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ABSTRACT

In educationalinstitutions a conducive and comfortable atmosphere is crucial to create
effective leaning environment for students. Naturally ventilated and thermally comfortable
school buil dings i mprove studentsd6 health,
they sped considerable amount of their time inside classrooms. This study is confined with in
Adama city, Ethiopia; only od purposively selected school buildings which aimed to evaluate
the orientation based adaptive model of naturaintilated classrooms to enhance thermal
comfort. The studuses both qualitative and quantitative data gathering approachesl
implemented by using primary and secondary data sou&Ssrespondents were selected
using proportionate stratified sampling techniguigh 12 classroom building blocks{3ocks

per school).Requireddatawere collected foB weeks on the months of March and AfBased

on the data from the building occupants, objective measurements and software simulation
result, classroom building oriented towards the south, southeast and soutiwigestre
uncomfortable for their users and highly susceptible for the harsh sun penetrating into the
classroom. To regulate the indoor air temperature and maximize the natural ventilation for
south oriented building with VSA of 60° and HSA of 50° result awethgvith a cepth of Im

and roof eave overhang having a depth ofriviill effectively minimize the direct solayain

and increase theatural ventilation by allowing more fresh aiinlet from southwest direction

at an angle of 45°%or buildings oriented towards the southwest direction, a VSA of 50° and
HSA of 48° results a wingwall having a depth of in@®d roof eave overhang with 1.6m depth
effectively blocks the harsh sun entering the room and increases the amount of fresh air inlet
the roomFor buildings oriented towards the east and southeast axis, a wingwall having a depth
of Imand a roof eave overhang of a minimum ofh®wll allow fresh air to enter the room and
minimize the direct solar heat penetration into the rod@y.applying this passive design
strategy, the temperature of the classroom during the peak hottest day results a reduction in
indoor temperature fron3 3 . 3 afor chaxidh@®m and minimum indoor temperature
respectivelyto 2 7 . 5 a nThis dh8ws, the recommended design strategy creates a

significant change in creating a thermally comfortable and natynatilatedclassrooms.

Keywords: Adaptive modelClassroom buildings, Climate factors, Natural ventilation, Passive
design, Thermal comfqrSun penetration
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CHAPTER ONE

1. INTRODUCTION
This thesis study asconducted in Adama city which is located in East Shewa zone of Oromia
region, Ethiopia; for the partial fulfillment of the degree of masters in Environmental
Architecture at Adama Science and Technology University (ASTU). The studyefocns
evaluating adaptivéhermal comfortmodelfor naturally ventilated classrooms buildings and
create a healthy and comfortable | earning en

their education.

Most of the time, students learn in classrooms or indoor spaces, espse@lydaryand
preparatoryschool students are regularly in school classroomatftgast 8 hours of the day

The Indoor Environmental Quality (IEQ) of a place where students learn, study and work
different activities related to their education can have a significant impact on their physical and
psychological wellbeing; and also, negatively affect their perfoo®@irif, Katafygiotou et al.

2016) Thermal comfort is one of the key components thagimed as a condition of mind that
expresses satisfaction with thermal environment. Both temperature and level of humidity in
classrooms highly affects the thermal comfort. Students cannot perform on their education to
their best if the temperature insigetoo high or too low.

Adama is one of the fastest growing cities in the country. As the number of populations is
increasing, there is a high demand of schools. The city is categorized under warm temperate
area, especially in winter season the temperature is ranging from Jt.8ight to a warm

29.6 during the day. This will continue in April and May, with temperature consistently rise

to 30 and aboven the day timgHirko, Mergia et al.) Thisin turn highly affect the indoor
environmental quality of classroonrishi s adver sely affects the st
performance; and it requires a maximum attention to solve the problem. So that, this study is
believed that it solves the problem and creates a conducive learning environment for the

students.

In this chapter, background of the study which discusses issues from wheeolbheEm
emerges, statement of the problem, research question, objective of the study, significance of the

study,andscope of the studyasdiscussed in detail.



1.1. Background of the Study

Since the global energy crisis of the 1970s, it has become critical for nations to identify strategies
for cutting back on all forms of energy consumption. Buildings contribute more than 30% of
CO2 emissions and almost 40% of the world's energy usagelirigisilconsume a significant
amount of this energy for thermal comf@rtang, Yan et al. 2014)

For many years, natural ventilation served as the main means of cooling and ventilating
buildings According to(Collins 1996)Since the Qin dynasty, which began in roughly 221 BC,
China has been practicing feng shui, the traditional Chinese technique for establishing a
harmonious environment. Together, Feng and Shui address how the environment affects a
building's exterior and terior design as well as hetw live-in harmony with the natural world

while fostering an environment that is empowering for people.

Natural ventilation was achieved in the 19th century by opening and closing windows and
allowing air to enter via gaps and crevices in buildings. When windows are opened and there is
a temperature differential between the interior and exterior air, cg fkervind blowing, a

significant ventilation rate can be achie®@n Der Tempel, Wouters et al. 2011)

The majority of schools constructed in the latter half of tHecEitury and the first half of the
20th century were utilitarian, conventional spaces intended to accommodate the greatest number

of pupils while optimizing classroom area.

Figurel:1 From Dudek, 2000, this drawing represents more of a British ideal classroom layout from the
turn of the century, originally from the book school Architecture by E.R. RdBsder 2012)
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In terms of classroom thermal comfort andaiality, standard practice and common wisdom
have undergone significant shift in the 1960s and 1970s. More acceptable fresh air requirements
have replaced the outdated guideline requiring every classroom to deliver 30 cubic feet of fresh
air per minute foevery student. The consensus among planners and designers of schools is that
a ventilation system that can remove and dilute harmful elements from the air in classrooms

must provide between 10 and 15 cubic feet of fresh air per student each (@asitddi 1969)

(Al-Tamimi, Fadzil et al. 2011) has been reported thatiZB% of the overall heat gain comes
from the outside window. Because of this, the location and arrangement of windows greatly
affects the comfort and productivity of those who work in the building. Furthermore, different
materids react differently to incident solar radiation in terms of their thermal capacities, which
are measurements of their capacity to store heat from surfaces and the surrour{8itegnair
Reynolds et al. 1992)

A building's capacity to accept solar radiation and breathe is influenced by its orientation and
spatial arrangement. Buildings should be oriented so that their longer sides intercept prevailing
winds and theishorter sides face the direction of the strongest solar radiation in order to limit

solar gain and increase ventilation. As a result, efficient ventilation is achieved while the heat

impact of solar radiation is reduc@gloranteng and Abaitey 2010)

One of the key factors influencing a nation's economic growth and productivity is education.
The physical setting in which education takes place has received much too little consideration
while institutional procedures and instructional materials have eglified. Enhancing the
physical environment of educational facilities is essential for comprehending the educational
process, student requirements, and academic achievéstadierAltmann 2015)

According to Preiser and Vischer, "Criteria for designing and building new environment should
be depend on the evaluation of the existing ones, and upgrading when appropriate in the design
process" is &ey component of "Building Performance Evaluation" (BREleveland and

Fisher 2014) The term "BPE" refers to the innovative, practical, and empirically supported
method of designing a physical space that satisfies occupant needs while meeting functional
requirementgMallory-Hill, Preiser et al. 2012)An integrative framework for BPE is created

by evaluating the five primary phases of planning, design, building, occupancy, and adaptive

reuse.



Feeling comfortable in an interior space d
educational buildings, students spend most of their time inside classrooms in which their
primary focus is on academic purpose. There is high concern on air quatibhowl buildings.

Schools present a much higher occupancy than any other buildings, there being four times as
many occupants per unit of area than in any other buildings including offtcéls Blake et al.

2002)

Many researchdéds shows that schools have sig
ventilation levels are below the recommended rg@ganefa, Polichronaki et al. 2008)ue to

the fact that children breathe in more air than adults do relative to their weight and that their
organs and tissues are still developing, high indoor pollutant concentrations may have a
substantial negative effect on students' health. The amowentfation in school classrooms

has an indirect impact on students' performance and ability to study as well as thermal comfort,

indoor air quality, and healifwargocki, Sundell et al. 2002)

Numerous investigations have examined the effects of higher CO2 concentrations and
ventilation rates on indoor air quality complaints and health symptoms. Schools may use
mechanical or natural ventilation systems. In mild climates, natural ventilatiorelatiaely

frequent practice. The majority of national rules in moderate climates believe that opening
windows can offer enough ventilation rates and do not necessitate the use of mechanical

ventilation systeméRichalet, Beheregaray et al. 1994)

It is crucialto make the indoor climate condition comfortable for students. The temperature
level inside the classrooms has a significaiféct on the health, mood and performance of
students. A higher indoor temperature in classrooms will result different health problems such
as headaches, chest tightening and affects the students(fagusien, Toyinbo et al. 2014)

1.2. Problem Statement

Healthy and comfortable climatic condition is essential for any type of building and
environmentEducationabuilding is a form ofpublic building which contains spaces designed
to be used fotearning The main purpose of aaducationalenvironment is to support its
studentsin performing on their educationwith the maximum satisfactionHigh level of

environment al guality is needed to considera



and increase their educational performamd@wvadaysthe governmenof Ethiopiagives the
maximum attention on education. Due to tm®st governmentand privateeducational
buildingsaredesigned anduilt in different parts of the country. Howevénge problem is that
most of them ar@ot comfortable fotheir studentsThis isthe result of design and building
without consideration of the weather, environment and orientatti@tation to natural climat
factorsof the proposed siteNot only have thesehey also not use different systems to attain

theirs t u d eomforbregarding condition of the place.

Adama city is located and categorized as a hot zone with wartnuanid especially in winter
seasor(Merga, Tabor et al. 2021)The cityis one of the fastest growing cities in the country.

As the number of populations increase, the number of students in government and private
schools also rapidly increas€urrently there are different typologies sthool buildings
constructed in the city which aims to giveir students a better educational environmidoist

of these buildingsrre not comfortable due to their design not integrated with the local climatic

condition.

The existingclassroom# Adama city have many problems related with indbermal comfort

and natural ventilationwhich occurs mostly from buildingesign,orientation and opening
locationand lack of adequafeassive design strategi€some of these buildings arenstructed
without considering the orientation and have insufficient natural ventilation that their window
locationis notlocated considering the sun orientation and wind direttioraturally ventilating

the internal space of thieoms and theremaining building, their position is notocated on the

right direction.This problem negatively affects tiset u d eomforf lsealth angerformance

on theireducation Due to this uncomfortablkarning environment, they develop different
physical and psychological problentike, depression, headache, lack of interest, loss of

performanceabsenteeism argtc.

With regard to Adama city to the level of my understanding, there is no reseanctuoal
ventilation andndoor thermal comfort was doroa considering the sun orientation and wind
direction when designingassroomso minimize the direct solar penetration to the classrooms
and to maximize natural ventilation to the interior sp&m® the researchdoelieve thatthis

research will fill the gap in this problem.



1.3. Research Question

1. What is the thermal condition of the existing classrooms buildings?
2. What is the studentdés response to indoor
3. What is the relationship betweeatassroombuildings and building orientationsfor
indoor thermal comfort for the selected building type?
4. What are theecommendd passive design strategfes better indoor thermal comfort

based on wind direction and sun orientation on selected building?

1.4. Objective of the Study
1.4.1. General Objective
The Generahim of the study is tcevaluaé orientation based adaptive model of naturally

ventilated class rooms to enhance thermal comfort in school buildings in AdamE&tBiopia

1.4.2. Specific Objective
1. To assess the thermal environmental condition of the existing classrooms buildings
2. Toanalyzt he studentds r espons eclassroonbuiidngst her ma l
3. To assess the relationshipadissroom®buildings andbuilding orientationgor indoor
thermal comfort
4. To developa design strategthat maximizesiatural ventilatiorand minimizes direct

sun penetration oclassroom$ased on wind direction and sun orientation
1.5. Significance of the Study

The ultimate goal of this study is to add a vadnel to fill the gapn the existing knowledge
andexperiences in the fields of Architecture and building sustainabilggucational buildings

The outcome of this research paper is significant for the following bodies:
U For Architects

This research paper will fill the gap ostrategiesto be followed while designingnd
constructing educationalilding on the local environmental context to makertisestainable.

U For ResearchergAcademicians
The study willused as aracademic input and for researchers and encourage them to do
additional research on the field



U For schools/class rooms

Creating a comfortable and healtl®arningenvironment forstudentsmake them energetic,

motivated and more productive

1.6. Delimitation/Scope

1.6.1. Spatial Scope
The scope of tils research paper is confined within Adama city and éodyises on assessiag
passive design strategy to create naturally ventilatedhemohaly comfortableclassroomgor
purposively selected government and private high school and prepasatmgl classroom
buildings in Adama city. The study analyses in detail the existing problem that arises from the
design of classrooms, orientation of buildintpg location of openings and their impaaotthe

thermal satisfaction of the students.

