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ABSTRACT

In recent years, various rotating buildings such as residential buildings,
restaurants and pubs have been designed and constructed. Most of these rotating
buildings do not possess passive solar design features or they cannot respond passive
solar design principles entirely because the primary design purpose of these rotating
buildings is to make all spaces view the landscape as required.

Passive solar design is the optimum utilization of architectural peculiarities of a
building and appropriate material selection for improving energy efficiency of a
building in heating, cooling and natural lighting. While projecting a passive solar
building, different factors including building orientation, latitude of the location and
climatic properties must be taken into consideration.

Although passive solar buildings are superior to conventional buildings in terms
of various aspects, they have some deficiencies as well. Despite insulation, large south-
facing windows which are designed to maximize solar heat gain in winter turn out to be
heat loss areas in cold winter nights. They also cause excessive solar heat gain in
summer. So as to eliminate such disadvantages of passive solar buildings, direction of
buildings can be changed in winter and in summer by rotating them.

In this project, a rotating building’s thermal performance is investigated. For
doing this, a thorough literature review is carried out. First, passive solar design tools
are identified. Second, examples of rotating buildings are analysed. Then, a rotating
cafe located at IZTECH Campus — IYTE Cafe - is designed on the basis of passive solar
design criteria. The cafe is assumed to be rotating two times a year and performance of
the building is compared with a conventional passive solar building by calculating heat
gain and heat loss of each building. It is found that, substantial energy savings could be
possible through a rotating building. Furthermore, energy savings in summer and in

winter conditions are calculated respectively as 14 % and 23 %.



OZET

Son yillarda dénme fonksiyonuna sahip konut, restoran ve bar amach cesitli
binalar tasarlanmaya ve insa edilmeye baslanmistir. Ancak bu binalarin pek ¢ogunda
pasif solar dizayn 6zellikleri bulunmamaktadir yada pasif solar dizayn 6zelliklerini tam
olarak karsilayamamaktadirlar. Ciinkii bu donen binalarin ¢ofunun tasarim amaci
binanin biitiin odalarinin manzaradan istenilen sekilde faydalanmasini saglamaktir.

Pasif solar dizayn, bir binanin verimliligini arttirmak i¢in binanin mimari
ozelliklerinden optimum derecede faydalanarak, uygun malzeme se¢imiyle 1sitma,
sogutma ve giin icerisindeki aydinlatmada binanin kendi kendisine yetebilmesi i¢in
yapilan tasarimlardir. Bir pasif solar bina tasarlanirken binanin konumu, binanin insa
edilecegi yerin enlemi, iklimsel 6zellikleri gibi faktorlerin goz 6niinde bulundurulmasi
gerekir.

Her ne kadar pasif solar bir binanin geleneksel binalara gore bir¢ok iistiinliigii
olsa da onlarin da bir takim aksakliklar1 mevcuttur. Kisin 1s1 kazancini arttirmak igin
planlanan giineye bakan biiyiik pencereler, izole edilseler dahi, soguk kis gecelerinde bir
miktar 1s1 kaybina neden olurlar ve sicak yaz giinlerinde binanin asir1 1s1 kazanmasina
neden olabilirler. Pasif solar dizaynin sahip oldugu bu gibi dezavantajlarin Oniine
gecebilmek icin binanin dondiiriilerek ki ve yaz mevsiminde yOnlerinin
degistirilmesinin faydali olabilecegi diisiiniilmektedir.

Bu calismada donem bir binanin termal performansi incelenmektedir. Bu amagla,
yogun bir literatiir arastirmasi yapilmustir. Ilk olarak, solar dizayn araclar
tanimlanmustir. Ikinci olarak, donen bina 6rnekleri incelenmistir. Daha sonra Izmir
Yiiksek Teknoloji Enstitiisii kampiisiinde insa edilecek bir kafe — IYTE Cafe — pasif
solar dizayn kriterlerine gore tasarlanmistir. Kafenin yilda iki kez dondiigii varsayilarak,
binanin performansi geleneksel bir pasif solar binanin performans: ile 1s1 ile kazang ve
kayip hesaplarn yapilarak karsilastirilmistir. Donem bir ev ile onemli Olgiide enerji
tasarrufu saglanabilecegi goriilmiistiir. Ayrica yaz ve kis kosullarindaki enerji tasarrufu

strastyla % 14 ve % 23 olarak bulunmustur.



TABLE OF CONTENTS

NOMENCLATURE ...ttt e ix
LIST OF FIGURES. ...ttt ettt e xi
LIST OF TABLES ..ottt sttt et e Xiii
CHAPTER 1. INTRODUCTION .....coiitiiiiiiiiiiiiniieeieeeitee sttt et siee s 1
1. 1. The Aim of the Study .....ccveiiiiiiiii e 5

1. 2. The method of the Study.........ccoouiiiiiiiiiiiee e 5

CHAPTER 2. PASSIVE SOLAR SPACE-HEATING SYSTEMS.......ccccceoiiiiniiinnens 5
2. 1. Direct Gain Passive SYSEMS .......cccovouuiiiriiiieiiniiieeenniieee et eieee e 5

2. 2. Indirect Gain Passive SyStems ..........ccceeervieierniiiiiiniiieeeniieeeriieeee 10

2. 2. 1. Thermal Storage Wall SyStems ........c..cceerireeennieeerniiieeeniieeennns 10

2.2.2. Roof POnd SyStems. ......cccovvuriiiiniiiieriiieie et 12

2. 3. Isolated Gain Passive SYSLEIMS .....cccoiouirieriiieeeieiieee e eeieee e 13

2. 4. Passive Solar Design ToolS........coiiiiiiiiieiiieeiie e 18

CHAPTER 3. ROTATING BUILDING APPLICATIONS IN THE WORLD ......... 20
3. 1. Johnstone’s Rotating HOuSe........coccueeiimiiiiiiniiiiiiiiiiciicc e 20

3. 2. Sunspace Rotating HOMES .........ccoociiiiriiiiiiiiiee e 22

3. 3. Rotating Apartment in Brazil............ccoccciiiiiiiiiiii e 23

3. 4. Galilei House in Somerset West ........coccceeviiiiieeiniiieeeeniieeeniieee e 24

3. 5. Rotating Homes in Zoltingen............ceerviieeiniiiieeiniieeiniieeeriieee e 25

CHAPTER 4. SOLAR BUILDING AT IYTE, URLA .....c.ccoiiiiiiiiieneeeee e 27
4. 1. Building COMPONENLS ....ccoecuvireiriiiieeeeiiieeeeiiie e eieeeeeeireeeerieeeesnieeees 29

4. 1. 1. Insulation Materials ..........ccccoovvieriiiiniiinnieinieciceseceee e 29

4. 1. 2. Wall COMPONENLS ...ueeveeiiiiiiieriiiiee ettt etee et e 29



4. 1. 3. Ceiling COMPONENLS .....cccerrurirerriiiieeeniiieeeeieee et eeeieee e eieeees 30

4. 1. 4. FIOOT COMPONENLS ....eeveeeeeiiiiieeaiiieeeeiieeeeeiiteeeeieeeeeneeeeeeneeeeens 31

4. 1. 5. Window COMPONENLS ......cuveereriuiireeeiieeeeiiiieeeeieeeeeiieeeeeeeeeens 32

4. 2. Sunspace DESIZN ...cccouuviiiiiiiiiiiiiiiiee ettt 35
4. 3. Ventilation System Design ........ccceeevriiieiirniiiiiiiiieeiieeeeiee e 36
4. 4. Rotation System Desi@n .........cccccieiieiiiiiiiiiiie et 39
CHAPTER 5. CALCULATION METHODS ..ottt 53
5. 1. Solar Calculation..........coocuueeiiriiiiiiiiiiee et 53
5. 1. 1. Solar Radiation ANgIes .........cccccuveiimiiieerniiiiiiiiieeeniiee e 55

5. 1. 2. Beam Radiation Acting on a Tilted Surface .............ccccceeeeeeee.. 56

5. 2. Heat Gain and Heat Loss Calculations.............cccceevuieeiiniieeennieeeennne. 61
5. 2. 1. Conduction Heat Gain and LosS (Q¢) .....uvvvvrrrvrrrerenreririreeeereeeneeens 62
5.2. 2. Infiltration and Ventilation LoSS .....c.c.ccovieeriiiiniiiiiiieniiciieens 62

5. 2. 3. Internal Heat Gain .........cccueeeiniiiiiiiiieiiiiiieceieee e 63
5. 2. 4. Passive Solar Gains ........cc.ceeervieiiriiieeeniiieee et 63
CHAPTER 6. FINDINGS AND ANALYSIS ...ooiiiiieieeeeccee e 64
6. 1. Calculation of Monthly Useful Solar Radiation ...............ccccceeveneen.. 67
6. 1. 1. Calculation of Sunset Hour Angles ...........ccccoeviiieiiniiiciinneeennns 67

6. 1. 2. Solar Radiation ...........cccooiiiiiiiiiiiiiniie i 68

6. 1. 3. Monthly Average Clearness IndeX ............cccceevvieeiiniiiciinnneeennn. 69

6. 1. 4. Monthly Average Beam Radiation Factor ............ccoccccceenineee. 70

6. 1. 5. Monthly Solar Radiation on a Tilted Surface ...........ccccceeueeee.. 72

6. 1. 6. Monthly Average Absorbed Radiaiton ...........cccccceeviiiiinnineeen. 74

6. 2. Heating and Cooling Load Calculations.............ccceevvveeieniiieeennneeene 74
6. 2. 1. Design Parameters ..........occvereeeiiieeiiiieee e 75

6. 2. 2. Building Loss Coefficients .........ccccoeceeeeeriiiereniiiee e 76

6. 2. 3. Heat Loss Calculations ...........ccocceeeviieniieieniiieniiciniieeiie e 78

6.2.3. 1. Heat TransmiSsion LOSS .....coeveveeeiieiiieieiiieeee e 78



6. 2. 3. 2. The Average Net Gain in the Sunspace (Qzone2) -+vveeeeeerennns 82

6. 2. 3. 3. Internal Heat GaIns ........couveeeeieeeieeiieeeeeeieeee e eeeeeeeees 84

6. 2. 3. 4. Infiltration and Ventilation LoSS......c..ccovvvvmeeiiiiieeeiiiieeeen. 85

6. 2. 3. 5. Sunspace Passive Solar Gain...........coeccvvveeeeeeeinciiiieeeeeeennnns 89

CHAPTER 7. CONCLUSION ...ttt et e e 103
7. 1. Performance of the System and Results .............cccooiiiiiniiininneenn. 103

7. 2. Conclusion and Recommandations .............eeeeveeeereeiieeeereeiieeeeeennnnn. 111
REFERENCES et 113

APPENDIX A CALCULATION TABLE.......c.coiiiiiiiiiiiiien 119



Ols

Wsrt

Wsst
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Solar altitude angle (degree)
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CHAPTER 1

INTRODUCTION

1. 1. The Aim of the Study

Rotating buildings offer invaluable benefits for energy efficient design. Rotating
buildings could make the best use of solar energy. This concept becomes increasingly
important since the progressive decrease of the energy resources on earth and the
increase in CO; emissions together with the rise of energy costs are actual problems in
today’s world. For that reason the use of alternative energy resources in heating, cooling
and lighting buildings has began to be (or will be in a short period of time) obligatory.
Solar energy, supplying both heat and light, is mostly applied energy resource to
achieve these requirements.

The efficiency of passive solar design in utilization of solar energy has been
accepted for a long time. When it is integrated to the building design carefully, passive
solar buildings can trap useful solar energy. Some of the natural processes that help heat,
cool and light a building can be managed partially with passive design. For instance,
with the help of two primary elements of passive systems — south-facing window and
thermal mass — direct gain systems utilize 60-70% of the sun’s energy in producing heat
(Kreider et al. 1989). Solar energy passes through the large south-facing window and
then, it is absorbed by thermal mass to be used later.

On the other hand, there are some problems that may arise with passive solar
design. These are glare from direct sun, overheating in summer and excessive heat
losses in winter. To give one example from direct gain passive systems, in winter large
south-facing windows are very influential for space heating whereas they become
defects of the system for winter nights because a significant amount of heat is lost
through these windows as well. Conversely, in summer, south-facing windows admit
more solar energy than it is desired. Similarly, Trombe Walls provide enough energy to
live in comfortably in winter but in summer, though the vents are closed, excessive heat
will be gained due to large thermal mass and this will result in overheating in summer.

Trombe walls also occupy more area than a conventional wall so a portion of living area



is lost because of this. All of these issues make the living space uncomfortable in some
climates and seasons. Besides, extra sum of money for air-conditioning and backup
heating has to be spent to make the living space more comfortable. These factors lead
the designer consider various elements including heat gain, heat loss, insulation
problems, window sizes, building orientation, shading, ventilation etc.

Thus, the starting of this project has been to find a solution to the shortcomings
of a conventional passive solar house. Insulation and shading measures cannot solve the
problem completely. Therefore, various questions have been focused on beforehand
such as if a passive solar building rotates from south to north, can it be a solution to
these shortcoming, if south-facing windows face the north in summer, can it prevent
overheating, if small north-facing windows face the south, can it prevent overheating?

Many researchers, architects and engineers are aware of the solar energy
potential of Turkey. Turkey has a potential of 2640 hours annual and 7,2 hours daily
solar radiation duration with intensity of 1311 kWh/m” annual and 3,6 kWh/m* daily
solar radiation as it is given in “Energy Information Administration”. The data show
that passive solar buildings can work well in Turkey but whether addition of a rotation
system can increase the efficiency of passive solar houses by eliminating the
deficiencies is not clear.

In recent years, some rotating restaurants, pubs etc. have been built as separate
units of hotels and shopping centres in Turkey. In the world, some rotating residential
buildings have been built but for most houses, the use of a rotation system is generally a
matter of aesthetic need for maximizing the view. Increased solar gain has been
integrated to former aim of rotating houses in some cases. Wholly rotating buildings,
which depend on passive solar design principles, have not been built in Turkey yet.

In this project, a passive solar building will be designed to utilize solar energy to
reduce energy costs. The features of direct gain, indirect gain and isolated gain passive
systems will be applied to the solar house. A rotation system will be added to the solar
house in order to overcome all of the shortcomings due to passive solar design such as
excessive heat losses at night and in winter, overheating at daytime and in summer,
shading, ventilation and insulation problems.

The building is assumed to function as a cafe at [IZTECH Campus. Difference in
energy gains and energy losses between a conventional passive solar building and a

rotating passive solar building will be compared. As a result of the project, it is expected



that the addition of a rotation system to a passive solar house will decrease heat losses

and increase heat gains and this will result in a fall in heating and cooling costs.

1. 2. The Method of the Study

In order to find out whether a rotating solar building is more efficient than a
conventional building or not, first of all, a thorough literature survey has been
conducted on passive solar space-heating systems, solar calculations, passive solar
design principles, etc. That constitutes the background information of the design of
IYTE Cafe.

