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Abstract

Having Conditioned air is a non questionable comfort issue for both commercial and
residential buildings. To do so there should be a specified air condition requirements for air
conditioning design so that the required comfort will effectively be attained. Specifying the
local or national air conditioning requirements is the only way to effectively attain the human

comfort while constructing any building.

The main intension of this paper is to specify the air conditioning requirements based on
local or national data. Mainly the cooling load in w/m? which is the main parameter for AC
design is determined for representative areas of Ethiopia using the HAP software. These
selected representative areas are at different temperature zones. These are Addis Ababa for
moderate temperature, Bahir-Dar for warm temperature, Dire-Dawa for hot temperature, and
Semerafor very hot temperature.

While doing this paper first the weather data for the selected areas of Ethiopia are collected
from the National Metrology Agency. Also the architectural data or floor plans are gathered
for each representative room types. Then all the data are entered in to the soft ware and
anayzed by keeping some parameters like relative humidity as a checking point for comfort
conditions. Finally the main AC design parameters are specified. Mainly the cooling load in

w/m? for all representative areas of the country is specified for rooms of various applications.

The results show that the air conditioning design for commercia buildings depend on many
factors. These are geographical locations, orientation of the building, types of applications to
which the building is used for, number of population, the floor to which the room is located
and the material to which the building is made. In general it is observed that north oriented
buildings have lower cooling load in relative to other orientations. And the cooling load is
specified for based on north orientation. And also other parameters have their own effect on
the effective design of the room from AC perspective. Hence it is recommended for the air
conditioning designers of the commercial building to use these local or nationa standards in

which the above factors are considered and to have an effective air conditioning system.

AAIT 2014



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

Table of Contents Pages
ACKNOWIEAGIMENTS.......eoiiiiesieee ettt et r et e e esteentesseesseeneesseeeseesseeneesneenseans I
ADSITBCE ...ttt ettt et et e I
S o o \
RS 0 1= = SRS Vv
RS o N o] o =Y = (] RS IX
Chapter ONe: INETOAUCLION ......couiiiieieiie ettt st sbe et sreenesneesneenes 1
0 I = 7= (o | (011 o [ TSRS 1
1.2.  Statement of the Problem ....... ..o 3
G R © o= 1AY== TORR 4
(N @ (0= 0 2= (o] o [ USRS 5
ST B 1= 110 1= (o] o O PSRRI 5
Chapter Two: Review of Related LItErature.........ooouviererienieie e e 6
2.1.  Air Conditioning for Commercial BuildingsS ..........ccooeririinniniine e 6
2.1.1. Typesand Components of Air ConditioNiNg..........ccoveeereeieerieernsneeieeseese e 6
2.1.2. Heating and Cooling LOAdS .........cccceveiiriiriesie e ee e ee e 10
2130 INFHEFBHION ..o e 14
2.1.4. Air Conditioning Requirements for Human Comfort..........ccccceevevvriereenenennnns 14
2.2. Factors Affecting Building Air Conditioning Loads ..........ccccceveeveneenesiescieseenns 16
222 R =1 1 (o (1 o Y= = PSR 16
2.2.2.  BUIldiNg Orentation .........ccceiieieiieiesie e eae e e e e 20
Y2220 TR =11 11 [ [1 o I 1o o= 1 o o PSSO 22
2.2.5. Interna Conditions Internal LOadS .........ccceveeriiiieienie s 23
Chapter Three: AC Design and Simulation SOftWare..........cccvvvereeeeseese e seeseesee e see e 25
3L, EliTe SOMtWAIE.....eceiieeieeeiieee ettt st 25
3.2.  Mechanical, Electrical & Plumbing (MEP) ENgiNEering........cccccevvreenerensenseennns 27
3.3.  HAP (hourly analySiS Program) ........ccceeereeieereenieneesieesiee e seeseesee s see e seessesneens 27
Chapter Four: Estimating the AC Requirements for Commercial Buildings of Ethiopia by
USING HAP SOftWEIE........ooieeiiiieie ettt te e s e te e e saeenaesneesseeneesneesneenseeneens 28
4.1. Hourly Analysis Program (HAP) SOftWare...........ccoooevieieninnien e 28
4.1.1. HAPEnNergy ANalySISFEAUIES .......cccooiiiiirieeesee e e 28
AAIT 2014



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

4.1.2. HAP System DeSign FEAIUIES........ccooueiiereeieeiesiee et 29
4.2. StepsinUsing HAP to Design Systems and Plants..........cccceoeierinnenieneecie e, 29
4.3. AC Requirements for Commercial Buildingsin Ethiopiaby Using HAP .............. 32
4.3.1. Defining the Problem..... ..o 32
4.3.2.  Data GatNeriNG......coioiiieiieie et e e s 34
4.3.3. UseHAPto Generate DeSign REPOITS......c.cieeierienieriie e 52
4.34. SEECt EQUIPMENL ....cuiieeiiecie sttt ee et esre e e e nneeneens 55
Chapter Five: Findings and DISCUSSIONS........cc.civerieeieniesiessieeeesseessesseesseseessesssssssesseessessensns 56
o300 R 1 o o PSRN 56
511 NOrh Or@ntalion ........ccceeiririeieierie e 56
512 WESE OFENEALION ......evirieeiieiieieieieie sttt sttt sne b nee s 64
5.13. TheEffect of ROOM LOCALION ......ccoeiiiiiriiniiniirieiesie e 69
I B T E o U o] o USRS P R PRRPRN 70
5.2.1. Factors Affecting the Cooling LOad .........cccccueuereereiieeniieseese e 70
5.2.1. Cooling Load for Different Types of Room in the Selected Locations................. 76
Chapter Six: Conclusion and ReCOmMMENELION ..........cccuereeieererieiee e ee e 77
REFEIEINCES. ...ttt sttt ae e b st et e s bt e be e st e nbeeneenreenes 78
F N 0= 00 () SRR 80
CAD DrawingS for FIOOr PIanS...........cooiiiiieiienieeesies et s 80
F N 0= 010 () = TSRS 83
SPACE INPUL D@LAL. ...ttt et s e e e e e be e e se e e s e e be e snneenneennnas 83
AAIT 2014



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

List of Fig Pages

Figure 2.1: Sources of Cooling Loads BUilding ..........cccueveieeneriesee e 11
Figure 2.2: ASHREA Comfort Zones for Winter and SUMMEY..........ccecvveeveeieseeseeseeseenns 15
Figure 2.3: Orientationsin Building AC Design for a Particular ROOM .........cccccceevveiiereenne. 21

Figure 2.4: Effects of Orientations in Cooling Load of Building AC Design for a Particular

({070 10 FO TP ST UTRRPP 22
Figure 4.1: Floor Plan for Conference Hall ... 33
Figure 4.2: Thermometer for Dry-bulb and Wet-bulb............ccooiii 35

ROOM....ce e s 37
Figure 4.4: the Annual Maximum and Minimum DBT for Representative L ocations of

1 0] o = PSRRI 43
Figure 4.5: Weather Input Datafor Addis Ababa.............ccooeoiiiiiiiii e 44
Figure 4.6: The Design Parameters and Maximum Solar Heat Gain for Addis Ababa.......... 45
Figure 4.7: The Design Parameters and Maximum Solar Heat Gain for Semera................... 46
Figure 4.8: Design Temperature Profile Graph for Addis Ababa at January ............ccccueueee. 47
Figure 4.9: Defined Spaces in the HAP for the Case of AA Commercial Buildings............. 49
Figure 4.10: Space Input Datafor Conference Hall at Addis Ababa............cccccovevevveinnneee. 51
Figure 4.11: System Sizing Summary for Conference Hall at Semera..........ccccccveevevveienene 53
Figure 4.13: System Psychometric Chart for Conference Hall at Semera..........c.ccccevevveneee. 54
Figure 4.14: System Psychometric Chart for Hotel Bedroom at Addis Ababa....................... 59
Figure 4.15: System Psychometric Chart for Hotel Bedroom at Semera.........ccccoevveviennee 59
Figure 5.1: the Psychometric Chart for the Conference Room in Semera..........cccccevvevveeneee. 71
Figure 5.2: The Effect of Orientation on Cooling Load for Bedroom............cccccveevevveiinnnenne. 73
Figure 8.1: Floor Plan for Shop Building Located in Merkato..........ccevvveeveeciecesseesieeenn 80
AAIT 2014