1.6.2. Thematic Scope
In this study, thematic boundaries incluggural ventilation anthermal comforfor secondary
and preparatory school classroome realize this, the researcher fitsesto assess building
orientation and natural ventilation of selected educational buildings; secondly develop design
prototypes of passive design by simulation software (CFD) and firtalyelop the scale up
strategy by taking a case area of the classrooms for the evaluation of building orientation on

determining natural ventilation.
1.7. Operational Definition

Air temperature: The temperature of the air to which a person is exposed, as measured in dry
bulb temperature (DBT)

ASHRAE Scale: The ASHRAE seveipoint scale is a set of seven options available to people
to relate their perception of thermal comfort to a given environment (cold, cool, slightly cool,
neutral slightly warmth, warmth antof)

Classroom A specially designed space to teach the students withount@nguption

Indoor thermal comfort: accor di ng t o cAriliHOROA mindwhich expressing a
satisfaction with the indoor ther mal enviror

neither too hot nor too cold and assessesdubyective and objective evaluation®.
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Natural ventilation: use of natural forces, i.e., pressure difference generated by wind or air

temperature, to introduce and distribute outdoor air into or out of a building

School building: is any structure suitable for use as a classroom, including a school facility like

laboratory, library
Thermal environment: the characteristics of the environment that affect a person's heat loss.

Ventilation: provides fresh air into a building to ensure good air qualitypferc u pveelht s 6
being

1.8. Organization of the Study

This thesis is categorized infiwe chapters. Each chapter examines the content and data of the

study properly. Issues that discussed under each chagrteswmmarizeds follows.

Chapter One: the first chapter of ik thesidocuses on introducing the issue to be discussed to
the reader, objective of the study, research questions, importance of the study, and scope of the

study.

Chapter Two: Reviewing different literatures on thermal comfort, natural ventilations, building

orientation, and opening locationem discussed under the second chapter.

Chapter Three: Thethird chapter othis thesiomprising of research methodologies thasw
used to achieve each specific objective of the research. Describing the study area, Data

collection methods, samplirigchniques, researdesign, also discussed under this chapter.

Chapter Four: The fourth chapter of this paper discusties result and meaning of each
collectedqualitative and quantitativdata, their relation with the thermal environment of the
study area, and looking for scaleup strategy to solve the probldmm evaluating the
effectiveness of roof eave overhang and wingwall in reducing the solar penetration and increase

the fresh air entry to the room spabgserforming different software simulations

Chapter Five: The last chapter of this thesis paperc@nclusion and recommendation.
Concludingthe paper is based on the result from both primary and secondary seaundes;

recommending the effective passive design strategy



CHAPTER TWO

2. LITERATURE REVIEW

Introduction

The second chapter of this paper is reviewing different literatures on the study area. This chapter
is divided into two parts; which are the theoretical review and empirical revigwve theoretical
reviewwascarriedout by referring different published researches, scientific journals, articles,
books and standards which focuses on passive design strategies, natural ventilation techniques,
thermal comfort in school classrooms and its impact on the wellbeing and perferwfanc
studentsand the empirical keéew focuses on referring different design strategies carried out to

solve related problems with the study area and finding out research gaps that needs to be solved.

2.1. Theoretical Literature Review
2.1.1. Thermal Comfort

Thermal comfort is defined by the American Society of Heat, Refrigeration, anrd Air
conditioning Engineers (ASHRAERs a state of mind which express satisfaatiwith the
thermal environmenfASHRAE 2004) Studies have also stated that thermal comfort is the
result of the interaction and adaptation of environmental and human body parameters and
according to ASHRAE, the indoor thermal condition in a building is acceptable when 80% of
the building occupantshould be thermally comfortable and satisfied initiberior space of the
building. The fact that thermal comfort qualities affect the preferences ofl thee indody

shows that this concept has dimensions related to social, economic, health, energy,

envronmental and many other issues.

An educationalenvironment has a range a€tivities such adearning,reading, typing and

learning activities.Thermal comfort becoming an important requirement in educational
buildings for enabling students learn productivélifere is a positive effect of the thermal
qguality of cl assr oo m@eplernl968)Acuoddma to(s @6 Apnebr rf ocosrimoa,
Bellia et al. 201Q) providing a comfortable and healthy environment in school classroom is
necessary fos t u d wetl-betng and productivityAn extensive study by Mendel and Heath

(Mendell and Heath 2005howed that a good integration between indoor school environment



and the performance and attendance of students is highly interrelated. They found that, warmer
temperature inside school classrooms (above

students on their education.

The majority of Indonesian schools were constructed as prototypes, with no thought given to
the regional climate. Regardless of the comfort and desire of thenues example, the
secondary school studentsvho are transitioning from childhood to maturity (ages 11 fp 18

the schools were constructed to the same standards. The educational buildings don't take thermal
comfort into particular accounthe government only provides thermal comfort guidelines for
buildings in general. The requirement is based or{lfaenzah, Ishak et al. 201@hich later

used in the national standard SNI&3722001 (McQuiston, Parker et al. 2023)here the

building should provide thermal environment as follows:

1. Comfortably cookE>20.512 2 . 8 (Te)
2. Comfortable=>22.81 25 . 8 (Te); and
3. Comfortably warm=>25.812 8 . 1 (Te)

The guideline made use of the effective temperature (Te), which is the temperature of a saturated
and stationary atmosphere that would have the same impact as the atmosphere in the
investigation in the absence of radiatidicording toBS EN 1SO 7730:20065tandard 2006)

the thermal comfort of schools for normal maintained operative temperature during the heating

season and the maximum operative temperature during the heating season at maximum
occupancy for classroom spaces with normal level of activity including studgaching,

exam rooms, administrative rooms, staff rooms, practical rooms and computer suits is ranging

betweer? 0 and 25 respectivel y.

2.1.2. Basic Factors of Thermal Comfort

Regarding the measurement of thermal comfort, Fanger proposed a thermal comfort predictive
model. It works on four physical parameters and two individual variables to define PMV
(Predicted Mean Vote)Fanger 1984)These are: Air temperatyrAir velocity, Mean radiant
temperaturgRelative humidity Clothing insulationandActivity level
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Figure2:1 Six primary factors used for defining acceptable thermal comfort in the build environment
x  Environmental factors (Van Hoof 2008)
Air temperature

Air temperature is the temperature, usually measured in degrees Celsius, of the air surrounding

the body. This is what imieasured using a thermometer.

Air velocity

How quickly air is moving acrosthe building occupanis an important factor in thermal
comfort. Moving air in a warm or humidndoor environmentcan increase heat loss by
convection, On the ot hebuidihgasmdllair moments cdrsbe c o | d
felt as a draughiHsieh 1985)

Relative Humidity

If indoorenvironment has highumidity, it means there is a lot of water in the air. This prevents
the evaporation of sweat from the skin, which is the main way we cool down. Relative humidity
(the ratio between how much water vapour is in the air and how much water vapour the air can
hold at hat air temperature) between 40% and 70% does not majorly impact thermal comfort.
However, in norair-conditionedbuilding or where weather conditions outdoors influence the
thermal environment indoors, relative humidity can reach above 70%, which mhkes for

building usergo cool down(Vellei, Herrera et al. 2017)
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Mean Radiant temperature

Radiant temperature, or thermratliation, is warmth that radiates from a warm object such as

the sun, radiators, hot surfaces and machinery(2évies 1990)

x Personal factors

Clothing insulation

Wearing too many or too few clothes for the environment is a major potential cause for thermal
discomfort. Even if the environment itself is not consider too warm, wearing too much clothing
can cause heat stress. Unfortunately, through the wearing ofrasjfmanystudentsare not

able to adapt their clothing to suit how hot or cold they &choolsneed to identify how the
clothingof their studentontributes to thermal comfort or discomf@@&ao, Ooka et al. 2021)

Metabolic heat

The more physically active you areaty work, the more heat you produdeeoplesvho do

physical work, and produce more heat, need to lose more heat to prevent themselves from
over heating. Youol I al so need to consider tF
age, gender and fitness level, as these can impact how weahd @hey feel(Havenith, Holmér

et al. 2002)

2.1.3. Natural Ventilation

Natural ventilationis a system using natural forces to supply fresh air for comfort and heat
dissipation. The term natural ventilation is used to indicate the intentional airflow through
windows, doors or other openings designed for the purpose, obtained without theamse iof

is created by pressure differences caused by the wind and/or by temperature differences between
the inside and the outside. If the temperature in the indoor space exceeds 26°C or relative
humidity is quite high, natural ventilah can improve the thermal comfort. In hot and humid
climates, cross ventilation is the simplest strategy to adopt if the indoor temperature is almost
the same as the outdoor temperature. Givoni assumes that the maximum allowed indoor air
speed is about @/s, thus ventilation maintains comfort up to an outdoor temperature limit of

32 °C. Natural Ventilation approach relies on the natural forces of wind and buoyancy to deliver

fresh air to indoor spac€g/alker 2010)
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sustainable building design in tropical climate zone for natural ventilé@ooni 1992)

2.1.4. Factors affecting natural ventilation

The effectiveness of natural ventilation varies depend on the different factors. These are;
dominant wind speed and direction, surrounding environment, building footprint and

orientation, outdoor temperature and humidity, window sizing, location, andotgera

x  Windows

Windows are the main and most popular means in which natural ventilation can be allowed into
a buildingds indoor spaces. Natur al vent il a
difference (also called windriven natural ventilation) or thermal difearce (in singlesided
ventilation or when placing windows or openings at different heights in-uesggation)
between inside and outside or between the openings. Ocaupandlled windows are
considered an effective method for maintaining indoor aiality and thermal comfort
conditions. Windowbased natural ventilation can replace mechanical ventilation and air

condition systems (in freeuinning buildings or periodically), thus reducing a significant amount
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of energy consumption and CO2 emissions. Accordingly, window design has a strong
relationship with natural ventilation performance in different types of buildings. Window design
is an early decision task of architects that requires sufficient knowledgeorsegh by

experiments and quantitative défang and Lee 2015)

x  Building orientation
Building orientation is a significant design consideration, mainly with regard to solar radiation
and wind. In predominantly humid and hot humid regions which receives sunlight all year
around, buildings should be oriented to minimize solar gain and nmeaxmatural ventilation.
Orientation of buildings is approximated either in relation to the outdoor wind direction or with
respect to the cardinal points and the build
be oriented perpendicular to outdodnd/direction in order to maximize the benefit of natural
wind. An angle between 90° and 60° to the face of the building was apprdggdiatamimi,
Fadzil et al. 2011)

Building orientation parallel to outdoor wind direction would benefit minimally from natural
wind flow (Boutet 1987) Maximum airmovement through the building is achieved by placing

inlet openings in positive pressure zones and outlet openings in negative pressure zones. On the
one hand when windows are located on opposite walls of a room, optimum air distribution is
obtained whenhte wind is oblique at an angle of 45° to the inlet window. When windows are
located on adjacent walls of a room, on the other hand optimum air distribution is obtained when
the wind is incident perpendicular to the window. Ideally, naturally ventilatédithgs should

be oriented to maximize their exposure to the required wind direction, and designed with a
relatively narrow plan form to facilitate the passage of air through the building.

In a study on natural ventilation performance of buildings with respect to their orientation and
window location on walls, that optimum air distribution is obtained when the wind is oblique at

an angle of 45° to the inlet window (for openings located qrosite walls of a room). On the

other hand, optimum air distribution is obtained when the wind is incident perpendicular to the
window for windows located on adjacent walls of a room. In a study on evaluation of orientation

as design strategy for effectyjea s si ve ventil at i o n-humidtrogidaludent s
environment of Enugu campus, Nigeria, reported that orientation of buildings with respect to

the cardinal points is no longer novel, but rather, that buildings be oriented in relation to the
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dominant outdoor wind directions and window inlet planes. The studies reveal that there is a
correlation between effective ventilation coefficient (ventilation efficiency) and orientation of
buildings. The authors recommended the need for proper investiggtwind paths which
would provide orientation options for buildings to aid effective natural ventil@iftoa, Sar
amobi et al. 2022)
There are commonly two types of natural ventilation techniques used. These are;

U wind driven ventilation and

U stack ventilation.

x  Wind Driven Ventilation
As wind blows across a building, it comes into contact with the windward wall, which develops
a positive pressure. Simultaneously the opposite wall, also called leeward wall, develops a
negative pressure. If there are any openings on the windward anddeeals of a building,
fresh air will enter through the openings on windward wall and exit through the leeward
openings. With stronger wind and larger openings, more air can pass through the building
(Khan, Su et al. 2008)
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Figure2:3 Wind driven ventilation technique
x Stack Ventilation

Stack ventilation also known as buoyancy or thermal ventilation, is primarily induces by
temperature differences within a home. As air in a building heat up, it becomes less dense, which
causes the air to rise. This warm air will leave the building thrawghdow or openings located

higher in the building or the home. Because stack ventilation does not rely on the wind, it can
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take place with relatively stable air flow on hot summer days with no il a dy s z e ws Kk ¢
Fiedoruk and Gajewski 2012)
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Figure2:4 Stack ventilation technique

Design considerations for effective natural ventilation in a building(Heracleous and
Michael 2019)

U Building Ventilation and Location
Buildings should be oriented so that the windward wall is perpendicular to the summer wind.
U Building form and dimension

Naturally ventilated buildings should not be too deep because it will be difficult for wind driven

air to passhrough the home.
U  Window typologies and controls

Different types of windows will result in different ventilation rates
U External elements

External elements such as trees, adjacent buildings, or other structures may obstruct the wind
U Airinlet and outlets

Air inlet should be low in the room and air outlet should be higher and across the room from the
lower inlet. There should be a notable vertical distance between the inlet and the exhaust

openings to take advantage of the stack effect.
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2.1.5. The Role of Ventilation

Fresh air is required to achieve a healthy, fresh, and comfortable indoor environment for people
to work and live in. Natural ventilation can ensure the supply of adequate breathing air, adequate
ventilation of contaminants, adequate thermal conditionind @noisture dissipation, and
contribute to welbeing through a connection to the dynamicsatire (Al-Tamimi, Fadzil et

al. 2011) The purpose of ventilation is tnoderate indoor thermal environment andltminate
airborne contaminants, which are generated both by human activity and by the building itself.
These contaminates are bad odors, moisture; which increases the risk of mold growth, carbon
dioxide gas; which may induce lethargy in high concentratidast; aerosols and toxic gases

resulting from human activity, as well as from the materials obtlileing, and excessive heat.

