailyagtrestrial radiation is defined

as monthly average clearness index (Kagadf06).

The dataH, Hy and Iy are from measurements of total solar radiationaon
horizontal surface, that is, the commonly availapyganometer measurements.

ValuesH, Hp andly can be calculated by the methods of Section 2.4.

6.1.2 Beam Radiation Acting on a Tilted Surface
Solar radiation at a time, a place inside #tmosphere depends on the

geometrical relationship and orientation of thefae. Maximum solar gain is

obtained on surfaces where solar radiation com#snght position of the sun. In
some cases, investigation of the sun on a right @diorth-south, west-east,
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horizontal, vertical, tilted, polar etc.) may prdei obtaining more solar energy
from the system (Karaga2006).

To find of the solar radiation values of veati and solar azimuth angle
surfaces and the other solar and surface anglesffoes’ position. Generally it is
easy to find out the data for measured and estdaiation on normal direction
or for horizontal surfaces. These radiation datsstrhe formulated for tilted

surfaces to vertical surface (Karggd2006).

It formulates beam radiation data for verticaffgaoes. For horizontal surfaces,

H
cosd, =—L2 (6.1)
bt

For tilted surfaces,

cosé = Py (6.2)
an

Where

Hon :Beam radiation at normal incidence (V\?)m
Hp :Beam radiation on horizontal surface (Vfym

Hp: :Beam radiation on tilted surface (WAm

From these two equations, the geometric faBipithe ratio of beam radiation
on the tilted surface to that on the horizontalfaxe at any time, can be

calculated.

_ cosd
cosd,

= Hy
R = H, (6.3)
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If R, factor is known, then beam radiation on the serfean be calculated
with the following formula;

Hbt:beRb (6.4)

If the surface faces the south, tH@yfactor at any time is,

_ cose, _ cos@ - )cod cowm+ sSig—L )sih

R cosd, co® cod cap+ S sin

(6.5)

The equation for diffuse radiation from the sky @ofar surfaces witl# slope is,
H,q (1+ cosp3
2

j whereHy is the diffuse radiation on horizontal surface (IBauf

and Beckman, 1991).

Tilted surfaces also receive reflected radratfrom the ground and other
substances. If reflection coefficient for reflectemdiation that tilted surfaces

receive i®, then the ratio of ground-reflected radiation wofaces with slopg is,

p(l— (:Zosﬁ 1- cosﬁj.

j and ground-reflected radiation ig, + Hd)p( 5

The sum of beam, diffuse and reflected ragimtfjives total solar incidence

radiation on a tilted surface;

H; =H R + Hd(1+ CZOS'BJ+(Hb+ Hd)p( L ;og{?j (6.6)

where H= H, +Hq4 gives the sum of beam and diffuse radiation on Zootal

surfaces coming from the sky dome.

Liu and Jordan systems are developed to gredimthly average daily total

radiation on tilted surfaces. This method monthierage clearness indekr
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depending on the ratio of diffuse radiation to katalar radiation (Duffie &
Beckman, 1991).

For < 814 and 08 K;< 0

%=1.391-3.56(}3—(T+ 41882 - 2.1K: ()

For o> 81.4 and 0.8 K< O.

%:1.311— 3.02K; + 3.42K2- 1.82° ()

H, is the monthly average diffuse radiation on hartabsurfaces.

Klein extpanded the equation of Liu and Jorttagalculate monthly average
daily radiation on tilted surfaces to be used itaisprocess design procedures
(Ozbalta et al. 2004). If the diffuse and grounfliected radiation is assumed to
be isotropic, then the monthly mean solar radiatona tilted surface can be

calculated with the following equation (Karag&006).

_ _ m _ _ + _ |

A, =A|1-Ha|g 4, [ 1EC0F ), [ £ C0F (6.8)
H 2 2

Table 6.1 Property of wall

Azimuth y Tilt g Orientation

45 o south-west fasing wall

Therefore, monthly average absorbed radiataran be found by multiplying

monthly average solar heat gain fact8KHIGF and monthly average incident

radiation on tilted surfacel-_(T ).The tilted surface is defined in Table 6.1.

S = SHGR H) (6.9)
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The SHGF is needed to determine the solar radiant heat gaiough a
window’s glazing system. The coefficient shouldibeluded with theU-Factor
and other instantaneous performance propertiesyimeanufacturer’s description

of a window’s energy performance. Because the apfimperties as ang, vary

with angle of incidence. Because the optical proggras ands vary with angle
of incidenced (defined as the angle between the rays inciderniherglazing and
the normal (perpendicular) to the glazing), thesblkeat gain coefficient is also a
function of angle of incidence. Once the inciderddiance andHGFare known
for the angle of incidence, the solar gain can d@puted with Equation (6.9).
The direct beam solar heat gain coeffici8MGFis a characteristic of each type
of fenestration and varies with the incident andlecause transmittance and
absorptance of the glazing material depend on tigéaof incidence (Karada,
2006).

SHGF=7+ Ua/ (6.10)
For double glazing
SHGF=7+ Ua/ Q+[( U/ h)+( U/ g)]ai (6.11)

For shaded glazing materials and other momaptex fenestrationSHGF
could be calculated for standard conditions andréselt of these calculations
were given at the product catalogues. The anglmaflencele’s change values
were found with the help of diagrams which wereegivn Solar Engineering of
Thermal Processes. The diagrams could also bersé@pendix, Figure A.1, and
Figure A.2. To prove the truth of these calculataliies; an extra experiment was

made. This experiment was defined at Chapter 8.
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6.2 Heat Loss and Heat Gain Calculations

Thermal system of a building is formed by twenbination of various factors

as Figure 6.2. Quantities of main heat flow aretisoelow (Carroll, 1982):

* Q : Internal heat gain from electric lights, peogéewer equipment and
appliances.

* Qs: Solar heat gain through fenestration areas amufjuction heat gain
through roofs and external walls.

* Qc: Conduction heat gain or heat loss through thdosimg elements,
caused by a temperature difference between ousidénside.

* Qy: Ventilation heat gain or heat loss due to or naeatal ventilation and
infiltration.

* Qm : Mechanical heating or cooling produced by somergyrbased

installation.

The mathematical description the monthly reepii auxiliary heat by
calculating the heat lost and heat gained throughous component of the

building is expressed ky

Q=Q+Q:Q*QxQ, (6.12)
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.

L ..,

Figure 6.2 Termal system of the office

6.2.1 Conduction Heat Gain or Loss (Qc)

The heat loss by conduction and convection treasfer through any surface

is given by:
Q:UAH_-E,] (6.13)

where;

Q: Heat transfer through walls, roof, glass, flaetg (W)
A: Surface areas (n

U: Heat transfer coefficient (WATC)

Ti: Indoor air temperature (°C)

To: Outdoor air temperature (°C)

Heat transfer through external walls, indoatlwhe different heat, windows to
the external wall depends on:
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» Difference between room air temperature and graangperature/outdoor
air temperature,
» Materials of walls, windows,

» Conductivity of the surrounding earth.
6.2.2 Infiltration and Ventilation Heat Loss

The total heat loss due to indoor- outdooreaithangeQ, can be calculated

by:

Q= Qnf * (6.14)

where;

Qinf : Infiltration heat loss (W)

Qc : Ventilation heat loss (W)

Natural ventilation was not used and infilwathas been ignored (come from
door) only mechanical air ventilation was considef@ total calculations which

are given by;

Q. =VpoCpa(T-To (6.15)

where;

V : Volumetric air flow rate ()
cha : Specific heat capacity of air at constant gues, (J/kEC)
0 : Air density (kg/m)

6.2.3 Internal Heat Gain

The internal heat gain is divided into three maiougs; occupants, lights and

equipments which is given by;
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Q=Qp*Qigne * @ (6.16)
where;
Qi . Internal heat gain
Qp  :Heatgain from people

Qignt : Heat gain from lightening

Qe : Heat gain from equipment

6.2.4 Passive Solar Gains

Total solar gain@s) equations for all orientations were mentioned he t
previous section. Passive solar gains per squater m@as calculated parallel to
glazing areas exposed to solar radiation for tluases — north-facing, south-

facing of the office.
6.3 Lighting Demand
The lighting of the office was used during the wéhalork time. Daily usage of

lighting was calculated as 5 kW. The monthly usagéue of lighting was

accepted as certain and 100 kW.



CHAPTER SEVEN
RESULTS AND ANALYSIS

7.1 Results

Steps that were followed in calculations of thejgebwere;

» Calculation of useful solar gains over heating seasnd calculation of
increase in cooling load due to solar gains,

» Calculation of internal gains

» Calculation of total heating demand over heatingsesa and cooling
demand over cooling season,

» Calculation of total demand of additional lightidgmand

» Calculation of overall energy savings.
Office consists of one zone and calculateohdj\space (Figure 7.1). Wall of

offices are used two different types, which are edmmdoor and outdoor, for heat

gain and heat loss calculations. Offices outdoofasng the south-west side.

61
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‘ | i

Figurd Elevations of the office

Three climates effect were investigated experinyentl

« Winter Climate: The winter period is defined as froni &f January to
30" of February. In winter period, the aim is to gaolar energy as much
as possible and subjected to direct solar radidgticough heating control

glazing. At the same time lighting is wanted asugyoas to study surface.

« Summer Climate The summer period is defined frortt af June to 39
of August. In summer period, the aim of the projecto provide direct
sunlight as much as possible inside the office. ligiging value is wanted

as over the minimum level.