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

Figure 8.2: Floor Plan for Hotel Bedroom Building..........ccoeeieriineeninieneseee e 81
Figure 8.3: Floor Plan for Commercial Bank Building ..........cccceviieeiininneeneeneee e 82
Figure 8.4: Space INput Data for SNOP......coceiieieriiiiee e e 84
Figure 8.5: Space INput Data for SNOP......cociiieieriieee e 85
Figure 8.6: space input datafor SNOP ........covirierieere e 87
Figure 8.7: space input datafor SNOP .......ccovieeiieesiee e 88
Figure 8.8: space input data for SNOP .......cccviereririeere e 90
AAIT 2014

\



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

List of Tables Pages

Table 2.1: Cooling Load Check Figures for OCCUPANCY .......cccvevvereerieseesieeeeeseeseeseeeeesseeens 14
Table 2.2: DB Temperature and RH for Comfort Air Conditioning .........cccceeeeeveeresieenveene 16
Table 2.3: Wall Materials and Their Properties........ccooveeereeievieese e 17
Table 2.4: Overall Heat Transfer Coefficient for Wall Materials..........cccovvveinincinieccennene 19
Table 2.5: U-value for Window and Glass MatefialS. ........ccovireirineneiiceneseeeseseeenenens 20
Table 2.6: Estimated Wattage for Common APPlIanCeS .........cecevveveeeesieeieeeneseese e 23

Table 4.1: Maximum and Minimum Wet bulb and Dry bulb Temperature for Addis Ababa 35
Table 4.2: Sunshine Hours for AddiS ADaDa............coeiiiiciiic s 37
Table 4.3: Outdoor Design for Different Locations of Ethiopiafor Cooling Load Design.... 38
Table 4.4: Outdoor Design Conditions for Different Locations of Ethiopia............cccceeve... 39

Table 4.5: Monthly Maximum and Minimum Temperature Values for Different Locations 40

Table 5.1 AC Design Parameters for Bedroom at Different Locations of Ethiopia............... 57
Table 5.2 AC Design Parameters for Conference Hall at Different Locations....................... 60
Table 5.3 AC Design Parameters for Bank Lobby at Different Locations...........cccccceceveueeee. 61
Table 5.4: AC Design Parameters for Office at Different LOCations ...........cceeeveevesceeneeenne. 62
Table 5.5 AC Design Parameters for Shop at Different Locations............ccccevvveeveevieseeseenne. 64
Table 5.6: AC Design Parameters for Bedroom at Different Locations...........ccccceevvecvenvennen. 65
Table 5.7 Ac Design Parameters for Conference Hall in Different Locations....................... 66
Table 5.8: Ac Design Parameters for Bank Lobby in Different Locations..........cccccveceveueeee. 67
Table 5.9: Ac Design Parameters for Office in Different Locations...........ccceeeveevesceeninenne. 67
Table 5.10: Ac Design Parameters for Bank lobby in Different Locations.............cccceeueee.. 68
AAIT 2014

VI



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

Table5.11: Ac Design Parameters at Different Room for Bed Room @N-orientation for AA

................................................................................................................................................. 69
Table 5.12: The Effect of Orientation on Cooling Load for West and North......................... 72
Table 5.13: Effect of Orientations on Cooling for Bedroom Located in Addis Ababa.......... 73
Table 5.14: Effect of Orientations on Cooling for Bedroom Located in Bahr Dar ................ 73
Table 5.15: Effect of Orientations on Cooling for Bedroom Located in Dire-Dawa............. 74
Tablebs.16: Effect of Orientations on Cooling for Bedroom Located in Semera................... 74
Table5.17: Effect of Orientations on Cooling for Bedroom Located in Gambélla................ 74

Table5.17: Effect of Room Areaon Cooling load for Bedroom Located in Addis Ababa.. 74
Table 5.18: Effect of Number of People on Cooling for Bedroom ..........ccccceeevveveseennenne. 75

Table 5.19: Cooling load for Different Room Locations for Bedroom @N-orientation for AA

................................................................................................................................................. 75
Table 5.20: Cooling Load for Different Room in the Selected Locations............cccccvecvvnuennen. 76
AAIT 2014

Vil



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

List of Abbreviations

NME National Metrology Agency

OA outdoor air

ADP apparatus dew point

CAV constant air volume

VAV variable air volume

A area

HVAC heating ventilation and air condition
ASHRAE American society of heating refrigeration and air conditioning
HAP hourly analysis program

DB dry bulb

wB wet bulb

DP dew point

EBCS Ethiopian building code standards
CAD computer aided design

AC air conditioning

R refrigeration

AA Addis Ababa

AHU air handling unit

DX direct expansion

CLF cooling load factor

U overall heat transfer coefficient
LPS litter per second

FPM feet per minute

MIN Minimum

MAX Maximum

RH relative humidity

CFM cubic feet per minute

SHGC maximum solar heat gain factor
SC shading coefficient

AAIT



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

CLTD corrected cooling load temperature factor

BF ballast factor

CcwB coincident wet bulb

GPM Gallon per minute

MDR Mean daily range

HW high weight

LW low weight

AAIT 2014



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

Chapter One: Introduction
1.1. Background

The basic concept behind air conditioning is known to have been applied in ancient Egypt
where reeds hung in windows had water trickling down. The evaporation of water cooled the
air blowing through the window, though this process also made the air more humid. In
ancient Rome, water from aqueducts was circulated through the walls of certain houses to
cool them down. Other techniques in medieval Persia involved the use of cisterns and wind
towers to cool buildings during the hot season. Modern air conditioning emerged from
advances in chemistry during the 19th century, and the first large-scale electrical air
conditioning was invented and used on 1911 by Willis Havil and Carrier. The introduction of
residential air conditioning in the 1920s helped start the great migration to the Sunbelt [2]. In
construction, a complete system of heating, ventilation and air conditioning is referred to as
"HVAC".

Air conditioning is the process of atering the properties of air (primarily temperature and
humidity) to more favorable conditions. More generaly, air conditioning can refer to any
form of technological cooling, heating, ventilation, or disinfection, which modifies the
condition of air to a more favorable one. It is a process that simultaneously conditions air;
distributes it combined with the outdoor air to the conditioned space; and at the same time
controls and maintains the required space’s temperature, humidity, air movement, air
cleanliness, sound level, and pressure differential within predetermined limits for the health
and comfort of the occupants, for product processing, or both. An air conditioner (often
referred to as AC) is a mgor or home appliance, system, or mechanism designed to change
the air temperature and humidity within an area (used for cooling and sometimes heating

depending on the air properties at a given time.

Now a day our country Ethiopia is developing rapidly in various aspects. And the living
standard and seeking for comfort condition of the population in both working and residential
areais also increasing rapidly from time to time. And in fact there are modern buildings with
air conditioned such as; Hotels in Addis Ababa like, Capital Hotel, Radison blue, Harmony,

Kenenisa, lexsus and the like are. Not only in Addis but aso in other parts like Semera in
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amost all governmental office buildings using split AC, in Mekele example Yirdaw Hotel,
and some hotels and conference halls in bahir dar have a nice designed Air conditioneds.

Having a conditioned, comfort and world wise computable buildings of various purposes is
one of the development or change. This is attained by having specified requirements for air
condition and considering the comfort from the AC aspect during the design and the

construction of the building so that the building will have better aesthetic value and comfort.

It is difficult for engineers to design or calculate air conditioning design parameters for each
and every building or to use non local standards while designing or constructing buildings of
various applications such as ingtitutional buildings, commercial buildings, residential
buildings or buildings for manufacturing purpose. But if there are “locally or nationally
specified requirements” the design of AC will be easier and sustainable. Even if the designer
is out of the standards for convincing reasons these standards helps to be within the
acceptable range and avoids errors and simplifies the design. This creates the conditioned
room that is comfortable and healthy for the people staying inside the room. In air
conditioning the main parameters to be controlled are temperature, humidity, cleanness of the

air and air motion.
Temperature: air temperature is controlled by either heating or cooling the air

Humidity: air humidity or the water vapor content of the air is controlled by adding or

removing water vapor from the air.