Natural ventilatiorsystem need®w running cost, zero energy consumption, low maintenance
and lower initial cost. It is healthier, and the way it connects with the outside is seen as a
psychological benefifThis systendoes not require energy use through motorized fans, there is
less energy use. The effectiveness of natural ventilation is determined by the prevailing outdoor
conditions: microclimate (wind speed, temperature, humidity and surrounding topography) and
thebuilding itself (orientation, number of windows or openings, sikklacation).

Buildings are required to protect their occupants from the external environment and to provide
them with a good indoor environment. A building that is well adapted to its climate protects its
occupants against the extreme conditions observed outdoorsuimitteating uncomfortable

internal conditions.
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2.1.6. Category of Architectural ventilations

There are four types of natural ventilation techniques. These are;-sidgteventilation (the
use of openable windows), creffsw ventilation (the use of high and leMvel louvers), stack
ventilation (passive stack turrets) and-tbgwn ventilation (he use of wind catcher systgm
(Ohba and Lun 2010)
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Figure2:6 Different types of natural ventilatioqf@©@hba and Lun 2010)

Singlesided ventilation is supplied and extracted through the same louvers in the room. With
singlesided ventilation, the openings shoelgual to 4% of the floor surface. This system of
ventilation is less efficient, but it is applicable almost everywhere and the internal doors may
remain closed. In Cross flow ventilation strategy, the ventilation supply and extraction take
place on the saenlevel in a building. The air is supplied and extracted through louvers. The
internal door must be opened or eq@@pvith transit ventilation grilles. This system generally
achieves good results, except under no wind condition. The stack ventilation measure has two
ventilation openings, a lovevel grille and a higtevel one, are typically placed above the door.
Outgde air enters through the louvers and extracted through a chimney. In this system, there
will be ventilation even when there is no wi@hba and Lun 2010Yhe area that needs to be
cooled must be in direct contact with the chimr@w the other hand, the t@mwn ventilation
system uses roof turrets that capture wind from any directigoitte of the most reliable and
popular forms of natural ventilation, simply because it uses the natural elements of wind
movement to captunelatively clean, fresh air from above roof level and wind pressure pushes

that fresh air supply through the whedtcher device down into the building below.
2.1.7. Natural Ventilation Principles

The ventilation principle indicates how the exterior and interior airflows are linked, and hence

how the natural driving forces are utilized to ventilate a buildi@bgenvidyakarn 2013)
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Furthermore, the ventilation principle gives an indication on how the air is introduced into the
building, and how it is exhausted out of it. The starting point in ventilation design is to determine
how much ventilation air is required, and for what pugso$n North America, the most widely
accepted standard for designing ventilation systems to achieve acceptable indoor air quality in
buildings is ASHRAE Standard 62007, Ventilation for Acceptable Indoor Air Quality. For
indoor air quality, the requiremefor ventilation is based on thember of occupants and is 15

cfm per person. This design capability is needed at all times in winter and summer.

Because buildings are one of the most significant energy consumers, there is a tendency all over
the world to reduce their energy consumption through design buildings that consume low energy
as energy efficient building design. According(daber and Ajib 2011)The first factor is the
building design including locatiomrientation,and layout, opening type and semed structure

and building materials. The second factor is the patterns of building use.

Natural ventilation has been canvassed as an integral component of sustainable architecture.
Whether wind pressw@riven or buoyancy r i v e n, natur al ventil ati
propensity to enhance buil di n gssoaswell gsabilitys 6 pr
to significantly reduce harmfugas emission have been addu¢EOWU, GWANDI et al.

2018) The control of natural ventilation is one of the most subtle and yet the most important of
building design in a tropical environmettsolves two fundamental needs: elimination of foul

air to provide good indoor air quality and moisture, and the modification of interior overheating

by boosting natural cooling for occupant thermal comfort, paatityuin tropical environments

(Mba, Samamobi et al. 2022)

The shape of the building plan, form of the building roof, and size of building openings
constitute the architectural characteristics of the building reported to affect natural ventilation
(Boutet 1987)Orientation of building in relation to the direction of outdeand patternaffects

natural ventilation in buildings. According {8outet 1987)buildings may not be necessarily
oriented perpendicular to outdoor wind direction in order to maximize the potentials of natural
ventilation. Wind directions parallel or less than 30° to inlet opening planes, however, seem to
offer little prospect to indaaair flow. The need for solar protection in hot climates as canvassed
by (Givoni 1994 may, however elicit a building orientation of compromise between natural

ventilation and passiveooling requirements.
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Previous studiegBoutet 1987) have revealed that some basic building plan forms affect air
flow pattern and rate in building spaces. The square, rectangular, as wethapéd and -T
shaped building forms of various dimensional (length, breadth, and height) proportions exposed
to wind at different directions were reported to alter the air flow in varying degkdeen

2003) posited that the optimum shape for economy and minimal heat loss or heat gain is a
compact plan with the least amount of envelope surface exposed to the elements.

2.1.8. Natural Ventilation in schools

Nat ur al ventilation proved to have great pot
satisfaction(Harvey 2009) However, the results, particularly in terms of thermal comfort (air
temperature) and ventilation rate or level of CO2 concentration, have not always been
satisfactory(Coley and Beisteiner 2002performed measurements in UK primary schools in
winter and during summer, concluding that opening windows between elpgsgs ventilation

has the potential to reduce CO2 and other contaminant. They concluded that opening windows
was not commonly usetlie to their location (above the occupied zone) or to possible air drafts
(Conceica and Lucio 2006Monitored two unoccupied classrooms of one school in south of
Portugal with cross ventilation, using the sliding sash window opening, located above the door
and main windows(Mendell and Heath 200published a review of 30 case studies, suggesting
that poor environmental quality (PEQ) (e.g. insufficient ventilation) is common in schools and

|l inked to health problems, and also it negat

2.2. Empirical Literature Review

In a formal educational environment, a conducive atmosphere is required for effective teaching
and learning. The thermal condition, which is largely dependent on effective natural ventilation
is one of adominant issue to create a conducive environment that influence teaching and
learning(Olgyay 2015) A well-ventilated classroom and also the removal of odor according to
(Nielsen 2001)are critical features of good designs for educational facilideshitectural

design strategies such as building orientation with respect to the wind direction, building shape
and form, openings are among other strategies that can be used to achieve natural ventilation
(Mba, Samamobi et al. 2022)

Thermal comfort of a building basically depends on three factors, these are (relative humidity,

wind speed, and temperature). AccordingMononye and Ji 2021yentilation that can remove
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heat, cool the body and the building without using any mechanical sydtiowu 2009)

reported that, most publgchool buildings in hot humid climates lack conducive thermal
environment for teaching and learning due to poor natural ventilation. Accordii&intgh,

Ooka et al. 2019)high energy consumptiois often connected to the characteristics of the

building envelope and the improper utilization and control of HVAC syst@nis.ud ent s 6
dissatisfaction was often related to warm sensations during winter and cold sensations during
summer due to extensive use HVAC system.

Few studies have been done regarding the effectiveness of naturally ventilated classrooms to
create thermal comfort. A study conducted(B®ausone 2016jpund that, the application of

adaptive design strategies, like natural ventilation and operable windows will improve the
indoor air quality and thermal comfort of classrooms. This study was only focusing on naturally
ventilating classrooms by usingwinee and it di dnét address the
on natural ventilationhow to minimize the direct solar heat gain into classroonaugjtr
openingshow to maximize the air flow in classroomsn d al so it di dndot adc
perception a the indoor environmental quality.

A study by(Campano, DomingueZmarillo et al. 2019% T h e r ma | perception i
Adaptive ther mal model s for school s, i n Spai
and arrangement will provide thermal comfort for school buildings. The study was conducted

by gathering data using esite meaurement and surveys during winter, spring and autumn
seasons during the time of early morning and at the beginning sctibel day and before the
midmorning break. The study uses different building features for sampling study classroom
buildings, such s building type, climatic area, building envelope characteristics, and indoor

| oad presence. This study didnot analyze t}
discomfort of classrooms; and also, the time of data collection also affects theditiabfe¢he

study.

Another research conducted fMba, Samamobi et al. 2022Dn A Or i ent ati on on
Natural Ventilation for Thermal Comfort in Pr
resulted that, there is a significant relationship between building orientation which is the
architectural design strategy and the effective natural ventilation and thermal comfort in
classroom buildings. The result shows that, classrooms that orientednigest axis to north

south and window planes aligned are aligned perpendicular to prevailing winds were more
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effective in facilitating the maximum aflow and cross ventilation in classrooms. This study
also concluded that, the ratio of outlet to inlet windows opening also had a significant effect on
creating effective natural ventilation in classrooms. Basedthan findings, the study
recommends buildings should be oriented with their longer axis to -south aligned
perpendicular to the prevailing winds at an angle betwees0fQ°However, there were a
limitation on this study such as small sample size, wimakl impact the generalizability of the

result of the study.

2.2.1. Summary of Literature Reviewsand Research Gaps
Even if thereare no sufficient researches on naturally ventilated and thermally comfortable
classrooms on countries located in the equator and countries with warm and dry climatic
conditions, the xa@sting studies have highly focused on the benefits of natural ventilation in
classrooms in improving thermal comfort of the indoor space and reducing energy cost.
However, there is a research gap on the effectiveness of achieving natural ventilation and
occupant s 6. Thisastduesdd act i on
0 (Mba, Sarmamobi et al. 2022¥ail to use sufficient sample sizéhat affects the
generalizability of the result of the study
U (Campano, Dominguegmarillo et al. 2019)(Causone 2018)mitation on considering
the effect of classroom orientation on natural ventilation and also not properly choosing
the data collection time; which may affect the result of level of thermal discomfort during
the hottest time of the day
U The st udi e s hovitodnmitize direot solaispenetratiand increase natural
ventilation into the classrooms by adapting passive design strdteaggd on sun
orientation and wind direction of the study area
U Thereis no research on the effectiveness of roof eave overhand and wingwall in reducing
the direct solar penetration into the room spaces and how this building elements
contribute to increase the amount of fresh air that enter the room and regulatedine in
air temperature of classrooms.
U There is no study conducted on this issue in Ethiop@ntext So that, this study will
contribute a lot.
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CHAPTER THREE

3. METHODOLOGY
3.1. Description of The Stuly Area

Adama, is a city in the central Oromia Region of Ethippradcapital of East Shewa zonehe

city is found in rift valley between 8A 336
longitude. The city is locatefl9 km (62 mi) southeast of the capital, Addis Ababth an

average altitude of 1712m above sea le&kdbmareceives 600mm to 1150mm average rainfall

and temperature range b esigwfeanty watnr treamAtidisdaBd and
otherparts of Ethiopian highland8erhanu, Ayana et al. 2022)
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Figure3:1 Location Map of Adama city, Ethiopia (Source: Author, 2024)
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3.2.

The research design that used in this study is divided into two. These are; qualitative and
guantitative research desigr@ualitative (also known as unstructured datayearch design
focuses at finding answers to questions such as where, how and whes.dperse ended
question. The outcome of this data analysis will be represented in the form of graphs, numbers
and charts. The qguoétative (also known as structured datasearch design focus on finding

answers to question like how and why. Itsdesed ended questions and helps the respondents

Research Design

to express their feelings clearly.

Y
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Untroduction, Background study and Problem Statement)

¥
(Research Question

Research Methodology
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-
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( Result )
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Figure3:2 Research Design (Source: Author.,2024)
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Thestudy applies a descriptive. Thissearch aims to accurately and systematically describe a
population, situation or phenomenon. It can answer what, where, when and how questions. A

descriptive research design can use a wide variety of research methods to investigate variables
3.3. Study Approach

Both qualitative andupntitativestudy approaciwasused. QuantitativApproach Involves the
generation of quantitative data which can be subjected to rigorous quantitative analysis in a
formal way. This approach can be further sub classifiéal experimentaland Simulation
approaches taesearch. Qualitative Approads concerned with subjective assessment of

attitudes, opinion, and behavior.

3.4. Data Types and Source

The research relied atatacollected from different sources basedtbe study objectives. For

the firstand secondbjective of the study, required data to know the thermal condition of
existing classrooms and st udeasgathéredpyeprincagypt i on
data sources through observation, field survey and taking required measurements, interviews,
and questionaries. For til@rd objective,datawereobtained from secondary sources such as
published books, journals, articles, antfedtent standardand relating with primarglata By

combining the two datiypes effective passive design strategies for thermally comfortaiie

naturally ventilateatlassroonweredeveloped.