« Spring Climate: The spring period is defined fron df March to 3¢ of
May. In winter period, the aim is to provide bettamditions for solar

radiation and lighting.



In this chapter, calculations were done urfidermain headings;

1.

a kb 0N

Calculation of hourly useful solar energy,
Calculation of monthly useful solar energy
Hourly heat gain and heat loss calculations
Monthly heat gain and heat loss calculations.
Monthly lighting load calculation

7.1.1 Calculation of Hourly and Monthly Useful Solar Energy

The calculation steps are:

Determining solar radiatiomg, Ip, I and a
Determiningl+,

Determining solar radiatiot]o, Hp, Hg andaa
The Monthly Average Clearness Indé&;,

DeterminingH+, S

7.1.1.1 Calculation of Sunset Hour Angles

Calculation of the sunset hour angte ) is given by expression:

=- tarp tard

COS
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(7.1)

In Table 7.1, the sunset or sunrise hour anglaviengfor horizontal surface
and g = 90

where

@ :latitude of the location (327’ N for 1zmir Bayrakl)

O :solar declination

ochanges with mean day of the month and it is ghweexpression:

J=23.45sir) 360 284n) /36f

(7.2)
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Where n mean day of the month

Table 7.1 Monthly values af, 5, ws
Month | Jan. Feb. Mar | April | May. Jun. July. Aug.

n 17 47 75 105 135 162 198 228
) -20.917| -129§ -2417 9.41 1879 23.08 21 13.45
[OR 7247 | 79.55] 88.09 97.50 105.%5 109/62 104.78 80Q.8

7.1.1.2 Solar Radiation

Table 7.2 showsH and H, values forizmir (Latitude: 38 27’ N). These

values were calculated. And the graphics of theesakhow Figure 7.2.

Table 7.2 Monthly Averagéd , H o, H 4, H ,, values fodzmir (MJ/nf).

Month Jan. Feb. Mar | April May. Jun. July. Aug.
6.6 9.4 13.2 17.6 22.4 24 24.4 23
16.1 21.3 27.9 34.7 39.4 41.3 40.8 365
3.22 4.25 6.01 7.43 8.29 8.57 8.0p 7.7
3.38 5.15 7.19 10.17 14.2 15.48 16.51 1583

o

Tz
o

o

H : Monthly average daily radiation on a horizontatface (MJ/rf)

: Monthly average extraterrestrial radiation foe thcation (MJ/rf)

I

: Monthly average diffuse radiation for the locati@d1J/nT)

I

d

: Monthly average beam radiation for the locatibidfr)
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—— Total Radiation—=— Extraterrestrial=+— Diffuse Radiation—— Beam Radiation

Figure 7.2 Solar Radiation Value for experimentahth.

Hourly averaged global solar radiation on azwomtal surface for six month
(kJ/nf) was given in Table 7.3 and Figure 7.3. Theseasaluere calculated in the
chapter sixth. The monthly average hourly global diffuse solar radiation data

which was included measurement for 5 years werengim Table A6, while they

were shown graphically in Figures A3—A6 (Ulgen &pbasli, 2002)

Table 7.3 Hourly averaged global solar radiatioradorizontal surface (kJfn

Hour Jan. Feb. Mar April May. Jun. July. Aug.

7-18 0 0 377.2 | 987 1425 1606{4 1520.3 117D
8-17 298.11] 770.6 | 1356.7| 1937.9| 2323.9 2473.4 2397.3 2092.9
9-16 1137.411638.8| 2234.8 2790.6| 3129. 3248.9 3183.6 2940.2
10-15 1822.72347.6| 2951.8 3486.7| 3787. 3882.8 382%.6 3595.7
11-14 2307.3 2848.9( 3458.4 3978.9| 4253. 4331 4279.6 407_3.3
12.-13 2558.113108.4| 3721.21 4233.8] 4494, 4563.1 45145 4330.6




7.1.1.3 Monthly Average Clearness Index
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Figure 7.3 Hourly averaged glatzdar radiation for eight month.

Monthly average clearness index calculations arergbelow
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(7.3)

On the basis of monthly average clearness indexligiten of monthly

average daily horizontal diffuse radiation to mdytiwverage daily extraterrestrial

radiation conclusions were given in Table 7.4 aiguife 7.4.

Table 7.4 Monthly average clearness index and nyatrerage horizontal diffuse radiation from
monthly average horizontal radiation ratio.

Mouth

Jan.

Feb.

Mar

April

May.

Jun.

July.

Aug.

s

0.41

0.44

0.43

0.51

0.57

0.58

0.61

0.43
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7.1.1 4 Monthly Average Beam Radiation Factor

Beam radiation factor was calculated for differemtentation and vertical
surface. The values were showed in Table 7.5.
For south facing vertical= 0 andg = 90,

For east and west sidegy= +90

7.1.1.5 Monthly Solar Radiation on a Tilted Surface

In the calculation of monthly solar radiation ontiked surface the ground

reflectancepis assumed at value of 0.5 for all months (ASHRE®Q1).

Table 7.5 Monthly average beam radiation factor modthly solar radiation values.

Month Jan. Feb. Mar. | Apr. May. |Jun. Jul. Aug.

Ro 1.46 111 0.77 0.52 0.23 039 0.37 0.46
(South-west)

H 16.15 13.27 | 11.99| 13.52| 14.38 1450 16.61 17.07
(South-west)

7.1.1.6 Monthly Average Absorbed Radiation SolaatH&ain Coefficient

Monthly absorbed radiation calculations have beenedfor all sides of the
building by using equation 5.21. The results amashin the followingtable.

S=SHGR H) (7.4)

The monthly averag&HGFand (5)

Table 7.6 Monthly averageHGFand (5) for South-west directions

Month [Jan. Feb. Mar April May. Jun. July. Aug.

SHGF |0.71 0.69 0.63 0.51 0.38 0.26 0.27 0.44

(S) |1163 | 916 | 755 | 690 | 546 | 337 | 4484 7.55
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7.1.2 Heating and Cooling Load Calculations

Heat gain and heat loss calculation steps are;
» Suitable design parameters
» Calculating overall heat transfer coefficient
» Calculating heat loss of the office

» Calculating heat gain of the office

7.1.2.1 Design Parameters

Location property of the office, climatic vakiand indoor design parameters
influenced heat gain and heat loss calculationg fAéating and cooling loads
were calculated according to dynamic principle leé thdoor design conditions
according to the experiment results. In this prpjeatdoor design temperature
was determined by using hourly average outdoor ésatpre recorded by Ege

University of Solar Energy Institute i@mir.

. The hourly average outdoor temperature values vodrained to
average the recorded temperature values which wererded by Ege

University of Solar Energy Institute i@mir every fifteen minutes

. The hourly average indoor temperature values, whiehe recorded
every half an hour from nine different points oficé, were obtained to
calculate the average thermocouple value. The geevalue of the six

temperatures was used for indoor temperature.

The indoor environmental property of the office determined occupier
request. The occupier is using the air-conditiongygtem for its own design

temperature parameters.
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7.1.2.2 Heat Loss Calculations

Properties of building materials were mentwine chapter five. Details about
the materials and where they were used could be iseeclated figures in the
chapter. Features of these materials were takem ASHRAE and TSE 825. The
office is at fourth floor and its neighbors, upsta@and downstairs of the offices
have the air-condition system so that the therrfiateof ceiling, floor and indoor
of the neighbor offices were neglected for the hesatsfer calculations. The heat
loss/gain occurred from/to outdoor, indoors whickrevneighbor of the entrance

and space of the plumbing and showed A, B and gentiwely in the Figure 7.5.

The heat transfer calculations were made ughéodynamic principle. The
measured indoor and outdoor temperatures wereaigbé calculations. The heat
loads calculation was defined by the differenceteshperature of indoor and
outdoor (Table 7.8).

To find out the specific heat loss value; it wadtipled the area of the walls
which had heat loss and the heat transfer coefti¢lé ) (Table 7.5) so the daily
heat transfer gain was calculated by using the ispeteat valve with the

multiplication of temperature difference in Tabl8&.7



A

Figure 7.5 Hezgd/gain parts of the office

Table 7.8 Total specific heat loss of the office

70

U- Heat Transfer Area UxA
Construction Components coeff. 2
Outdoor Wall 0.488 9 4.39
Window (double glazzing Low-e) 2.52 6 15.12
Indoor Wall 0.806 15 12.09

7.1.2.3 Heat Loss Calculations

Total Heat Gain;

20=Q+Q+Q+Q

Total Heat Loss;

20=+Q-(Q+Q)

(7.5)

(7.6)



71

7.1.2.3.1 Heat Transmission Loss.

Q =UAT - To) (7.7)

The Q. value was calculated by using the experimantalli®svhich were
daily dynamically measured. Values of outdoor terapge were taken from the
Ege University, Solar Institute. Average indoor parature T;) value was found
by using six thermocouples numbered three to aiglitigure 5.7. The example
calculation for the mentioned day was given belowable 7.9. The monthly heat
loss value was calculated with these results ineT&l0. These results for the
monthly heat loss value had an acceptable differevith the results which had
been repaired by the MMO (The Chamber of Mechartcaineers).