Cleanness. Air cleanness or air quality is controlled by either filtration, the remova of
undesirable contaminants using filters or other devices or ventilation

Motion: Air motion refers to air velocity and to where the air is distributed. It is controlled

by appropriate air distribution equipment.

Need for specifying the requirementsfor building air conditioning

Most air conditioning system is used for either human comfort or for process control. The
design of air distribution equipment in today’s buildings presents challenges for the

mechanical engineer. Equipment selection must combine properly engineered products,
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which efficiently provide conditioned air to the occupied space while blending in with the
architectural features of the interior. Considerable time and money can be spent developing
and purchasing the appropriate mechanical components, system controls, ductwork and
piping. If components are selected improperly, the HVAC system will operate inefficiently,
not meet requirements and create cost overruns to correct the situation. Since one aspect of
the system affects another, proper selection of every component, regardiess of apparent

significance, isimperative.

In fact, without HVAC systems, many manufactured products produced by industry that is
literally taken for granted would not be available today.
In general having specified air conditioning requirements at national level have the following
advantages
To properly select the equipments for HVAC in building at national level or local
To have aconsistency in air conditioning design
Highly reduces the effort on air conditioning engineers, controller of AC works
Designer, contractor as well as the client can easily communicate
To get the exact range of air temperature, humidity, cleanness, and motion, for both

human comfort and process control etc...

1.2. Statement of the Problem

In Ethiopia the construction of buildings is increasing from time to time including buildings
with the height of more than 20 floors together with the increasing of temperature from time
to time. This is mainly due to the increasing demand for house and living standard of
population. And the major material for most of the buildings is glass which highly transmits
solar radiation. But most of the buildings are not constructed with a standard air conditioning
and ventilation systems. This is may be due to the reason that many people of Ethiopia have
less awareness of the air conditioning systems, even if theissueis critical. For example there
are places like Afar, Somali, Dire Dawa, Gode and Gambela, and even in most areas of
Addis Ababa and second city of Ethiopia like; Dahr-Dar, Mekele and Awasa during some
seasons, the population is highly affected by high temperature inside the room and they feel
discomfort in either their resident or working place. In fact currently there are some practices

of building air conditioning in some of modern buildings such as, in modern hotels, banks,
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conference halls, hospitals, airport terminal and other organizations even if there are no

specified standards for the design.

Now a day the demand of people for air conditioned systemsis increasing rapidly from time
to time due to the increasing in living standards of the society. Therefore the building
engineer should take these systems in to considerations for upgrading the living standards of
the people of Ethiopia one step and satisfying the customers’ interest as well as to be
competitive with world wise by constructing standardized AC systems.

Specifying AC requirements for building nationally for our country play a maor role in
answering the above issue, by simplifying the duty of the AC engineers, designers,
constructors and controllers of such engineering works. And it helps to have uniform AC
parameters in buildings of different purpose. It also helps to controls and maintains the
temperature, humidity, air movement, air cleanliness, sound level, and pressure differential in
a space within predetermined limits for the comfort and health of the occupants of the
conditioned space or for the purpose of product processing. But yet there are no specified
local AC parameters. Mostly the current trend is to use ASHRAE (American Society of
Heating, Refrigeration and Air conditioning Engineers) standards. Having the locally
specified AC requirements will have a great role to make the design more accurate and
sustainable, and also simplifies the work of AC engineers. This paper is aimed to solve this

problem.

1.3. Objectives
General objective
The main objective of this project is to specify the air conditioning requirements for

commercia buildings of Ethiopia
Specific objectives

The specific objectives of this paper are:
Use HAP(Hourly Analysis Program) Software to calculate the cooling load
Calculate the cooling load for different geographical |ocations which represent the
moderate, worm, hot, ant very hot parts of the country

Calculating the cooling load for different building types or applications
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Checking the designed dry-bulb temperature, relative humidity or system

psychometry of the designed room for comfort conditions.
1.4. Organization

This paper contains six chapters. It starts with introductory part which deas with the
background about Air Conditioning, statement of the problem and objectives of the thesis.
The second chapter is a literature review. In this chapter recommended Air Conditioning
standards, as well as building materials and exposures from Air Conditioning point of view
are discussed. The third chapter deals with Air Conditioning design soft-wares in which their
significance on AC design is discussed. The next chapter which is the main chapter deas
with determining the AC requirements for Ethiopia using HAP (Hourly Analysis Program)
by considering buildings from representative areas of the country. The weather data for the
considered areas are included. The fifth chapter is about the discussion and result of the
paper, which summarizes the result obtained. Last but not list chapter concludes the paper by
putting feature works to be done in relation to the topic. And also there are references and

appendices included.
1.5. Dedimitation

This paper specifies the air conditioning requirements for commercial buildings in Ethiopia
by considering the existing buildings for various applications like, hotel bedroom, conference
hall, bank lobby, office and shop. The main issue related to AC in Ethiopiais to protect high
room temperature. Hence this paper mainly focuses on determining the cooling load for
representative areas. The standard is done for the representative areas of Ethiopia which are
Addis Ababa, Bahir Dar, Dire Dawa and Semera. These areas represent the moderate, warm,
hot and very hot area of the country. Various factors are considered while calculating the
cooling load, which are the main parameters in air conditioning design. These are the effect
of orientation, floor location, and the geographical location. By specifying the cooling load in
w/m? for each location one can select the HVAC equipments. The result is checked via

comfort standards like relative humidity, dry bulb temperature or on system psychrometry.
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Chapter Two: Review of Related Literature

2.1. Air Conditioning for Commercial Buildings

As described earlier air conditioning is the process of altering the properties of air (primarily
temperature and humidity) to more favorable conditions. It is aso used to provide conditions
that some processes require. For example Textile, Printing, Photo graphic processing
facilities, as well as computer rooms and medical facilities, require certain air temperatures
and humidity for successful operation. Or air conditioning is the supply of conditioned air
that is intentionally cooled, heated, humidified or dehumidified air in to the room. Air
conditioning mostly required in building which have a high internal temperature. If inside
temperature of a space rises to above 25° then air conditioning will probably be necessary
comfort levels.

Air conditioning may be required in buildings which have a high heat gain and as a result a
high interna temperature. The heat gain may be from solar radiation and/or interna gains
such as people, lights and business machines. These all are attain in the desired manner if

there are air conditioning standards.

Most air conditioning systems perform the following functions: it may be required to provide
the cooling and heating energy required, for conditioning the supply air, that is, heat or cool,
humidify or dehumidify, clean and purify, and attenuate any objectionable noise produced by
the HVAC&R equipment, to distribute the conditioned air containing sufficient outdoor air to
the conditioned space, or to control and maintain the indoor environmental parameters such
as temperature, humidity, cleanliness, air movement, sound level, and pressure differential

between the conditioned space and surroundings within predetermined limits

2.1.1. Typesand Componentsof Air Conditioning
Air conditioning systems can be classified according to their applications as comfort air

conditioning systems and process air conditioning systems.
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Comfort Air Conditioning Systems

Comfort air conditioning systems provide occupants with a comfortable and healthy indoor
environment in which to carry out their activities. The various sectors to which comfort air
conditioning systems applied are as follows:

a) The commercia sector includes office buildings, supermarkets, department stores,
shopping centers, restaurants, and others. It is common in our country that many high-rise
buildings such as office buildings, hotels, assembly halls and the like use air conditioning
systems to satisfy multiple purposes. In light commercia buildings, the air conditioning
system serves the conditioned space of only a single-zone or comparatively smaller area.

b) The institutional sector includes such applications as schools, colleges, universities,
libraries, museums, indoor stadiums, cinemas, theaters, concert halls, and recreation centers.
C) The residential and lodging sector consists of hotels, motels, apartment houses, and
private homes. Many systems serving the lodging industry and apartment houses are operated
continuously, on a 24-hour, 7-day-a-week schedule, since they can be occupied at any time.
d) The hedlth care sector encompasses hospitals, nursing homes, and convalescent care
facilities. Specia air filters are generally used in hospitals to remove bacteria and particul ates
of sub micrometer size from areas such as operating rooms, nurseries, and intensive care
units. The relative humidity in a general clinical areais often maintained at a minimum of 30
percent in winter.

€) The transportation sector includes aircraft, automobiles, railroad cars, buses, and
cruising ships. Passengers increasingly demand ease and environmental comfort, especially
for long distance travel. Modern airplanes flying at high altitudes may require a pressure

differential of about 5 psi between the cabin and the outside atmosphere.