3.5. Sampling size and Sampling technique
3.5.1. Sampling Technique

The sample buildingsvere identified throughnonprobability sampling in general, and
purposiveor judgmentakamplingtechnique in specifidn this type or method of sampliniipe
researcher relies on judgments when choosing the saapddse should justify the reason or

c r i t ferrusing this technique

Both private and governmental sch®uolastaken to know the thermal condition s¢hool
classrooms in both school types. For this study, two governmental and two private secondary
and preparatory schoolseve selectedbased on different criteria discussed un8lér2 The

selected schools and areas or kebeles they located are listed below.
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Table3:1 Type of selected school buildings for the study and their location

No. Name of school School level Kebele they ar¢ Kebele Name
locatedin

Government School (Secondary and Preparatory schools)

1. | Dembela Secondary ar Grade §'i to7 12 09 Irreecha

Preparatory School

2. | Burka - Boku Primary| Grade9"i toi 10" 11 Bokkuu

and Secondary School

Private School (Secondary and Preparatory schools)

3. | Goro High School Grade 9'i toi 12" 01 Goro
4. | Nafyad High School an( Grade §'1 toi 12" 05 Bole
Preparatory

3.5.2. Selection Criteria of study Buildings
The studyschools andbuildings were selectedunder these criteria: Building orientation
Openingdirection of the building size of classrooms (height, length amidth), number of

students per classroom.

The orientation of a building is a significant architectural concern, particularly in terms of
environmental influences (i.e. temperature, humidity, air 9p@ée orientation of the building
determines the quantity of solar radiation that it receives and also trainsmid the internal
spaceof the classrooms

Naturally the sun rises due East and set in West direction. The orientationghize geiximum

harsh sun will besouthand southwest direction. Thereforeschools and classroom blocks in
which most of their classroom buildings and their openings that face to the harsh sun (south and
southwest directionwereselected from the existing schools in the city.

Size of the classrooms are a significant factor on the natural ventilation and thermal comfort of

classrooms. As the local climate condition is categorized under hot and warm climate, when the
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room height is not on the minimum standard, the indoor air temperature risastdrniaffects
the thermaknvironmental comfort of building occupants.

From the selected schools, different number of blocks of classiwasselected based on the
above criteriaThe number of blocks and number of classrooms per block in each scbool

discussed in the table below.

Table3:2 Quantity of blocks, number of classrooms and number of student analysis on the study area

No. Name of school | Number off Number of | AverageNumber| Percentagg
blocks | classrooms pe| of students per (%)

selected block classroom
1. | BurkaBoku Primary| 3-Blocks | 41 classrooms| 80 students per 31%
andSecondary Schoo per block classroom

4*3=12 80 * 12 = 960

classrooms students

2. | Dembela Secondar 3-Blocks | 47 classroom | 65 students per 25%
and Preparaton per block classroom
School 4*3 = 12|65 * 12 = 780

classrooms students

3. | Goro High School 3-Blocks | 471 classrooms| 60 students per 23%
per block classrooms
4*3=12 60 *12 =720

classrooms students

4. | Nafyad High Schoo| 3-Blocks | 41 classroomg 55 students per 21%
and Preparatory per block classrooms
4*3=12 55* 12 =660

classrooms students

Total number of students in all selected schod420

3.5.3. Sample Size Determination

The totalnumberof students othe selected study buildingere considered as a totatudy
population numberand usindYamane 1973jormula the sample is generated.

For known population size, the Yamane formula for determining the sample size is given by:
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Taro Yamane Formul@amane 1973)

Sample size (n) = N é.equationlé é . éé e ééeéeé
1+N¢

Where:

n = sample size

N = population size

e = error (0.05) reliability level 95% or;

e = level of precisioror confidence levehlways set the value ¢t 5%) = 0.05

(Yamane 1973)adjusted calculation formula to be more accurate; by increasiry of

population variance from Dichotomous Variable equal to 0.50 and z = z score at significance

level| (wherez =24t =0.05and z =3 at = 0.01) as the following formula.

Where
“ =0.50
e =0.05

N = Sample size
z=2at =0.05and
z =3 at =0.01as the following formula
n=_(2)%()@i*)(N)
@2)2() @i “)+N)(e)?

The total number oftudentson the selected school and blodks312Q So, by directly

substituting the population size and other given values on the formula above, we will get the
total number obamplinggor our study.
n= (272 (*) @i *) (N) €é. éeéeéeéeéeeéeéeé. .equation
(2)2(*) @i )+ (N) (e
(2)%(0.5) (1- 0.50)(3120)

(2)?(0.5) (1- 0.50)+ (3120) (0.05¥
3120 =354.55a4 58sample size

8.8

The sample size as distributed to each school based on their percentage or the number of

students discussed under tahmve.

These will be:
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After getting the number of respondents in each school, werapertionate stratified sampling
method In this method, we will categorize the students two strataasmale and female; after

knowing the number of both gender in each classroom, we will share the respondents number

BurkaBoku Primary and Secondary School = 31 % => 110

Dembela Secondary and Preparatory Sch&i% =>89

Goro High Schoot 23 % =82

Nafyad High School and Preparatory = 21% => 74

based on their percentage in the classrdarthis technique, we will avoidata biased.

3.6.

Data Collection Tools and Methods

3.6.1. Data Collection Tools

Table3:3 Data analysis tools, input data and outputs

model data

No: Software types Input Output
1 | Microsoft office Word, MS Exce| Raw Data Graphs, Tables, Text
2 | Revit Architecture AUTO CAD| CAD files 3D models, 2D models
and Archcad

3 | Adobe lllustrator Raw Data Graphs, Tables, Text

4 | Energy Plus Climate data, building 2D models, 3D models
modelsdata

5 | Climate consultant Climate data Graphs and Text Repo|

6 | Autodesk Ecotect Climate data building | Image,Graphs and Tex
model data Report

7 | Design Builder Climate data, building| Image, Graphs, Chart

Text reports

3.6.2. Data Collection Methods

Both qualitative and quantitative data typesr@appled. Regarding this, the studysesboth

primary and secondary data sources.

i

Primary Data
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1 Questionnaireand Interview
Questionnaire weredistributed for selected samplespondentsThe questions &refocused
on understanding the satisfaction of 8tadentsowards thehermal comfort anagndoor air
quality ofthe classroomsthe method that they use to regulatetttegmal discomfortSurvey
sample questionnairesene distributed t0355 studentsin selected schoalsSemistructured
questionnaire type which includes both omerled and closeended question @reused to
give the respondents the freedom to answer what they feedl the questionnaires from each
respondent waevaluated according to ASHRA&andard The ASHRAE thermal sensation
scale, which was developed for use in quantifying people's thermal sensation involves a seven
point scale of indoor thermal comfort vote is defined as follows: +3 hot, +2 warm, +1 slightly
warm, O neutrali 1 slightly cool,i 2 cool,i 3 cold.Originally, the questionnaireasgwritten in
English andhentranslated to both Afaan Oromo and Amharic to smooth data collestbio

make easy forespondents

The interviewwasfocused orgetting avaluable information about the problem, the solution
they thought, and whether or not the solution they used is comfortable.

x  To understand the thermal Comfort satisfactewel of the students

x  To know the impact oflirect sun penetration to the interior space of classrooms due to

building orientation and openirgcationon thestudents

1 Observation
The datawere taken depending odifferent building parameters likebuilding orientation,
climate characteristicsopeninglocation and type room height, anshumber of students per
classroom From al these collected data openitaration, orientation, Air velocity relative

humidity, and air temperatusgeredetermined

1 Field Survey
The fieldsurvey focusdon observation of thinermal comfort of selectesfassroome Adama
city and the comfort level aftudentswho studyin the selected building and how they are
challenged by the indo@nvironmentafjuality and also observe the techniques thastingents
use to inlet and exhaust the air inside the building.

A handled wind speed meter measures wind speed, wind/air temperature was used to measure

the indoor and outdoor temperature of classrooms and their humidity.
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Figure3:3 HOLDPEAK Digital Anemometer, Handled wind speed meter outdoor for Wind

speed /wind direction /Humidity /Ai Temperature, Ventilation system

Table3:4 Wind speed Anemometer specification

Measuring Range

Wind Range 0.371 30 m/s Accuracy,x 5%)

Temperature Rang 071 5 0 Accufacy,N O .

Humidity Range | 0.1%- 99.9 Accuracy,+ 5%)

U Secondary data
Literature review such as journals and guide books and meteorologicaletatesed to relate
the situation of the area with different researchers used also hetuite outwhat kind of

approach help.
3.7. Data Analysis, Interpretation and Presentation

The data which ascollected are classified into two, which are qualitative and quantitative data.
The quantitative data@vecoded and entered to computer using the MS excel, and based on the
research questions, the variablesr@analyzed and interpreted descriptively. For qualitative

data, the researcher ggeersonal reflections of respondents to interpret the data by listing the
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key ideas that express for each topic and finally the watarranged in relation teach
objective and research questions. The final interpretatwas done in combination with
guantitative part in order to triangulate the concepts from different angles and ensures the

validity of data. The dataaspresented by text, maps, graphs, charts and tables.
3.8. Ethical Consideration and Interpretations

For quality output the study has given pronsideratioron awareness creation mationaland
objectives of the study. Consent from eaespondent and adtudy participantsvereobtained
before data collection. The anonymity and confidentiality of informatias secured. Legal
permissionwas attained fromthe headmaster of the selected schodlé material used
throughout the studwasacknowledgedThe measuring equipmewaslocated in a way that
doesn't disturlthe attention oktudentsandthe cata wasanalyzed relatively to the standards

without manipulation.
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CHAPTER FOUR

4. RESULT AND DISCUSSION

4.1. Introduction

This chapter of théhesisd i scusses in detail the result of
which is collected during the study time to achieve the objective of the study. ANSI/ASHRAE
Standard 52004 Thermal Environmental Condition for Human Occupancy were used for this
study. Using this model, indoor temperature of the classrooms, relative humidity, and air
velocity of selected classrooms were analyzed and presented based on the data collected in the

months of March and April, 2024 which is the hottest month of thegretlre study area.

The study was conducted in purposively selected two private secondary and preparatory schools
(Goro secondary and preparatory school and Nafyad secondary and preparatory school), and
two government secondary and preparatory schools (Dembela secondamgpamdtpry school

and BurkaBoku secondary and preparatory school) located in different parts of the city. All
schools are single story buildings. The study was conducted for 15 working days begfveen 1
March 2024 toi 5" April 2024 in all selected sdols. The data was collected starting from
9:00ami toT 5:00pm the whole survey days. The characteristics of surveyed schools, samples
and date of surveys are showed able4:1 below.

Table4:1 School characteristics, number of sample students and survey days

No | Name of School Location | No. of No. of No. of | Date of survey
(Kebele) | blocks | classroom| samples
s students
1. | Dembela Secondary ar| 09 3 12 89 18" marchi 5"
Preparatory School (Irrecha) April, 2024
2. | Burka - Boku Primary 11 3 12 110 18" marchi 5"
and Secondary School | Bokkuu April, 2024
3. | Goro High School 01-Goro 3 12 82 18" marchi 5"
April, 2024
4. | Nafyad High School an{ 05- Bole 3 12 74 18" marchi 5"
Preparatory April, 2024
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4.2. Site plan and classroom block arrangements

The selected schools are located in different location within the city. The building arrangement
and site zoning of the schools also vary one another. This helps to know the effect of different
building orientations in relation to the incoming wind andgblkar heat gain. The site plan and

classroom block arrangements of each school are showiguwe4:1below.

Burka-Boku Primary and :

Dembela Secondary
Secondary School

and Preparatory School

Goro

Nafyad Secondary
Secondary School

and Preparatory School

Legend
I Sample blocks and classrooms I Staff Office
[ Secondary school classrooms [ Staff cafeteria
I Primary school classrooms [ Laboratory

Figure4:1 Site plan and building block arrangement of all study schools (ScAutieor,2024)
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4.3. Building orientations of selected school buildings is Adama city

Table4:2 Building orientations of selected schools in Adama city (Souxathor, 2024)

Classroom Block Orientations

School name

NW - SE -axis NE - SW-axis S - N-axis E - W-axis
Azimuth Angle 25N
Burka-Boku Primary -
and (7-Classroom blocks)
Secondary School Azimuth Angle 70'N )
4

1-Office block

Azimuth Angle Azimuth Angle |Azimuth Angle
340 NW 0N 90 E
Nafyad Secondary
and Preparatory 45 - &

School 3-Blocks
2-Classroom i (2-Classroom

blocks 1-Classroom bfock %l-Offieg)

Azimuth Angle Azimutl} Angle Azimuth Angle
33NW 35N 90 E

Goro Secondary % B
School \
5-Blocks : X 7-Blocks <
(4-Classroom v < (5-Classroom
&1-Office) &2-Office)

Azimuth Angle Azimuth Angle

338NW 15'N
Dembela Secondary
and Preparatory B h
School 11-Blocks < &
(10-Classroom
&1-Office) 1-Office block

Building orientation is the process of alignment or positioning of a building in relation to the
seasonal variation in the sun path of a building and the prevailing wind p@teenma and

Akande) It plays a significant role in creating a thermally comfortable and naturally ventilated
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indoor environment in a building. Proper building orientation is adost option that improve

the thermal comfort of building occupants and it decrease the energy needed for heating and
cooling of a building. As the sun moves from east to west dire¢hiemeat of the day increases

and with the building that positioned with their longer side oriented to-sorith axis, it shades

the sun that penetrated to the south and west facing windows and other ofiésongs and
Akande)

As discussed ifable4:2 above, from the existing classroom buildings in all selected schools,
17 classroom blocks and 2 office building blocks are oriented to NW to SE direction, 9
classroom buildings and 1 office building are oriented in to NE to SW direction, 7 classrooms
and3 office building blocks are oriented te\ orientation, and only 1 classroom building was
oriented to NS direction. According to this result, 97% of classroom buildings face to the direct
sun penetration during the day hour especially in the afternmboogerheating of classrooms
from sun radiation is a major problem in schools. This shows that, proper orientation of
buildings is not given due consideratidrhe total number of building typologies and their

orientation is also shown d@hart4:1 below.