Table 7.9 Daily heat transmission gain in workimmyis for 17.01.2008

17.01.2008
Time T, T, AT (V\L/J/f‘c) He?\jv'goss
08:00 12.46 20.8 8.34 853.35
09:00 13.28 212 7.92 839.29
10:00 13.86 21.35 7.49 824.89
11.00 16.24 214 516 749.93
12:00 16.39 245 8.11 84565
13:00 14.96 26.88 11.02] 31.60 973.18
14:00 14.95 2733 12.38 988.58
15:00 16.35 23.84 7.49 824.89
16:00 17.63 24.94 731 818.87
17:00 16.97 25 8.03 841.07
18:00 14.19 23.96 9.77 901.21
Total | 9461.81 WN

Table 7.10 Monthly heat transmission loss of office

Heat Loss/Gain

Month UA(WIC) Total Monthly Loss(KWh)
Junuary 215.96
February 225.4

March 160

April 31.60 176

May 180

June 350.24

July 350.8

August 357.8
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7.1.2.3.2 Internal Heat Gains

Q=Q+Qgnt * @ (7.8)
Qp : Heat gain from people:

Qp=S(SHG( CLH+ $ LHG (7.9)
SHG Sensible heat gain

LHG Latent heat gain

S Number of people. The office is assumed to begeaple worked so;

S=2

CLF=0.93

Qp =2 x70x0.93+ 2x45F 220.2\

Qiight: Heat gain from lightening

Q“ght = Lighting Loadx A< CLF
Lighting Load= 12 Wi/nf

Lighting period is ten hours a day so,
CLF=10.93

A= 50 nf

QIight =12 x 50 x 0.93 588V

Q: Heat gain from equipment:

Q. =PxCLF

Equipments in the office;
Computer: 0.30 kW x 2 = 600W
Printer: 0.20 kW x 2 =400 W
P=600+400 = 1000W
CLF=0.93

Qe =1000x 0.93= 930V

Q : Internal heat gain

Q =220.2+ 588 936G 1738.2W 6.23 MJ/d
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7.1.2.3.3 Ventilation Los$n the thesis, the heat load of mechanical verditat
was presented. Infiltration is ignored becausewtm&lows were not opened and
the infiltration from door was neglected. The mathbal ventilation increased the
heat loss in winter and it also rose to heat gaisummerQ. value was added in

total load calculation with mutplied by differencktemperature (Karaga2006).

Qe =VpCpa(T-T)r
V =50nfx3.15m=157.5m
Coa=1.007 Kj/kgC = 0.279 WIKEC

p =1.194 kg/mi
n = Air change factor (20%)
Qc =10.5 WIC

Also the ventilation was provided with air-conditisystem in the spring
season. Air ventilation was provided by the fanmechanically. There was no
heating or cooling action with the air ventilationthe sipring season. The only
electric requirement is occurred while the fan tisvark. The fan was working
while applicating the experiments. The monthly ggerequirement of the fan is
taken from the administrator of entire buildingTapekule as 75kWh.

7.1.2.3.4 Passive Solar Gaifhe following tables showed calculation results of;
» Total hourly solar heat gain for southwest facingipon of the office
» Total monthly solar heat gain for southwest-fagiogition of the office,
« Total heating and cooling load of the office fousawest-facing,

» Total heating,cooling and lighting demand for tlfiice
7.1.3 Lighting Demand
The lighting of the office was used during the wehalork time. Daily usage

of lighting was calculated as 5kW. The monthly wsa@lue of lighting was
accepted as 100kW.
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7.1.4 Calculation of Total Heating Cooling and Ligting Demand

The hourly heat gain from sunlight radiation hasrbealculated and given in
Table 7.11. The monthly heat gain from sunlightaddn was also calculated by
using the values on this table. The monthly chaofjehe heat transmission
coefficient of glasses was given in Table 7.6. Thenthly average absorbed

radiation for south west of the office was giveriable 7.7.

Table 7.11. Hourly passive solar gain for theasffi

January

Total Solar
Hour S(kIm? | A(m? Gain( kJ)
7:00-8:00 5.832 6 34.99
8:00-9:00 75.66 6 453.96
9:00-10:00 151.80 6 910.80
10:00-11:00 462.22 6 2773.32
11:00-12:00 560.04 6 3360.24
12:00-13:00 860.4 6 5162.40
13:00-14:00 791.3 6 4747.80
14:00-15:00 643.88 6 3863.28
15:00-16:00 502.53 6 3015.18
16:00-17:00 150.92 6 905.52
17:00-18:00 3.86 6 23.16

Table 7.12 Monthly passive solar gain for the @ffic

South-West Facing
Total Solar
Month (MJ?m 2) (rﬁz) EiAaJ';‘
Junuary 11.63 6 69.78
February 9.16 6 54.96
March 7.55 6 45.30
April 6.90 6 41.40
May 5.46 6 32.76
June 3.77 6 22.62
July 4.48 6 26.88
August 7.55 6 45.30




The total loads were given in Table 7.12. The efééche heat gain from the
sunlight radiation to the total load could be siethis table.

Table7.13 Monthly heat gain for the office.

Total Heating and Cooling Load
Q Qs Q Q Total Load
Month Total Total Total

Total (MJ) (MJ) (MJ) (MJ) Total (MJ)
Junuary 842.5 -69.78 -6.23 7.5 774
February 770 -54.96 -6.23 11.5 720

March 270 0 -0 0 270

April 270 0 0 0 270

May 270 0 0 0 270
June 1298 22.62 6.23 7.5 1335
July 1305 26.88 6.23 11.5 1350
August 1306 45.30 6.23 11.5 1369

Table 7.14 Monthly heat transfer loss of the office

Heating and cooling load Lighting demand

Month Total Monthly Load(KWh) Total Eﬂozrg&m‘r'ghtmg
Junuary 215.96 100
February 225.4 100

March 75 100

April 75 100

May 75 100

June 350.24 100

July 350.8 100
Augost 357.8 100

The first graphic curve at the Figure 7.6 was alibatheating and cooling
loads which were shown at the Table 7.14. The skgoaphic curve in Figure 7.6

was about total load due to the lighting demandctviwas also shown in Table
7.14.
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Figure 7.6 Monthly heating, cooling and tigly demand of the office

The electric requirement was accepted as certaitD@kWh per month. But
the electric requirement values were taken fromatiirainistrator of the Tepekule
showed that it was double in winter time. Becausdhcs, the total electric
requirement increased as much as shown below uré-ig 7.
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Figure 7.7 Monthly heating, cooling and lightinghtend of the office
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The annual total electric requirement of artifiighting was the 31% of the
annual total electric requirement. The heating @waling load was the 69% of the

annual total electric requirement.

B Totalload

# Lightining

Figure 7.8 Lighting demand and total heating and
cooling load ratio of the annual calculation total
demand of the office

The 40% of the annual electric requirement was s$kerartifical lightening

due to the values taken from the administratohefftepekule building.

B TotalLoad

H Lightining

Figure 7.9 Lighting demand and total heating and
cooling load ratio of the using annual total
demand of the office

The increase of electric requirement in winter doble explained as the

insufficient lighting value.

For the other glazing types’ SHGkKhich was given in Table 7.15, the monthly

heating and cooling loads were calculated in Figqui®.
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Table 7.15 Monthly solar heat gain factor for deferglazing types of office

Glazing Type Label SHGF
Clasic C 0.92
Solar S 0.72
Heating H 0.68
Heating&Solar H&S 0.62
5004
g 4004
S g 3004
E € 200
1004
0.
Junuary March May July

Month

OHas @H Os OC |

Figure 7.10 Monthly total heating and cooling lamand for different glazing

The most energy requirement occured at thesicdaylass compared at the other
coated glasses as shown in Figure 7.10. The Sofdrot glass had the minimum
energy requirement in summer. But in winter timé, hed more energy
requirement than the other coated glasses. The $otdrol glass which was
calculated at this experimental study, had the mmimn energy requirement in
winter and had more energy requirement at the sumbezause of the high
absorbtion value of glass. HIggHGF made a positive effect for winter but in
summer time, it increased the energy requiremettt tie heat gain from the

sunlight radiation.

There were acceptable differences betw&HGF of Solar, Heating, and
Heating&Solar control glasses. But the values & thassic glass had a great

difference from the coated glasses.



Total Heating and Cooling
Load (KWh)
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Figure 7.11 Annual heating and cooling load denfandiifferent glazing

79

To observe the effect of other glasses to the ihightequirement, it could

make a comparison with the visible transmittanceievd/T). The VT values of

the glass types were given at the Table 7.16.

Table 7.16.Geometrical and optical properties efglass and the office

Window to Perimeter to fq

. Visible . Total Floor Daylight

Glazing Label : Perimeter Floor ; A
Transmittance area ratio (AJA,) Area Ratio Availability

P (AJA) Ratio

Classic C 0.78 0.4 0.3 21.95
Heat Control H 0.77 0.4 0.3 21.94
Solar Control S 0.16 0.4 0.3 14.18
Heatand solar | 0.69 0.4 0.3 21.95

Control

fq is daylight availability ratio and it was definexs how to calculate in

Chapter 4. When it was accepted a certain lightlegtric demand for 200kW per

month; the monthly energy requirement accordingh®fy value of the other

glasses were calculated and given in Table 7.17.




Table 7.17 Monthly lighting demands for differetazing

Glazing Monthly Lighting Load (KWh)
C 63.78
H 63.81
S 100
H&S 64
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Heating, cooling and lighting loads were giweable 7.18. The first value of

the table was the total of monthly heating and iogoValues for each glass. And

the second value was the total load with the lightiThe last value was the

reference one: It showed the profits and the los#éso the percentage of

difference between the reference and the real sakere shown. The negative

values represented the losses and the positivevadpresented the profits.