Examples of rotating houses from the world have been examined and
information about these houses is given in Chapter 3. Similarities and differences of
them will be focused on so as to get knowledge about the construction aims and rotation
system functions. Various rotation systems and rotating house designs are studied with
the examples.

Chapter 4 elaborates on design principles of IYTE Cafe. In this chapter, the
place and location of the cafe, the principles upon which the cafe will be built are
explained and implemented. Detailed information about the materials utilized in
systems of the cafe, such as rotation system and ventilation system, are given in
separate sections.

The following chapter investigates calculation methods that have been used in
this project. First, solar calculations are explained and rules and equations that are used
in project calculations are given because principle energy resource of [YTE Cafe is
solar energy. Later, heat gain and heat loss calculations are examined under the same
heading.

Calculations of IYTE Cafe are done in Chapter 6. As the cafe rotates two times a
year, the elevations facing the four directions — south, north, east and west — change
depending on the period. For instance, in summer period sunspace of the cafe faces the
north whereas it faces the south in winter.

To differentiate calculations concerning the above-mentioned aim of the project,
they are studied under three different cases. First and second cases include calculations
of a conventional passive solar house in two different position, south and north while

third case examines the calculations of rotating passive solar cafe. Results concerning



the three cases in two different periods are given in the next section to find out the
performance of the rotation system.

Autocad, Archicad computer programmes have been utilized for architectural
and 3-D architectural view of IYTE Cafe. Sap2000 computer programme has been used

for static calculations.



CHAPTER 2

PASSIVE SOLAR SPACE-HEATING SYSTEMS

The principle of passive solar space-heating systems is the utilization of solar
energy in the heating of buildings without the help of technology (Wachberger 1988). It
is directly related to passive solar design of buildings. Passive solar design relies on the
integration of a building’s architecture, materials selection and mechanical systems
(though sometimes they are considered as active) to reduce heating and cooling loads. It
takes into consideration local climate conditions, such as temperature, solar radiation
and wind, to create climate-responsive, energy conserving structures.

Passive solar energy refers to collection systems that do not involve the input of
other forms of energy to increase the effectiveness of the collection system. This usually
refers to pumps, blowers and automatic systems to aim collectors, lenses or mirrors.
However, many systems are still classified as passive even if they involve electrical and
mechanical systems to close insulating shutters or move shades. Passive solar systems
are considered direct system although sometimes they involve convective flow which
technically is a conversion of heat into mechanical energy (Kreider et al. 1989 ).

The goal of all passive solar space-heating systems is to capture the sun’s heat
within the building elements and release that heat during periods when the sun is not
shining (Egrican and Onbasioglu 1996). Different methods used in the collection,
storage, and distribution of the sun’s energy are the distinctive factor in classifying
passive solar space-heating systems. Direct gain passive systems, indirect gain passive
systems and isolated gain passive systems are three mostly used types of passive

systems.

2. 1. Direct Gain Passive Systems

As indicated in “Design for the Sun”, in direct gain passive systems, the solar
collector, heat absorber and distribution of the system is the actual living space. The
sunlight heats the building by passing through a large south-facing window. The solar
energy that passes through the window is absorbed by thermal mass - floors, walls and

furniture and it is reflected to ceilings. This absorption and reflection converts solar



energy to heat (Figure 2. 1). Heat production during daytime hours is sufficient for
space-heating with direct gain systems since the system utilizes approximately 60-75%

of the sun’s energy striking the windows.
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Figure 2.1 Direct gain passive system (modified from Wachberger 1988)

Figure 2.2. An example house built on direct gain principles in Wooden,

Australia (Source: WEB_10, 2005)



Although direct gain systems are very effective in producing heat during
daytime, they are also very effective in losing heat at night. For example, at night or
overcast periods, a large amount of heat is lost through large south-facing windows
which are designed to be the heat source of houses. There are some methods to
eliminate heat loss through windows, such as installing insulation either outside or
immediately behind the window (Carter and de Villers 1987). Added night time
insulation can be chosen as a roll-up kind of flexible insulation or a movable
arrangement of rigid insulation (Figure 2. 3; Figure 2. 4) “The thermal resistance of
movable insulation should be at least 1 m* KW and preferably closer to 2, subject to an
economic analysis of the heat cost-effectiveness of the increased insulation” (Kreider et
al. 1989). If south-facing aperture is thought to be constructed of double pane glass, that
has the resistance of approximately 0.35 m’KW, the addition of movable insulation at

the recommended level can reduce heat losses through window by a factor of 5.

Figure 2.3 A roll-up window insulation

(Source: WEB_S8, 2005)

INSULATION

Figure 2.4 Rigid window insulation

(Source: WEB_S, 2005)



It is important to remember that the thermal mass must also be insulated from
the outside since the collected solar heat can drain away rapidly, especially when
thermal mass is directly connected to the ground, or in contact with outside air.

Direct gain systems are good providers of natural lighting. Large south-facing
windows admit a large amount of sunlight. For large areas, clerestories (Figure 2. 5) can
be used to provide sunshine onto interior walls which would normally not have a clear

view of winter sunlight (Wachberger 1988).

Summer Angle

Winter angle

Figure 2. 5. Clerestory (modified from Wachberger 1988)

On the other hand, overheating occurs during daytimes in summer due to too
much solar gain from the south-facing window. Shading can be a solution to this
problem as well. Another solution to eliminate summer overheating is designing
overhangs with regards to the angle of the sun in winter and in summer for the related
latitude. As it is shown in Figure 2. 6, overhangs allow low winter sun in the building so
a large amount of winter sun is captured and stored in the building. However, in
summer, the sun follows a higher angle which is prevented from entering the building
by the overhang. Therefore, less solar energy is gained and absorbed in the building

(Rapp 1981).



Figure 2. 6. Overhang: (A) represents summer angle of the sun, (B) represents

winter angle of the sun (modified from Wachberger 1988)

General rules of thumb for direct gain passive systems are pointed out in

“Passive Solar Design” as;

Design of passive solar systems depends directly on solar features so the design
of passive solar features or direct gain systems is influenced by specific regional
circumstances such as latitude, climate, and building traditions. Therefore, while
designing a direct gain system these features should be kept in mind.

Fosdick and Homes claim in “Passive Solar Heating” that orientation of a
building should be decided carefully. The buildings (for passive solar systems)
should be oriented as close to a north-south-east-west axis as possible, usually
with the long axis of the building running east-west for maximum exposure
towards the south.

The key component of any passive system in the northern hemisphere is the
south- facing glass because most of the solar gain is obtained through these
windows. In order to have a good performance in winter, solar glazing (south-
facing windows) must be adequate.

Windows should be projected carefully since most of the heat gains and losses
are through the windows (Hans and Lembke 1985). To heat an adjacent space
with direct gain system, the adjacent space should be no more than 2.5 times of
the south-facing window. This rule is found according to the geometry of the
sun in winter (Kreider et al. 1989).

North-facing windows, which do not receive direct sunlight nearly half of the

year, should be minimized. These windows are places from where a building



loses significant amount of heat so they should have high insulation or R-value
glazing.

e If solar glazing is tilted, it becomes more effective as a solar collector in winter.
On the other hand, tilted glazing can be disadvantageous in summer if it is not
shaded well. Because of this, ordinary vertical glazing can be chosen instead of
tilted glazing since it is “easier to shade, less likely to overheat and less
susceptible to damage and leaking” (Moore 1993).

e East and west windows should also be shaded well because they can increase the
air conditioning needs. These windows catch the morning and evening sun so
there is the potential of overheating through them. With carefully planned
shading and appropriate glass choice such as tinted or low-e glass, these
problems can be overcome (Sayigh 1991).

e  Windows should be operable in order to help natural ventilation.

¢ In winter when the sun rarely shows its face, the temperatures may be too low to
live in comfortably. The use of thermal storage provides nearly one-third of the
heat load of the building in direct gain systems. In order to avoid low
temperatures at night or overcast periods, thermal storage must be sized and

located properly.

2. 2. Indirect Gain Passive Systems

Indirect gain passive systems utilize a system to collect and store sunlight in
order to be used later. These systems include a thermal mass located between the sun
and the living space and they convert sunlight to heat. By means of natural radiation and
convection, stored heat is transferred to the living space. There are two types of indirect
gain passive systems; thermal storage wall systems (Trombe Wall) and roof pond

systems (Tombasiz and Preuss 2001).

2. 2. 1. Thermal Storage Wall Systems

Thermal storage wall systems are one of the earliest applications of indirect gain
systems. They were first projected and developed by a French engineer Felix Trombe

and later they were used in different buildings by Jacques Michel. Therefore, these



systems are generally called as either Trombe Wall or Michel-Trombe Wall. Trombe
Wall consists of a south facing glazing and a concrete masonry wall the exterior of
which must be a dark colour. The glazing admits the sunlight during the day and in a
way it also prevents the heat losses at night. There must be at least 4 inches between the
thermal mass and the glazing (Atagiindiiz 1989).

Solar heat is captured and trapped by the glass and later it is absorbed by the
concrete wall. It is transferred to the living space by radiation and convection. Air
circulation loops help the heat transfer since they provide airflow between the inner
surface of the storage wall and the living space. As airflow occurs as a result of the
density difference between the air in the living space and the air in the gap, the heated
air is transferred into the air circulation loop during daytime. The rest of the heat is
absorbed by the thermal storage wall. Therefore, in summer, there is the risk of
overheating during daytime because of the air circulation loops. If air circulation vents
are added at the bottom and top of the loops, daytime and night time load periods can be
balanced easily. The absorbed heat diffuses through the wall between 6 to 12 hours so
the wall materials should be selected depending on the desired heat migration at night
(Figure 2. 7). Moreover, thickness of the wall is also important to have a proper phase

lag between heat production and delivery of it into the living space (Kachadorian 1997).
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Figure 2. 7. Day and night working principle of Trombe Wall
(modified from Wachberger 1988)



Water walls are considered as thermal storage walls as well (Figure 2. 8). They
collect and store heat like Trombe Walls but water walls transfer heat through the walls
as a result of convective circulation whereas Trombe Walls conduct heat through the
thickness of the masonry. In water walls, water is held in light, rigid containers. They
do not occupy a large place because they can provide twice the heat storage per unit
volume than masonry. Their installation is easy as containers are empty before the
installation. However, after the installation, most metal container rust through and leak.
The length of containers is also very important since tall containers develop hydrostatic
pressure near the bottom. At least 30 pounds of water should be used for each square

foot of glazing (Moore 1993).

DAY
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Figure 2. 8. Day and night working principle of water wall
(modified from Wachberger 1988)

2. 2. 2. Roof Pond Systems

This system, as in indicated in “Passive Solar Design”, consists of a layer of
water about 300 mm deep placed over a metal roof painted a dark colour (or the lower
surface of the water container can be a dark colour). The heat is absorbed by the water
when the sunlight passes through it. The heat can be stored in the pond until needed.

Later it is conducted to the living space. As it is mentioned above, water has some



advantages over masonry as a thermal storage material. First of all, it is cheaper and
lighter than masonry (Water requires one-third of the volume and one-fifth the weight
of masonry). Secondly, internal convection in water ponds reduces the time lag. Heat
absorbed on the solar side of the container can be transferred immediately to the bottom
of the container. As it is seen in Figure 2. 9, a movable insulation is necessary for this
system in order to eliminate heat loss at night. The insulation should be installed above
the pond (O’Sullivan 1988).

Roof pond systems are not effective in winter in northern latitudes because the
horizontal surface of these systems is far from catching optimum sunlight in this season.
It is difficult to orient roof ponds at the right angle for solar collection. In winter, when
the sun is at its lowest angle and when space heating loads are the highest, roof ponds
are not sufficient. In addition, some type of antifreeze protection for freezing days and a
structure to support large storage mass are required for roof ponds. In comparison with
the low cost of storage material, these factors increase the cost of the system (Carter and

deVillers 1987).
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NIGHT

Figure 2. 9. Day and night working principle of roof pond system
(modified from Wachberger 1988)

2. 3. Isolated Gain Passive Systems

If the integral parts of a passive solar system are separated from the main

living area of a house then it is called isolated gain passive system. They are usually in



the form of greenhouses or sunspaces attached to the south side of a building1 .
Greenhouses generally have glass or plastic panels in the roof to allow light and heat for
growing plants and early seed-starting. They are difficult to insulate in regions with
very cold winters because often much heat is lost through the roof. Sunspaces usually
have an insulated roof and full length windows on the south side. They are often more
practical than greenhouses as living spaces, but will still provide an excellent
environment for plants, and a more even temperature level throughout the year. Climate
and desired use will dictate how a greenhouse or sunspace is designed for a particular
application (Kachadorian 1998).

Isolated gain passive systems combine the features of direct gain and indirect
gain passive systems as it is designated in “Solar Energy Potential for Heating and
Cooling Systems”. They are heated directly by sunlight due to their totally glazed walls.
This enables the isolated gain system to absorb lots of sunlight which is stored in the
floor and walls. The absorbed and stored heat is later diffused to the rest of the house.
During the day, the doors or windows between the sunspace and the house can be
opened to circulate collected heat, and then closed at night, and the temperature in the
sunspace is allowed to drop (Figure 2. 10). This is called natural convection. As these
systems provide an insulating air cushion between the outside and inside of a building,
the house is protected from temperature fluctuations.

However, these systems warm up very quickly and on hot summer days,
temperature can rise to unbearable units. In order to stabilize the temperature in both the
sunspace/greenhouse and the building, thermal mass in the form of water containers or
masonry walls and floors can be used. At the same time, movable insulation helps
prevent excessive heat loss at night.

One advantage of isolated gain passive systems is that they can be used as
additional living spaces as well. That is why in Northern Europe, they are constructed as
mainly living spaces rather than energy considerations. Ventilation, roof glass, and
thermal mass are important design features that make either structure a valuable money-
saving and comfort-enhancing addition to a home or design (Meinel and Meinel 1979).

A rule of thumb for sunspaces is to incorporate 3 square feet of 4-inch thick
thermal mass for each square foot of sunspace glazing. A good place for thermal mass

in the sunspace is the flooring. The lower edge of the south-facing windows should be

1 . . . . .
Other terms used for isolated gain passive systems are solarium, atrium, conservatory and sunroom.



no more than 6 inches from the floor or the planter bed to make sure the mass in the
floor receives sufficient direct sunlight. If the thermal mass is instead located in the
common wall, it should be solid masonry approximately 4 to 8 inches thick, or a frame
wall with masonry veneer. Windows on the east and west walls are useful for cross-
ventilation but should be kept small (no more than 10 percent of the total sunspace
area). Double glazing is recommended for sunspaces. Besides, at winter nights, all
vents and openings ought to be closed to prevent heat losses through the glazing of

sunspace (Filippin et al. 1998).
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Figure 2. 10. Day and night working principle of isolated gain passive system

(modified from Wachberger 1988)

To sum up, the following rules are to be considered in the design process of
sunspaces (Moore 1993).
e The orientation of a sunspace depends on the orientation azimuth of the building,
and so its principle glazing, relative to the south. The optimum orientation is
always south. Departures from due south result in a fall in the performance of

the sunspace.