NW-SE — 17
2
NE-SW — 9
1

Building Orientations

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Number of blocks

m Classroom Buildings = Office Buildings

Chart4:1 Building orientations and number of blocks (Sousethor; 2024)



4.4. Result from demographic survey of respondents

4.4.1. Gender of Respondents

Based on the data gathered from the overall selected study schools, the total number of
respondents who participate in this study were 355. From these,-BakkaPrimary and
Secondary School 110 students, Dembela Secondary and Preparatory School &&mnéspon
Goro High School 82 respondents, and Nafyad High School and Preparatory 74 students were
participated. From the overall numbers of respondents, 211 were male, and the remaining 144
participants are females. Proportionate stratified sampling teehmiga applied on selecting
gender of respondents. The total number of male and female respondents in each school were
illustrated in theChart4:2 below.

80
70
60
50

40
3
2
1
0

Burka-Boku Dembela Goro Nafyad
u Male 67 51 47 46
= Female 43 38 35 28

Quantity
o O o

Chart4:2 Gender of Respondent (Source: Author from data collection)

Knowing the number of male and female respondents is important to know which groups are
more sensitive to the existing microclimatic elements on the study area. According to research
(Karjalainen 2007)females are less satisfied with the thermal environments than males, and
they feel both cold and hot more often than men, and they have less control over the room
temperature during both the winter and summer season. This shows that, since females are mo
sensitive to their surrounding environment on both hot and cold, they need effective

consideration on space design in any activity.
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4.4.2. Age of Respondents

According to the data from the survey, the age of the respondents ranged betwéen 2%

year s. From the total 355 study partiXii pants
years are 113 students (which is 31.8 % of the total samples), age groups betw2@gdss

are 164 students (which are 46.2% of the total samples), and the remaining 78 students (which
are 22 % of the total samples) are ranged between the age 28 3&ars old.

Age group 15 - 17

Age group 18 - 20 164

Age group 21 - 23

I I I I I I I I I
0 20 40 60 80 100 120 140 160 180

mAge group 15-17 = Age group 18 - 20 = Age group 21 - 23

Chart4:3 Age of Respondent (Source: Author from data collection)

4.4.3. Sitting location of Respondents

The study applies proportionate stratified sampling method, and the sitting location of
respondents were distributed and selected equally in the classroom. This helps to know the level
of the problem, which location is highly affected, and also helpsdw ke thermal preference

and sensation of the students. The location of measuring instrument was selected based on
ASHRAE standardStandard 1992)hat the location of taking objective measurement should

be on areas where the occupants are expected to spend more of their time, which is depend on
the function of the space. Based on this standard, the measurement was taken in the center of
the classsom and 1.0m inward from external walls and windows. Measurements on thermal

parameters were estimated on area such as near windows, corners, and also entries.
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On the other hand, since the function of selected building was for learning, the activities inside
classrooms were sedentary activities; so, the air temperature and wind speed were measured at
0.6m and 1.0m above floor level on those specified locationd.fér standing activities, the
measurement was taken at 1.1m and 1.7m above floor level. Humidity was also measured on a
specified occupied spac&he existing classroom layout, sitting location of respondents and

proper placement of measuring instrumemése shown oifrigure4:2below.

) 600 ’

L

LEGEND

.- Sitting location of sample respondents

‘ - Placement of measuring instrument

] E_ (HOLDPEAK Digital Anemometer)

600
| |

|

|

I

;

| e |

< | T =
L 1 J 1 e -

Figure4:2 Sample Classroom layout, sitting location of respondents, and placement of
measuring instrument (Source: Author, 2024)

4.4.4. Clothing of students
Typically, all secondary and preparatory school students in all study schools have a regular

uniform clothing, the difference is only of clothing color from school to school.
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Figure 4:3 Clothing type of students in selected secondary and preparatory schools (Source:
Field observation by Author, 2024)

The regular uniform for female students is Kihegth skirt, shorsleeve shirt, bra, and sandals
which has a clothing insulation of 0.55 Clo. Few Muslim students wear regular school uniform
with hijab that usually the head which has a clothing insulati@81 Clo. The regular uniform

for male students in selected schools is Trousers;dt@®ye shirt, Ishirt, and shoes which has

a clothing insulation of 0.71 Clo. All clothing insulation values have been taker(®tamdard
1992)

40



4.4.5. Activity type and level of respondents inside classroom

The activity level and type of the respondents affects the thermal comfort of the classroom.
According to the result of the analysis taken during the survey and measurement, 323 students
which are 91 % of t he st ud etingadleamiogwhiohihdveé e s i I
a metabolic rate of 1.0 Met units, 6 % were taking exams, and the remaining 3% were standing
especially during the break time. Since most of the students spend their time in a sedentary
activity, according tqStandard 1992 sitting posture results in a decrease thermal insulation

due to compression of air layers in the clothing. This decrease may be offset by insulation

provided by the chair.

m Sitting and Learning
Sitting and taking exams

® Standing

Chart4:4 Activity type and level of respondents (Source: Field survey by Author)

4.4.6. Building users response on thermal comfort, thermal preference scale, thermal
sensation scale, and thermal acceptance level of classrooms

x Thermal Preference Scale

The preferred thermal environment scale which is defined by ANSI/ASHRAE Standard 55
2004 Thermal Environmental Condition for Human Occupancy was used to assess the thermal
preference and sensation of the building occupants. The result of the analystsisseti on
theTable4:3 below.
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Table4:3 Thermal preference of building occupants

PMV | Thermal Time
Value | Preference
9:00- 11:00 am | 11:00- 1:00pm | 1:00- 3:00pm| 3:00- 5:00 pm
No: % No: % No: % No: %
-3 Cold 0 0.0% 0 00% | O 0.0% 0 0.0%
-2 Cool 0 0.0% 0 00% | O 0.0% 0 0.0%
-1 Slightly 97 27.4%| 4 1.1% | O 0.0% 0 0.0%
Cool
0 Neutral 167 47% 88 |24.8%| 13 | 3.7% 63 |17.8%
+1 Slightly 91 25.6%| 74 |20.8%| 78 22% 117 | 32.9%
Warm
+2 Warm 0 0.0% | 143 |40.3%| 142 | 40% 92 | 25.9%
+3 Hot 0 0.0% 46 13% | 122 | 34.3%| 83 |23.4%
180 167
2 160 143 142
é 140 -
S 120 17
7 97
@ 100 91 88 92
— 83
© gp 74 8
5 63
g "
= 40
20 13
00 4 0 0
o | .
9:00-11:00 11:00-1:00 1:00-3:00 3:00-5:00
Thermal preference scales
m Slightly cool = Neutral Slightly warm mWarm = Hot

Chart4:5 Building users Thermal Perception
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According to the studentds response on ther
indicators of thermal sensation votes (TSV), about 27.4% of vote slightly-dépoabout 47%

votes neutral (0) option, and the remaining 25.6% of respondents Vigtaty svarm (+1)

option during the time betwe&00am- to - 11:00am. This result shows that, a total of 100%

of students voted for the three central options of thermal sensation-4dale-1), and they felt
comfortable on the thermal environmentlugit classrooms during this time. On the other hand,
during the times between 11:00am to 1:00pm, 1.1% of respondents vote slightly1¢pol (
24.8% of respondents votes neutral (0) option, 20.8% votes slightly warm (+1), the remaining
40.3% and 13% of respdents votes warm (+2), and hot (+3) options respectively. This result
shows that, 46.7% felt comfortable, and the remaining 53.3% of respondents feel not
comfortable on the thermal condition of their classrooms. Between the times of3100@pm,

3.7% feel neutral, 22% votes slightly warm (+1), and the remaining 40% and 34.3% of
respondents votes for warm (+2), and hot (+3). This shows that, around 73.3% of sample
students felt uncomfortable on the thermal environment of their classrothis éime. During
9:00omto 11:00pm, 50.7% of respondents votes for neutral (0) and slightly warm (+1) options,
and they felt comfortable. The percentage of respondents who voted uncomfortable areas (warm
(+2) and hot (+3)) is 49.3%.

x Thermal Sensation Scale

(Standardization 19953uggests additional dimension that are used for the assessment of
thermal sensation which depend on subjective response. These dimensions are thermal sensation
ranged from Acoldo to Ahotd to sensatinpnnal a:
uncomfortable scales, and colder and warmer thermal preference scales are considered to

generally acceptable to very unacceptable thermal sensation scales.

The thermal sensation scale and students comfort level was measured to determine whether a

specific thermal condition of the classroom can be considered comfortable or not.
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100%
90%
80%
70%
60%
50%
40%
30%

20%
10% I
0%

Percentage

9:00-11:00 _11:00-1:00 1:00-3:00 3:00-5:00
m Slightly comfortable 27.3 1.1 0 0
Comfortable 47 24.8 3.7 17.8
Slightly uncomfortable 25.6 20.8 22 32.9
Uncomfortable 0 40.3 40 25.9
= Very uncomfortable 0 13 345 23.4
m Slightly comfortable = Comfortable Slightly uncomfortable
Uncomfortable ®m Very uncomfortable

Chart4:6 Thermal sensation scale

U Discussion on Thermal Sensation Scale

Chart 4:6 shows that, during the study time between 9:00am to 11:00 am, 97 respondents
(27.3%) feel slightly comfortable; 167 respondents (47%) experience comfortable, and 92
respondents (25.7%) were feel slightly comfortable on the air temperature of their clessroo
During the time between 11:00am to 1:00pm, 4 respondents (1.1%) feel slightly comfortable,
88 (24.8%) feel comfortable, 74 respondents (20.8%) feel slightly uncomfortable, 143 (40.3%)
experience uncomfortable; and the remaining 13 respondents (13#grieancomfortable on

the indoor air temperature. Between the hours 1:00pm to 9:00pm, 13 students (3.7%) feel
comfortable, 78 students (22%) feel slightly uncomfortable, 142 students or 40% are
uncomfortable and the remaining 122 students which are 3dr&%ery uncomfortable with

the indoor temperature of classrooms. Finally, between the hours of 3:00pm to 5:00pm, 63
students (17.8%) feel comfortable, 117 respondents (32.9%) feel slightly uncomfortable, 92
students (25.9%) feel uncomfortable, and theaiaing 83 students (23.4%) are told they are
very uncomfortable with the indoor temperature of their classrooms. This result shows that,
100% of respondents are in the comfort range (between slightly comfortable to slightly
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uncomfortable) in the morning between 9:00am to 11:00 am. Between 11:00am to 1:00pm, only
46.7% of students are on the comfort range, and majority of the students (53.3%) are
uncomfortable. 74.5% of students are very uncomfortable between 1:00pm to 3d@pm;

49. 3% also experience uncomfortable with the
5:00pm. This implies that, the existing clas
fulfill the minimum requirement of building comfort ranges that i8686f the total building

occupants should experience comfortable which is stated by ASHRAE standard.

300
a
o
S 250
c
2
g 200
©
_ 150
[}
o)
£
S 100
zZ
N I I I
0
9:00-11:00 11: 00 1:00 1: OO 3:00 3:00-5:00
m Very comfortable 0 0
m Comfortable 237 57 0 0
Acceptable 118 153 22 59
m Uncomfortable 0 145 242 245
m Very Unvomfortable 0 91 51

Thermal Acceptance scales

Chart4:7 Thermal acceptance level of classroom users

4.4.7. Students Response on the Ai¥elocity inside Classrooms

From the 355 sample respondents from all selected study schools, 251 respondents which is
70.7% rarely felt the air velocity in their classrooms, 82 respondents (23.1%) felt the air velocity

just acceptable, and the remaining 22 (6.2%) respondents teltbéid due to too breezy air

flow. This result shows that, based on the
system of the classrooms was not able to supply sufficient airflow into the classrooms and
majority of respondents preferred moneraovement in their classrooms, and only about 6.2%

of respondents need to decrease the air velocity.
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Chart4:8 Students Response on the-Aelocity inside Classrooms

4.4.8. Students Response on the Air Humidity of classrooms

According to the studentds response

votes, 259 respondents (73%) votadch too dry and too dry option, and they felt that, the

t o

t he a

humidity of their classroom was not comfortable. Only 96 respondents (27%) of the respondents

voted at the three scales in the centerline, which are slightly dry, just right, and slightly humid

optiors that shows the humidity in the classroom met the respondents need.