Process Air Conditioning Systems

Process air conditioning systems provide needed indoor environmental control for
manufacturing, product storage, or other research and development processes. The following
areas are examples of process air conditioning systems:

a) In textile mills, natural fibers and manufactured fibers are hygroscopic. Proper control
of humidity increases the strength of the yarn and fabric during processing. For man textile
manufacturing processes, too high avalue for the space relative humidity can cause problems

AAIT 2014



Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

in the spinning process. On the other hand, a lower relative humidity may induce static
electricity that is harmful for the production processes.

b) Many electronic products require clean rooms for manufacturing such things as
integrated circuits, since their quality is adversely affected by airborne particles. Relative-
humidity control is also needed to prevent corrosion and condensation and to eliminate static
electricity. Temperature control maintains materials and instruments at stable condition and
is aso required for workers who wear dust-free garments. For example, a class 100 clean
room in an electronic factory requires atemperature of (22.2-1.1°C), arelative humidity at 45
- 55 percent, and a count of dust particles of 0.5m diameter or larger not to exceed 3531
particles’ m*[27].

C) Precision manufacturers always need precise temperature control during production
of precision instruments, tools, and equipment. Bausch and Lomb successfully constructed a
constant temperature control room of 20 - 0.56°C to produce light grating products in the
1950s.

d) Pharmaceutical products require temperature, humidity, and air cleanliness control.
For instance, liver extracts require a temperature of 23.9°C and a relative humidity of 35
percent. If the temperature exceeds 26.7°C, the extracts tend to deteriorate. High-efficiency
air filters must be installed for most of the areas in pharmaceutical factories to prevent
contamination.

€) Modern refrigerated warehouses not only store commodities in coolers at
temperatures of 2.8 to 0°C and frozen foods at 23 to 29°C, but also provide relative-humidity
control for perishable foods between 90 and 100 percent. Refrigerated storage is used to
prevent deterioration. Temperature control can be performed by refrigeration systems only,
but the simultaneous control of both temperature and relative humidity in the space can only

be performed by process air conditioning systems [27].

Air conditioning systems can aso be classified into three categories according to their
related equipment as follows:
a) Individual Systems: - use a self-contained, factory-made air conditioner to serve one

or two rooms (e.g. room/ window air conditioner and split-type units).
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Split air conditioners have two main parts, the outdoor unit which is the section which
generates the cold refrigerant gas and the indoor unit uses this cold refrigerant to cool the air
in aspace.

The outdoor unit uses a compressor and air cooled condenser to provide cold refrigerant to a
cooling coail in the indoor unit. A fan then blows air across the cooling coil and into the room.

The indoor unit can either be ceiling mounted (cassette unit), floor mounted or duct type.

Window or wall units are more compact than split units since al the plant items are
contained in one box. Window units are installed into an appropriate hole in the window and
supported from a metal frame. Wall units are built into an external wall and contain all the
necessary items of equipment to provide cool ar in summer and some may even provide

heating in winter.

b) Unitary Packaged Systems. - similar in nature to individual systems but serve more
rooms or even more than one floor, have an air system consisting of fans, coils, filters,
ductwork and outlets (e.g. in small restaurants, small shops and small cold storage rooms). A
packaged system aways has a refrigeration system that uses a DX (direct expansion) coil to
cool air directly.

C) Central (Hydronic) Systems: - it consists of conditioned air supply by air handling
unit using chilled water from a chillier or hot water or electrical heating. It basically consists
of three mgjor parts:

Air system: — air handling units (AHU), air distribution (air duct) system and terminals.
Water system: — chilled water system, hot water system, condenser water system.

Central plant: — refrigeration (chiller) plant, boiler plant.

Air handling units (A.H.U.): —are widely used as a package unit which incorporates all or
some of the following. These are Pre-filter, Filter, Cooling Coil, Heating Coil, Dehumidifier
/Humidifiers. AHU is the basic piece of equipment used in an air system. It can be either a
field-assembled built-up system or a factory-made unit. Because a central system always has
a chilled water system, the type of coil installed in an AHU is a water cooling coil, which is
different from an air handler in a packaged system, which usesa DX (direct expansion) coil.

Chiller: - For large installations the Condenser, Evaporator, Compressor and Expansion

device can be purchased as a package unit, known as a Chiller. In a chilled-water system, the
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entire air conditioner is situated on the roof or behind the building. It cools water to between
4.0°C and 8.0°C. This chilled water is then piped throughout the building and connected to
the cooling coilsin air handlers as needed.

2.1.2. Heating and Cooling L oads

Heating and cooling loads are the measure of energy needed to be added or removed from a
space by the Heating Ventilation and Air Conditioning (HVAC) system to provide the
desired level of comfort within a space. Right-sizing the HVAC system begins with an
accurate understanding of the heating and cooling loads on a space. Right-sizing is selecting
HVAC equipment and designing the air distribution system to meet the accurate predicted
heating and cooling loads of the house. The values determined by the heating and cooling
load calculation process will dictate the equipment selection and duct design to deliver
conditioned air to the rooms of the house, right-sizing the HVAC system. The heating and
cooling load calculation results will have a direct impact on first construction costs along
with the operating energy efficiency, occupant comfort, indoor air quality, and building
durability [15].

The heat gain or heat loss through a building depends on: the temperature difference between
outside temperature and our desired temperature, the type of construction and the amount of
insulation in ceiling and walls, how much shade is on the building’s windows, walls, and
roof, the area of the room, including wall, window, roof and door, the amount of air that
leaks into indoor space from the outside, the amount of heat generated by the appliances and
occupants, activities and other equipment within a building, amount of lighting in the room.

Fig 2.1 below shows the sources of cooling load in a particular room of the building.

Heat always travels from a warmer to a cooler area. Most heating and cooling systems have
at a minimum the following basic components. First there should be a heating source that
adds heat to afluid (air, water, or steam) and a Cooling source that removes heat from afluid
(air or water). Then there should be a distribution system (a network of dust or piping) to the
rooms to be heated or cooled. Equipment (fans or pumps) for moving the air or water and
devices (e.g. radiation) for transferring the heat between the fluid and the room are also
needed.
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sensible gain lignts (15

solar radiatin up to to 25 watt per metter
700 Watt per meter / square floor area)

square glass area /

sensible heat gain office
machines

(up to 400 w/desktop
heat through wall, compuier)
roof, floor etc.

due to temp. difference [
|

A

hot air through __ Lt
infiltration

occupants (sedentary)
sensible gain 90-100 Watt per person
latent gain 40 Watt per person

Figure 2.1: Sources of Cooling Loads Building

Generaly there are two types of heat gains, these are:
Sensible Heat Gain (related with increase of Temperature). It may be external or internal.
a) External Loads:
Solar Heat gain From: Roof; Wall; Window; door etc.
Ambient Temperature: Roof; Wall; Window; door etc
Hot air infiltration.
b) Internal Loads:
Electric Lamp; Occupants; Electric apparatus etc
Latent Heat Gain (related with moisture content and relative Humidity). It may also be
externa or internal
a) External Loads:
Humid air infiltration.
b) Internal Loads:

Occupants; Boiler; Hot food etc
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The load calculation is the first step of the HVAC design procedure, as a full HVAC design
involves much more than just the load calculation. The loads modeled by the heating and
cooling load calculation process will dictate the equipment selection and duct design to
deliver conditioned air to the rooms of the house. This load can be calculated by analytically
or by using AC software like HAP (Hourly Analysis Program).

Analytically the cooling loads are calculated as follows.

a) Conduction Through Exterior Walls, Roof, and Glass

Cooling Load through Roof,

Q U X A x CLTD (2.0
Cooling Load through Wall,

Q = UxAXCLTD (2.2
Cooling Load through Window ' Conduction Gain,

Q = UxAXCLTD (2.3)

b) Solar Radiation Through Glass

The amount of solar radiation tf "ough the glassis given by

Q = SHGF x A x SC x CLF (2.4)
Where, U= Overall heat transfer coefficient, A = area of roof, wall, window or glass, CLTD=
corrected cooling load temperature difference, SHGF= Maximum solar heat gain factor, SC=
shading coefficient, CLF = Cooling load factor for glass, Q= Cooling load for roof wall,
window, wall or glass.
C) Lighting Cooling Load
By observing the number of lights and their wattage the load from lighting can be calculated
by using.