Sunspace and the other living spaces of the building can be separated either by a
thermal storage wall or a window. If the common wall is a thermal storage wall,
the wall does not need insulation. Lightweight frame common walls should be
insulated to at least R-10.

The roof of a sunspace should be designed in such a way that it shades the
internal sunspace mass in summer and provides irradiation in winter. If a portion
of the roof is glazed, some kind of shading is required.

The use of glazed east and west end walls is not recommended. Despite the fact
that glazed end walls increase winter heating performance a little, they also
cause devastating overheating in summer. Therefore, insulated end walls with
perforated windows or doors can be preferable instead of glazed wall ends. In
summer cross-ventilation provided by these windows or doors proves to be
adequate.

The primary thermal connection between sunspace and the building is normally
by convection and it is provided by vents (in the form of doors, windows and
vents) on the common wall. The following are guidelines for sizing various
opening types that can be closable at night.

o Doors should occupy 15% of the projected glazing area.

o Windows should occupy 20% of the projected glazing area.

o High and low vent pairs should occupy 10% of the projected glazing area.
Summer venting is planned for a sunspace and living space differently. If there
is no shading for the sunspace, then summer ventilation becomes more
important for the sunspace. Vents or windows that serve ventilation should be
projected according to the climatic properties of the location and orientation of
the building. Ventilation of the adjacent living space can be provided with
different methods including carefully arranged vents, windows, clerestory
windows etc.

Sunspaces require the same thermal considerations as collector-storage walls or
direct gain systems but the glazing area should be larger than the receiver or
collector area. Depending on the different expectations from sunspaces, their

designs may vary (Figure 2. 11).
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Figure 2. 11. Examples of sunspace designs (Source: Evans et al. 1991)



2. 2. Passive Solar Design Tools

The small details of passive solar design and construction and passive solar
features can add up to 15% to design and construction costs. However, this is one time
cost for energy saving features that last lifetime of the building. Many features such as
proper siting, house colour, house orientation and shape, and window placement can be
considered without additional costs (Kachadorian 1997). Energy efficiency of a passive
solar can be improved with;

Siting Considerations: During the heating season, the sun’s path makes an arc in the
southern sky. When designing and constructing a passive solar house, the placement of
the trees, other houses and mountains which might stand between the house and the
sun’s path in the sky should be taken into consideration because these objects may
create shadows on the building and reduce the solar collection for that section of the
house.

House Orientation and Shape: South sides of houses receive the most solar radiation
during the winter. East and west sides receive more solar radiation in summer than in
winter. When designing a passive solar house, the south side of the house should be
made longer than east/west side. However, it should not be so long since the area of
roof and walls where heat is lost elongate as well.

Window Placement: South-facing glass windows allow direct sunlight to heat the
house interior. In a passive solar house, south-facing windows can provide up to 30% or
more of the heating load. An overhang on south-facing windows will prevent
overheating in summer. On the other hand, in winter when the sun is lower in the sky, it
permits sunlight to pas through the window to warm the interior. Also, too much glass
on the wet side of the house, can easily overheat rooms that have already been warmed
all day by the southern sky. Landscaping can be a solution to this problem. Mature
decidiuous trees permit most winter sunlight while providing shade throughout summer.
Glass Design: high R-value windows without inhibiting visibility are useful tools of a
passive solar house. New low emissivity glass will decrease radiant heat loss and
increase R-value without markedly lowering visibility. Sloped or horizontal glass such
as skylights admit light but they are often problematic because of unwanted seasonal

overheating, radiant heat loss and assorted other problems.



Natural Lighting: Windows are the basic source of natural lighting. As a general rule,
a daylit room requires at least 5% of the room floor area in glazing. Also, Light interiors
reflect more light and reduce lighting needs while dark colours absorb more solar
energy that helps heat gain.

Natural Cooling: Apt use of outdoor air often cool a home without need for
mechanical cooling, especially when effective shading, insulation, window selection
and other means already reduce the cooling load. In many climates, opening window at
night to flush the house with cooler outdoor air and then closing the windows and
shades by day can greatly reduce the need for supplemental cooling. Cross-ventilation
techniques capture cooling flow-through breezes. Exhausting naturally rising warmer
air through upper level windows, such as clerestory windows, or fans encourages lower
level openings to admit cooler, refreshing, replacement air.

Heat Storage: Thermal mass and materials used to store heat, is an integrated part of
most passive solar design. Materials such as concrete, masonry, wallboard and water
absorb heat during sunlit days and slowly release it as temperature drops. This dampens
the effects of outside air temperature changes and moderates indoor temperatures.
Optimum mass to glass ratio can be used to prevent overheating and minimize energy
consumption. Besides, coverings such as carpets that inhibit thermal mass absorption
and transfer should be avoided.

Solar Greenhouse: When attached to a south wall, a solar greenhouse provides

additional collector area as well as space for house-plants in winter months.



CHAPTER 3

ROTATING BUILDING APPLICATIONS IN THE WORLD

Active and passive system applications in buildings have been widely and
consciously used to maximize utilization of solar energy for decades. What is new and
practiced by very few architects and engineers is the utilization of a rotation system for
optimum solar gains. The starting point of rotating a building was at first to have an
extended view for the dwellers. Later, some architects and engineers tried to obtain
more solar energy with the help of a rotation system. Some of the examples of rotating

buildings are given in the following parts.

3. 1. Johnstone’s Rotating House

The idea of a rotating house has been studied first as a solution to maximizing
the view of a house. Al and Janet Johnstone are one of the owners and builders of
rotating homes who were after such a building aim. They own RotatingHome.com as
well. Their motto for building rotating houses is that “RotatingHome [is] perfect for
entertaining and personal enjoyment” says Al Johnstone in “The Rotating Home”.

Johnstone’s houses can be built up in different areas including beaches and

mountains. They can be constructed on a central steel column which helps the

construction in steep areas easier (Figure 3. 1).

Figure 3. 1.Section and side view of Johnstone’s Rotating Home (Source:WEB_6,2005)



Figure 3. 2. Construction details of Johnstone’s Rotating House (Source: WEB_6 ,2005)

The house is driven by a three horse power DC motor. The house rides on one
very large bearing (six foot in diameter) and forty small bearings (six inches in
diameter). The whole building rotates 360" at different speeds. It can be stopped in any
position at any time. All of these features help the basic construction aim of the house
that is to have different options on the view of the rooms — maximizing the view.

The cost of the building depends on the size and type of the house being built as
explained in “The Rotating Home”. Compared with a conventional home, it is said that
Johnstone’s rotating homes cost much less per square foot the larger the home. On very
large homes, 10.000 square feet or more, a rotating home could be equal in cost to a

conventional one. On small ones, 5.000 square feet or less, the cost could be doubled.



3. 2. Sunspace Rotating Homes

Sunspace Rotating Homes has been building rotating homes since 1996. The
basic principle of Sunspace Rotating Homes is to offer their clients the chance to
change the view from any room according to fundamental needs and simply to follow
the sun — to let the sun shine in. The firm points out the advantages of their house as the
chance of varying the natural light and the view at any time of the day and in any room
they like, and taking the advantage of passive solar heating and cooling. Sunspace
homes are constructed in circular and octagonal designs. In addition the roof is designed
to de dome shaped. The curved surface also acts as a natural convection system, making
the house 40% more energy efficient than a conventional house of the same size

(Architecture Week).

Figure 3. 3. Sunspace Rotating House (Source:WEB_22 , 2003)

In “Sunspace Rotating Home” details of the buildings are given. The house turns
300 degrees on a simple, maintenance free system of bearings between a tracking
system. The rotation system can be rotated manually by two or three people but
installation of a small electric motor to control the house from inside by a switch or a
remote control is more practical. In addition, turning the house away from the front
entrance way while everybody is away can be an added measure of personal household

security [49].



3. 3. Rotating Apartment in Brazil

As it said in “Rotating Apartment”, Suite Vollard is a rotating (eleven-storey)
apartment in Brazil. Every single floor has its own rotation system so it can revolve
independently. However, bathroom, kitchen and the main bedroom which are located in

the centre of the flat do not rotate. It is built up of concrete and big metal platforms.

Figure 3. 4. Rotating apartment in Brazil [45]
(Source: WEB_15 , 2005)

The floors are has 268 square meter floor area with 30 square metre balconies
which open to another room in every 90°. The building is surrounded by windows
sensitive to light. The rotation system consists of gears and chains. The purpose of

rotating this building is to maximize the views.



3. 4. Galilei House in Somerset West

The house was designed by an architect, Raymond Alexander, whose revolving
entertainment area design of a house later turned into a rotating upper floor by the
owners’ request. As expresses in “Somerset West Revolving House”, the whole idea of
the rotating upper level was to allow the owners to follow the sun’s rays as they moved
across the sky from morning to evening. The house is made of reinforced concrete and

weighs 800 tonnes. It has four bedrooms and three bathrooms.
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Figure 3. 5. Galilei Rotating House (Source: WEB_21 , 2005)

The upper floor can revolve full circle to follow the sun. Details of the rotation
system are given in “Somerset West Revolving House”. The speed of rotation can be
varied but after various speeds were tried out, it was set to complete a full 360°
revolution in half an hour and a 180° turn in fifteen minutes. However, the revolving
upper level makes a staircase for the house impossible. A lift is used instead of staircase.
The house can turn if the lift is safely on the ground floor. The lift and rotation

mechanism are linked by a computer as is the front entrance bridge of the house.



3. 5. Rotating Houses in Zoltingen

These houses were designed by Ernst Osswald a contractor and bricklayer from
Zoltingen, in South West Germany. As it is laid out in “Rotating Homes”, the starting
point of the house was a problem mentioned by a client; that is the house would be
perfect if it got more sunshine. This question led him to designing rotating homes. On
first viewing, the houses Osswald constructs, traditional chalet-style homes with

balconies and dormer windows, look unexceptional.

Figure 3. 6. Two rotating houses in Zoltingen (Source: WEB_16 , 2005)

These houses (Figure 3.6) are mounted on a steel turntable fitted with 960 well
oiled 1.2 inch ball bearings. This rotating device is driven by a 1.5 horse power motor

and costs about 70 pounds a year to run. The house can be programmed like a heating



system to run at various speeds. A full circle lasts an hour, but most owners set it to run

at a more leisurely rate and follow the movement of the sun. Thus, they guarantee light

and warmth throughout the day.

The basic construction principle of these rotating houses in Zoltingen is to

maximize solar gains. In order to achieve it solar panels on the roof, panels in the

windows and silver foil on the walls are used. It is said in “Rotating Homes” that

rotation system as well as the other equipments cuts energy costs by at least 40%.

Evaluation of the examples:

The similarities and differences of above-mentioned buildings can be described as

follows,

a)

b)

d)

e)

Except Zoltingen houses, all houses are circular or semi-circular in shape.
Passive solar buildings work better where the envelope design controls the
energy demand (solar orientation). Therefore, circular and semi-circular design
of above mentioned buildings have some solar heating and cooling handicaps
due to their shape.

Johnstone’s house and Suite Vollard are surrounded by large windows.
Therefore, it is not easy to control heat gain and heat loss in these buildings. On
the other hand, Sunspace homes, Galileo House and Zoltingen houses are not
surrounded by windows so with good insulation measures heat gain and loss can
be controlled to some extend.

Apart from Zoltingen houses, the basic construction principle of the buildings is
to maximize the view. For Sunspace homes, making the buildings more energy
efficient is the secondary purpose of construction which is the starting point of
Zoltingen houses.

Passive solar system utilized in Sunspace and Zoltingen houses is only direct
gain systems.

All of the buildings have different rotation mechanisms and various rotation
speeds. If wanted, they can follow the sun all day long. In fact, operating
rotation system needs electrical energy and continuous chasing of the sun costs a
sum of money. Therefore, the efficiency of solar gains is debatable with regards

to electricity consumption for these buildings.



CHAPTER 4

SOLAR BUILDING AT IYTE, URLA

As it is seen in the plans, our solar building has been designed according to the

passive solar house design criteria. Other considerations while planning [YTE Cafe are;

The building will be facing the south during winter period, from October 1* till
April 30", and it will be facing the north during summer period, from May 1%
till September 30", The aim of rotating the building two times a year is to
maximize solar heat gain in summer while minimizing it in winter period.

The building has been designed to be square in shape. In spite of the fact that
buildings elongated along east and west axis provide more exposure to sun,
addition of a sunspace to the building increases exposure to sun as well. Another
reason for not designing the building rectangular is that it would require more
area for rotation.

During winter period the building needs maximum energy. Therefore, in order to
supply optimum solar energy for the building in this period, one side of the
building as well as a part of neighbouring sides have been surrounded by a
sunspace.

A clerestory responding some of ventilation and lighting need of the building
have been structured on the terrace of the building.

To reduce lighting costs and increase the availability of natural lighting, glass
brick applications have been done on all sides of the building. Glass brick
application also improves the aesthetic design of the building.

The site is suitable for the location of the passive solar building since there are
not high buildings which can overshadow it. The site views the sea and it is near
to the faculties. These are advantageous conditions for a cafe.

Figure 4. 1. shows the paths of the sun for in their projected forms for Izmir (for

the latitude of 38,24). For summer, in the time of sunrise and sunset, the sun has the

azimuth angle of about 1200, and it has altitude angle of 74° in section. For winter, in

the time of sunrise and sunset, the sun has the azimuth angle of 600, and it has altitude

angle of 28° in section. These are the critical angles to be considered in a building

design in terms of thermal condition. Our building has been located according to these

criteria.
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Figure 4. 1. The paths of the sun for summer and winter in our projected forms for Izmir



4. 1 Building Components

4. 1. 1. Insulation Materials

Insulation is a very important factor in passive solar systems. Insulation
measures provide the best storage of heat gain from solar radiation. At the same time,
during summer period, insulation partially protects the building from overheating.
Therefore, the average heating need of the building can be reduced with good insulation
precautions. As a result of these, the efficiency of the solar house can be increased.

IYTE Cafe loses heat from the floor, terrace and all sides except the one which
is surrounded by the sunspace. For that reason, different insulation materials have been
utilized for the insulation of the walls, floor and roof. Expanded polystyrene boards
have been used for wall and floor insulation whereas glass wool is the insulation
element of the roof.