Table 7.18 Monthly total demand for different gltazi

C H S H&S H&S
(Heating, H Heating, S Heating, Heatin Heating,
C(Heating| Cooling | (Heating | Cooling | (Heating [ Cooling 9 Cooling
Mounth and
and and and and and and Coolin and
Cooling | Lighting | Cooling | Lighting | Cooling | Lighting Load)g Lighting
Load) Load) Load) Load Load) Load Load
Junuary 275 339 228 291 215 315 25( 314
February 288 351 238 302 200 325 232 296
March 96 160 75 139 75 175 75 133
April 81 144 75 127 75 213 75 133
May 72 135 75 120 75 156 75 133
June 447 511 331 394 371 450 31¢ 388
July 447 511 331 394 375 450 323 3871
August 456 520 337 401 380 457 328 397
Total 2161 2671 1658 2169 175(Q 254 1659 2171
Different 19% 5% -5% -15% 0 0 -5% -15%

The total annual energy requirement value of faffei@nt glazing was shown

at Figure 7.12 and Figure 7.13. Annual heating eodling load demand for

different glazing; the calculation of heating amubling load, without lighting,

occured an acceptable difference between the thflegent types of glazing and
coating. When the lighting load added to total tode lighting load of the solar
control glazing increased due to the Igncoefficient value. As a result of this;

the total load increased. The total load increasingassic glazing did not happen
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as much as the solar control glazing due to thectffof followings: The low
SHGF (the solar heat gain factor) value increased #wsihg and cooling loads
and the lighting load was decreased with the Higboefficient value. By this
way; total load was balanced. The high lightingdlazf solar control glazing
causes the closing of the total annual energy remant to the value of classic

glazing.

600-
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400-

300+

Total Load
(KW/h)

2004

100+

Junuary March May July
Month

OH&S BH OSOC

Figure 7.12 Monthly total demand for different dtay
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Figure 7.13 Annual total demands for differelatzing

7.2 Analysis
7.2.1 Temperature Analysis

Offices are usually occupied 10 hours per @daym 8:00 am to 6:00 pm for
week days). So, the data were taken between 8:00aman 6:00 pm. The
temperature values of the interior surfaces, indotake vent and outdoor were
taken for all measurement days. The indicated gabfethe temperatures were

considered for every hour.

The weather conditions were considered in shisly by classifying the days
according to the personal observations as cleareandr overcast. Clear day was
the conditions of absence of clouds, overcast daynainy and cloudy and mixed
day had the conditions of both. The office was @th@long southwest to
northeast. The glazings were placed at the southsids of the office. As a result

of this; the sunlight radiation effect increaseafrnoon specially.
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The measured temperature values were showtdthe distributing shape in
the room on the isothermal curves.The isothermalesuwere drawn by the
programme of SigmaPlot (sigma plot, web cites). Theres gave us a point of
view for the homogen distrubition of the temperatwalues. During the
experiment days; the suitable hour for observatiat been choosen according to
the consideration of the distiribution of the temgtere values.

7.2.1.1 Experimental Study in January (17-01-2008)

The weather was overcast and the average autdmperature measured as
15.2C. The required values of the office were measamadng ten hours, from
8:00 am to 6:00 pm. The air-conditioning system loperated intermittently
because the indoor temperature value was approslyn21°C. The increases of
the indoor temperature observed in spite of the-omerated air- conditioning
system. Occupier of the office had operated thecamditioning system

intermittently during 12:00 am to 6:00 pm.

35.00+

30.00-
25.00 W
20.00-
15.00 | M—W‘\x\x

10.00+
5.00
000 T T T T T T T T T T 1

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17&00

Temperature (C)

Time( 8:00 am-6:00 pm)

‘ —e— Interior Surface—— Indoor —— Intake vent—»%— outdoor‘

Figure 7.14 Hourly temperature values of the office

The indoor temperature of the office was al®88€ during the whole morning
time in spite of the non-operated air-conditionsystem and the low outdoor
temperature value. The solar heat gain profit fgtazing and low heat loss had a
much more effect than internal heat gains on tfieeéspecially at the afternoon.

The air-condition system had opened at 12:00 ahmadtbeen set to 27 between
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12:00 am — 2:00 pm. It has been set téC2Between 2:00 pm — 6:00 pm. When
the remote control was set to°27 the temperature of the office reached t8C30
and the remote control was set tdQ@4the temperature of the office reached to
25°C.

Y Data

if
ld b WYL

15 15 20
¥ Daa

Figure 7.15 Distribution of heat when the air caiodi
worked at 2:00 pm (17-01-2008)

The isothermal curve of the Figure 7.15 has beepgired by using the values
which was taken at 2:00 pm when the air conditiemate control was set to
24°C. The observation results of that time show usrttezior surface temperature
of the glazing unit was 2%C. The difference between the working set limittof

air condition and the interior surface temperatfrihe glazing unit showed us the
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effectivity of the high solar transmission coefént value and the solar thermal
radiation passes through the glazing unit. Theliregl at the isothermal curves
showed the temperature level of 2 This effective area of the red curved could
be seen on the figure as a diffisioning field tosgiinside the office. The
occupiers working on this area can get discomfedase of high temperature

value.
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Figure 7.16 Distribution of heat when the air cdiodi non
worked at 11:00 am (17-01-2008)

The isothermal curves of the Figure 7.16 had predaby using the values
which was taken at 11:00 am when the air conditemote control was closed.
The reason to select a morning time period for nMag®n was to consider the
direction effect of sunlight. Due to this, the tesmgiture value changed on the
interior surface of the glazing unit could be sasr21°C and the interior surface

of northwest wall which was perpendicular to thazgig unit was 22C because
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of the direct sunlight effect. The inner side oé thffice had lower temperature
values due to the non-operating air-condition aswtilation.

7.2.1.2 Exeperiment Study in February (16-02-2008)

The weather was partly cloudy and the avemageoor temperature was 0
The air-conditioning system was operated atC2Because of the low outdoor

temperature. The indoor average temperature Wi @4e to air-condition.
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‘ —e— |nterior Surface—— Indoor —— Intake vent—%— outdoor‘

Figure 7.17 Hourly temperature valagsffice

The intake vent average temperature wa€ Z8he indoor temperature and the
interior surface temperature values were the santieecintake vent temperature
although outdoor temperature was lower (Figure )7 @€cupier of the office had
operated the air-condition system at°27during 12:00 am to 2:00 pm. The air-
condition system was operated at°€7from 4:00 pm to 6:00 pm. The interior
surface temperature which has been measured dmonging had a closed value
with the indoor temperature value. But at the aften, especially between 2:00
pm to 4:00 pm, the interior surface temperatureenkesi as more than the indoor
temperature value. The interior surface temperatahee has reached to %®Dat

1:00 pm due to the air-conditioning system.
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7.2.1.3 Experimental Study in March (17-03-2008)

The weather was partly cloudy and the avetagdoor temperature was %20
The ventilation was operated because the indoopdesture was enough for the

occupier.

35+
30 - .
25 - M ——
20 -
15 -
10 A
5 |
0 \ \ \ \ \ \ \ \ \ \ |

08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:8M0L

Time( 8:00 am-6:00 pm)

Temperature (C)

—e— Interior Surface—=— Indoor —— Intake vent—>— outdoor

Figure 7.18 Hourly temperature values of théceff

The indoor temperature, the interior surfacd the intake vent's temperature
values were the same in the morning period fron® & till 11:00 am although
outdoor temperature was lower. When the sun wéseatop at noon, the interior
surface temperature of west side of the office waseased according to the
indoor temperature. The interior surface tempeeawas higher then the indoor
temperature by 3°C. The interior surface temperature value was nbthias

30°C in afternoon inspite of the A5 indoor temperature value.
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Figure 7.19 Distribution of heat when the air caiodi
non worked at 3:00 pm (17-03-2008).

Figure 7.19 shows the isothermal curves & Brd when the air condition was
closed. The interior surface temperature valuehefdlazing unit was measured
29°C. The average of both inside and outside temperatalues were calculated
as 25C. The distribugtion of the temperature valueshef office was shown at
the figure. The interior surface temperature vabfiehe glazing unit obtained
higher than the outdoor temperature value becalifieeccoating of the glazing

unit.
7.2.1.4 Experimental Study in April (16-04-2008)

The weather was partly sunny and the averatgoor temperature was %2
The ventilation has been operated. But the air-timmihg system has been
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operated at the set point of°®4cooling situation for two hours in the afternoon

because of the high outdoor temperature.
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Figure 7.20 Hourly temperature valaéthe office

As it is seen in the Figure 7.20; the morninget values of the interior surface
of the glazing unit temperature, the indoor tempeea the intake vent
temperature and the outdoor tempareture were clusedchother and average
value of them was calculated as°23 The air-condition unit- has been worked at
24°C cooling situation from 12:00 am till 1:00 pm atié indoor and intake vent
temperature value decreased very fastly. The oecuposed the air-condition
unit because of the cold flow air. After than, thedoor temperature and interior
surface temperature were reached@7nd 28C, respectively. The indoor

temperature value was maintaining aboCt spite of the cooling load.

The indoor temperature, the interior surfdbe,intake vent’s temperature and
the outdoor temperature values were aboU’C28t the morning period; from 8:00
am till 11:00 am. When the sun was on the top anndhe interior surface
temperature was increased according to the indoopérature. The air-condition
system was operated at 2 of cooling situation from 12:00 am to 2:00 pm. &@s
result of this, the indoor temperature decreasedddiately. So that the occupier

felt uncomfortable and stoped the air- conditiohenterior surface temperature
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was higher then the outdoor temperature by@ @ue to the non-operating air-
condition and the structural property of the glgaimit.
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Figure 7.21 Distribution of heat when the air caiodi
nonworked at 3:00 pm (16-04-2008).