225
200
175
150
125
100
75
50
25

®Muchtoodry mToodry mSlightlydry = Justright mSlightly humid

196

48
36

12
I
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Chart49St udent s®é response on the
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4.5. Building Orientation assessment of the existinglassrooms buildings

NE - SW- Oriented blocks NW - SE- Oriented blocks
Azimuth Angle: 25'N Azimuth Angle: 335 NW

7. lechM

Y f B

Burka-Boku Primary and

3 SRS A . e
Secondary School Goro Secondary School :

(3-Selected Classroom blacks) (3-Selected Classroom blocks)
Azimuth Angle NW - SE- Orjented blocks
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Figure 4:4 Building orientation and sun path diagram of selected school buildings (Source:
Author, 2024)
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4.5.1. Layout of existing classroom building
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Figure4:5 Sample layout of existing classroom building (Soufagthor, 2024)
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4.6. Environmental Variable analysis

To measure the thermal environmental condition of the classrooms, the study applies the six
parameters that categorized in to environmental and personal variables that are developed by
(Fanger 1984)These are humidity, air temperature, mean radiant temperature and air velocity
which are categorized under environmental variables, and clothing insulation and activity level

of the students were discussed under personal variables or factor.

All the environmental and personal variables that affect the thermal comfort of building
occupants were measured and analyzed in a classroom building that face south east, south and
south west orientation of the selected schools. Since the data waseddiletveen 8" March

- to - 5™ of April, the measurement was taken on sunny and partly sunny days based on the local

weather conditions. The result of measurements was discussed below.

4.6.1. Air Temperature

Air temperature is a measure of the amount of atmospheric heat content and its combined effects
of absorbed solar radiation. A statistical summary and discussion of the indoor and outdoor air
temperature objective measurement of classroom buildings atigoteards southwest,

southeast and south axis are shown below.
x Indoor Temperature of North - West to South East oriented buildings

According to the field measurement which was recorded fr8fhMarch - to - 5" April in
different times of the day, the highest indoor temperature recorded in southwest oriented
cl assr ooms 9%Wash betdeen 1:0803:00 pm; and the lowest indoor temperature
was recorded in#2*Mar ch whi ch was -214:00arb Ehe average indbor 0 0

temperature was 28.5
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Chart4:10 Highest and lowest Indoor temperature of NBE orientation

x Indoor Temperature of North - East to South- West oriented buildings

Chart4:11 shows the highest and lowest indoor temperature measurement result for Northeast
to Soouthwest oriented classroom buildings. According to the result which was recorded from
18" March - to - 5 April, the highest indoor temperature recorded in buildings that oriented
towar ds sout heast9"WMareheetweenol®0amB08 pm3ahd theilowest2

indoor temperature was recorded 5" f Mar ch, whi ch wa-sl1:®&n. bet w
The average indoor temperature was 28.5
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Chart4:11 Highest and lowest Indoor temperature for-8%®/ orientation
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X

Indoor Temperature of East to West oriented buildings

According toChart4:12, the highest and lowest indoor temperature for classroom blocks that

oriented towards south which was recorded

temperatur e

fr@h March- to - 5" April, the highest indoor

was 68 arch betweea ¢:00prid 3200 pmi; and the lowest

i ndoor temperature was 2'andF'of Apvihbetweden 908asn r ec o r
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Chart4:12 Highest and lowest Indoor temperature fouf orientation

x Discussion on Indoor air temperature of classrooms

According to a studyMitchell and Braun 2012)in order to create a thermally comfortable

classroom environment, the air temperature of the building should be between the range of 20.5

-22. 8 (comf or t-2Ibl1. 8

cqalomf o2 2-R281.€l) , (crom2 &.r 8 .

warm). According to a guideline by The American Society of Heating and Air Conditioning

Engineers (ASHRAE), to satisfy the comfort
(20 )
60)8AQuri (86

maximum temperature of 68
(22.2 )

of building occupants, a building should have a
74 (23.3 )

summer season.

t o
t he

during

As illustrated on the charts above, the indoor air temperature of classrooms oriented to

southwest, southeast, and south axis was measured. From the result of the measurement, the

hi ghest, average, an
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respectively; for buildings oriented to sout
average and lowest indoor temperature; and the highest, average and lowest temperature of

south facing classrooms are 32.5 , 28.25 , a

The result indicates that, all classrooms has experienced high temperature during the day hour
especially between 1:00pn®:00pm. This shows, the air temperatures are outside the comfort
zone as specified on the national standards

the comfortably warm temperature zone as specified in Indonesian National Standard (SNI).
x Outdoor Temperature

According toChart4:13;t he hi ghest outdoor tentfMarchatur e r ¢
1:00pm t03:00pm, and 2" March between 1:003:00 pm; and the lowest outdoor temperature

recorded was in*1April between9:061 1: 0 0am whi ch was 24.5
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Chart4:13 Highest and lowest outdoor temperature (Source: Field measurement, 2024)
4.6.2. Relative humidity of classroom buildings
Relative humidity (RH) is a measure of tmeisture or amount of water in the air, compared to
the potential saturation level of the air. Objective measurements and statistical summary of

outdoor relative humidity of classroom buildings oriented towards southwest, southeast and

south axis are showrelow.
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x Relative humidity of Northwesti Southeast axis buildings

Relative Humidity
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Chart4:14 Highest and lowest indoor Relative humidity of Southwest oriented buildings

(Source: Field measurement, 2024)

According toChart4:14, the highest humidity of classroom buildings that oriented towards
southwest axis was recorded 34% Bi"March at 9:00am 11:00am, and the lowest was
measured 24% iB0" of March at 1:00pm 3:00pm.

x Relative humidity of Southwesti Northeast axis buildings

According toChart4:15, the highest humidity of classroom buildings that oriented towards
southeast axis was recorded 36% if®"2March at 9:00am 11:00am, and the lowest was
measured 25% ™" of April at 1:00pm- 3:00pm.
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Chart4:15 Highest and lowest indoor Relative humidity of Southeast oriented buildings
x Relative humidity of Easti West axis buildings

Chart4:16 shows that, the highest humidity of classroom buildings that oriented towards south
axis was recordeds86 in 30" March, and the lowest was measured 25.59%0f March, 27"
Marchand 29 April at 1:00pm- 3:00pm. This shows the relative humidity is also high during
the morning when the outside air temperature is cool, and low in theagidnd afternoon

when the air temperature is warm.
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Chart4:16 Highest and lowest indoor Relative humidity of South oriented buildings
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x  Discussion on relative humidity

The above charts show the highest and lowest humidity of classrooms during different hours of
the day. The measurement was taken starting fréfnndarch to5" April. According to the

result, the highest and lowest humidity of southwest oriented buildings was recorded 34%
measured a28" March at 9:00am 11:00am, and 24% 80" of Marchat 1:00pm- 3:00pm
respectivelyfor buildings oriented to soutkast axis was 36% irl2 at 9:00am 11:00am, and
25%in 4™ of April at 1:00pm- 3:00pm as highest and lowest humidity respectively. Highest
and lowest humidity of buildings oriented to south axis W& & 31 April in the morning

and 25.5% in afternooim 20" March, 27" March and 2 of April. This shows the relative
humidity is better in the morning when the outside air temperature is cool especially for

buildings that oriented to south axis.

4.6.3. Correlation between indoor temperature and outdoor temperature

The indoor and outdoor temperature of selected classrooms shows a medium to strong positive
correlation throughout the day. In the morning time, especially between 9:00am to 1&a60am,
shown onChart4:17, both indoor and outdoor temperatures are relatively doa have a
correlation coefficient of +0.538oth theindoor and outdoaiemperatures start to rise starting

from 11:00amand the correlation coefficient between 11:00am to 1:00pm was whi8bh is

shown onChart4:18, and the temperature is high in the gy and afternoon. During this

time, the correlation between the indoor and outdoor temperature is strong pesjieeally

during the afternoon between 3:00pm to 5:00gsmillustrated orChart4:20, the correlation
coefficientwas+ 0.80.This shows that, their relation is high, and the increase in temperature of
outdoor results the temperature increases of indoor envirorespatially on the mentioned

hours above
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Chart4:17 correlation between indoor and outdoor temperature between 9:00am to 11:00am
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Chart4:18 Correlation between indoor and outdoor temperature between 11:00am to 1:00pm

Correlation coefficient (r) between 11:00am to 1:00pm is $.0.3
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Chart4:19 Correlation between indoor and outdoor temperature between 1:00pm to 3:00pm

Correlation coefficient (r) between 11:00am to 1:00pm is +2.02
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Chart4:20 Correlation between indoor and outdoor temperature between 3:00pm to 11:00pm

Correlation coefficient (r) between 11:00am to 1:00pm is + 0.80, which shows strong

correlation.
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4.6.4. Correlation coefficient between indoor air temperature and humidity of classrooms
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-0.8 -0.8 -0.81
-0.8 -0.85

0.9 .92 -0.92 -0.91
-0.99 099 4 -0.97-0.97 097  -097

Correlation value in each measurement days

Chart4:21 Correlation coefficient between indoor air temperature and humidity of classrooms

There is a strong negative correlation ranging betw@&7 to-1 on the indoor temperature and
the humidity of classrooms on different times of the day. The result indicates that, there is a
strong relation between the air temperature and the humidityeofclassroom, and the
correlation coefficient shows there is a medium to perfectly negative correlation. The increase
of the air temperature on both the outdoor and indoor environment results a decrease in the

humidity percentage of the room and vicesaer

This is the result of lack of adapting proper natural ventilation strategies, which used to regulate
the indoor air temperature and lack of giving proper consideration to the orientation of the

buildings and the wind direction.
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4.7.  Wind direction and speed measurement on selected days

Date |Wind Speed|Wind Direction Date |Wind Speed|Wind Direction
March 18| 4.61 m/s West March 23| 5.84 m/s SW, S, E
N N

S S
0-2m/s B 4-6m/s I 0-2m/s Bl 4-6m/s I

2-4m/s 6-8m/s 1l 2-4 m/s 6-8 m/s [l

Date |Wind Speed|Wind Direction Date |Wind Speed|Wind Direction
March 30| 1.49 m/s SE April4 | 4.71m/s W, NW

N

o

S
0-2m/s B 4-6m/s I 0-2m/s Bl 4-6m/s I

2-4 m/s 6-8 m/s 2-4 m/s 6-8 m/s

Figure4:6 Wind rose diagram showing wind speed and direction on selected days

(Source: Field measurement)

Figure4:6 above shows the wind speed and direction of the study areas during selected days.
The air flow of the wind that blows in to the classroom buildings is low compared to the wind
speed on Adama during the measurement period. The wind speed inside therossnong

the measurement time was 4.61m/s, 5.48m/s, 1.49m/s and 4.71m/8 84, B0" march, and

4" April. But according to the wind direction and speed of Adama city, the wind speed during
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march mas a minimum of 13m/s and minimum of 11.1m/s relative to different directions as
discussed under table 4.4 below. This is the result of orientation of buildings and opening types

on the buildings. This highly affects the thermal comfort of the iasss.

4.8. Wind direction and wind speed of the Adama city

To design a naturally ventilated buildings or a building with a comfortable indoor and outdoor
environment, obtaining a reliable information regarding the wind speed and direction is

important.

To get the speed and direction of wind on the site, the study uses both field measurement and
software simulation results. Wind rose diagram which is used to get the view of wind speed and
direction that are typically distributed on a specific location @ea&loped following the result.

This diagram uses all the figures that is used to display the exact orientation of cardinal
directions (N, S, E& W), intermediate directions (NW, SW, NE&SE,) and intercardinal
directions (e.g. NNE, ESE, SSW, NNW, WNW, ENH.)

The wind rose diagram showon Figure 4:7 below illustrates the annual wind direction and
speed of Adama city. The normal educational Callender was for ten months starting from
September to June. Even if the wind rose diagram below shows the annual wind direction and
speed of thédamacity, the study only focuses on ten (10) months starting frd®eptember

- to - 30" June.The remaining two months (July and August) are not taken in this study since
they are categorized under rainy summer season in which the temperature is relatnegged

and the school is closed.
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Prevailing Winds
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Figure4:7 Wind rose diagram of Adama city starting frofhSep to 31 August (Autodesk Ecotect)
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As illustrated onFigure 4:7 above, the wind speed of Adama city ranges from 13.8 m/s the
highest to 6.9 m/s the lowest speed in different months of the year. The wind direction and speed

of Adama city in each month was discussed inTihlele4:4 below.