Heat loss through the parts that are in the sunspace is assumed to be zero since
temperature in the sunspace is always higher than the temperature of living space during
the day. Therefore, having a low heat transfer coefficient, aerated concrete has been
preferred as wall material of all walls since it provides good thermal protection. Another
purpose of using aerated concrete is that it is a light material and it is easy to rotate a

light building. Our building has a rotation system so the lighter the building the better.

4. 1. 2. Wall Components

The following criteria have been taken into consideration while determining the
wall material.

e Heat transfer coefficient of the material

® Heat absorption and storage capacity of the material

e Material’s weight per volume

e The safety of the building against earthquakes

Aerated concrete (Ytong) has been chosen as the wall material.
Average Pressure Endurance: kgf/cm2: 50

Weight per volume when it is dry: kg/m3: 600



Weight of the wall after the static calculation: kg/m3: 800 (with plaster)
Heat insulation coefficient (W/mh): 0,19
Thickness (cm): 15

For wall insulation, 3 cm expanded polystyrene boards have been used. The
reason for utilising expanded polystyrene board instead of glass wool as an insulation
material is that glass wool applications can be done between two walls. Construction of
two walls increases the weight and also it decreases the volume of the living space and

this is undesired in our project.

2 cm INNER PLASTER

15 cm AERATED COMCRETE (Y TONG)
3 cm FOAMBOARD HEAT INSULATION

Tecm OUTER SIVA

Figure 4. 2. Section of wall

4. 1. 3. Ceiling Components

The ceiling will be build up of reinforced concrete upon trapeze steel sheet. 15
cm glass wool has been utilised below the ceiling. The roof is preferred to be terrace.
When all of ceiling components are taken into consideration heat transfer value has
been calculated to be 0,31 W/mC. The calculation results can be seen in Appendix

Table A-2.



—— 43 cm SLAB COVER (with black paint)
—3mm Bi:3000 WATER INSULATION
—— 10 cm REINFORCED COMCRETE

—— TRAPEZ METALPLATE

L—— 15 cm GLASS WOOL HEAT INSULATION

——2cm COYER PLATE

Figure 4. 3. Section of ceiling

The roof has been projected to be made of metal roofing material to reduce
cooling and heating loads. Metal roofing products, as pointed out in “Metal Roofing”,
have attractive solar reflectance and infrared emittance properties, depending on the
choice of colour. Therefore, metal roofing helps lowering cooling and heating energy
usage and lowering peak energy demand in buildings. It is claimed in EPA’s Energy
Star Roof Products that reflective metal roofs can save up to 40% cooling energy on
homes and buildings. In addition, a programme conducted by Florida Power and Light
has shown that painted metal roof could save a homeowner about 23% annually in

cooling costs compared to a dark coloured traditional shingle roof.

4. 1. 4. Floor Components

The floor of IYTE Cafe consists of ironed concrete upon trapeze sheet.
Expanded polystyrene board - Scm thick — have been used as an insulation material
since it is a hard material. Heat conductivity coefficient of expanded polystyrene board

is 0,052 W/mK. (Adapted from TS 825)



—3cm STOME COVER

— & om SLAB COWER

—— & cm FOAMBOARD HEAT INSULATICN
— 3mm WATER INSULATION

— 10 cm REINFORCED CONCRETE

— TRAPEZ METAL PLATE

— STEEL BEAM PROFIL

Figure 4. 4. Section of floor

4. 1. 5. Window Components

The energy efficiency of windows is usually represented with their U-values
(heat conductivity) or their R-values (resistance to heat flow). High R-value indicates

less heat loss. There are some factors that affect the U-value or R-value of a window.

e The type of the glazing material (whether it is glass, plastic, etc.)

e The number of layers of glass (double, triple)

e The size of the air space between the layers of the glazing

e The thermal resistance or conductance of the frame and spacer materials

e The air tightness of the installation.

Current standards set by American Society of Heating, Refrigeration, and Air-

Conditioning Engineers (ASHRAE) are shown in Appendix Table. A-1



As it is seen in the table, standard single-pane glass has very little insulating
value. It supplies only a thin barrier to outside. Double- or triple-pane windows have
insulating air- or gas-filled spaces between each pane. The width of the air space
between the panes is important as well. In our project, double glazed with 12 mm gap
glazing has been used (ASHRAE 2001). Heat conductivity coefficient of glazing is 3,51
W/m*’C.

In the project, a clerestory window has been designed to provide natural light for
the far end of the cafe although in summer some amount of heat is gained through it.
Therefore, for the clerestory window low-emissivity (low-e) glazing has been preferred
since it reflects some of the heat that is normally transmitted through clear glass, while
allowing the full amount of light to pass through.

Window frames are available in a variety of materials. Although aluminum
conducts heat and therefore loses heat faster, it is a popular framing material because it
is inexpensive, durable and easy to manufacture and does not rot or absorb water like
wood but thermal resistance of aluminium frames can be improved by placing
continuous insulating plastic strips between the interior and exterior of the frame. In our
project aluminum frames with insulating thermal break have been utilized. (ASHREA

2001, Cengel 1998)



Table 4. 1. Heat transfer coefficients of selected building components

Dry Volume U-Factors
Material Mass- kg Value-W/m?2.C Resource
Aerated Concrete, Ytong 600 0,19 TS-825, catalogue
Double Glazed, 12mm gap
- 3,51 ASHRAE
with aluminum frame
Double  glass door with - 4,18 ASHRAE
aluminum frame
Glass Brick - 2,8 Lara firm
Ironed Concrete 2400 2,1 TS-825
Concrete without iron 2200 1,74 TS-825
Alum 200 1,4 TS-825
Glass Wool 100-500 0,052 TS-825
Expanded polystyrene board 30 0,035 TS-825
Plaster coated ceiling 900 0,21 TS-825
Sunspace insulated metal
0,63 Park Panel, catalogue
roofing
Low-e double glazing
2,67 ASHREA

window 12 mm gap




4. 2. Sunspace Design

IYTE Cafe has an attached sunspace with vertical glazing. Its roof is shaded to
protect the space from overheating. The sunspace has been designed to cover some part
of east and west walls of the building tough it is not recommended very much. The
purpose of including some part of east and west walls into the sunspace is that in winter
period it increases heat gain. On the other hand, in summer position when the sunspace
faces the north, it provides more lightening for the cafe because at this position the
south-facing side of the building has the minimum glazing. Added shading on the east
and west side of the sunspace can be operated in hot summer day in order to prevent
overheating.

The wall between the sunspace and the living space has been designed to be
glazing because it is an aesthetic design for a building which serves as a cafe. Glazing
also improves the natural lighting for the living space. The glazed wall transmits direct
solar radiation, especially with low angle winter sun which can penetrate into the
building, after passing through the sunspace. In addition, glazed wall transforms
sunspaces into more elaborate direct gain systems, where the main solar gain is received
directly into the dwelling space. This is desired for our project since the sunspace will
be facing the south in winter. This design seems to be disadvantageous on the basis of
night heat losses but the cafe does not work after midnight. Therefore, night heat loss

can be omitted for heat gain during winter days.

‘\ﬁﬁ‘

S A
/\'\"‘ ){"x

Winter Case Summer Case

Figure 4. 5. IYTE Cafe sunspace design according to summer and winter sun paths



4. 3. Ventilation System Design

Passive cooling of buildings is as important as passive heating. Natural
ventilation is the preferred passive cooling method in this project. Although rotation
function of the building eliminates excessive heat gains in summer, the cafe will still
have a cooling load that must be eliminated with ventilave cooling. Ventilative cooling

is exhausting warm building air and replacing it with cooler outside air.
Rules of thumb for ventilative cooling are (Moore 1993);

e Careful design of building configuration on the site and the surrounding

spaces,

e Layout of internal spaces,

¢ Distribution of openings —windows, doors- on the building facade,

¢ Wind speed and its direction in the building site,

e Other buildings and plants surrounding the building (if exists),

e Type of windows utilized,

IYTE Cafe has been designed according to these principles. Windows have been
positioned in opposite directions of the sunspace to produce cross ventilation. The
operable clerestory window has been also projected to help ventilate cooling. Window
sizes and types have been determined by using a simplified worksheet procedure
developed by The Florida Solar Energy Centre (Moore 1993). Besides, exhaust
ventilation system will be utilized for kitchen and toilet ventilation. All of the vents will

be controlled either manually or automatically.

Natural ventilation can perform well but it requires relatively large vent
openings. Vents should be sized to prevent overheating under worst conditions.
Depending on the design of the solar sunspace, these conditions will occur in late
summer if the sunspace roof is glazed and there is little shading or fall if there is vertical
glazing and overhang shading. The necessary size of the vents is a function of a number
of factors, including available shading, the tilt of the glazing, the size of the glazing
relative to the size of the glazing relative to the size of the sunspace, the vertical
separation between the vents, and the increase over outdoor temperatures that is to be

accepted in the space.



The inlet vents should be low and the exhaust vents high. The vertical separation
between high and low vents helps determine the airflow. More separation is better.
Table 4. 2 suggests minimum rule of thumb vent areas as a proportion of glazing area
for four different stack heights. The sunspace of IYTE Cafe has a vertical glazing.
There is a potential temperature difference between the outdoor and the sunspace which
is 10°C in our project. Total glazing area of the sunspace is the sum of 21 m” window

area and 3, 3 m? glazed door area.

Total vent area=24,3.0,07=1, 70 m> (low and high vents altogether)

1,70 /2 =0, 85 m* high vent, 0, 85 m> low vent

Eight vents having an area of 0, 20 m? (20 cm x 100 cm) have been determined to be
projected. Depending on indoor temperature, controlling mechanism of the vents -

manual or automatic- will be decided later.

Yent vent Yent Yent
) . 200% 1000 200x 1000 200 1000 200 % 1000
I = ==
]
& 10— Frame
=]
§ e A\ \ N \ \
n
5 5 VAR \ \
Yent Yent Went Yent
1 2001000 200 % 1000 200 % 1000 200% 1000
20
o900

Figure 4. 6. Vents on the common wall between the living space and the sunspace




Table 4. 2. Exterior vent areas (McFarland and Jones Solar Age 6/84)

Allowable Equivalent
Tesrl:'lnzl:aat(:ﬁe Minimum Vent-Pair Area (as % of Glazing Area) for Ca Faa:it )
8 Given Vertical Separation (Between Upper and P
ver Lower Vents) cgfm/Ft” of
Outside Air Glazing
F Area
4 8' 12' 16'
Vertical
Glazing
5 31 22 18 16 12
10 10 7 6 5 5.6
15 5 4 3 3 3.5
60° Tilt
5 40 28 23 20 15.2
10 13 9 8 7 71
15 7 5 4 3 4.4

Figure 4. 7. Example vent with damper




5. 4. Rotation System Design

Before determining the rotation equipments, the building has been investigated
statically to find out whether it is suitable for rotation. It is found that the building is
strong enough for rotation.

After the research of systems that could be practical and useful for rotating our
building, crane rail system has been found appropriate for the rotation system of IYTE
Cafe. The working principle of crane systems depends on constituting torque within the
same axis. In order to lessen the load upon each crane, eight crane wheels has been
installed. Another reason of utilization of eight wheels rather than fewer wheels is that
rotation movement is started and maintained with less power.

Motor calculations have shown that two 1, 5 kW-reducers connected to two
cranes will be enough for rotation. The building is assumed to rotate with the speed of
0, 01 m/sec. Therefore, the building finishes one 180° rotation in about 24 minutes.

Static analysis of the building, the analysis of load on each wheel, the analysis of
earthquake load and the analysis of linear and vertical loads have been done with
Sab2000 computer programme. Static analysis of load distribution of the building and
earthquake loads can be seen in Appendix B.

Building loads have been used to find out the appropriate motor power for the
rotation system. Computer programme of Yilmaz Rediiktor firm has been utilized to

determine motor power. To sum up, results and assumptions of the rotation system are;

® Motor speed: 0,01 m/sec.

e Vertical load on a crane wheel: 30 tonnes.

® The weight of the building: 240 tonnes (earthquake and people load are not
included)

® Motor power : 2 x 1,5 kW ( two motors chosen )

Electrical and mechanical systems including, graywater system, electrical and
telephone systems will be distributed to the cafe from the centre the building. A

drainage hole will be opened in the centre of the base to connect the graywater system



to the sewer lines. Flexible 100 mm drainage flexpipe will be used as a connection
material. With connection fittings, all connections on the graywater system will be
sealed.

Pure water system pipes will be flexible too but more pipes will be required to
protect from tearing loose from their mains during rotation. Pure water and graywater
systems will be fitted to iron joists with pipe-clips to reach the kitchen and the toilets.
Most of the pipes will not be installed in building materials so if any defect occurs, it

will be easier to mend it.
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Figure 4. 8. Computer-aided reducer design
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CHAPTER 5

CALCULATION METHODS

In this chapter, the required calculations for our project, IYTE Cafe, will be done
so as to gather qualified information about the effectiveness of the rotation system on
heating, cooling and ventilation of a passive solar house. These calculations will be
done according to two major seasonal periods, winter and summer, upon which the cafe
will be rotated. As the cafe is constructed of passive heating principles, the first section

of this chapter will be devoted to solar calculations.

5. 1. Solar Calculation

The major heating resource of [IYTE Cafe is the solar energy so solar radiation is
the basic interest in solar calculations. Beam radiation is the solar radiation received
from the sun without having been scattered by the atmospheric processes such as clouds.
It is often referred to as direct solar radiation. Diffuse radiation is the solar radiation
received from the sun after its direction has been changed by scattering by atmospheric
components such as particles, water vapour and aerosols (Duffie and Beckman 1991).
As shown in figure 5.1, reflected radiation is either diffuse or beam radiation reflected
from the foreground onto the solar aperture. Calculation of these three types of solar
radiation is very important in determining the efficiency of solar resource for heating
and cooling. Radiation incident on a surface that does not have a direct view of the sun
consists of diffuse and reflected radiation. Therefore, at solar noon, solar radiations
incident on the east, west and north surfaces of a south-facing house are identical since
they all consist of diffuse and reflected components (Cengel 1998).

Solar calculations are quite complex and have different aspects to consider.
Therefore, in order to examine them in detail, they will be studied under separate

sections.



Direct Beam

Diffuse Beam
From Sky Dome

Diffuse Beam From Horizan Tilted Surface

S/,

Ground -Reflected
Beam

Figure 5. 1. Direct, Diffuse and ground-reflected radiation on a tilted surface

(modified from Duffie and Beckman 1991)
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Surface North
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(a) (b)

Figure 5. 2. (a) Zenith angle, slope, surface azimuth angle, and solar azimuth angle for

a tilted surface. (b) Plan view showing solar azimuth angle

(modified from Duffie and Beckman 1991)



5.1.1. Solar Radiation Angles

The geometric relationships between a plane of any particular orientation

relative to the earth at any time and the incoming beam solar radiation, that is the

position of the sun relative to that plane, can be described in terms of several angles and

are shown in figure 5.2 (Duffie and Beckman 1991) .