The Figure 7.21 showed the isothermal curves ofntleasured temperature
values of the office at 3:00 pm when the air caodiunit was non-operated. The
interior surface temperature of the glazing uniswhtained as 2@. The average
value of both the indoor and the outdoor tempeeatwas 24C. When we
compared the values with the month of March, tlileidince was mostly seen on
thye southeast wall by directed isothermal curwestd the incidence angle of the

sunlight.
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7.2.1.5 Experimental Study in May (16-05-2008)

The weather was partly sunny and the averatgoor temperature was Z&

The ventilation was operated
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Figure 7.22 Hourly temperature values of the office

The interior surface temperature value wasedoto the indoor temperature
value because of the ventilation operation thrainghentire working hours. When
the sun was on the west side of the office (12:00nAl8:00 pm.); the indoor
temperature was increased and reached f&€ 2thd as a result of this, the

environment was comfortable for occupier’'s workpdce.
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Figure 7.23 Distribution of heat when the ventdativorked at
3:00 pm (16-05-2008)

The Figure 7.23 showed the measured temperatunesalf the office at 3:00
pm. when the ventilation was operated. The intesioface temperature value of
the glazing unit was 2&. The average value of both the indoor and the camut
temperature was 2@. The distirubition of the temperature values lué bffice
observed as a directional line from the interiorfae of the glazing unit to

southeast side of the office.
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7.2.1.6 Experimental Study in June (12-06-2008)

The weather was sunny and the average outeogperature was 3G. The
ventilation was operated from 10:00 am till 4:00.prhe indoor temperature was
reached 2°C at 4.00 pm. For this reason the air-conditiorsipgiem was operated
to the set point of 2€ at cooling situation. As a result of this, theldor
temperature decreased immediately.
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Figure 7.24 Hourly temprature value of the office

The interior surface temperature value wasedoto the indoor temperature
value because of the ventilation operation fron0QGm till 4:00 pm. When the
sun was on the west side of the office (12:00 nb®®@0 pm.); the indoor
temperature has increased and reached t€ 2ihd as a result of this, the

environment was uncomfortable for occupier’'s workpdce.
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Figure 7.25 Distribution of heat when the ventdati
worked at 3:00 pm (12-06-2008).

| ]

The Figure 7.25 showed us the measured temperaalues of the office at
3:00 pm when the ventilation was operated. Theimtsurface temperature value
of the glazing unit was 2. The average of the indoor temperature w26
The average of the outdoor temperature wa¥C2&he distirubition of the
temperature values of the office observed as atibreal line from the interior

surface of the glazing unit to southeast side efatfice.
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7.2.1.7 Experimental Study in July (18-07-2008)

The weather was partly sunny and the averatgoor temperature was %0
The air-conditioning system was at cooling posi@on operated during the entire

working hours but from 15:00 pm untill 16:00pm.
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Figure 7.26 Hourly temperature value ffite

Indoor temperature value was below@%vhen air-condition was worked of
24°C. The outdoor temperature was higher than thecinttomperature by average
value of 16C. The indoor temperature increased@immediately when the air-

condition system was stopped.
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Figure 7.27 Distribution of heat when the air cdioai cooling
position at 3:00 pm (18-07-2008).

The Figure 7.27 showed the temperature valubeooffice at 3:00 pm. when
the air condition was operationed at the coolirtgasion of 24C. The interior
temperature value of the glazing unit waS@5Altough the outdoor temperature
value reached to the value of°80 the inside temperature value of the office was
25°C. At the figure, the isothermal curves showed thatair flow did not provide

a homogeneous temperature distirubition.
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7.2.1.8 Experimental Study in August (17-08-2008)

The weather was sunny and the average outeogperature was 36. The

air-conditioning system was at cooling position agkrated during the entire
working hours.
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Figure 7.28 Hourly temperature value of office

The indoor average temperature was belo 2hd air-condition was worked
at the set of Z&L. The outdoor temperature reached t¥44dnd it was higher than
the indoor temperature by average value €10
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Figure 7.29 Distribution of heat when the air coiodi
cooling position at 3:00 pm (17-07-2008).
The Figure 7.29 showed that there was an &alskep difference between
August and July in 2008. The only difference occatghe isothermal curves
which showed that the interior surface temperatdrthe glazing unit was a bit

higher because of the outdoor temperature rising.
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7.2.2 Daylighting Analysis

The lighting values of the graphics were meagurom 30 cm distance to
glazing. The values showed that the visible glazatgps which were changeable
under from the effect of the direct sunlight. Theakies were very high because
of the interior surface lighting. Figure 7.30-7.8fowed all of the measurement

days.
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Figure 7.30 Distribution of illuminace values fraggiazing of 16-17-18 January
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Figure 7.31 Distribution of illuminace values fraggiazing of 15-16-17 February
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Figure 7.32 Distribution of illuminace values fraggtazing of 16-17-18 March
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Figure 7.34 Distribution of illuminace values fraggtazing of 15-16-17 May
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Figure 7.35 Distribution of illuminace values fraggiazingof 11-12-13 June
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Figure 7.36 Distribution of illuminace values fratazing of 17-18-19 July
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Figure 7.37 Distribution of illuminace values fraglazing of 17-18-19 August
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7.3 Experimental Study about Glazing

The solar transmission coefficient and the absorbsioefficient values of the
glazing which was used at the experiments of thesishwhich were taken from
catalogues of the firms. But these values belontipé¢osituation when the solar rays
came to the glazing with a perpendicular angletig&ymovement of the sun and the
orientation effect of the surfaces; the changeargfles of incoming sunlight rays
occurred.The value of this change was calculatednaantioned how it was done at
the earlier chapters. An extra experiment has loegre to determinate the truth of
this calculation. The experiment was done durirdpgtime at the flat roof of The
Solar Energy Institute of Aegean University. Thegpenment was made after the
office experiments of June (13-June-2008). By Wy, the time period between the
calculations and the experiment results were close@ch other.

At the experimental set up, 1m x 1.5m glazing used iron profile blocks
preferred for stabilization. The phronemeter agtitineter were placed at both sides
of glazing for comparing the measuring results. Tmeer side of the glazing which
was prepared for the closed area measurement wesedowith the black cloth
(Figure 7.39). The results were taken from the Rbmzeter and Lightmeter at each
fifteen minute. The graphic is prepared with theufes taken from the measurements.
(Figure 7.38)
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Figure 7.38 Distribution of illuminace and radiatigalues from glazing unit of the office
(17-July-2008).

The decrease of exterior solar radiation and ioteradiation were defined as a
degree of solar transmission coefficient. As a lteshe calculations which were

made at earlier chapters were approximately satabl
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Figure 7.39 Picture of experimental plan of glazimit of the office

7.4 Calibration of the Thermocouples

The thermocouples which used for thermal measureamgeare calibrated at the
Calibration Center of MMO (also called as KALMEM)he thermocouples were
T-Type. And water bath method was used for calibnat

A thermocouple is a couple of two different metalsich are welded strongly to
each other. It is a simple kind of thermal meagunraterial. Its welded side is called
as hot point and the other side is called as coidtpThe cold point is also the
reference point. The thermocouple function occuigh vihe thermal difference

between the hot point and the cold point. Whatekerdistribution of the thermal
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energy between the hot point and the cold poietctieated tension is related with the

thermal difference between the hot point and thé point.

Figure 7.40 Picture of calibration and equiptne

The bath for calibration was prepared with the pougints of hot and cold water
reservoir, a measuring prop, thermometer and mikee. prop had a structural shape
of a basket which helps to the thermocouples f&mta place regularly. At the
temperature of the calibration, the device wadesktind waited for the temperature
to reach the set value. At least ten different @alwere supposed to be read after the
temperature had reached to the set value. Thegaveedue of this measurement was
the reference value which was ohm. After the ohfueravas found; it was translated
to the value of temperature as degrees of Cel3ins. temperature value was the
reference. These procedures were repeated forthiee mperatures such as, mines
ten, mines five, zero, twenty, thirty, forty, sixénd eighty degrees of Celsius. The
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calibrated temperatures were especially selectetheasvalues of the experiment
results. The reference temperatures and experihtem@eratures were combined in

a graphic. The equation of the graphic line wasioletd and used for the calculations.

457 Reference Temperature = 1.0097Termocuple Temperatar- 0.1373

0 T T T T 1
0 10 20 30 40 50

Termocouple TemperaturefC)
Figure 7.41 Calibration curve dharmocouple

7.4.1 Uncertainty Analysis

Experimental studies, naturally, cause sonoenainties and unpredictable errors.
Such diversions may arise due to human nature nmgaérrors, instrumental
manufacturing errors, environmental condition @8ear calibration errors and all of
which can not be taken into account for evaluatireyexperimental results. In these
researches, computation of the experimental remdisly depends on temperatures,
illuminance and radiation of the test section. hatenergy is the dominant one, in
comparison with the sensible energy, for calcutatime total stored energy and total
uncertainty for computing the latent energy canob&ined as +3.0 %, from the

uncertainties of above-mentioned parameters.
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Uncertainties arise from,

Thermocouples :+1.0 %
Reference temperature :+31.0%
Data logger system :+0.3 %

Digital multimeter (luxmeter) : 5.0 %

7.5 Iso- llluminance Disturibution

The illuminance values, which were measurdtiebffice, drawn in figure of iso-
illuminance curve by the program of Dialux. Theicdfwas defined to the program
with all details for 3-D design. The following pregies of the office were defined
with details: the color of the wall, roof and flooolors, glazing unit proporties, the
proportions of the used equipment and their rephace. By using the measurement
day and hour values; the iso-illuminance valuesveaiculated by the program. The
program results were shown on the graphic diagfigufe 7.42-7.52). The results of
the program were similar with the measurement &lB8y this way; the structural
properties of the Heat control glazing, the Claggazing and the Heat and Solar
control glazing were identified to the program. Doethe calculation results of the
program by using the identified proporties, thevesron the graphic diagram had

been prepaired.