Q W x BF x CLF 25
Where Q= Cooling load from lighting, W=Lighting capacity, watts =160watts, CLF=
Cooling load factor for lighting, Bf= Ballast factor.
d) People
The heat gain from people is composed of two parts. These are sensible heat and latent heat
resulting from perspiration. Some of the sensible heat may be absorbed by the heat storage
effect, but not the latent heat.
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The sensible heat |oads from pe i< venby:

Q q 'nXxCLF 2.6
And for latent heat we usetheft  wi

Q q nXxCLF 2.7
Where, gs& g =sensible and latent heat gains per person respectively, n= number of people.
Total Heat Gain of Buildingist iesur i nof ¢ thea ovel hisimplies

Q =Q Q +Q +Q +Q 2.8

In general the load on an air-conditioning system consists of:
Sensible Transmission through glass
Solar Gain through glass
Heat gain through walls
Heat gain through roof
Ventilation and/ or infiltration gains
Internal heat gain from persons
Internal heat gain from lightening
Internal heat gain from equipment

There are ways to reduce these heat gains where ever possible. These are:

Solar radiation can be reduced by having heat reflecting glass

Sensible heat gain from lights can be reduced by having higher ceiling heights and

by using lights having lower level of over head illuminance.

To reduce infiltration loads increase insulation in fabric

Heat from working machines can be removed by a purpose made extract ventilation

system.
The occupancy or the number of people per areain m? can have a vital in the cooling load. If
the number of people in a certain area is high the cooling load will aso be high. Because
thereis alatent and sensible heat losses from each individual. So theis a certain limit for this
and the following table shows the ASHRAE standard cooling load check list for various
building types [25].
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Table 2.1: Cooling Load Check Figures for Occupancy

Building type Occupancy (m?/person)
Low Average High

Assembly area 4.6 3.3 2.3
Beds, motels, Dormitories | 18.6 13.9 9.3
Office building (general) | 12.1 10.2 74
Private office 13.9 11.6 9.3
Restaurant 16 14 12
Stores specialty shop 4.2 3.7 2.3
Beauty and barber shop

Dress shop 4.6 3.7 2.8

2.1.3. Infiltration

Infiltration is the flow of outdoor air into a building through cracks and other unintentional
openings and through the normal use of exterior doors for entrance and egress. Infiltration is
also known as air leakage into a building [18]. Infiltration may be caused by wind, negative
pressurization of the building, and by air buoyancy commonly known as the stack effect. It is
the volumetric flow rate of outside air into a building, typically in cubic feet per minute
(CFM) or liters per second (LPS). It is the product of the wind speed with the area of the
openings to which infiltration occurs.

Minimizing infiltration gives many advantages. These are minimizing dust, increasing
thermal comfort, decreases energy consumption. For al buildings, infiltration can be reduced
by sealing cracks in a building's envelope, and for new construction or major renovations, by
instaling continuous air retarders. In buildings where forced ventilation is provided, their
HVAC designers typically choose to dlightly pressurize the buildings by admitting more
outside air than exhausting so that infiltration is dramatically reduced.

2.1.4. Air Conditioning Requirementsfor Human Comfort

The general definition for thermal comfort is that, “Thermal Comfort is that condition of
mind that expresses satisfaction with the thermal environment” (ASHRAE Standard 55).

ASHRAE Standard 55 recommends temperature range guidelines perceived as “comfortable”
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to be 74 to 82°F (23 to 28°C) during the summer and 68 to 78°F (20 to 25.5°C) during winter

as shown in the figure below.

Figure 2.2: ASHREA Comfort Zones for Winter and Summer

Most individuals generally consider an indoor relative humidity level maintained between 30
and 65 percent to be comfortable. A flow of air is created when a differentia pressure
condition exists between spaces, and a sensation of draft is perceived when this differenceis

high enough.

Drafts below 0.20m/s are generaly not noticed by occupants and, therefore, maintaining
levels near this is recommended. Too little draft may create a sensation of stuffiness or stale
air. The comfort zones also varied depending on the type of applications.

The following table shows the comfort dry bulb temperature and relative humidity ranges for

different commercial applications [13].
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Table 2.2: DB Temperature and RH for Comfort Air Conditioning
Recommended ranges for

Typical lications
ypical app Commercial practice

Dry bulb (°c) | Rel. Humid (%)

Genera comfort: air port, house, hotel, office, hospital, | 25-26 55-45
school, etc.
Retail shops (short term occupancy): bank, barber, or | 26-27 55-45

beauty salon, dept. store, supermarket, etc.
Low sensible heat factor applications (high latent load): | 26-27 60-50

auditorium, church, bar, restaurant, kitchen, etc.

Factory comfort: Assembly areas, machine rooms, etc. | 26-30 60-50

2.2. FactorsAffecting Building Air Conditioning L oads

As the intensity of solar heat gain is the major factor for the cooling or heating load in a
particular building there are also many factors that influence on the AC load. This includes
building materials, building envelopes, orientations, geographical location of the building,
the purpose of the building or building type, even the floor level to which the room is located
within same building, population size of the room, infiltration and ventilation, room size and
etc.

2.2.1. Building Materials

As the heat transfer between the inside and the outside of the room is through the building
envelopes, the properties of these components will have a critical role on heat transfer. In
addition to this both indoor and outdoor materials must be durable, resistant to vandalism,
easy to maintain, and affordable. They must be strong enough to meet structural and seismic
codes, yet appear aesthetically pleasing.

Building construction, proper details, and materials are critical components of the heating
and cooling load calculations. The R-value of the building wall, roof, and foundation
construction components can be accurately calculated using the insulation levels specified
combined with the remainder of the components that make up the construction assembly (i.e.

drywall, sheathing, exterior siding materials, structural framing system, roofing materials,
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etc). The window performance, described by the U-value and SHGC, must be known and
accurately represented by the datainput.

Wall Materials

Stone, concrete, and burnt clay are the most common materials used for buildings walls.
Other types of wall materias like wood, steel and structural insulated panels are also
sometimes used.

The wall may be composed of either a single wall material or a combination of different
layers. The layers include the wall finishing material as well. Their properties like thickness,
density, specific heat, R-value and weight are inbuilt in the software. The outside surface
color highly affects the absorptivity and the relative humidity of the wall. If the outside
surface is light RH will be high. If it is dark, then RH will be low. Factors mainly affect the
design are orientation, design supply temperature, roof and wall outside color. For example
as the HAP inbuilt data indicates, if the outside wall is dark then the absorpitivity of the wall
is0.9, if it is medium the absorpitivity will be 0.675, and if the outside color is light, then the
absorptivity is 0.45. For this paper the considered building is composed of gypsum plaster,
low weight concrete block and common breaks layers accordingly from inside to outside.
The materials used for the construction of the building wall are as shown below. (Source
HAP software)