Table4:4 Annual Wind direction and speed of Adama city (Source: Autodesk Ecotect)

No. Month Incoming wind | Wind speed| No. Month Incoming wind | Wind speed
direction direction
1. September | Southwest 11.1 m/s 7. March North 11.1 m/s
Northeast 13.8 m/s Northeast 13.8 m/s
South 8.3 m/s East 12.5 m/s
2. October Southwest 11.1 m/s Southwest 11.1 m/s
Northeast 13.8 m/s South 11.1 m/s
3. November | Southwest 8.3 m/s 8. April South 13.8 m/s
Northeast 11.1 m/s Southeast 9.7 m/s
East 9.7mls East 11.1 m/s
4, December | Southwest 9.3 mls Southwest 11.1 m/s
South 8.3 mls West 12.5 m/s
East 11.1 m/s Northeast 11.1 m/s
Northeast 9.7 m/s 9. May South 12.5m/s
5. January East 11.1 m/s Southwest 13.8 m/s
Northeast 13.8m/s Northeast 11.1 m/s
North 13.8 m/s East 11.1 m/s
6. February Southwest 11.1 m/s 10 | June South 8.3 mls
West 6.9 m/s Southwest 11.1 m/s
South 8.3 m/s SSW 11.1m/s
East 13.8 m/s West 11.1 m/s
Northeast 11.1 m/s Northeast 8.3m/s

The orientation of the existing classroom buildings was not aligned considering the wind
direction of the site. All buildings have openable windows in only one direction. The fresh air

that comes into the building through positive pressure wall interstime and at the same time
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the hot air exits the room through leeward walls. In most cases in the study buildings, there is
only onesided openable windows and the remaining north and north east and north west
direction windows are fixed windows. There is no way out of the hotain the classrooms.

This limits the wind circulation inside the building and increases the indoor temperature.

4.9. Calculate the natural ventilation requirements and minimum opening area for

effective natural ventilation for existing classroom buildings

Adequate Ventilation will ensure a steady supply of fresh air into a building which has numerous
benefits, such as moderating the temperatures and humidity, replenishing oxygen, and also

create air movement to improve the comfort of building occupants.

270 cm

270cm

Legend

A - 90 * 50 - Fixed transome window D - 100 * 50 - Fixed clear glass window
B - 90 * 210 - Metal door E - Sitting table arrangement
C - 120 * 150-Clear glass window

Figure4:8 Detail of existing classroom buildings (Source: Field measurement by Author, 2024)

As shown on thé&igure4:8 above, the total free floor area of the classroom was 31.36 square
meter which is used for an average of 55 students per classroom. This is equivalent to 0.57
square meter of area per student. The total windows are wag 8ferable windows and 2.2

m? fixed windows which is used for only natural light access to the classroom.
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4.9.1. Steps to ventilation calculation
Step 1:Classification

The first step is to understand the type and classification of the building to determine the

standard of air quality needed to maintain, and the volume of air required to have circulating
Step 2:Get the required building data

The second step is knowing the number of occupants who will be in the building, the free area

% of the ventilation, and the velocity of air in m/s
Step 3:Using formula to get the free opening area requirement for effective natural ventilation

The final step is calculating the free area required to naturally ventilate the building. This will

be determined by using the formula below:

Free Area requirement @r= Volume (n¥/s) / (Average wind velocity (m/s) * cd) ...... Equation
(3) (Source(De Gids 1978)

Calculating the volume of air required

Ventilation air volumds determined for each building premise or volume

The formula used to calculate is:

L =Vorem * Ach[M3N] coooviiiiiiiiieeceeeeee e, Equatiord) (Source(De Gids 1978)
Where, L = Volume of air in Afs

Vprem= premise volume or the volume of the room

Ach= minimumair exchange per hour

To determine the premise volume:

Volume of the room V(i) = Length * width * height..............cccooovveeveeceiieene Equatidh (

The size of the selected school buildings is: 5.80m * 5.8m * 2.7m (length, width and height

respectively).
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Volume of the classroom will be:

V(m®) =5.80m *5.8m * 2.7m

V(m?3) =90.8 ni

Calculating the air change per hour of the classroom

Air change per hour is a measure of how many times each hour outside air enters a space and is
mixed and replaced old air from inside classroom. According to the American Society of
Heating, Refrigeration, and AConditioning Engineer@urley 2022) recommends the school

should have an air ventilation rate of ® - 6 times per hour. This means that, the outside air
should enter a classroom 8 - 6 times per hour, and replaces the hot air into the comfortable

level.
Calculating the air change per hour

To calculate the air change per hour of the classroom, we multiply the LSP (Liter per second
per person) of the infiltration by 55 (average number of students per classroom), and then divide
the number by the total volume (V) of air being exchanged.

Ach=LSP (55)/V (room volume)................ Equatiorg] (Source(Swami and Chandra 1987)

According to(Mendell 2012)the People Outdoor Air Ratg, Bor Classrooms (for adult) was 5

L/s/person

L/S/Person =5

Ach= (5*55) / 90.8 M

Ach = 3.02; this shows that, the air change per hour of the classr@&m is

Now, we calculate the ventilation air volume id/snby using the formula above:

L=Vprem. * ACh [MPN] ..ocooeiiiecee e Equati®riSource(CEN 2007)
E 90.8n¥*3

E 272.4nis
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The third step will be finding the area of window in square meter for the effective natural

ventilation of the classrooms:
Free area of windowequired (M) = Volume (ni/s) / (Average wind velocity (m/s) * Cd)
Where; Cd = Coefficient of discharge

The coefficient of discharge (Cd) depends on the direction of the wind relative to the opening
and the relative size of entry and exit openings. The value of coefficient of discharge ranges
from about 0.3 for wind hitting an opening at & 4Bgle of incidence to 0.6 for wind that hits

the opening at a 9@ngle(Passe and Battaglia 2015)

So, depending on the orientation of the buildings, we take the value of coefficient of discharge
0.6 for classroom buildings that face®@0wards the direction of the wind; and 0.3 for those

openings face #30 the coming wind direction.

E Free area of window required nfor buildings that the wind hits at 90

[Tl

Volume (m3/s) / (Average wind velocity (m/s) * Cd)

Wind velocity is the linear rate of change difection with respect to time that the wind is

traveling at. It calculated as:

Mw) = a (2 * F/ (P * A)) ... ... .......(.
Where; iy = wind velocity

F = Wind force (N)

P = the air density (kg/f

A = the surface area of wind pressuré)(m

The generic formula used to find the wind load iISF=A*P *Cd ..........coooeiciinns Eq@tion (
(Source(Stathopoulos and Alrawashdeh 2020)

Where; F = Wind force or load
A = the projected area of the building face

P =is the wind pressure, and
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Cd = is the drag coefficient

The projected area (A) is the area of the twdimensional face that the wind is hitting. To find
the projected area of the building face; we multiply the length of each face by their respective

building (wall) height.

The size of the existing school buildings is: 5.80m * 2.7m (length * height respectively). So
that, to calculate the projected area of the building that the wind is hitting, we directly
multiplying the width with height. For Sl unit calculation, area @jneasured in square meter

(m?).
E 5.80*2.70
E 15.66 n(This value is for the front direction of the existing classroom buildings).

Wind pressure( p) : Wind effect applies Bernoullios |
at a higher wind speed, the static wind pressure decreases and at a lower speed the static pressure
of the wind increases. The air speed on the windward side of the bugdinges as it collides

with the building. This results an increase in pressure. Conversely, the air speed on the top and
the leeward sides of the building increases, and results a reduced wind pressure. A pressure
deferential is thus createldetween windward and leeward walls. The effective pressure
difference tends to be greater (about 1.4 times the dynamic wind pressure at eave level for
rectangular buildings) when wall openings are about 15% to 20% of the wall area. This means,
the averagevind speed through the wall opening has the potential to be 18% higher than the
local wind speed. Without any opening, the wind pressure difference is about 1.1 times the
dynamic pressure at eave level of the building. With a 60% wall opening or moseinthe

pressure difference between windward and leeward surfaces of the building remains constant

around 1.0 times the dynamic pressure at eave (Bheltia 2013)

Is the speed of the wind, and it is calculated using the formula P = .81®/measured in

meter per second (m/s).

P =0.613 (5.86)= 20.62 m/s
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Drag coefficient (Cd} is the force that air is exerted on the building, and it is affected by the
shape of the building, the roughness of the building, etc. The standard drag coefficient for a flat

building face is 1.4. It has no unit of measurement.

Now, by directly substituting the values on the above formula to find the wind load;
E F=A*P*Cd
E 15.66 *20.62 * 1.4
E 452N

Air density (P): is the mass per unit volume of air. The Sl unit of air density is kglive
density of air is 1.2 kg/fn To get the total air density of the building, we multiply the volume
of the room by the standard density of air.

Air density of the study building (P):

E 90.8 * 1.2 kg/m

[TIc

108.96 kg/m
Now, by substituting the values on the above formula to find the wind load;
F=A*P*Cd

=15.66 M * 108.96 kg/ni * 1.4

F=2388.8N

(Vw) = a ((2 * F) [ (P * A))

E & ((2 * 2388.8) / (108.96 * 15.66))
E&a (4777.6 [/ 1706. 3)

E&a (2.8)

E 1.67 ni/s

Average wind velocity (m/s) = 0.54 m/s from measurement

Substituting the values on the formula to find the average wind velocity;
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The final step will be finding the required free area of windows for cross ventilation of the

classroom. To get this value, we use the formula below:
Free area of window required Y+ Volume (ni/s) / (Average wind velocity (m/s) * Cd)

Where; Coefficient of discharge (Cd) = 0.6

[TI¢

(1.67 n¥/s) / (0.54 m/s * 0.6)

E (1.64 n¥/s) /(0.324 m/s)
E 506nf& % m

So that, the minimum windows area required on the windward face wall for effective natural
ventilation of a single classroom will be Z.ithis is equivalent to 16% of window to wall ratio
(WWR) of the building; which is the optimal window to wall ratio for the selected building type.
For buildings that face to the incoming wind direction at an angle 4ftdé coefficient of

discharge will be reduced to 0.3.

This means, the Free area of window requiret) fon classroom buildings that face®46wards

the wind direction: = Volume (#s) / (Average wind velocity (m/s) * Cd)

Where; Coefficient of discharge (Cd) = 0.3

E (1.67 nd/s) / (0.54 m/s * 0.3)

[Tl

(1.64 n¥/s) / (0.162 m/s)

10.1nfd 1D m

Tlc

So that, for classroom building thecoming wind hits at 4% the minimum windows area
required on the windward face wall for effective natural ventilation will be 30Tinis is
equivalent to 30.3% of window to wall ratio (WWR) of the building; which is the optimal
window to wall ratio for the selected building type.

Regarding the classroom buildings that has to be newly construct, the study follows the
Ethiopian standard size of classrooms. The Ethiopian standard of classrooms3sT4#& m
standard number of students per classroom is 50, and there will be 24 tables; each table are for

2 students.
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4.10. Standard classroom layout prepared by the Ministry of Education (MOE)

According to a standard prepared by the Ethiopian Ministry of Education (MOE), the standard
classroom size for primary and secondary schools in Ethiopia is 7.5meter * 6.25 meter (length
* width) with a minimum floor height of 3 metdBekele 1966) The standard number of
students per classroom is 50; and there will be 24 tables per classroom. Each table are for 2
students. based on this, the average floor area per persorfissDatudents which results 0.94
square meter per student. According to office for the revision of Addis Ababa master plan,
norms and standards of the Addis Ababa structure plan components, the clear height of the
classrooms should not be less than 3 rseW&findows use of steel framed glass window.

This standard didndét address the effect of d
and overall indoor air quality of classrooms, and its effect on the health, comfort and
performance of students. The opening size of the classrooms, thefatioieto the local wind

direction and speed, and also the sun orientation and its impact on the indoor thermal

environment is not addressed well.

The sample design layout which is prepared by the Ministry of Education (MOE) is used in
different parts the country without giving a consideration to the local climate condition of the

area, and different environmental and personal parameters thatedntedb t o t he oc c
thermal comfort/discomfortThe standard classroom design layout prepared by MOE is

illustrated onFigure4:9 below.
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Figure4:9 Standard layout of classroom (Sour(iekele 1966)
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4.10.1.Steps to ventilation calculation for the proposed classroom building

The steps to calculate the ventilation calculation and the amount of free area of the classrooms
is the same as we discussed above with the steps to calculate the ventilation of the existing
classroom buildings. The only difference is that ofares of classrooms and clear floor height

of the room. So that, by following the same procedure, we calculate the amount of ventilation

and free area requirement of the classrooms as follows.

Step 1:Building Classification

Step 2:Get the required building data

Step 3:Using formula to get the free opening area requirement for effective natural ventilation
Free Area requirement &= Volume (ni/s) / (Average wind velocity (m/s) * cd)
Calculating the volume of air required

Ventilation air volume is determined for each building premise or volume
The formula used to calculate is:

L = Vprem * Ach[m¥h]

Where, L = Volume of air in Afs

Vprem= premise volume or the volume of the room

Ach= minimumair exchange per hour

To determine the premise volume:

Volume of the room V(i#) = Length * width * height

The size of the selected school buildings is: 7.50m * 6.25m * 3.0m

Volume of the classroom will be:

V(m?3) = 7.50m * 6.25m * 3.0m

V(md) = 140.6 M

Calculating the air change per hour of the classroom
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Calculating the air change per hour
Ach=LSP (55) / V (room volume) (SourdSwami and Chandra 1997)

According to(Janssen 1989he People Outdoor Air Ratg Br Classrooms (for adult) was 5

L/s/person
L/S/Person = 6
Ach = (6*50) / 140.6
Ach = 3; this shows that, the air change per hour of the classroom is 3.
Now, we calculate the ventilation air volume if/snby using the formula above:
L = Vprem. * Ach [n/h] (Source{CEN 2007)
E 140.6ni*3
E 421.8nils

The third step will be finding the area of window in square meter for the effective natural

ventilation of the classrooms:
Free area of window required )+ Volume (ni/s) / (Average wind velocity (m/s) * Cd)
Where; Cd = Coefficient of discharge
Cd = 0.3- for wind hitting an opening at a 2&ngle of incidence
Cd = 0.6 for wind that hits the opening at & 80gle(Kleiven 2003)
E Free area of window required fyror buildings that the wind hits at 90
E Volume (m3/s) / (Average wind velocity (m/s) * Cd)

Wwind velocity is the linear rate of change of direction with respect to time that the wind is

traveling at. It calculated as:

VMw) = a (2 * F/ (P * A))
Where; v = wind velocity

F = Wind force (N)
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P = the air density (kg/fh

A = the surface area of wind pressuré)(m

Wind load (F) = A * P * Cd (SourcgStathopoulos and Alrawashdeh 2020)
Where; F = Wind force or load

A = the projected area of the building face

P =is the wind pressure, and

Cd = is the drag coefficient

The projected area (A) The size of the proposed classroom buildings is: 7.50m * 3.0m (length
* height). So that, to calculate the projected area of the building that the wind is hitting, we
directly multiplying the width with height.