The iso-illuminance curves were prepaireddach glazing unit at the conditions
of the same observation day and hour which werashxelow. The iso-illuminance
value, which was given for the interior side of tllazing unit, decreases through the
inner parts of the office. But these values weré sivown. The solar transfer
coefficient value of the classic glazing unit isthiggest. That's why; the iso-
ilminance value of the classic glazing unit wéee tbiggest. The solar transfer

coefficient value of the solar control glazing wwes the smallest.
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7.5.1 Solar Control Glazing
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Figure 7.42 Distribution of the iso-illuminrecurve of the office

Figure 7.43 3-D design of the office.
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7.5.2 Heat and Solar Control Glazing
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Figure 7.44 Distribution of the iso-illuminrecurve of the office
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Figure 7.45 3-D design of the office.
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Figure 7.49 3-D design of the office.



113

7.5.4 Classic Glazing
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Figure 7.51 3-D design of the office.
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CHAPTER EIGHT
CONCLUSION

8.1 Performance of the System and Results

In this study, the purpose is to minimize #ffect of the heating load, cooling
load and the lighting load to due the structuraperty of the glazing unit. The
purpose for planning the glazing unit by using pessolar design principles is
increasing the office energy efficiency. Almost aflaterials and design of the
building are based on their thermal properties@agsive solar design principles. The
motivation of the thesis is to investigate the efffeeness and efficiency of glazing

units.

Heating, cooling and lighting demands weresdeinated as the primary concern
(for planning the structural properties of glazingts). The heating and cooling loads
of the building were depending on the heat transiomsand infiltration values found
out and compared with the meteorological data afl@or temperature which was

taken from the Solar Energy Institute of Ege Unrsitgr

The indoor temperature value was also obtaiAsda result of this; the indoor
environments were formed on the basis of occupier lzeat loss values calculated
due to the differences between the indoor and autttonperature values. Therefore;
the evaluation consists of three periods: The Witeriod, ' of January- 39 of
February; the Spring Period® bf March— 38 of May; the Summer Period, 1st of
May — 30" of August. The analyses were prepaired in conftyrof four different
types of glazing units of the office. For each ¢dbke solar heat gain, the artificial
lighting consumption, the internal heat gain arellleat losses/gains were considered
to find out the total heat gain and losses. Thus;tbtal heating, cooling and lighting

consumption of the office were obtained and the wmhmf saved energy was
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compared between each case. The annual heat lassswaere the sum of the
transmission. The transmission losses were uselbttrmine total heat loss of the

office for each case.

For these four cases of the office, there wakeating load in January and
February. The heating load decreased graduallytdutne solar heat gain factor
towards the low value to high value of the glazimge solar control glazing was
taken as the reference glazing and all of the tatioms and comparations were made
by using the reference glazing. The total heatiogd| was in south-west facing

position which was obtained as 440kWh.

» If the glazing type was as the classic glazing,uhién the heating energy
requirement of the office would be 721kWh. This methat; more than 64% of the
energy was profit. When the artificial lighting waslded to this, the total load
reached to 640kWh. For the classic glazing, thal toad was calculated as 849kWh.

The difference between reference and classic shavdstrease of 33%.

* The proportion of the heat control glazing to tleéak heat load was
increased up to 5%. When the artificial lightingadowas added; the proportion
decreased up to 7% For the heat and solar cor&ming; the proportion of the total
heat load to the heat load of reference glazingeased up to 16%. With the effect of

the artificial lighting; the proportion got closéal one.

* The solar control glazing which was used at théceffvas different from
the other solar control glazing units by the propef higher absorbsion effectivity

which caused less heat load in winter and highiegdbad in summer.

The cooling load of the office increased gedtjufrom June to August and peak

value occured as 380kWh in August. The cooling limadeased gradually due to the
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solar heat gain factor towards the low value tchhiglue of the glazing. The total
cooling load occured in south-west facing positidnch has obtained as 1126kWh.

» If the glazing type was as the classic glazing,uhién the cooling energy
requirement of the office would be 1126kWh. Thisame that; more than the 78% of
the energy of heat was profit. When the artifitigihting was added to this, the total
load reached to 1426kWh.

* For the classic glazing, the total load was catedlaas 2193kWh. The
difference between these values showed a decréas4%a The proportion of the
heat control glazing to the total heat load de@eagp to 5%. When the atrtificial
lighting load was added; the proportion decreagetbui2%.

» For the heat and solar control glazing; the praportf the total heat load to
the heat load of reference glazing increased u@%%. With the effect of the artificial

lighting; the proportion decreased up to 19%.

* The solar control glazing which was used at théceffvas different from
the other solar control glazing units by the propef higher absorbsion effectivity

which caused less heat load at winter and highmgp&dad at summer.

The annual total energy consumption of the offieken the lighting was taken
into consideration all alone, the solar controlzgig obtained the highest increment
of the total load of the office. The classic glagimad up to 25% more total annual
energy requirement than the reference glazing.H@nother hand, the Heat Control
glazing had up to 13% more total annual energy irequent than the reference
glazing. The heat and solar glazing had up to 14%entotal annual energy

requirement than the reference glazing.
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The experiment was done by using the solar corglating, enough artifical
lighting had not obtained even there was a highuevadf total lighting demand.
Especially in winter season, this disadvantage ot#gined more definitely. The total
demand of lighting which was taken from the adntraison of the entire building of

Tepekule confirmed the results. The total loadsgbiting doubled in winter season.

As a result of the calculations; choose of gladoigthe office was definitely
wrong. The city ofizmir takes place at where the cooling loads arddtighan
heating loads. The solar control glazings are aesigor places which have higher
cooling loads than heating loads. The type of taeigg which was chosen for the
office was suitable but the extra coating on ttezigig made the structural properties
worse such as increasing the absorbsion effectasity by this way it gained the
specialities of heat control glazing. Furthermdrese kinds of offices were identified
as high artificial lighting requirement owner suh 500lux which was more than the
need of a residence. As a result of this; the stlmsmission effectivity of the
glazing required more than usual. Because of tgh heflection effectivity of the
glazing which used at the office, the solar trassion coefficient of the glazing
decreased and the percentage of utilizing of daylajso decreased. The required
lighting was provided by the artificial lighting.Igo the lighting load and the cooling

load have increased by this way.

There are many factors which effect the changenefgy at the offices. If these
factors are regularly identified and establishé@ntthe total load could be able to
decrease. These factors are researched undeediftepics below.

The glazing type

The visible transmission and the thermal prioge of the glazing which was used

at the office were supposed to be considered tegelihe change of the solar heat
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gain factor and the visible transmission valuesewegtter if they were compared
together. The choosing was supposed to be dore@gyh to the results of these.

The climate

The region of the applied office must haveetako the consideration. If the
heating control glazing was chosen at the regiorre/tthe cooling loads were
incredible, than the cooling loads would be expandeor the incredible heating
loads, the heat control glazing was the best ch&ioe the incredible cooling loads,
the solar control glazing was the best choice. Wiiee heating and the cooling loads
were equal, the heat and solar control glazindgnésktest choice. The coatings done
for solar control or other reasons caused the dseref the daylight transmission.
When the choising the glazing, this situation niestonsidered.

The usage of the aim

The usage purpose of the office is very imgartDue to the purpose of usage;
suitable selections must be done. The usage af sotdrol glazing should be wrong
at where a high level of lighting is required.
The dimensional property

The dimensions of the application office ame tglazing units are important

factors for daylighting. Furthermore the furnityrése wall mounted stuff, the color

of the wall and ceiling and the carpets of thecafimust be considered.
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The illumination equipments

The higher illuminace values are supplied wiélsser energy by using the
developing technology. If also the lighting plantbé office is prepaired regularly, it

should take less afford to provide effective ligigti



NOMENCLATURE

A

Surface area (i

Center of glazing area @n

Edge of glazing area @in

Frame area (f)

Glazing area (1)

Perimeter floor area (H

Opague area of glazing tin

Fenestration area @n

Window aera (rf)

Solar transmitting area @n

Specific heat capacity of air at constant pres&ifig°C)
llluminance level (lux)

Incident totak irradiance (W/h

Daylight availability ratio

Extraterrestrial radiation on a surface (Vfym
Extraterrestrial radiation (W/H

Solar constant (W/f)

Outdoor glazing surface haet transfer coefficigirg?)
Indoor glazing surface haet transfer coefficientri\fy

Monthly average radiation (W/n

Monthly average extraterrestrial radiation (Vfm
Monthly average beam radiation (Wm

Monthly average diffuse radiation (W#n

Monthly average incident radiation on tilted sugtgev/nf)

Daily extraterrestrial radiation (W/An

Beam radiation on horizontal surface (Vf)m
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Qop
Qs
Q
Qinf
Qiight
Qp

Qsol
Qi

Beam radiation on a plane normal (Wym
Beam radiation on a tilted plane (Wm

Diffuse radiation on surface (Wfn

Total radiation on surface (Wfn
Hourly extraterrestrial radiation (W/n
Hourly beam radiation (W/f