Table 2.3: Wall Materials and Their Properties

L ayer/wall material Thickness | Density | Specificheat | R-value | Weight
(mm) (kg/m?) | (KIKgk) | (m*kiw) | (Kg/m?)
102mm face brick 102 2002.3 | 092 0.07624 2034
102mm common brick 102 19222 | 0.84 0.13977 195.3
203mm common brick 203 19222 | 0.84 0.27954 309.6
102mm LW concrete block | 102 608.7 0.84 0.26683 61.8
203mm LW concrete block | 203 608.7 0.84 0.35578 123.7
102mm HW concrete block | 102 101.6 0.84 0.1249 99.3
203mm HW concrete block | 203 977.1 0.84 0.19568 198.6
102mm LW concrete 102 640.7 0.84 0.58703 65.1
203mm LW concrete 203 977.1 0.84 0.19568 198.6
AAIT 2014
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102mm HW concrete 102 22426 | 084 0.0587 227.8
203mm HW concrete 203 22426 | 084 0.11741 455.7
10mm plywood 9.525 544.6 121 0.08214 52
13mm plywood 12.7 54.6 121 0.10952 6.9
16mm plywood 15.875 544.6 121 0.1369 8.6
19mm plywood 19.05 544.6 121 0.16428 104
Asphalt sheathing 12.7 1121.3 | 1.47 0.25303 14.2
13mm vegetable board 12.7 288.3 1.3 0.22931 3.7
13mm gypsum board 12.7 800.9 1.09 0.0789 10.2
16mm gypsum board 15.875 800.9 1.09 0.0986 12.7
13mm gypsum plaster 12.7 720.8 1.34 0.05645 9.2
RSI-1.2 board insulation 254 32 0.92 1.22299 0.8
RSI-2.5 board insulation 50.8 32 0.92 2.44598 16
RSI-1.9 batt insulation 88.9 8 0.84 1.9756 0.7
RSI-2.3 batt insulation 101.6 8 0.84 2.25782 0.8
RSI-3.3 batt insulation 1524 8 0.84 3.38673 12
RSI-3.9 batt insulation 171.45 8 0.84 3.8102 14
RSI-4.4 batt insulation 203.2 8 0.84 4.51565 16
RSI-5.3 batt insulation 241.3 8 0.84 5.36233 19
RSI-6.7 batt insulation 304.8 8 0.84 6.77347 24
25mm stucco 254 1858.1 | 0.84 0.03519 47.2
Asphalt shingles 3.175 11213 | 1.26 0.07644 3.6
Asphalt roll 1.588 1121.3 | 151 0.02698 1.8
Wood singles 12.7 400.5 13 0.16677 51
12.7 4325 1.26 0.00881 54.9

U-value of Wall Materials
U-value for some wall materialsis given in the following table [16]. The wall is composed of
different layers.
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Table 2.4: Overdl Heat Transfer Coefficient for Wall Materials

External wall U-value (w/m?k) External wall U-value (w/m?k)
Solid brick wall, dense plaster Solid concrete wall, dense plaster
Brick 102mm, plaster 2.97 Concrete 152mm, plaster 3.12
Brick 228mm, plaster 211 Concrete 204mm, plaster 2.8
Brick 343mm, plaster 1.64 Concrete 254mm, plaster 2.54
Solid stonewall, un plastered Internal wall
Stone 305mm 2.78 Plasterboard 12.5mm, studding | 1.72
75mm, plasterboard12.5mm

Stone 457mm 2.23 Plaster 13mm, block 10mm, 1.02
cavity, block 100mm, plaster
13mm

Stone 610mm 1.68 Plaster 13mm, brick 102.5mm, | 1.76
plaster 13mm
Plaster 13mm, brick 215mm, 1.33
plaster 13mm
Plaster, breeze block 100mm, | 1.58
plaster

Roof and Ceiling

The materias for the roof are also various. It is depending on the floor to which the room is
located. If the room located in the intermediate floor, it will be low weight concrete roof and
if itisin the last floor or only one floor case, the layers for the roof may contain ply wood,
air space, and steel deck. The roof can have different layers. The HAP software contains the
inbuilt roofing materials as in the case of wall material. Some of these materials include: air
space, ply wood of different sizes, Built-up roofing, Wood siding, 22 gage steel deck, Slate,
plasterboard.

Window and Door
Most of the heat transfer in the room through building envelops is through door and window.
Almost all windows and doors are made up of glasses which have high U-value. So the
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designer should take care to the position of window and door so as not to direct in direction
of maximum solar hat gain. The selection of window and door materia is mostly depends on
the overall heat transfer coefficient. The overall heat transfer coefficient for some of window

and door is given below [16].

Table 2.5: U-value for Window and Glass Materials

Windowswith

wood or PVC-U windows with

frames U-value W/m?k metal frames U-value W/m?k
Single 4.8 Single 5.7
Double 2.8 Double 34
Double, low-E Double, low-E

glass 2.3 glass 2.8
Double, low-E Double, low-E

glass, argon filled 2.1 glass, argon filled 2.6
Triple 2.1 Triple 2.6
Triple, low-E glass | 1.7 Triple, low-E glass | 2.1
Triple, low-E glass, Triple, low-E glass,
argon filled 16 argon filled 2.0

Single glazed window with secondary

Glazing doors U-value W/m?k

Solid wood door to outside 3.0
Solid wood door to unheated corridor 14
Triple, low-E glass, argon filled 2.0

2.2.2. Building Orientation

Building orientation is the sun's path about the buildings. It is one of the main factors in
calculating the cooling load calculation. This highly determines solar gain characteristics of
the building. The solar heat gains changes at various times of the day and the impact of those
gains affect highly the load calculation. North, Northeast, East, Southeast, South, Southwest,
West, Northwest or North are typically the orientations used for undertaking load

calculations as shown bel ow.
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S

Figure 2.3: Orientations in Building AC Design for a Particular Room

On the figure first one is the compass or direction for orientation and the latter is the
exposure. For example N shows the exposure for north orientation. Similarly al exposures
for each and every orientation shown arein their opposite direction.

While designing a building from AC perspective, al orientations for given house must be
considered. Often times, the peak cooling load for the worst case orientation is acceptable for
system sizing; however, if there is a significant difference between loads at various
orientations, system sizing may vary for the same house. The following figure shows the
effect of orientation in a particular location [3].
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Figure 2.4: Effects of Orientations in Cooling Load of Building AC Design for a Particular
Room
From the figure it is clear that East orientation is best option for the cooling load design, this

isduetoislower cooling load. Hence we will incur less cost for our HVAC equipments.

2.2.3. Building Location

The building location is described by its latitude and elevation. This location describes the
values for the outdoor design conditions such as the elevation of the location, latitude, winter
heating dry bulb temperatures, summer cooling dry bulb temperatures and relative humidity
(RH) information.

2.2.4. Building Type

The type or purpose of the building also affects the air conditioning design. And also the type
of the room has a vital effect. It may be of residential or commercia type. And the rooms
may be for bed room, conference hall, office, shop, barber shop, medical applications etc.
The standards in this paper are used for commercial purposes, such as office bed, room,

conference hall, shop.
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2.2.5. Internal ConditionsInternal Loads

These include the number of occupants, area of the room, types and number of electrical

equipments in the room, infiltration and ventilation, floor to which the room is located [21].

Table 2.6: Estimated Wattage for Common A ppliances

Common Appliances

23

Appliance Heating load (W) Appliance Heating load (W)
Coffee pot (10 cup) 1200 VCR 40-60
Coffee pot (4 cup) 650 CD or DVD Player 35
Toaster 800-1500 Stereo 30-100
Cappuccino Maker 1250 Clock Radio 50
Coffee Grinder 100 AM/FM car cassette 8+
Blender 300 Satellite dish 30+
Microwave (600 to 1100-2000W (elec.
1000 W cooking power) consumption) Vacuum cleaner 300-100
Weffleiron 1200 Mini Christmes 25
lights (50)
Hot plate 1200 Space Heater 1000-1500
Frying pan 1200 [ron 1000
Toaster Oven 1200 Washing machine 920
Blow dryer 900-1500 12" 3 speed table fan 230
TV - 25" color
Computer - 19" color TV or 300
- laptop 50-75 monitor 160
- pc & monitor 200-400 - 12" b&w 30
- printer-inkjet 60-75 13" color TV/VCR 230
Combo
AAIT
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Game Console (X-

Refrigerator/Freezer 600 Box) 100
Freezer 500-800 Furnace Fan (1/3hp) 1200
Tool Tools

Jig Saw 300 /4" drill 250
Band Saw 1200 3/8" drill 500
Table Saw 1800 1/2" drill 750
6 1/2" circ. saw 1000 Shop Vac 5 hp 1000
7 1/4" circ. saw 1200+ Sabre Saw 500
8 1/4" circ. saw 1800 Portable Grinder 1380
Disc Sander 1200 Electric Chain Saw 14" 1200
Makita Chop Saw 1550 Airless Sprayer 1/2 hp 600
Makita Cut Off Saw 1000 Air Compressor 1 hp 2000
AAIT 2014
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Chapter Three: AC Design and Simulation Software

Nowadays, there are lots of commercial softwares that used to calculate the heating and
cooling loads easily and accurately. These softwares are used for various purposes such as,
HVAC (Heating Ventilation and Air Conditioning) load caculations, building energy
analysis, HVAC duct and pipe sizing, plumbing & lighting design, fault current calculations,
voltage drops, fuse and breaker coordination, and much more. There are over 30 programs

offered for such applications, some of these are the following.