¢

7

: Latitude, the angular location north or south of the equator, north positive;

-90° <¢<90°.
: Declination, the angular position of the sun at solar noon with respect to the plane

of the equator, north positive; —23,45° < § <23,45°.

: Slope, the angle between the plane of the surface in question and the horizontal;

0<B<180°. (B> 90° means that the surface has a downward facing component.)
: Surface azimuth angle, the deviation of the projection on a horizontal plane of the
normal to the surface from the local meridian, with zero due south, east negative,
and west positive; —180° < ¥ <180°
: Hour angle, the angular displacement of the sun east or west of the local meridian
due to rotation of the earth on its axis at 15° per hour, morning negative, afternoon
positive.

Angle of incidence, the angle between the beam radiation on a surface and the

normal to that surface.
: Zenith angle, the angle between the vertical and the line to the sun, i.e., the angle
of incidence beam radiation on a horizontal surface.
: Solar altitude angle, the angle between the horizontal and the line to the sun, i.e.,
the complement of the zenith angle.

Solar azimuth angle, the angular displacement from south of the projection of

beam radiation on the horizontal plane. Displacements east of south are negative and

west of south are positive.



5. 1. 2. Beam Radiation Acting on a Tilted Surface

Solar radiation at a time and a place inside the atmosphere depends on the slope
and direction of the surface. Maximum solar gain is captured on surfaces where solar
radiation comes with right angle. This requires the investigation of the sun on horizontal
and vertical axis. In some cases, investigation of the sun on a single axis (North-south,
west-east, horizontal, tilted, polar etc.) may provide obtaining more solar energy from
the system. However, this method is rather expensive and there are some cheaper
systems. Therefore, optimum direction (orientation) method is preferred for fixed
surfaces (Lunde 1980).

System designers need solar radiation values of fixed, tilted and solar azimuth
angle surfaces for their applications. Generally it is easy to find out the data for
measured and estimated radiation on normal direction or for horizontal surfaces. These
radiation data must be formulated for tilted surfaces (Source: WEB_17, 2005) .

It is easy to formulate beam radiation data for tilted surfaces.

For horizontal surfaces,

H
cosd, = Hb 6. D

bt

For tilted surfaces,

cosﬁz% (5.2)

H, = Beam radiation at normal incidence
H, = Beam radiation on horizontal surface
H,,=Beam radiation on tilted surface
From these two equations, the geometric factor R,, the ratio of beam radiation

on the tilted surface to that on the horizontal surface at any time, can be calculated.

haﬁ_ cosé

H, - cosd,

(5.3)



If R, factor is known, then beam radiation on the surface can be calculated with the

following formula;
H, =H,XR, 5.4
If the surface faces the south, then R, factor at any time is,

R = cos@. cos(¢— B)-cos 8- cosw+sin(¢— B)-sin &
cos @, CoS@-cosO-cos@+sing-sin d

(5.5)

The equation for diffuse radiation from the sky dome for surfaces with S slope

is,

H,- (1+020$,3) (5. 6)

where H , is the diffuse radiation on horizontal surface (Duffie and Beckman 1991).

Tilted surfaces also receive reflected radiation from the ground and other
substances. If reflection coefficient for reflected radiation that tilted surfaces receive is

P, then the ratio of ground-reflected radiation to surfaces with slope 5 is,

5. (@j 5.7)

and ground-reflected radiation is,

(H,,+Hd)‘p(—l_c205ﬁj (5. 8)

The sum of beam, diffuse and reflected radiation gives total solar incidence radiation on

a tilted surface;



H,:Hb-Rb+Hd-(#j+(Hb+Hd)-p(#j (5.9)

where H = H, + H, gives the sum of beam and diffuse radiation on horizontal surfaces

coming from the sky dome.
Different combined solar energy design systems have been developed to predict
monthly average daily total radiation on tilted surfaces. One of these systems is

developed by Liu and Jordan. This method uses a correlation derived from monthly

average clearness index Kr depending on the ratio of diffuse radiation to total solar

radiation (Duffie and Beckman 1991).

For o, <81,4° and 03< Kr <08

% —1391-3,560- K1 +4,189- K7 —2137-K1 (5. 10. a)

and for @, >81,4° and 03< K7 <08

|

d

—1311-3.022-Kr +3.427 K+ —1821- K+ (5. 10. b)

x|

Here, H . is the monthly average diffuse radiation on horizontal surfaces.

Collares-Pereira and Rabl have defined the following equation for correlations

which includes sunset hour angle, @, and monthly average clearness index, ET .

d

=0,775+0,00653 (@, —90)—[0,505+0,00455 (e, —90)]- cos(l 15-Kr — 103) (5.11)

x|

Klein extended the equation of Liu and Jordan to calculate monthly average
daily radiation on tilted surfaces to be used in solar process design procedures. If the
diffuse and ground-reflected radiation are assumed to be isotropic, then the monthly

mean solar radiation on a tilted surface can be calculated with the following equation

(Ozbalta et al. 2004).




Ry is the monthly average beam radiation factor and it is a complex function

of atmospheric transmittance. Liu and Jordan have proved that this value can be

predicted from the ratio of extraterrestrial radiation on a tilted surface to radiation on a

horizontal surface for the month. R, factor for surfaces that are sloped toward the

equator in the northern hemisphere can be calculated with the following equation

(Cengel 1998).

R = cos(¢— B)-cosd-sinw, +(7/180)-a@,, -sin(p— B)-sin &
’ cos@-cosd-sinw, +(7/180)- @, -sin@-sin &

(5. 13)

Non-south-facing surfaces can be calculated with the below-given equation (Lunde

1980).

(COS ﬂ : Sln 5 ’ Sln ¢) ’ & ’ (a)sst - a)srt )_ (Sln 5 - COS ¢ ’ Sln ﬂ - COS ?/) ’ & ’ (a)sst - a)srt )
+(cos@-cosd-cos f)- (sinw,, —sinw,, )+ (cosd-cosy-sing-sin B)-
(sinw,, —sinw,, )+ (cosd-sin B-siny)-(cosw,, —cos ®,), )
2(cos¢‘cos5- sinw, + —- o, ‘sm¢-sm§j
©180
5. 14)

Sunrise and sunset angles in equation 5. 14 can be calculated with the help of

following equations (Lunde 1980).

If 4<0,
@, =-min i, arcos [a-B+ A7 =BT+ 14> +1)}
7, =min{o, arcos [4- B-VAT =B+ 1)(a* +1)]
If 4 >0,

o

srt

@ =min- {wj,arcos- [(A B+vA* - B +1)/(A2 + 1)]}

= —min- {(os,arcos- I(A-B— A* - B’ +1)/(A2 +1)J}

(5.15)

(5. 16)

(5.17)

(5. 18)




where
A=cos@-(siny-tan ) +sing/tan y (5. 19)

B=tand-[cos¢/tany —sin ¢ /(sin y - tan 5] (5. 20)

Table 5. 1. Azimuth angle according to wall orientation

Azimuth, y Tilt, S Orientation
—————— 90° Vertical wall
0° 90" South-facing vertical
90" 90" East-facing wall
+90° 90" West-facing wall

Therefore, monthly average absorbed radiation, S , can be found by multiplying

monthly average transmittance-absorptance product, (1'0(), and monthly average

incident radiation on tilted surface (ET )

S =(car) Hr (5.21)

(t@) S
(z), Hr (tax), ©-22)

), =101 .7 & (5.23)
()

(E) , values are found with the help of diagrams which are given in Solar Engineering
of Thermal Processes [7]. The diagrams can also be seen in Appendix, Table A3, Table
A4 and Table AS5.



5. 2. Heat Loss and Heat Gain Calculations

Generally, thermal system of a building is constituted by the combination of
various factors. Figure 5. 3. Demonstrates thermal system of a building. Main heat flow
quantities are listed below (Carroll 1982):

® Qi Internal heat gain from electric lights, people, power equipment and
appliances.

® Qs: Solar heat gain through fenestration areas and, conduction heat gain through
roofs and external walls by using the sol-air temperature.

®  Qc: Conduction heat gain or heat loss through the enclosing elements, caused by

a temperature difference between outside and inside.

e Qy: Ventilation heat gain or heat loss due to natural or mechanical ventilation
and infiltration.

® Q. Mechanical heating or cooling produced by some energy-based installation.

The mathematical description the monthly required auxiliary heat by calculating the

heat lost and heat gained through various component of the building is expressed by ;

0,=0,+0,£0,£0,%0, (5.22)

Qv,Q¢

Qs "~
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Figure 5. 3. Thermal system of the cafe



5.2.1. Conduction Heat Gain or Loss (Q¢)

The heat loss by conduction and convection heat transfer through any surface is

given by:
Q=U-A-[1,-T] (5.23)
where;
Q: Heat transfer through walls, roof, glass, floor, etc (W).
A : Surface areas (m2)
U : Air-to-air heat transfer coefficient (W/mzC)
T, : Indoor air temperature (C)

-

: Outdoor air temperature (C)

Heat transfer through basement external walls , ceiling , floors ,windows to the ground
depends on:
e Difference between room air temperature and ground temperature/outdoor air
temperature,
e Materials of walls, ceiling and floor of the basement,

e Conductivity of the surrounding earth.

5. 2. 2. Infiltration and Ventilation Heat Loss

The total heat loss due to indoor- outdoor air exchange, Q, can be calculated by :
0, =0,,+0. (5.24)

O, - Infiltration heat loss (W)

QOc : Ventilation heat loss (W)

As mechanical ventilation has not been used, only natural air ventilation has been

considered for total infiltration calculations which are given by;

0,=0,=V-p-c,-(T-T,) (5.25)



V : Volumetric air flow rate (m3 ),

¢, - Specific heat capacity of air at constant pressure, (J / kg °C)

p - Air density (kg / m’)
5. 2. 3. Internal Heat Gain

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

equipments which is given by;

0, =0,+0, +0, (5. 26)
Q. : Internal heat gain
Q, : Heat gain from people
Q). - Heat gain from lightening

Q, : Heat gain from equipment

5. 2. 4. Passive Solar Gains

Total solar gain (Q, ) equations for all orientations have been mentioned in the

previous section.
Passive solar gains per square metre will be calculated parallel to glazing areas
exposed to solar radiation for three cases — north-facing, south-facing and rotating - of

the cafe.



CHAPTER 6

FINDINGS AND ANALYSIS

Steps that will be followed in calculations of the project are;

e Firstly, calculation of useful solar gains over heating season and calculation of
increase in cooling load due to solar gains,

e Secondly, calculation of internal gains

e Thirdly, calculation of total heating demand over heating season and cooling
demand over cooling season,

e Lastly, calculation of overall energy savings.

IYTE Cafe consists of two zones; living space and sunspace. As it is seen in
Figure 6. 1, walls of IYTE Cafe will be named as A, B, C, D, E and F because walls
will not face fixed directions. Their directions change according to the period. To make
calculations of the project easier, for heat gain and heat loss calculations, three different
cases of the building have been taken into consideration in order to evaluate the
efficiency of the rotation system.

1% Case: In this case, it is assumed that the cafe does not rotate and its sunspace is
facing the south.

2" (Case: In this case, it is assumed that the cafe does not rotate and its sunspace is
facing the north.

3" Case: This case is the rotating version of the project. The orientation of the cafe
changes with the help of a rotation system. Depending on the climatic and local features
of the building site, it is determined that the cafe should rotate two times a year for
thermal benefit.

These two positions are:

e  Winter Position: In winter position, sunspace of the cafe faces the south from
May 1* till September 30™. This period is called winter period in our project. In
winter period, the goal is to acquire solar energy as much as possible so the
sunspace, major collector area of the building, is subjected to direct solar

radiation.



e Summer Position: In summer position, the cafe is rotated 180° and the sunspace
faces the north from October 1% till April 30™. This period is called summer
period in our project. In summer period, the aim is to protect the building from

direct sunlight as much as possible so the sunspace is rotated to the north.

In this chapter, calculations will be done under two main headings;

1. Calculation of monthly useful solar energy,

2. Monthly heat gain and heat loss calculations.

oy
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Figure 6. 1. Simplified representation of IYTE Cafe




Table 6. 1. Calculation methodology

Adjust thermal
properties of
building materials

'
| I

Calculate useful Calculate the
solar gains over increase in cooling
heating season load due to solar
gains
Calculate the Calculate the
internal gains internal gains
Calculate total Calculate total
heating demand cooling demand
over heating over cooling
season season
\ 4

Calculate overall
energy savings




6. 1. Calculation of Monthly Useful Solar Energy

The calculation steps are:

e Determining solar radiation, Ho, Hy, Hy and @,

e The Monthly Average Clearness Index —Kr

® Determining Hy , S

6. 1.1. Calculation of Sunset Hour Angles

Calculation of the sunset hour angle (@, ) is given by expression:

cos@w, =—tang-tano

6. 1)

In Table 6.2 , the sunset or sunrise hour angle is given for horizontal surface and B = 90

where ¢ = latitude of the location (38,24 for [zmir-Giilbahge)

O = solar declination

0 changes with mean day of the month and it is given by expression:

8 =23,45sin(360- (284 + n)/365) (6.2)
where n = mean day of the month
Table 6. 2. Monthly values of n, § and @,
Jan. Feb Mar. | Apr. | May Jun. Jul. Aug. Sep. | Oct. | Nov. | Dec.
n |17 47 75 105 135 162 198 228 258 288 318 344
o |-209 |-13 -2.4 9,4 18,8 23,1 21,1 13,5 2,2 -9,6 -18,9 | -23
@, 72,49 | 79,52 | 88,11 | 97,50 | 105,56 109,64 | 107,70 | 100,90 | 91,74 | 83,34 | 74,35 | 70,46

6. 1. 2. Solar Radiation :

These values are taken from Isisan: Giines Enerjisi Tesisatt .

Table 6. 2 demonstrates H and H , values for Izmir (Latitude: 38,2°).




Table 6.3. Monthly Average H and H , values for Izmir

Jan. Feb Mar. | Apr. | May |Jun. | Jul Aug. | Sep. | Oct. | Nov. | Dec.
H 6,6 9.4 13,2 | 17,6 | 224 24 24,6 23 18,4 | 12,6 8,1 6,1
H, 16,1 | 21,3 | 27,9 | 34,7 | 394 | 41,3 | 40,3 | 36,5 | 30,3 | 23,2 | 17,3 | 14,7
Ha 322 | 425 | 6,01 | 7,43 | 820 | 852 | 809 | 7,17 | 6,11 | 442 | 3,43 | 2,94
H, 338 | 5,15 | 7,19 | 10,17 | 14,20 | 1548 | 16,51 | 15,83 | 12,29 | 8,18 | 4,67 | 3,16

H: Monthly average daily radiation on a horizontal surface
H ,: Monthly average extraterrestrial radiation for the location
Ha: Monthly average diffuse radiation for the location

Hy: Monthly average beam radiation for the location

Solar Radiations for izmir
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Figure 6. 2. Solar radiation values for izmir




6. 1. 3. Monthly Average Clearness Index

Monthly average clearness index calculations are given below.