Hourly diffuse radiation (W/r)

Hourly total radiation on surface (W#n
Termal conductivity (W/nkK)

Monthly average clearness index

Tickness (mm)
Latent heat gain
Mean day of the year

Instantaneous energy (W)

Ventilation heat loss (W)

Heat gain from equipment (W)

Heat gain from fenestration (W)
Heat gain from glazing (W)

Heat gain from opaque frame (W)
Heat gain from solar transmitting (W)
Internal heat gain (W)

Infiltration heat loss (W)

Heat gain from lighting (W)

Heat gain from people (W)

Solar energy flow (W)
Termal energy flow (W)
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Heat gain from vantilation (W)

Heat gain from mechanical (W)
Geometric factor

Absorbed radiation (W/A)

Monthly average absorbed radiation (VfYm

Sensible heat gain factor

Indoor air temperature (C)

Outdoor air temperature (C)

Heat transfer coefficient (W/A8&)

Heat transfer coefficient of center of glazing (Vi@
Heat transfer coefficient of edge of glazing (Vi@
Heat transfer coefficient of fenestration (W@
Volumetric air flow rate (%)

Visible transmittance

Window to wall ratio
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Greek symbols

Ws

Iw

Solar altitude angle (degree)
Slope (degree)

Surface azimuth angle (degree)
Solar azimuth angle (degree)
Solar declination (degree)

The solar incident angle (degree)
Zenith angle (degree)

Latitude (degree)

Reflection coefficient

Reflection coefficient of celiling
Reflection coefficient of wall
Reflection coefficient of floor
Specific heat capacity of air at constant presgligC)
Air density (kg/m)

Hour angle (degree)

Sunset hour angle (degree)

Visible transmittance of the window glazing
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Table A1 Performance table of glazing units (froiseSam)

APPENDIX

Glazing
property Daylighting Solar Energy
Heat
Direct Total Transmittance
Glazing Type | Transmittance | Reflection [ Transmittance | Absorption | Transmittance Transmittance Coefficient
Clasic glazing
0.78 0.14 0.12 0.26 0.62 0.71 2.8
Solar Control
Glazing 16,16 0.21 0.18 0.71 0.11 0.2 1.78
Heat Control
Glazing 14 77 0.12 0.23 0.3 0.48 0.54 1.6
Solar
& Control
Glazing 0.69 0.1 0.25 0.38 0.37 0.43 1.6
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Table A2 Performance table of glazing unit of &dfifrom Sisecam)

INTERCAM® I I N . o~
N
Glines ve Ist Kortr ol (Low-E) Kaplamal ISIOM Yaltun Can Uniteleri _ slsecan

* Yukandaki defjerier, 6 men kalrblinds i came12 mem arsboghuk (Kuru have Sokguli)+6 mm kalrbnas i Cam dUzeninds olgturulmug
1SaC M8 i vierimigte

* Undelern performans dederier Lawt ence Berkeley Labor atuvarla tarafndan gebstrien Win 41 ve THO Yap ve ingaat
Aragtuwmalan Enstituisu tarafindan Pr EN 67 e uygun olarsk hazrianan WIS bigisayer paket programian iulandar sk hesaplanmegte.

* GOneg kontrol kaplama 2 ylzeyde; 1 kontrol low-¢ kaplama ise 3 ylzeyde yer simaktads.
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Table A3 Performance table of glazing units (fréisecam)
Isicam Yalittm Camlan

Gin Igsdr (EN 410) Guines Enerjisi (EN 410) Io1 Gegirgentik Katsayisi

: U Deferi Wi m'K

| Uriin i Diga Diga Direkt e

KelnbB Gocicenik Yansima Yanstms Sojurma  Gecgenfik  Toplam  Gélgeleme 12mm 16mm

: % % % * % Gegirgenlik  Katsaym: Ara Bogluk Ara Bosluk

Hava Amgon Hava  Argon

444 80 14 12 19 69 075 086 29 27 27 26
Isicam

I Klasik

i 6+6 78 14 12 % 62 0.71 0,82 28 21 2T 26

5 Isicam 4+4 79 12 25 25 51 0,56 064 16 13 1.3 1.1

Sinerji

i G+6 7 12 23 30 48 054 0.62 16 13 1.3 1.1
lsicam 4+4 T 10 28 32 40 D44 051 16 13 1.3 1,1
Konfor

6+6 B9 10 25 38 37 D43 049 16 13 13 11



Table A4 Representative Fenestrarion frafmgactorin W/nf K-vertical orientation
Product TypeNumber of Glazing Layers

Garden Plant-Aszsembled Sloped Overhead
Type of Operable Fixed Window Skylight Curtainvall® GClazing®
Frame Material Spacer Single* Doubles Triple? Single® Doubles Triple? Single® Doubles Single® Doubles Triple? Singlef Doubles Tripled Singlef Doubles Triplet
Al without
themmal break All 1351 1289 124% 1050 1022 98B 1067 1039 4457 3986 3901 1709 1681 1607 17321703 1630
Al with Metal 6381 322 471 749 642 630 3946 2867 2601 1022 994 937 1033 999 943
thermal break? Insulated na 500 437 wna 5951 379 wa 2697 2339 wa 92 357 na 931 843
Almvmm-cladwood’ Metal 341 329 290 312 290 273 2760 2231 2078
remforced vinyl Insulated na 312 273 wa 273 250 wa 2129 1543
Wood Srinyl Metal 312 290 273 312 273 238 511 4383 1420 1181 1011
Insolated na 278 227 wna 238 199 oa 471 wa 1147 &T71
Inzulated fiberglass Metal 210 187 182 210 187 182
wiy] Insulated na 182 148 ol 182 148
Struchral glanng Metal 1022 721 3591 1033 7 558
Insulated na 379 426 wna 579 426
Narg: This able should enly be used 23 an estimatng tool for the early phases of “(lazs thickness in cumainwall and sleped overkead glazing is 4.4 mm
design Singla glazing correspoads to individual glazing unit thickness of §.4 mm. (nominal).

“Diepends strongly on width of thermal break. Value given is for 8.5 mm.

bSingla glazing corresponds to individual glazing vmit thickness of } mm. (nominal)
“Double glazmg comesponds 1o individual glazing wntt thickness of 19 mm. (nominal).
UTriple zlazing corresponds w individual glazing unit thickness of 349 mm. {nominal)

#Double glazing comespands to indovidual glazing untt thickness of23.4 mm. {nominal).
"Triple glazing corresponds to individual glazing unit thickness of 44 4 mm. (nomizal).
n'a Mot applicable
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Table A5 Indoor surface heat transfefficient hf in W/nfK)- vertical orientation

Clazine Winter Conditions Summer Conditions:
Glazing Heizht Glasz Temp. Temp. Diff. by Glaszz Temp. Temp. Diff. I
ID  Glazing Type m W = Wiim® K W =C Wim*K)
1 Smgle glazing 06 -9 30 5.4 EX] 9 412
1.2 -4 30 742 33 g .66
1.8 -9 30 7.10 33 9 343
5 Double glazing with T 7 14 172 33 11 4128
12.7 mom airspace 12 7 14 7.21 35 1 3.80
18 7 14 6.9 33 11 355
23 Double glazing with 0.6 13 3 T4 LR 10 420
e =01 onsurface 2 12 13 8 7.00 34 10 373
and 12.7 mm argen space 18 13 8 677 34 10 349
43 Tnple Glazing with 06 17 4 7.09 40 16 46l
e=0.1 onsufaces 2 and 5 12 17 4 6.72 40 16 408
and 12.7 mm argen spaces 18 17 1 6.53 10 16 381
Norer: Glazmg ID refars to fenesmation aszemilies in Table 3. Summer condittons: room air temperature ;= 24°C, cutdoor air temperature 1, =31°C,
er condiions: room am temperarre ¢ = 21°C. outdeor air temperanire diract selar oradiance Ep = 748 Wim*

1,==18°C, no solar radiation
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Table A6 Horly average global (G) anduié (D) solar radiations on horizantal surfacénik))(from Ulgen and Hepbasli, 2002)