3.1. Elite Software
It was founded in 1979; Elite Software has offered HVAC, eectrical, plumbing, and fire

protection design software longer than anyone else in the industry. (It is not free $295-
$1495). It is the HVAC software that sets the standard for excellence and ease-of-use in the
industry. Elite Software is a HVAC software development company amost as old as the
computer industry itself. Its featuresinclude [13]:

Rhvac: - it is an easy and powerful load calculations and duct sizing software with $495. It
calculates peak heating and cooling loads for residential and small commercia buildings.
Besides calculating peak heating and cooling loads, Rhvac can aso calculate the length of
tubing needed for hydronic radiant floors. It also calculates duct sizes, as well as the static
pressure loss of the duct system, showing the static pressure requirement of the system fan.
Duct sizing options include all types of duct materias, height and width restrictions, velocity
limits, and more. Additionally, Rhvac creates sales proposals and selects HVAC equipment.
For equipment selection, Rhvac is provided thousands of equipment models from over 250
HVAC manufacturers. Standard air conditioners, heat pumps, furnaces, boilers, and ground
source heat pumps are among the types of equipment Rhvac can select. The sales proposal
feature of Rhvac prints key features of the proposed equipment and work to be performed.
Also included are standard terms and conditions of the proposal. Rhvac shares data with Elite
Software's Energy Audit operating cost analysis program, Ductsize, Quick Quote, and
Drawing Board program. Rhvac can be used stand alone or in conjunction with any of these

programs.
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Chvac: - used to calculate ASHRAE based heating and cooling loads for commercial
buildings. Chvac quickly and accurately calculates the maximum heating and cooling loads
for commercial buildings. The program allows an unlimited number of rooms which can be
grouped into as many as 100 air handling systems. Chvac automatically looks up all cooling
load and correction factors necessary for computing loads. In addition, it can look up outdoor
design weather data for over 2000 cities located around the world. There is also provision for
editing the weather data as well as adding data for other cities. Comprehensive reports list the
genera project data, detailed room loads, air handler summary loads, outside air loads, total
building loads, building envelope anaysis, tonnage requirements, CFM air quantities, chilled
water flow rates (if applicable), and complete psychrometric data with entering and leaving
coil conditions. Other outstanding features include ASHRAE Standard 62 analysis, automatic
building rotation, 360 degree wall orientations, tilted glass, exterior shading, interna
operating load profiles, variable indoor design temperatures, people diversity, pretreated
outside air, seasonal infiltration and ventilation rates, reheat |oads, duct gains and losses, and

return air plenums. It is best but not free soft ware.

Electrical Tools: - it is a very essential program for Electrical Engineers or designers that
Performs common electrical calculation and data look-up tasks. These tasks include wire
sizing, conduit sizing, motor equipment sizing, panel sizing, lighting requirements (in metric
or English units), current to power conversion, Ohm's Law calculator, capacitor sizing,
voltage drop, short circuit, and the quick look-up of many electrical formulas and conversion
factors. Results are instantly displayed on the screen as data is entered.

Light: - The Elite Software Light Program quickly calculates the number of luminaries
required for a desired average level of lighting in a room. Projects with as many as 10,000
rooms can be computed.

Fire: - Elite's Fire Program quickly performs all necessary hydraulic calculations as required
by the National Fire Protection Association (NFPA 13). Fire aso estimates sprinkler head
requirements, calculates optimal pipe sizes, and automatically performs a peaking analysis.
Fire can handle al types of sprinkler systems (trees, grids, and hybrids) with up to 1,000 or
more sprinklers and pipes. Meters and standpipes can also be analyzed. Fire calculates the

gpm (gallon per minute) water flow and velocity through all pipe sections, the gpm flow and
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residual pressure at each sprinkler head, the pressure losses incurred in each pipe section due
to both friction and elevation changes, the maximum system demand pressure, and the total
water gpm demanded by the system. The report format is designed to aid both the designer
and the plan reviewer.

S-Pipe: - It has lots of built-in pipe and fitting data, plus the flexibility that let to enter one’s
own data, plus direct links with 32-bit Autodesk Building Systems and 32-bit AutoCAD
MEP (Mechanical Electrical Plumbing). S-Pipe computes optimal pipe sizes for hot and cold
water domestic water supply systems in both residential and commercial buildings. It can
handle systems with virtually unlimited numbers of pipes. Besides computing pipe sizes, S
Pipe can aso perform a system anaysis complete with a bill of materials and labor estimate.
Reports list the GPM water flow, velocity, and pressure losses through all pipe sections, the
maximum system demand pressure, and the total water GPM demanded by the system.

3.2. Mechanical, Electrical & Plumbing (MEP) Engineering

This is also common in our country. It is Autodesk’s comprehensive and used to design,
simulate, and document complex building systems more accurately and efficiently even if it

isnot free [19].

Comfort Air: Comfort Air is a very useful program, which helps professionals working and
dealing with cooling and heating systems. The program assists its users a great dea by
providing useful heating and cooling information in easily understandable format. It is an
important for such professionals as architects, interior designers and contractors because it

provides reports in both summarized and in detailed form. It is free software [10].

3.3. HAP (Hourly Analysis Program)

Currently it is the commonly used commercia software throughout the world due to its many
interesting features like being free application, international, hourly based analysis. It is also
common package in our country and | have preferred to use it for my work on this paper. The

details for this software will be discussed in the next chapter.
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Chapter Four: Estimating the AC Requirementsfor
Commercial Buildingsin Ethiopia by Using HAP

4.1. Hourly Analysis Program (HAP) Software

As it was explained earlier when one talks about air conditioning, cooling load for the room
is the main factor for design followed by dry —bulb temperature, relative humidity, air flow
speed and the like. These factors vary from place to place according to the environmental
temperature. Unless the room is designed to put these factors in the desired range they may
not be comfortable for human activity. Hence in this chapter mainly the cooling load for
representative locations of Ethiopia and different purpose buildings will be estimated with
the help of HAP software.

HAP is a computer tool which assists engineers in designing HVAC systems for commercial
buildings. HAP is two tools in one. First it is a tool for estimating loads and designing
systems. Second, it is a tool for smulating energy use and calculating energy costs. This
design software uses the ASHRAE-endorsed transfer function method for load calculations
and detailed 8,760 hour-by-hour energy simulation techniques for the energy analysis. This
program is released as two similar, but separate products. The “HAP System Design Load”
program provides the system design and load estimating features. The full “HAP” program

provides the same system design capabilities plus energy analysis features.
4.1.1. HAP Energy Analysis Features

HAP estimates annual energy use and energy costs for HVAC and non-HVAC energy
consuming systemsin a building by simulating building operation for each of the 8,760 hours
in ayear. Results of the energy analysis are used to compare the energy use and energy costs
of alternate HVAC system designs so the best design can be chosen. Specifically, HAP
performs the following tasks during an energy analysis:

Simulates hour-by-hour operation of all heating and air conditioning systems in

the building.

Simulates hour-by-hour operation of al plant equipment in the building.
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Simulates hour-by-hour operation of non-HVAC systems including lighting and
appliances.

Uses results of the hour-by-hour simulations to calculate total annual energy use
and energy costs. Costs are calculated using actual utility rate features such as
stepped, time-of-day and demand charges, if specified

Generates tabular and graphical reports of hourly, daily, monthly and annual data.

4.1.2. HAP System Design Features

HAP estimates design cooling and heating loads for commercia buildings in order to
determine required sizes for HVAC system components. Ultimately, the program provides
information needed for selecting and specifying equipment. Specifically, the program
performs the following tasks:

Calculates design cooling and heating loads for spaces, zones, and coils in the

HVAC system.

Determines required airflow rates for spaces, zones and the system.

Sizes cooling and heating cails.

Sizesair circulation fans.