January - Kr=H/Ho=6,6/161=0,41

February : Kr=H/Ho=94/213=0,44

March : Kr=H/Ho=132/279=0473
April - Kr=H/Ho=17,6/34,7=0,507
May :Kr=H/Ho=224/394=0,569
June - Kr=H/Ho=24/413=0,581
July Kr=H/Ho=24,6/403=0,61
August . Kr=H/Ho=23/36,5=0,63

September : Kr =H/Ho=18,4/303=0,607
October  : Kr =H/Ho=12,6/232=0,543
November : Kr=H/Ho=81/17,3=0,468
December : K1 =H/Ho=6,1/14,7=0415
On the basis of monthly average clearness index prediction of monthly average
daily horizontal diffuse radiation from monthly average daily horizontal radiation

calculations are given below.

From equation 5. 10a and 5. 10b;

January : i =1,391-3,560-0,41+4,189-0,41> —=2,137-0,41° = 0,488
H

February I%; =1,391-3,560-0,44 +4,189-0,44> —2,137-0,44° = 0,452

March : Iii =1311-3,022-0,47 +3,427-0,47% —1,821-0,47° = 0,418

T



April :%—1311 3,022-0,51+3,427-0,51* —1,821-0,51° = 0,384
Hy 2 3
May : 7 =1,311-3,022-0,57+3,427-0,57° —1,821- 0,57 = 0,328
Hu 2 3
June : 7—1311 3,022-0,58 4+3,427-0,58" —1,821-0,58° = 0,317
Ha 2 3
July :7—1311 3,022-0,61+3,427-0,61" —1,821-0,61° = 0,293
August =1,311-3,022-0,63+3,427-0,63* —1,821- 0,63’ = 0,276
September —1311 3,022-0,61+3,427-0,61° —1,821-0,61° = 0,295
October : % =1,391-3,560-0,54 +4,189-0,54*> —2,137-0,54° = 0,351
November : % =1,391-3,560-0,47 +4,189-0,47> —2,137-0,47° = 0,423
December %—1391 3,560-0,41+4,189-0,41> —2,137-0,41° = 0,482
Table 6. 4. Monthly average Krand Ha/H
Jan. | Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
Kr 041 | 0,44 | 0,473 | 0,507 | 0,569 | 0,58 | 0,610 | 0,63 | 0,607 | 0,543 | 0,468 | 0,415
HilH
0,454 |1 0,424 | 0,394 | 0,365 | 0,317 | 0,308 | 0,286 | 0,271 | 0,288 | 0,336 | 0,398 | 0,449

6. 1. 4. Monthly Average Beam Radiation Factor

For south facing vertical; y =0 and § =0,

From equation 5. 13;



January:

_ c043824-90)- cod—209)- sin(7249) +(7/180)- (72,49) - sin(3824—90) - sin(-209)
~ coy3824) co{—209)-sin(72,49) + (7/180)- (72.49) - sin(38,24) - sin(— 209)

R, =2.15

February:

z c0s(38,24—90)- cos(—13)-5in(79,52) + (7 /180) - (79,52) - sin(38,24 — 90) - sin(- 13) 150
b = =1,
c0s(38,24)- cos(—13)-sin(79,52) + (7 /180)- (79,52) - sin(38,24) - sin(—13)

March:

R - c0s(3824—-90)- cos(— 2,4) - sin(88,11) + (7/180)- (8811)- sin(38,24—90) - sin(— 2,4)
~ cos(3824)- cos—2,4)-sin(88,11) + (/180)- (8811)- sin(38,46) - sin(—2,4)

=0,90

April:

2 - c0s(38,24—90)- cos(9,4)- sin(77,87) + (£ /180)- (77,87) - sin(38,24 — 90)- sin(9,4)
c0s(38,24)- cos(9,4)- sin(97,50) + (/180) - (97,50) - sin(38,24) - sin(9,4)

=045

May:

—  cos(38,24—90)- cos(18,8)- sin(64,40) + (7 /180)- (64,40) - sin(38,24—90) - sin(18,8)

=0,23
cos(38,24)- cos(188) - sin(105,56) + (7 /180)- (105,56) - sin(38,24) - sin(18,8)

June:

7 c0s(38,24—90)- cos(23,1)- sin(57,23) + (7 /180) - (57,23) - sin(38,24 — 90) - sin(23,1)
c0s(38,24)- cos(23,1)- sin(109,64) + (/180) - (109,64) - sin(38,24) - sin(23,1)

=0,15

July:

7 - c0s(38,24—90)- cos(21,1)- sin(60,68) + (7 /180)- (60,68)- sin(38,24 —90)- sin(21,1)
c0s(38,24)- cos(21,1)- sin(107,70) + (z/180)- (107,70) - sin(38,24) - sin(2 1,1)

=0,19

August:

—  cos(38,24—90)- cos(13,5)- sin(72,26) + (7 /180)- (72,26) - sin(38,24—90) - sin(13,5)
cos(38,24)- cos(13,5)- sin(100,90) + (7 /180) - (10090) - sin(38,24)- sin(13,5)

=0,34

September:

2 - cos(38,24 —90)- cos(2,2)-sin(87,2)+ (7 /180)-(87,2)- sin(38,24 — 90)- sin(2,2)
’ c0s(38,24)- cos(2,2)-sin(91,74) + (7 /180)-(91,74) - sin(38,24) - sin(2,2)

=0,70

October:

_ c093824-90)- coy~9,6)-sin(8334) + (7/180)- (8334) - sin(3824—90) - sin(~9,6)

R
’ c093824)- cod—9,6)- sin(8334) + (/180) - (83,34) - sin(38.24) - sin(—9,6)

=1,29

November:

_ c043824-90)- cod~189)-sin(7435)+(7/180)- (7435)- sin(38 24—90) - sin(~189)

R
’ c093824)- cod—189)-sin(74,35) +(/180)- (7435) - sin(38,24) - sin(~189)

=1,96




December:

_ c09(3824—90)- cos(—23)- 5in(70,46) +(7/180) - (70,46) - sin(38,24 - 90) - sin(~23)

R
’ c0s(38,24) - cos(— 23) - sin(70,46) + (7 /180) - (70,46)- sin(38,24) - sin(— 23)

=2,38

For east and west sides; ¥ = 190

Equation 5. 14 has been used. The results for R» are shown on Table 6. 5.

Table 6. 5. Monthly average beam radiation factor for south, north, east and west sides
of IYTE Cafe

Orientation Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.

South, R_
b 2,15 | 1,50 { 090 | 0,45 | 0,23 | 0,15 | 0,19 | 0,34 | 0,70 | 1,29 | 1,96 | 2,38

East/WestR_
b 0,78 | 0,72 | 0,65 | 0,60 | 0,55 | 0,54 | 0,55 | 0,58 | 0,63 | 0,70 | 0,76 | 0,80

6. 1. 5. Monthly Solar Radiation on a Tilted Surface

For south side;

Assumption, p =0,2 (the ground reflectance is assumed for all months. )

From equation 5. 12;

January:

Hr =6,6-(1—-0,454)-2,172 + 2,996 - (@j +6,6-02- (@j =9,987 MJ/m’
February:

Hr =94-(1-0,424)-1,51+3,985- (@j +9,4-0,2- (@j =11,109 MJ/m’
March:

Hr =132-(1-0,394)-0,905 +5,200- (@J +13,2-0,2- (%J =11,16 MJ/m’
April:

Hr =17,6-(1-0365)- 0,454+ 6,424- (@j +17,6-0.2- (@j =10,045MJ/m’




May:

Hr =224-(1-0,317)-0,228+7,100- (%j +22,4-0,2- (%j =9,278 MJ/m’
June:

Hr =24-(1-0,308)-0,152+7,392- (%j +24-0,2- (%j =8,620 MJ/m*
July:

Hr =24,6-(1-0,286)-0,185+7,035- (@j +24,6-0,2- (#j =9,227 MJ/m*
August:

Hr =23-(1-0,271)-0,344 + 6,233 - (#) +23-0,2- (%j =11,184 MJ/m*
September:

Hr =184-(1-0,288)-0,70+5,300- (%j +18,4-0,2- [%) =13,658 MJ/m’
October:

Hr =12,6-(1-0336)-1,29+4,234- (@j +1,26-0,2- (@j =14,169 MJ/m*
November:

Hr =81-(1-0,398)-1,98 + 3,224 - [#) +81-0,2- (%j =12,076 MJ/m*
December:

Hr =61-(1-0,449)-2,4+2,739. (%) +6,1-0,2- (@) = 10,046 MJ/m’

Table 6. 6. Monthly average solar radiation on south, north, east and west sides of

IYTE Cafe

Orientation | Jan. Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
South, H 9,53 10,79 | 10,80 | 10,05 | 9,60 8,98 | 9,643 | 11,27 | 13,50 | 14,02 | 11,68 | 9,60
East/West,
— 491 6,77 9,00 | 11,58 | 14,15 | 15,02 | 15,59 | 15,07 | 12,64 | 9,20 6,08 4,61
Hr
North, Hr 2,27 3,07 4,33 5,48 6,34 6,66 6,50 5,89 4,90 3,47 2,52 2,10




6. 1. 6. Monthly Average Absorbed Radiation

Monthly absorbed radiation calculations have been done for all sides of the

building by using equation 5. 21. The results are shown in the following table.
5 = (ca) Tr

The monthly average transmittance-absorption product, (Et),

Table 6. 7. Monthly average transmittance-absorptance product for four directions

Orientation Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.

North, South

— 0,68 0,65 0,60 0,55 0,50 0,44 0,42 0,48 0,58 0,64 0,68 0,70
=

East, West,
(—) 0,55 0,56 0,56 0,58 0,60 0,60 0,60 0,60 0,60 0,58 0,55 0,55
(124

Table 6. 8 . Monthly average absorbed radiation for south, north, east and west sides of

IYTE Cafe

Orientation Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
South, S

6,48 | 7,01 6,48 | 553 | 4,80 | 3,95 | 4,05 | 541 7,83 | 897 | 794 | 6,72
East/West, S

2,70 | 3,79 | 5,04 | 6,72 | 8,49 | 9,01 | 935 | 9,04 | 758 | 534 | 3,34 | 2,54
North, S

1,54 | 2,00 | 2,60 | 3,01 3,17 | 293 | 2,73 | 2,83 | 284 | 2,22 | 1,71 1,47

6. 2. Heating and Cooling Load Calculations

Heat gain and heat loss calculation steps are;
e Accepted design parameters
e Calculating overall heat transfer coefficient
e (Calculating heat loss of IYTE Cafe for three cases of the building
e (Calculating heat gain of IYTE Cafe for three cases of the building




6. 2. 1. Design Parameters

Climatic and local values of location of the building and indoor design
parameters influence heat gain and heat loss calculations. In principle, the heating and
cooling loads are calculated to maintain the indoor design conditions when the outdoor
weather data do not exceed the design values. In this project, outdoor design
temperature has been determined by using monthly average outdoor temperature
recorded by Meteorology Department in izmir since 1938 .

On the basis of the values in Table 6.9 ;

* Monthly average maximum temperature values in summer period have been

used for cooling load calculations,

e Monthly average minimum temperature values in winter period have been

used for heating load calculations.

For most of the comfort air-conditioning systems used in residential, commercial
and public buildings, the recommended indoor temperature and relative humidity are as
follows (ASHREA 2001) :

e Summer: 23,5-25,5 °C dry bulb temperature, 40-60% relative humidity,

e Winter: 21-23,5 °C dry bulb temperature, 20-30% relative humidity.

On the basis of these values as well as energy saving strategies, summer period design
temperature has been accepted to be 25,5 °C and winter period design temperature has

been taken 21 °C (Table 6. 9).

Table 6. 9. Accepted temperature design values (shown with grey colour)

Jan. | Feb. | Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
Average, T,

8,7 9,3 11,3 | 15,6 | 20,6 | 25,3 | 27,7 | 27,3 | 234 | 18,7 | 14,0 | 104
Maximum

12,3 | 134 16 20,7 | 25,9 | 30,6 33 32,7 29 239 | 184 | 13,9
OutTem, T,
Minimum
OutTemp, T, 5.7 5.9 7,3 10,9 | 152 | 195 | 22,1 | 21,9 | 184 | 144 | 10,6 | 7,5
InnerTemp.,T;

21 21 21 21 25,5 | 25,5 | 255 | 25,5 | 25,5 21 21 21




6. 2. 2. Thermal Loss Coefficients for the Building

Building loss coefficients of selected materials for our project have been
mentioned in the previous Chapter 4 and Table 4.1. Details about the materials and
where they are used can be seen in related figures. Features of these materials are taken
from ASHRAE, TS 825, catalogues of some firms and the book Building Heat
Insulation Standards.