Hour Gy Jan. Feh. Mar. Apr. May Jun. Jul. Aung. Sep. et M. Dhec.
4-5 G .00 .00 (.00 (0.0 0.5% 3501 a7z (.06 (.00 0.00 .00 (1.0
D .00 .00 (.00 (L1060 0.59 1008 Q72 .06 (.00 000 .00 (1.0
6 G .00 (.00 (.04 2262 153.64 24282 157.14 43.14 341 000 .00 (1.0
D .00 (.00 (.04 2238 140.73 235.55 15376 4274 340 0.01 0.01 (1.0
67 G .00 .54 63.53 33178 654.71 821.20 7i09.22 460,34 247.13 65.03 415 (1.0
D .00 .54 62.51 313.36 576.20 711.29 64752 440.32 23847 G658 4.13 .01
7-8 G 30.53 136.64 45648 F90.61 1249.50 1484.34 1402.41 1144 .86 B58.27 49402 194.39 37.73
D 30.28 133.34 42216 T26.62 02813 1068.90 1062.48 931.32 T00.72 41443 181.57 K
59 G 332.50 550.65 L 1537.78 1868.20 212241 2042.9% 183131 1492.11 1055.93 627.12 325.13
D 307 .41 479.04 77171 134,54 L185.64 1290066 1309.37 1218.53 7541 GE3.67T 4585 258910
910 G 73386 1017.95 1507.81 2019.87 2361.32 2638.02 260683 2382.20 202982 1561.25 1023.72 68025
D 251 f96.51 95283 L1601E 1284.86 1354.15 1388.37 1316.02 1099.23 TB2.72 567.02 45271
-11 G 1078.22 141433 1832.20 2440.20 71431 3008.65 200].24 276450 238518 187952 131637 a2
D 58505 T07.56 a10.41 1125.65 123675 127962 1310,60 1275.00 1067.75 T40.97 581.82 40700
11-12 G 12794 1705.44 2055.03 256149 280364 3157.26 3163.22 2064.49 254078 2011.26 1462.31 107985
D 1M 60228 791.82 GTR.e0 107594 10938.51 1097.51 1062.93 9i03.59 649,95 513.85 431.75
12-13 G 126840 1650.99 20895.39 2492.54 276086 315774 3175.79 2016.66 2563.13 1912.29 1382.08 103651
D 429.26 538.23 713.47 556 88325 B65.39 525.66 520,79 69935 565.54 H3.95 o84
13-14 G 110430 1492.51 1859.95 231908 2612.86 206765 2090.08 71054 2316.89 1693 .37 115967 BE9.60
D 33662 455.45 662 GRETT T24.1% 720.73 670930 64076 543.23 46421 342.93 20708
14-15 G BT .58 121093 1534.95 186846 2263.35 2617.37 2633.84 2386.07 1880.73 1287.37 H2E.60 50842
D 200.768 32234 44131 35607 60231 502.77 56673 50081 436.07 327.13 21044 16097
1516 G 2,53 BI8.T6 1102.74 141020 1779.83 213542 2123.39 1890.98 1341.31 TEl.88 419.70 307.30
D 180196 176.14 274.93 36080 44576 463.44 456.05 384.50 24 44 17069 E7.78 63.01
1617 G 150,92 38021 &41.91 748 1215304 1520.65 153451 1251.73 T34.56 30162 BA05 4934
D 150,93 122.49 133.74 19602 270.56 31595 312.10 251.95 147.54 155.06 38.20 26.19
17-1% G .00 3567 207.24 400.73 63878 a8B.51 BE4.16 ai09.12 233.63 26.87 0.13 (1.0
D 386 35.68 114.03 154.0% 129.40 178.97 177.27 165,16 40.79 26.90 0.13 (1.0
15-19 G .00 .00 5.88 58.09 18192 326.68 31261 135.39 10.03 259 .00 (1.0
D .00 (.00 588 3406 44.5 10265 73.02 69.08 1.4 2az .00 (1.0
19-20 G .00 (.00 (.00 0.30 3125 20098 17.54 n.88 (.00 0.00 .00 (1.0
D .00 (.00 (. 0.51 3.29 21 17.55 088 (.00 .00 {000 (1.0
Draily total G 3280016 4280.93 619145 Bla6.A2 9544 46 10312.67 10075.00 915198 T160.27 509 3417.71 268373
D Ti45.18 10424.91 14358.92 192609.73 2328508 2713306 2674561 23520.21 18636.97 13077.22 850338 S63T5
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Table A7U Factor for various fenestration products in W/

Vertical Installation
Product Type Glass Only Operable (including sliding and swinging glass doars) Fized
Aluminnm Aluminum Reinforced Aluminum Aluminum Reinforced
Center Edge without with Vimyl! Insulated | withomt with Vinyl' Inzulated
Frame Type of of Thermal Thermal Aluminum Wood' Fiberglass| Thermal Thermal Aluminum Wood' Fiberglass/|
ID Clazing Type Glass Grlass Break Break Clad Wood Vinyl Vinyl Break Break Clad Wood Vinyl Vinyl
Single Glazing
1 32 mm zlass e i 124 612 il 481 3 5.5% 335
2 6.4 mm acrylicpalycars .00 i §.48 343 431 401 560 473 438
3 1.1 mm acrylic/palycarny F45 KN 538 337 482 431 601 5.1% 447
Diouble Glazing
< 6.4 mm airspace 2493 3.7 3115 313 297 a4 EL
5 127 mm aspace 4.82 342 1.00 287 253 3.61 286
§ 6.4 mm arzom space 473 352 ER 2493 243 375 300
7 127 mm argen space . 24 3.30 -] 278 142 347 273
Double Glazing, ¢ = 0,60 on sarface 2 or 3
8 6.4 mm airspace 283 430 3.58 il= 302 380 03 g3 180
9 127 mm amspace 443 324 1.25 273 341 268 166 1.34
10 6.4 mm arzom space 458 338 108 254 358 282 180 1.67
11 127 mm argen space 231 313 172 242 328 254 1352 14
Diouble Glazing, ¢ = 0,40 on surface 2 or 3
12 6.4 mm airspace 278 240 4466 344 291 kR ] 117 291 189 176
13 127 mm amspace A4 227 30 238 323 184 240 147 133
14 §.4 mm arzom space 244 EN) 321 240 337 1.08 283 161 140
15 12.7 mm argon space 204 288 183 243 4 1.65 231 11 17
Diouble Glazing, ¢ = 0,20 on surface 2 or 3
16 6.4 mm airspace 25 M 448 330 13 276 242 347 .08 13
7 127 mm airspace 190 283 403 189 152 230 247 1939 160 113
18 6.4 mm 2rgom space 1% 301 163 251 217 313 115
12 127 mm arzen space 383 14 133 221 a9 175 136 Led
Diouble Glazing, ¢ = 0,10 on surface 1 ura
i1 641:1:11.{:5]:5::9 230 436 i1 178 243 2.32 332 103 250 158 145
11 127 mm airspace 1.82 X 177 141 228 186 1 145 213 110 ]
12 6.4 mm arzom space 1. .83 a3 189 .52 230 247 1939 160 226 124 113
15 127 mm argom space 1. 240 0 158 22 210 178 160 111 188 1.84 74
Diouble Glazing, ¢ = .05 on surface 1 or
14 6.4 mm zirspace 23 431 EN K] 174 2462 228 328 254 152 140
15 127 mm airspace 383 168 133 221 182 175 203 i L]
14 6.4 mm arzom space 396 181 I 232 20 189 217 1l 3
17 12.7 mm argon space EX.1 148 215 202 171 150 178 1.77 7
Triple Glazing
18 6.4 mm airspace 21 411 189 131 245 118 310 238 133 118
18 127 mm amspace 176 330 160 115 219 180 176 205 M (K]
30 6.4 mm arzom space 1.03 i 173 134 230 24 130 218 115 i
31 12.7 mm argon space 163 Rl 152 17 212 LE4 168 196 131 L4
Triple Glazing, ¢ = 0.20 on surface 23,4, or 5
32 6.4 mm airspace 380 169 132 227 188 16 213 110 08
353 127 mm airspace 354 1348 o2 197 L7 147 177 1.73 &4
34 6.4 mm arzom space 387 148 113 208 1ED 161 191 187 a0
3% 127 mm argen space . 340 123 Lel 156 1.59 132 143 L33 32
Triple Glazing, ¢ = 0.20 on surfaces 2 nr .1 ami dors
“‘6+m:na|:spnce 2 371 152 212 1E4 168 i 196 121
37 127 mm airspace 331 115 1.78 152 123 1 154
38 6.4 mm arzom space 343 127 140 L&z 137 1 1.58 43
38 127 mm argon space 318 103 1.67 141 108 Il 138
Triple Glazing, =010 on surfaces 2 or 3 and 4 or §
40 6. -I- -mm zirspace 153 383 144 210 203 177 157 1.86 1.82 1.75
41 127 mm amrspace 1.0z in 107 178 7 142 113 144 140 133
42 §.4 mm arzom space lie 336 119 L7 1.82 1.53 127 1.58 L34 47
43 127 mm argon space o 303 ] 1.61 158 130 123 125 121 115
Quadruple Clazing, & = 0.10 on surfaces 2or 3 and 4 or &
44 6.4 o airspaces 1.23 228 340 186 132 1.83 1.59
45 127 mm airspaces 136 308 1.80 134 128 130 124
46 6.4 mm arzom spaces 205 ER L 147 141 108 138 L35
47 127 mm argen spaces 1e3 296 143 123 1.8 116 L.11
48 .4 mm krypiom spaces 183 296 182 148 123 182 1.16 1.11
Nowes:
1. All heat mansmission coafficiznts in this table include flm resistances and are based 2. Clazing Layer surfaces are mumbered from the ovrdeor 1o the indeor. Doutle, wple
oo winser conditions of 18T ourdoor am remparanire and 21 °C indoor alr t2mpera- and quadniple refer to the muomber of zlazing panals. ALl daca are based on 3 mm glass.
e, mLh"' ko' b outdoor air velocity and zero solar ok, Witk the exception of single uxless atherwise noted. Thermal conductvities are: 0.617 Wiim-K) for glass, and §.19
hanges 1:\ I.e mdoor and curdoor teCparanes will not significantly W{m-E) for acrylic and polycarbonate
U-factors. The coefScients are for vertical positon except skylight val- 3. Standard spacers are metal. Edge-of-glass effects assumed o extend over the 65 mm

ues, which are for 20 ’f\c-:n. horizontal with hear flow up band around perimestar of each gZlazing unit as in Frgure 3,
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Figgure A5 Monthly average hourly diffuse solariegidn between 5:00
and 12:00 (Ulgen & Hepbasli, 2002)
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Figure A6 Monthly average hourly diffusel solar iettbn between 12:00
and 19:00 ( Ulgen & Hepbasli, 2002)
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Figure A7 Experimental set up in the office

Figure A8 Experimental set up in the office