E 7.50*3.0
E 22.50 n(This value is only for the front direction of the existing classroom buildings).
Wind pressure (p):
P =0.613V
P =0.613 (7.56)= 34.5 m/s
Drag coefficient (Cd) The standard drag coefficient for a flat building face is 1.4.
E F=A*P*Cd
E 225*345*14
E 1086.7 N
Air density (P): The density of air is 1.2 kgfn
Air density of the study building (P):

-

E 140.6 * 1.2 kg/m

[Tl

168.7 kg/nd
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Substituting the values on the above formula to find the wind load,;
F=A*P*Cd

=225nt*168.7 kg/ni* 1.4

F=5314N

(Vw) = a ((2 * F) [ (P * A))

Ea ((2 * 5314) [/ (168.7 * 22.5))
E a4 (10628 / 3795.75)

E&a (2.8)

E 1.67 ni/s

Average wind velocity (m/s) = 0.54 m/s from measurement
Substituting the values on the formula to find élverage wind velocity;

The final step will be finding the required free area of windows for cross ventilation of the

classroom. To get this value, we use the formula below:
Free area of window required 1+ Volume (ni/s) / (Average wind velocity (m/s) * Cd)
Where; Coefficient of discharge (Cd) = 0.6

E (1.67 ni/s)/ (0.54 m/s * 0.6)

E (1.64 n¥/s)/ (0.324 m/s)

E 5.06nfd 5 m

So that, the minimum windows area required on the windward face wall for effective natural
ventilation of a single classroom will be Z.nThis is equivalent to 10.65% of window to wall
ratio (WWR) of the building; which is the optimal window to wall ratio for the proposed
classroom building. For buildings that face to the incoming wind direction at an angl& of 45
the coefficient of discharge will be reduced to 0.3.

This means,
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Free area of window required fmfor classroom buildings that face %4@®wards the wind

direction: = Volume (r¥is) / (Average wind velocity (m/s) * Cd)

Where; Coefficient of discharge (Cd) = 0.3

E (1.67 ni/s) / (0.54 m/s * 0.3)

[TI¢

(1.64 n¥/s) / (0.162 m/s)

10.1nfd 1D m

Tlc

So that, for new proposed classroom buildings in which the incoming wind hit®,ahd5
minimum windows area required on the windward face wall for effective natural ventilation will
be 10 m. This is equivalent to 21.3% of window to wall ratio (WWR) of the building; which is
the optimal window to wall ratio for the proposed classroom building.

4.11. Cross ventilation

In naturally ventilated classrooms, the design of windows, its size and location have a great
influence on the air change rate of the buildings indoor space or the distribution of clean air with
in the building. Cross ventilation is the simplest and mifst#ve approach to ventilate a room.

It is driven by pressure difference between the windward wall and leeward sides of the room. In
cross ventilation results a good air change rate with in the room. In order to achieve this, the
optimum opening area aiig location on the building fagcade results a specific air change rate

at a given velocity.

The windows used for cross ventilation should be located in a way that the incoming clean air
is well distributed within the room and should be located at the level of the building occupant.
According to a studyStaritcyna, Pollock et al. 201,6)n cross ventilated rooms to get the
efficient air circulation in the room, inlet and outlet openings (wind ward and leeward walls)

should be placed on opposite walls of the roaith different height.

Different building features can help to let outside air into the building. Architectural building
features like building wing wall to direct air into the room. If the prevailing wind direction is at
an angle greater than 60° to the surface normal of theomi, wing walls are recommended to
steer the air into the room. According to this study, the depth of the wing wall should be at least
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0.5- 1 times the width of the windows. The spacing between wing wall®e 1x totwice (2x)
the width of the windows. Casement window types are effective in warm climates, since they
allow twice the openable area for natural ventilation, compared to other types of windows such

as sliding opening@Mujeebu and Bano 2022)

Ethiopia belongs to the southern hemisphere; and the country is located to the southern Equator,
it is also part of the eastern hemi sphere.
meters of altitude. Countries located near the equator receigee solar radiation than those

countries located farther from the equdisigie, Feyissa et al. 1999)

In hot tropical climates, it is important to minimize the direct solar penetration into the buildings
through glazed surfaces by orienting the building to the way that reduces the amount of heat
gain during the hottest period, sizing openings with prapeation, using effective window to

wall ratio, and using appropriate solar protection by adapting passive design strategies through
careful design and orientation of the building that maximizes shading during the overheated

periods to reduce the heat gaand that maximizes the solar heat gain during cold times.

According to(Habitat 2018)for countries located in the equator and have tropical climates, the
most appropriate building orientation that minimizes the direct solar heat gain is along East
West axis in which the longest fagade of the building facing towards north and/or salth, an
minimizing openings on the east and west directions. To avoid the unwanted heat gain during
overheated period, windows and other glazed facades of the building should be properly shaded.
In doing so, the direct heat gain in school classroom buildingsgdtive early morning hours
especially before 9:00am do not have adverse effect on the thermal comfort of building
occupants. Since in most government and private schools, the classroom building occupancy
hours are between 9:00am to 5:00pm, more concesrgiwan on minimizing the direct solar

heat gain and maximizing natural ventilation to create thermally comfortable environment for

building users.

4.12. Wing-wall

Wing walls are an external projection used for effectively improve the natural ventilation of a
building. By positioning properly, wing walls produce higind lowpressure regions on the

inlet and outlet windows respectiveglumar, Chandrasekhar et al. 2016n building facades
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where the prevailing wind direction is at an angle on greater than 60 degrees to the surface which

is normal to the window, wing walls are recommended to direct the incoming air into the room.

According to(Mujeebu and Bano 2022hhe depth of the wing wall should be at least-015
time the width of the windows. On the other hand, the spacing between wing walls should be at
least twice (2x) the width of the windows. This number depends upon the number of windows
installed on the wall. Casement windows are especially recommendedmand also humid
climate area. These types of windows allow at least twice the openable area for natural

ventilation, since they are 90% openable, compared to sliding windows and other window types.

4.13. Solar geometry

In order to minimize the direct solar heat gain and providing adequate natural ventilation for
building occupants, having good understanding of solar geometry, solar radiation, and also wind

movement in different hours of the day with different seasotiseofear is essential.

Solar geometry is the measure of the angle of the sun to the earth and to the corresponding
amount of solar energy that hit the building surface. So, it is important to consider the position
of the sun when deciding the orientation of buildings, their iogsrand the amount of sunlight
entering the building. Solar radiation is a sheave radiation from the sun that heats the
building directly through openings such as windows, glazed facades, or other opening, and
through different fabrics of building cqronents. The suns position at various times of the year
can be found through two different angular coordinates. These are: the solar altitude angle and
solar azimuth angléMaestre LopeSalazar 2019)

Sol ar a z:istha anple between the direction due North and that of the perpendicular
projection of the sun down onto the horizon line, and it is measured clockwise. Thus, the values
are 0° North, 90° East, 180° South, and 270° West.

Sol ar a listhetangle lketween dhe line joining the center of the sun with the observation
point and the horizontal plane.
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West 270°

Figure4:10 Solar azimuth and Solar altitude of solar geometry (Source: Solar Geometry + Orientation)

4.13.1.Steps to calculate the size of wing wall width and roof eave depth

To get the appropriate size of wing wall which is used to minimize the direct solar heat gain and
to direct the incoming wind to enter into the classrooms, and the roof eave depth used to block

the solar penetration to the classrooms through windows, dlf@ving steps should be

following.
I Determine the wind direction and speed onrdspective study area
il. Getting required building data and detail size and orientation of building openings
iii. Determining the overheated times. This includes the time, date and month when the
classrooms get the maximum solar penetration
iv. Using the appropriate sun path diagram of the study area. This helps to get the

altitude and azimuth angle of the sun at the overheated periods
V. Applying solar shading protractor to get HAS and VSA
Vi. Calculating the size of the wing wall and roof eave overhang depth

Since this study focuses on creating a comfortable learning environment for students, proper
passive design strategies will be prepared for both the existing classroom building to make them

thermally comfortable and naturally ventilated for the studentsugin adapting design
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strategies; and creating a design proposal for newly schools to be constructed. The detail size
and dimension of windows and doors used on the existing classrooms and opening type and

sizes to be adapted on new classroom designs are shownFeguiet:11 below.
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Figure 4:11 Existing and Proposed Windows and door detail dimensions (Source: Aut{idek&le
1966)

x Shading Dimensions

To determine the size of roof eave overhand and wing wall dimension used for the windows to
minimize the direct solar penetration into the room and to direct the income wind to the rooms,
two angles will be used. Theaee the Horizontal Shadow Angle (HSA) and the Vertical Shadow
Angle (VSA).

x Horizontal Shadow Angle (HSA)

Horizontal shadow angle (HSA) is used to illustrate the performance of vertical shading

el ements of the building. It is the differen

sky and the orientation of the building facade or window.
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x Vertical Shadow Angle (VSA)
Vertical shadow angle (VSA) is used to describe the performance of horizontal shading element

It is the angle between the horizontal plane of the building facade and a tilted plane which

contains the sun or the edge of the shading device.

Wing wall -
T e
FIn\
Sun
altitude

_______
-----
.......
-

Figure4:12 Wing-wall and roof eave overhang used to reduce the direct solar gain and used to

direct the wind to the interior room spé8eurce:(Corrado, Serra et al. 2004)

A\, Mid-summer

-

-~

%) \§\ Roof eave
Overhang

Mlct\“\/l?ier ““
j’/ W\ Sy = QY\\A
W& “Shaded
Q e Clear %

H
_— room
: M height

Figure4:13 Roof eave overhang which used to reduce the direct solar heat gain of the roof
through windows (SourcéMostafa, Zisis et al. 202p)
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x Solar Protractor, Vertical Shadow Angle (VSA) and Horizontal Shadow Angle
(HSA)

[
RNz

e’

Figure4:14 Vertical Shadow Angle (VSA), Horizontal Shadow Angle (HSA), and End Profile

Angle (EPA) (Source: solardata.uoregon.edu)

The Shading Protractor

Is used to determine angles for both Horizontal
and Vertical shading devices)

\ Horizontal Shadow Angle (HSA)
” The HSA gives the shadow angles
on a horizontal plane (Plan drawing)

5 Vertical Shadow Angle (VSA)
" The VSA gives the shadow angles

on a vertical plane (Section through
windows drawing)

N End Profile curves

L4
It give the shadow angle on a vertical
plane perpendicular to the VSA plane
(Elevation of window drawing)

Figure4:15 Solar shading protractor Sourg€tio 2013))
The depth of the roof overhang and wing wall can be calculated using HAS and VSA.
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Horizontal Shadow AngleHSA)

Where, AZI = Azimuth angle

HSA =AZl T ORI

ORI = Building facade orientation

Vertical Shadow Angle(SA)

VSA = arctan (tan (altitude angle / cos (HSA))

x  Sun Path diagram

Sun path di

agram i

S a

met hod

ohtinges mmpghe sky e nt i n

throughout the year. It is projected onto a horizontal plane using the four cardinal directions

which are East, West, North and South. It is also a method used to develop a specific diagram

for any latitude, since the position of the surany time of the day and year can be plotted on

the horizontal plane on the sun path diag(blabitat 2018)

Stereographic Diagram
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Figure4:16 Sun path diagram of Adama city (Source: https://www.sunearthtools.com/)
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4.14. Optimum Orientation in Adama City

As shown on thé-igure 4:17 below, the best optimum orientation to locate a building in its
longest side of the building is through E¥éest axis, with the front facade of the building
towards the North axis between 315° Northwest to 45° Northeast. And the hottest and worst
orientation or the front fagade of the building is towards the South orientation between 135°
Southeast to 225° Southwest. The existing classroom buildings on the selected schools, the front
facade of the buildings faces towards the South, Southeast and mostly Southergation.

This results the direct solar heat gain enters the rooms and make them overheated. This in turn
affects the thermal comfort of the students. So that, these buildings need a strategy to minimize
the direct heat gain to make the thermally tmtable and naturally ventilated. The remaining
orientations between 45° Southeast to 135° Southwest; and between 225° southwest to 315°

Northwest orientation is considered as an average building orientations for thermal comfort.

Figure4:17 Optimum Orientation in Adama city (Source: Autodesk Ecotect & Author)
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