According to the building materials total heat loss through building surfaces will
be done but because of the rotation function, directions of building elevations change.
Therefore, in order to make calculations easier and differentiate each elevation in each
case of the building, elevations have been examined separately (Figure 6.3 and Table

6.11).
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Figure 6.3. Elevations of the building



Table 6. 10. Total specific heat loss of the building

TOTAL SPECIFIC HEAT LOSS

8 - ELEVATION SPECIFIC HEAT LOSS

U-Heat Transfer

Construction Components Coff. (WWITEZ K Preg (mi) Ux A (i)
‘indow 3,481 0,00 0,00
Glass brick s 1] 1,44 403
Ertrance double gass door 4,15 3,30 13,79
Auminum kitchen entrance 5,60 1,098 11,09
MHet outside wall 0,54 2028 10,89
Total Heat Loss: 39,80
E - ELEVATION SFECIFIC HEAT LOSE
: U-Heat Transfer
Construction Components Coeff, (MMITZ K Frea (mil) U A (UKD
Toil et hurg  window 3481 0,0 1,40
Glass brick = 1] 0,72 2,02
MHet outside wall 0,54 16,43 887
Total Heat Loss: 12,29
C-ELEWATION SFECIFIC HEAT LOSE
U-Heat Transfer
fam Beman Coeff. (MM Frea (mil) U A (UKD
irdowm 3,41 2100 73,71
Glass brick 080 .58 8,06
Sunspace double glass door 4,18 3,30 13,74
MHet custside wall 0,54 18,72 10,05
Total Heat Loss: 106,62
O- ELEWATION SFECIFIC HEAT LOSE
. U-Heat Transfer
Construction Components Coeff. (MTE K Frea (mil) U A (UKD
Eitchen window 341 0,40 1,40
Glass brick = 1] 0,72 2,02
MHet outside wall 0,54 16,16 8,68
Total Heat Loss: 12,10
E- ELEWATION SPECIFIC HEAT LOSE
. Lk 1= ilethenlik
Construction Components Katsay s (N K Prea mi) Ux A kD
Sunspace Glass 341 53 53 188,42
Total Heat Loss: 185,42
F- ELEVATION SPECIFIC HEAT LOSE
. U-Heat Transfer
Construction Components Coeff. (MTE K Frea (mil) U A (UKD
Ougtside wirall 0,54 7,054 423
Total Heat Loss: 423
SPECIFIC HEAT LOSS FOR OTHER ARERS
. U-Heat Transfer
Construction Components Comff. (T ) Ared (m2) L A (UKD
Zone-1 Cailing o, 100,00 30,90
Zone-2 Sunspace Foof Cower 0,3 1,00 13,12
Zone-1 Living space Floor 0,565 00,00 56,00
Zone-2 Sun space Floor 0,565 3400 19,04
Clerstory-doubl & window low-a Z,67 1,40 3,74
Zone1- Operabl e Summer “went 5.5 o.7o +12
Sunspace- Operable Summer .67 1.00 267

Double hung window Low-&




6. 2. 3. Heat Loss Calculations

Total Heat Gain;
Zonnel :onneZ + QC +QV+QI + Qs (6' 3)
Total Heat Loss;

300t =0.+0, (0, +0,+0,,..,) (6. 4)

6. 2. 3. 1. Heat Transmission Loss

Q.=U-A-(T,-T) (6. 5)

Zone -1 :

A - Elevation : U.A =39, 80 W/K
B - Elevation : U.A=12,29 W/K
C —Elevation : U.A =105, 62 W/K

D —Elevation : UA =12, 10 W/K

Ceiling : U.A =30,90 W/K
Floor : U.A=56,00W/K
Clerestory : UA=3,74 W/K

Summer Vent : U.A =4, 12 W/K

Total U.A = 264,57 W/K

For two cases, the building transmission loss and gain has been examined; in
winter period, in Case-1, (sunspace is south-facing) sunspace temperature is higher than
the living space temperature so there is not any heat loss through C elevation.

In summer period, in Case-1, because of solar radiation sunspace is so
overheated that temperature in the sunspace is higher than outdoor temperature. By
opening sunroofs, sunspace temperature has been drawn closer to outdoor temperature.

For that reason, Ts = T, has been used in this calculations.
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6. 2. 3. 2. The Average Net Gain in Sunspace (Q,one2)

There is not any internal heat gain in the sunspace (Q, =0) so net heat gain of the

sunspace is given by;

Qper =0, -0. -0, (6. 6)
Zone-2:
E-Elevation : U.A =188,42 W/C
F-Elevation :U.A=423 W/C
Sunspace roof : U.A=13,12 W/C
Floor :U.A=19,04 W/C
Sunspace double hung: U.A =2,67 W/C
Total U.A : 227,48 W/C

Calculation of Sunspace Temperature without solar gain

T :Z(Ui A 'Ti)+(U0'AO'TO)
S z(zUi ‘Ai)+(zU0 -AO)

6.7)

U, : Heat transfer coefficient of heat gained surfaces

U ,: Heat transfer coefficient of heat lost surfaces

A, : Area of heat gained surfaces ( C-Elevation)

A, : Area of heat lost surfaces ( E and F — Elevation, floor, ceiling and sunroof )
T, : Indoor temperature (It changes in summer period and in winter period)

T : Outdoor temperature (It varies from month to month)

U,.A =105,62

U,. A, =188,42+4,23+12,84+19,04+2,67 = 227,16 W/C

January: T,=21°C rosrc g =103 ’6120 5261;1(2222771166 57) 106 °c
February: T,=21°C T,=59°C T,=10,7°C

March: T,=21°C T,=73°C T.=11,7°C

April: T,=21°C T,=10,9°C T.=14,1°C



May: T,=25,5°C T =25,9°C T =258°C
June: T,=25,5°C T =30,6°C T =29°C
July: T,=25,5°C T =33°C T =30,6°C
August: T,=25,5°C T, =32,7°C T,=30,4°C
September:  T,=25,5°C T,=29°C T.,=27,9°C
October: T,=21°C T,=14,4°C T,=16,5°C
November: 7,=21°C T,=10,6°C T.=13,9°C
December:  7,=21°C T,=75°C T.=11,8°C
Table 6.15. Monthly average sunspace temperature
Jan. | Feb. | Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. | Oct. | Nov. | Dec.
TS 10,6 | 10,7 | 11,7 14,1 | 25,8 29 30,6 | 304 | 279 | 16,5 | 139 | 11,8
Table 6.16. Monthly sunspace heat transmission loss for two directions
MONTLY HEAT TRANSMISSION LOSS OF ZONE-2
UxA Ts Tout AT (Ts- Heat Lost
Month Tout)
W/C C C C W MJ/day
January 106 | 57 4,9 1114,65 96,31
February 10,7 | 59 48 1091,90 94,34
March "7 | 73 4,4 1000,91 86,48
April 14,1 1 10,9 3,2 727,94 62,89
May 0,00
June 0,00
July 227,48 SUMMER PERIOD 0,00
August 0,00
September 0,00
October 165 | 144 2,1 477,71 41,27
November 139 | 104 3,5 796,18 68,79
December "e | 75 4,3 978,16 84,51
TOTAL : 6187,46 534,60




Table 6.17. Monthly sunspace heat transmission gain for two directions

MONTLY HEAT TRANSMISSION GAIN OF ZONE-2

UxA Tout Ts AT.(I..:))Ut' Heat Gain
Month

w/C c c c w MJ/day
January
February
March WINTER PERIOD
April
May 259 | 258 0,1 22,75 1,97
June 306 | 29 1,6 363,97 31,45
July 227,48 33 | 306 2,4 545,95 47,17
August 32,7 | 304 2,3 523,20 45,20
September 29 | 279 1,1 250,23 21,62
October
November WINTER PERIOD
December
TOTAL : 1706,10 147,41

As expressed in the previous chapter,

Q,=S-SHG-CLF +S-LHG

6. 2. 3. 3. Internal Heat Gains

Qi = Qp + Qlight + Qe

Q, : Heat gain from people:

SHG : Sensible heat gain
LHG : Latent heat gain

S : Number of people. The Cafe is assumed to be 33 % full so;

S=15

The space temperature does not change so;

CLF =1

Q,=15-75-1+15-95=2550 W

(6.

8)

6.9



Q)i ¢ Heat gain from lightening:
Q = LightingLoad - A- CLF
LightingLoad = 5 W/m*
Lighting period is six hours a day so,
CLF =0,25
A=100 m’
0=5-100-0,25=125W

Q,: Heat gain from equipment:
Q,=P-CLF

Equipments in the cafe;

Toaster: 1,5 kW = 1500W

Kettle: 0,25 kW =250 W

Refrigerator: 1,5 kW = 1500 W

P =15004+250+1500 = 3250W

CLF =1

0, =3250-1=3250 W

Q. : Internal heat gain:

Q, =2550+125+3250 =5925 W = 21,33 MJ/day

(6. 10)

6. 11)

As it is seen in the table, in summer period, east and west sides of the sunspace

receive the most energy. Therefore, these parts have been separated from the rest of the

sunspace with doors.

6. 2. 3. 2. Infiltration and Ventilation Loss

In our project, the sensible heat load of infiltration is represented. For zonel,

infiltration increases the heat loss in winter while it gives rise to heat gain in summer.

For Zone2, in winter there is a heat flow to the outside. Depending on interior

temperature, and temperature difference between Zone 1 and Zone 2, heat flow to Zone

1 is managed by opening vents in winter. In summer, the vents are closed to eliminate

excessive heat gain.



Q,=V-p-c, (T,-T,)n (6. 12)

Zone 1:
V = 100m*.2,7m=270 m’
¢, = 1,007 kI/kg’C =0,279 W/ kg"C
p = 1,194 kg/m’
n : Air change factor
n = 1 (from ASHREA)

Calculations have been done for 20 °C and 100 kPa. As temperature swings do not
affect the result, they are omitted.

As a result;

Ventilation - U. A = 270.1,194 .0.279 .1 = 89,94 W/C

Zone 2 :

V = 8 m

Vep-c, =83.0279 . 1,194
= 27,68 W/C

Infiltration calculations have been done by assuming that the vent between the sunspace
and the living space is closed. Therefore, it is assumed that there is not any infiltration

through the vent to Zonel.

The calculation of infiltration results are given in Table 6.18 and Table 6.19



Table 6.1283 Monthly infittration o= for the living s pace far b directions

Hed |o== - By Infiltration
Morith Vo opin Tin Towt aT Heat Lost

Wi C C C Wy M.Jiday
1 &7 15,2 1276 08 112,80
21 54 15,1 1252 00 117,34

1 V3 12,7 1232,18 106,46

1 mna 10,1 apa 24 7840

0,00

0,00

£0.94 SLMMER PERIOD 0,00

0,00

0,00

1 144 fi fi 893 i 1249

H 104 10 6 953 16 8237

1 7a 12,6 121418 104,91
7RIS, 31 659,74

Table 6,180 honthly infitration gain for the living space for twa direcions

Heat Gain - By filitration
honth W.pln Tin Tont AT Hed Gain

W C C C Wy M.Jidy

Hanuary 00 0,00
LFfmn __________ WINTER PERIOD 0 o0 0,00
March .. 0,00 0,00
pril 000 0,00
pitay 25,5 258 0,4 25 93 3,11
une 5.4 a0 fi 5.1 453 fil 3063
by 59,94 25,5 33 75 67455 5979
pugust 5.5 3T 72 547 57 55 05
Septerber 5.4 28 35 21470 720
Ootcber . 000 0,00
Nevambar WINTER PERIOD 0 o0 0,00
0 o0 0,00

2131 5% 184,47




Tabk 6.1%a

Morthly pdltration koss for the surspace o bro drections

Heat lo=s - By Rfiltration
horth VoI Ts Tot aT Heat Lost
Wi'C C C C W MJidzy
Janary 105 6.7 44 135 63 11,72
Febnary 107 5.4 48 132,86 11,43
|hiarch 117 7.2 44 121,74 10,52
Foril 141 10,9 32 2258 7 i
|ty 0,00
Juna 0,00
by i its 0,00
August 0,00
Septamber 0,00
Qctober 165 14,4 21 58,13 4,02
Howvember 138 0.4 358 a6 28 837
December 13 7.5 473 119,02 10,28
TOTAL: 752,90 5,05

Tabk 6,150 Moxthbr infifration sain for the surspace for taro drechors

Hest Gzin - By iRfilitration
kdarith V.pen Ts Tout aT Heat Gain

WiiC: C C C iy M)y
Janary 0,00
Febniary 0,00
|iarch 0,00
April 0,00
Itz g %A 01 2768 0,24
e i 3006 16 44 238 383
Ay 27 Ra 05 KX 24 fi6,432 §.74
August 04 32,7 23 £, fiGd 550
Septermber e 20 1.1 20,4448 263
October 0,00
Movember 0,00
Oecamber 0,00
TOTAL: 207 &0 17,54




6. 2. 3. 4. Passive Solar Gain

The following tables show calculation results of;

e Living space total monthly solar heat gain for south-facing, north-facing and
rotating position of the cafe,

e Sunspace total monthly solar heat gain for south-facing, north-facing and
rotating position of the cafe,

e Net heat gain of the sunspace for south-facing, north-facing and rotating position
of the cafe,

e Total heating and cooling load of the living space for south-facing, north-facing

and rotating position of the cafe,
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Tak 625, Net Heat Gammof Sunspace for the S outh Famng

1. Case : Surspace Famng the S outh
HET HEAT GAIN OF Z0OME-2
Morih L= (Al Gy Met G
M.J M. M.J M. Jiday Wi

JanuEny 256 37 -96,31 1172 143 34 171647
Febmiary 20837 -0, 34 -11 48 192 55 2728 52
Iharch 21300 -86 .48 -1052 216,00 2400 06
ol J25 65 -fi2 .89 -7 .65 2510 20832 57
Inz 246 A6 1497 024 3T 04 28
une 33444 3144 aa3 369, TR 4270 fid
oy 244 GG 47 17 474 208 a7 461312
Lugust 37325 4520 540 458 06 OR4 52
September 414 26 bl 263 435 61 S076 40
October 293 A6 41,27 5,02 23T 4020 46
Movember 31480 -G, 74 847 Pl 2161
Cecember 259 &7 -84.51 -10.28 164,78 1907 14
TOTAL: 354655 41051 58
Mote : [- JRepresents Heat Loss

Takad! Het Heat GaimofSunspace for the Horth Faong

2. Case Surspace Famng the Horth

MET HEAT GAIM OF ZOMNE-2
Month Q= Qi Gy Het
M.J M MJ M J-day Wik

By 110,74 06,31 1172 271 21 42
Fabniany 150 6% -94.34 -1148 4 86 510,19
[ 193 62 86,48 1052 101 61 1176 00
Aol 26136 -G89 -7 Gf 180,31 002 73
Itz 29391 187 024 a0, 11 3485 12
une 30442 3144 383 379,69 3951 62
oy 206 75 47 17 A4.74 250 66 4162 74
fuguet 0220 46 20 A50 62 .a0 403451
September 267 16 2162 253 29,4 3372 80
October 19457 -4 27 5,02 240 87 e nn
Movember 13124 it 847 20,40 2412 03
Cecember 10420 -84.51 -10.28 1989 60 231019
TOTAL 2623,75 J0367 4

MAta - 1o 'IE'.:.rrncnn‘i‘c Ha=t | o




Tdk 623, Het Heat GammofSunspace for the Fotabon
3. Case : Sunspace Faoirg the Santh m Wirter and the Hoxth in Sunprer

HET HEAT GAIM OF ZOME-2
25 B By Het G
M.l M.l M.l M1z Witk
3@y 5637 -85, 31 1172 143,35 171607
Febmary oear -9, 34 1148 192,54 T2IE
It tarch 330 -af 48 -10 52 216,00 2409 26
ol 2665 -62.849 -7 fif 5,10 2052 57
It moem 1497 024 m.n 349512
une 30442 3 4a 3583 34,69 3031 52
by 306,745 4717 574 380 66 41f2 74
Puguet 30220 46 20 540 36280 403451
September 267 16 212 Ih3 1.4 3372 80
October 303 A6 41,17 -5,02 479 96 5092132
Movember 3480 -fig, 74 837 392,06 4537 73
December 15057 -24.51 -1028 K 4101 A1
TOTAL - 3643, 16 42166, 25

Mote ;=4

- | Represerts Heat Loss
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CHAPTER 7

CONCLUSION

7. 1. Performance of the System and Results

Analyses have been done for three cases of the cafe. For each case, solar heat
gain and internal heat gain have been considered to find out total heat gain and heat loss.
Thus, total heating load and cooling load of the cafe have been obtained and the amount
of saved energy has been compared between each case.

In Figure 7.1, annual heat loss values are shown for the cafe when it faces the
south and the north. The results are the sum of transmission and infiltration losses.
Transmission losses in Table 6.13 and infiltration losses in Table 6.19b have been used
to determine total heat loss of the cafe for south-facing position. Similarly, total heat
loss of the cafe for the north-facing position have been determined by using
transmission losses in Table 6.14 and infiltration losses in Table 6.19b.

For both positions of the cafe, there is heating load in January, February, March
and April. The cafe does not need heating in from May till September. Heat load rises
gradually, beginning from October. In January, heat loss reaches the highest value in
south-facing position which is 329 MJ/day whereas in north-facing position 424 MJ/day
is required for heating the cafe. This means that 29 % more heat is lost.

Figure 7. 2, demonstrates annual heat gain values. It is understood from the
figure that when the sunspace is located to the south, heat gain rises. The cooling load
of the cafe increases gradually from May to July and cooling peak occurs with 229,72
MJ/day in July. Until October, cooling load decreases. On the other hand, there is no
cooling demand in January, February, March, April, October, November and December.
Cooling load in south-facing position is 15% higher than the north-facing position. In
summer, excessive heat is gained in the sunspace so the cooling load increases. With the
help of operable sunroofs, sunspace temperature can be lowered to reach the desired
temperature. By doing this, overheating can be eliminated.

Figure 7. 3 shows total monthly solar heat gain of the sunspace. When the
rotation is taken into consideration, it is seen in the figure that, the sunspace obtains too

much solar heat when it faces the south and the least solar heat is gained when it faces



the north. Therefore, rotating the building to the north is advantageous for decreasing

undesired solar heat gain in summer. Similarly, rotating the building to the south is

necessary for increasing solar heat gain in winter.

In Figure 7. 3 different solar heat gain values are estimated when the sunspace

faces the south and north throughout the year, meaning that sunspace solar heat gain

changes depending on the direction.

In south-facing position a gradual rise has been observed from January to May.
Increase in solar heat gains has been expected to continue but in June a slight
decrease has been calculated. The reason for obtaining lower value in June is
that sunspace has a vertical glazing. This result has been seen in other studies
about izmir as well. Until September solar heat gain goes on rising and
maximum heat gain is in September with 414,26 MJ/day.

When north-facing position is taken into consideration, there is a gradual
increase until September. Solar heat gain follows a lowering curve until
December. The curve for north-facing position is different from that of south-
facing position because the sunspace does not get direct beam in north-facing
position. Maximum solar heat gain is obtained in July with 306,75 MJ/day.

In rotating position, there are two important points where solar heat gain shows
a significant fall between April and May and a peak between September and
October. The reason of these alterations is that the position of the cafe is
changed in these months. Especially in October the increase reaches the highest
value. This means that in this month the cafe begins the have a heating demand
but by rotating the building solar heat gain is increased. This situation saves

heating energy of the cafe.

Figure 7. 4. shows total heating and cooling load of the living space for each case.

When the sunspace always faces the south, auxiliary heating is required in
December, January and February but total cooling load is very high in summer
months. In March, April and October, there is not any heating and cooling
energy demand.

When the sunspace always faces the north, auxiliary heating is required from
November to April whereas in summer total cooling load is rather lower than the

south-facing position.



* In rotating position, the building makes use of advantages of the south-facing
and north-facing positions. Heating load curve is the same as south-facing
position while cooling load curve is the same as north-facing position.

In Figure 7. 5, total auxiliary heating and cooling energy required for each case are

shown.

¢ For south-facing position, total energy demand is 98112,6 MJ. 4% of the energy
is needed for heating and 96% of it is needed for cooling.

¢ For north-facing position, total energy demand is 109769,86 MJ. 26% of the
energy is to be used for heating and 74% is used to be for cooling. Compared to
the previous position, there is 11657,26 MJ (12%) rise in total heating and
cooling demand.

¢ For rotating position, total required energy is 84768 MJ. This value shows that
some amount of energy has been saved because rotating building benefits the
best features of each position.

To sum up, if energy demand in rotating position and north-facing position is
compared, 25001,86 MJ equalling 6945 kWh energy difference is found so 23% energy
is saved in rotating position. The comparison of rotating position and south-facing
position shows that 13344,60 MJ equalling 3707 kWh more energy is required for
cooling when the cafe faces the north. Therefore, the amount of saved energy in rotating

period is 14%.
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7. 2. Conclusion and Recommendations

In this study, a passive solar building that will function as a cafe at Izmir
Institute of Technology Campus has been designed. The reason for planning the cafe by
using passive solar design principles is making the cafe energy efficient. For doing this,
almost all materials and design of the building are based on their thermal properties and
passive solar design principles. The motivation of the thesis is to investigate the
effectiveness and efficiency of a rotting solar building.

While determining rotation periods, heating demand has been the primary
concern. Heat load of the building depending on heat transmission and infiltration
values have been found out and they have been compared with the meteorological data
for outdoor temperature taken from Meteorology Department in Izmir (Table A.3).
Indoor temperature has been decided from ASHREA standards. As a result, rotation
periods have been formed on the basis of heat loss values which have been estimated
from indoor and outdoor temperature differences. Therefore, rotation consists of two
periods: winter period, 1* October- 30" April, and summer period, 1 May — 30"
September. Calculations have been done depending on these rotation periods.

A sunspace and additional passive solar design tools have been designed to
increase passive solar gain in winter. The sunspace has been rotated to the north to
decrease heat gain in summer as it is determined before. Calculations have shown that,
compared to a conventional south-facing passive solar building, 14% less net heat gain
has been obtained after rotating the building to the north in summer.

In order to make the building more energy efficient portion of east and west
walls of the building have been included into the sunspace. Solar gains obtained from
east and west sides of the sunspace provide 40% of heating energy of the cafe. However,
they also increase the cooling demand by 60% in summer. Therefore, west and east
parts of the sunspace can be separated from the rest of the space by operable doors to
reduce the cooling load. Besides, efficient use of shading devices and sunroofs can
result in a decrease in cooling load as well.

While determining the rotation periods of the cafe, in terms of solar heat gain in
winter, the efficiency of rotating the building throughout the day has been questioned.
However, the required energy for rotating the building all day could overcome the

amount of saved energy for heating and cooling the building so this option has been



omitted. Rather than tracking the sun, a sunspace which covers a part of west and east-
facing walls has been designed to increase solar heat gain in winter. It worked well and
33% more heat gain obtained from the sunspace in a year. The efficiency of a building
which rotates throughout the day can be investigated in future studies and static
analyses can be done to see the appropriateness of such a building as well.

After the living space energy demand calculations, it has been seen that rotating
periods can be changed. Calculations have shown that although heating demand is 185
MlJ/day in October, 331,95 MJ/day heat gain is obtained in south-facing position
whereas 150,39 MJ/day is the heat gain of north-facing position. For that reason,
according to weather conditions of the year, summer period can be re-arranged to
include October.

Energy demand for rotation is quite low as it uses 2 x 1,5 kW electric energy. If
rotation lasts thirty minutes, it consumes 1,5 kW electric energy. The cost of
constructing the rotation system is important. In future studies, cost analysis can be
carried out to find out the period of time in which the saved energy pays off the cost of
rotation system. Another subject for future studies can be on energy savings of rotating
buildings that have different sizes and the efficiency and cost analysis of their rotating
system. In colder climate conditions, this case might have performed better than izmir
so thermal performance of rotating solar buildings in different climate conditions can be
studied in future studies.

It is difficult to integrate both summer and winter conditions in a conventional
passive solar house because some deficiencies occur due to seasonal conditions. In this
project, it has been seen that rotation system makes the architectural design of a passive
solar building easier for architects. Furthermore, rotation system makes the owner to
have an option in using the building for different weather conditions.

Consequently, it is found out that, in terms of seasonal heating and cooling
requirements of a building, rotation system is beneficial for utilizing advantages of both
south-facing and north-facing buildings by changing the building direction. In this
project, it is proven that rotation system is effective in saving heating and cooling

energy.
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APPENDIX A

CALCULATION TABLE

Table A. 1 Overall U-factors for different glazing (Source: ASHREA Handbook
of
Fundamentals, 2001, Ref. 1, Chap. 27, Table 5)

Aluminum frame

Glass section {without thermal
(glazing) only break) Wood or vinyl frame
Center- Edge-of- Double Slaped Double Slaped
Type — of-glass glass Fixed door skylight Fixed door skylight
32mm 53 mm 19 mm 41 mim 88 mm 23 mm
Frame width — (Not applicable)  (11in) {2In) {3 In) (13 In.} (3% In.} (Zin.)
Spacer type — Metal Insul. Al All All Metal Insul. Metal Insul. Metal 1asul.
Glazing Tvpe
Siugle Glasing
Smm i m.) glass 530 B3 — 83 1B 988 A83  — BET —  TAT —
G4 mm [i inyacrylic 528 Sek o — SE9 &2r 8B6 S0 — 4AFT — BT —
S mm g m acrylic 479 &fw — 616 &M 991  Ad3 — 517 — TEY  —

Diouble Glazing (no coating )

©.4 M alr gpace 33 371 33 290 455 @.70 228 318 320 309 437 422
127 mm air space ays 340 29 351 408 665 283 276 23 274 42 447
6.4 =N argon space 29% 352 307 268 432 6.47 303 291 292 287 414 AW
127 mmargon space 261 388 276 348 404 647 274 2pl 2T3 0 260 444 A&7

Double Glazing [e = 0.1, coating on one of the sanfaces of air space (surface 2o0 3, counting from the owside wowand insde)]
6.4 rm air space 244 316 283 31 deD 604 259 246 28D 247 373 453
12,7 mim alr space 182 a7 208 2T 33T 604 208 102 213 199 373 353
6.4 mmargan space 199 283 22 242 352 fE2  2m 207 22 212 342 4g
127 mm argon space 1.53 249 1m3 242 3 W 571 182 187 121 178 341 219
Triple Glazing ino coating b

&.4 mm air space eds 288 235 29T 366 G810 234 248 23 221 348 324
12,7 mm alr space 1.76 287 202 Ze2 353 GEF 201 184 207 191 3 39
@4 mmargon space 193 279 218 RIT 347 557 R 19% 2145 204 3EF 300
127 mm argon space 185 258 192 282 323 653 191 174 19 182 330 295

Trple Glazing [£ = 0.1, coating on one of the surfeces of wr spaces (surfaces 3 and 5. counting from the outside toward inside]]
6.4 mim alr apace 153 249 183 242 314 524 181 184 189 173 292 266
127 mm air space 0 205 1.3 1492 268 540 153 145 148 130 278 252
6.4 ™ argon space 1.19 223 158 212 285 4.50 162 136 164 147 259 233
127 mm argon space 0380 192 125 177 23 4 5E 118 101 133 147 255 228

I
Mots:

(1) Kuripdy by 0476 ko oblain Lfactons in B/l - 12 °F

{£) Tha tifactors in thes takle nclude te sffects of suriace hoat transder coaficants and aro based onowinter condtions of — 1890 autcloar
ak and 21440 Indoor ale tam paratura, with 24 kmih (15 mph) wands outdoaors and 2ee0 solar fu, Small changss o indaor and auldoos @m-
paratures will not alect tha ovarall Ubactons much, Windows ane assumed 1 b vartical and the skybghls ans tilkad 209 rom thea horizontal
ity gmarel sl Tk Ingulation spacars ara wodd, e lass, o butyl, Edge-olglass sNacts are assimad o 2terd (ha SEnin Darsd
s parimalss of gach glazing, The product Szss ars 1.2 m = 18 m For fiead windows, 1.8 m = 2.0 m lor doubla-door windows, and
1.2m = 06 m for the skylights, but the values given can s be ussd bor products of similar sizes. AL data ars based on 2mm -j!!-in.] glass
unless nofed ctharwiza.



Table &-2. Heat Transfar Coeflimernts

Thicknase of BT Heat
Corstraction Componerts [the elemernts E.;:-,I_,?Tw dix Eziﬁﬂm
(mil k) | mz2kAn iz K
ndoor Heat Transfer Coeff 1 oo 0130 ...
nterior plaster oo opzo ... DA70  LDRS |
ferated Corcrete (Wtongd | oas0 1o Y LI LT
Wall  [Espanded Polyetyrere Boad | 0020 ) | ARSI WLEET
suface |Beterorplagter L oo ... 1400 {.BR07 ).
Outdoor Hea Transfer Coeff, 0 040
TOTAL 1847 0 541
ndoor Heat Transfer Coeff 1 oo 0130 ..
CRRAMIE oo LF LEU 1300 | OOZ3 o
Slabongrade o] ooso ... 1400 {005 )
Acor Espanded Polytyrere Boad | | opso ] 0033 1429 |
Damp proofeovering [ ooos .. TLLCL I I S,
Reinforced corcrete . oaoo . 2100 1. LF L 3 N
TEPEZ 235 o] oot 40000 1oooo 4o
Outdoor Heg Transfer Coeff, 0,130
TOTAL 1,795 0557
hdoor Heat Transfer Coeff 1 oo 0,130 1.
Rlagterplate o) opo .. o210 . ).0pes |
Ceilirg  [GlassWiod ] oas0 1. 0032 LEZESS |
Steel Sheet e ool | 41000 1.oooo )
Reinforced concrete L] 0100 ... 2100 |.0p4s
Damp proafoover o opoz L. 080 LODE
slabongrade opso ... 1400 LDD3E |
Outdoor Hea Transfer Coeff. 0 040
TOTAL 3249 0,308
‘wd rdo- Double window -12 mm gap | | | 3200
Glass Erick | | | 2z00
Surnrner Roof- Double hung window -
Lo-& 2570
Lighting Double window-low-e,12 gap | | | 2 K70

(cont on the next page)




Tahle &-2. Heat Transfar Coeffiments (oont.)

Thickn of Heat Heat
i 12 : 855 M onductivity [} |Conductivity
Coretruction elerment= & elements “Walue & Coeficient-1
() Q) [m2EAN v K
hdoor Hea Transfer Coeff, 0,130
;';:F@GE Steel Sheet (Roof panel) 0002 40000 | 0poo
Espanded Poly=tyrere Boad o os0 0035 149
COutdoor Hea Transfer Coeff, 0040
TOTAL 1,599 0 fiZ6
— hdoor Hea Transfer Coeff. 0,130
Rodf- yert [Fdmirum ooz 240000 | 0poo
COutdoor Hea Transfer Coeff, 004
TOTAL 0,170 5832
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Figure A-1. Transmittance (considering absorption and reflection) of 1, 2, 3 and 4
covers for three types of glass (Adapted from Duffie and Beckman, 1991)
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Figure A-3. Monthly average beam incidence angle for various surface locations and

orientations (Adapted from Duffie and Beckman, 1991)