Sizes chillers and boilers.
4.2. Stepsin Using HAP to Design Systems and Plants
The following steps show how to use HAP to design systems and plants.
a) Defining the Problem
First define the scope and objectives of the design analysis. For example, what type of
building isinvolved?

b) Data Gathering
Before design calculations can be performed, information about the building, its environment
and its HVAC equipment must be gathered. This step involves extracting data from building
floor plans, evaluating building usage and studying HVAC system needs. Specific types
of information needed include:

Climate data for the building site.
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Construction material data for walls, roofs, windows, doors, exterior shading
devices and floors, and for interior partitions between conditioned and non-
conditioned regions.
Building size and layout data including wall, roof, window, door and floor areas,
exposure orientations and external shading features.
Internal load characteristics determined by levels and schedules for occupancy,
lighting systems, office equipment, appliances and machinery within the building.
Data concerning HVAC equipment, controls and components to be used.

c) DataEntryintoHAP

Once the data is gathered, use HAP to enter climate, building and HVAC equipment data.
When using HAP, the base of operation is the main program window. From the main
program window, first create a new project or open an existing project. Then define the

following types of data which are needed for system design work:
Weather Data

Weather data defines the temperature, humidity and solar radiation conditions the building
encounters during the course of a year. These conditions play an important role in
influencing loads and system operation. To define weather data, a city can be chosen from
the program's weather database, or weather parameters can be directly entered. Weather data
is entered using the weather input form.

Space Data

A spaceis aregion of the building comprised of one or more heat flow elements and served
by one or more air distribution terminals. Usually a space in HAP represents a single room.
However, the definition of a space isflexible. For some applications, it is more efficient for a
space to represent a group of rooms or even an entire building. To define a space, al
elements which affect heat flow in the space must be described.

Space Elements include walls, windows, doors, roofs, skylights, floors, occupants, lighting,
electrical equipment, miscellaneous heat sources, infiltration, and partitions. While defining a
space, information about the construction of walls, roofs, windows, doors and external
shading devices is needed, as well as information about the hourly schedules for internal heat
gains. This construction and schedule data can be specified directly from the space input
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form (vialinks to the construction and schedule forms), or aternately can be defined prior to
entering space data. Space information is stored in the project database and is later linked to
zonesin an air system.

Air System Data

An Air System is the equipment and controls used to provide cooling and heating to aregion
of the building. An air system serves one or more zones.

Zones are groups of spaces having a single thermostatic control. Examples of systems
include central station air handlers, packaged rooftop units, packaged vertical units, split
systems, packaged DX fan coils, hydraulic fan coils and water source heat pumps. In al
cases, the air system also includes associated ductwork, supply terminals and controls. To
define an air system, the components, controls and zones associated with the system must be
defined as well as the system sizing criteria. This datais entered on the air system input form.

Plant Data (if necessary)

A plant is the equipment and controls used to provide cooling or heating to coils in one or
more air systems. Examples include chiller plants, hot water boiler plants and steam boiler
plants. This step isoptional; it isonly required if you are sizing chiller or boiler plants.

To define a plant for design purposes, the type of plant and the air systems it serves must be

defined. This datais entered on the plant input form.
d) Generating Design ReportsUsing HAP

Once weather, space, air system and plant data has been entered, HAP can be used to
generate system and plant design reports. To generate design reports, go to the main program
window and select the desired air systems or plants. Next choose the “Print/View Design
Data” menu bar option, toolbar button, or pop-up menu option. For systems this displays the
System Design Reports form; for plants this displays the Plant Design Reports form. Select
the desired report options on this form. If calculations are needed to supply data for these
reports, the program will automatically run the calculations before generating the reports. If
all the data needed for the reports already exists, reports are generated immediately.
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€e) Equipment Selection

Finally, using data from the reports generated, one can select the appropriate cooling and
heating equipment from product catalogs or electronic catalog software. System and plant
design reports provide information necessary to select all the components of the HVAC
system including air handlers, packaged equipment, supply terminals, duct systems, piping
systems and plant equipment.

4.3. AC Requirementsfor Commercial Buildingsin Ethiopia by Using
HAP

Thegep by Sep goproaches donewith this softwarefor thisproject are summarized asfollow.
4.3.1. Defining the Problem

In this project mainly the cooling load in w/m? for commercial buildings in representative
areas of Ethiopia will be estimated. This cooling load should satisfy human comfort
conditions like relative humidity, dry bulb temperature. Not only the cooling loads but also
the heating loads will be estimated as a design even if they have no or rear applications in our
country. Based on this, equipments like supply fan, space and zone data will be sized and
Space required supply airflow rates in L/S will be estimated. The floor plan for different
types of commercial buildings is obtained from the architects and some of these are attached
at the back. For example the floor plan for Conference hall is shown in the figure below.

The buildings considered have different purposes which are, for hotel bed room, conference
hall, bank lobby, shop, and office. The rooms vary, like at the ground floor, middle floor,
roof floor and corner floor. The paper is done for representative areas of our country
Ethiopia. These are Addis Ababa (moderate), Bahir-Dar (warm), Dire-Dawa (hot) and
Semera (very hot). The standard is mainly applied for buildings specified above.
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4.3.2. Data Gathering
This involves gathering data for the building, its environment and its air system data. These

are asfollows.
4.3.2.1. Weather Data

The weather data includes monthly maximum and minimum dry bulb and wet bulb
temperatures, design DB temperatures for both summer and winter, summer coincident WB,
winter coincident WB, region, location, city, latitude, longitude, elevation, and the sunshine
hour, for the area of interests which are Addis Ababa, Bahir-Dar, Dire-Dawa and Semera,
which are collected from the National Metrology Agency (NME).

Dry-bulb Temperature

The temperature of the air measured by the ordinary thermometer, when exposed to the
atmosphere, is called as the dry bulb temperature of air, commonly referred as DBT. It is
nothing but the atmospheric temperature. In this case the sensing bulb of one of the
thermometers is always kept dry .The temperature reading of the dry bulb is called the dry-
bulb temperature. . It is an important consideration when designing a building for a certain

climate.
Wet-bulb Temperature

The wet bulb temperature of air is also measured by the ordinary thermometer, but the only
difference is that the bulb of the thermometer is covered by the wet cloth (a piece of cotton
wick). Temperature of the ordinary air measured by the thermometer when it is covered by
wet cloth or wick is called as the wet bulb temperature, commonly referred to as WBT. When
the air comes in contact with the wet cloth it absorbs some moisture and gives up some heat,
to which the temperature of the air reduces. It is aways less than DBT. The difference
between the DBT and WBT is called as wet bulb depression. Unlike the DBT this indicates
the amount of moisture in the air. See figure bellow.
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Figure 4.2: Thermometer for Dry-bulb and Wet-bulb

The maximum and minimum dry bulb temperatures as well as maximum and minimum wet

bulb temperature are taken from the national metrology agency (NMA). The row data was

hourly for each day of the 10 year. Then from that | have get the average values for each
month and tabulated as shown in the table 4.1 below. This dry bulb and wet bulb temperature

datawill be entered in the software under Design Temperature.

Table 4.1: Maximum and Minimum Wet bulb and Dry bulb Temperature for Addis Ababa

Month/

Jan |Feb |Mar |Apr |May |Jun |Jul |Aug |Sep |Oct | Nov | Dec
Temp
(DB)Max |26.8 | 288 | 288 | 282 284 |292 [256 |234 | 272|254 |254 |26.2
(DB)Min |108 | 126 | 116 | 124 |124 | 110 | 100 |112 | 112 122 | 126 | 110
(WB)Max | 19.0 | 17.1 [ 246 | 236 |192 |242 | 202 |17.8 |19.1|17.6 | 156 | 194
(WBMin |30 |61 |68 |92 |92 |104 |95 |98 |106|72 |62 |6.0

Dew Point Temperature of Air (DPT)

The dew point temperature of the air or DPT is the temperature at which the water vapor

within the air at some temperature starts condensing. When the dew is formed the air is said
to be in saturated condition.
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When any object is cooled below the dew point temperature of the air, we can see the
formation of sweat on its surface. A glass of water filled with chilled water is an example.
The dew point temperature of air depends upon its moisture content. Higher the moisture
content of the air, higher is the dew point temperature. For the saturated air, the dry bulb

temperature, the wet bulb temperature and dew point temperature are the same.

The Relative Humidity

Humidity is the amount of water vapor in a given space. The humidity ratio or specific
humidity is the weight of water vapor per unit weight of dry air; it is given in either grains
per pound or pound per pound (kg/kg). The thermal effect of humidity on the comfort of
sedentary persons is small, that is, comfort is maintained over a wide range of humidity

conditions.

In winter, the body feels no discomfort over a range of RH from 50 percent down to 20
percent. In summer, the tolerance range extends even higher, up to 60 percent RH when the
temperature is 24%; above that, the skin feels sweaty.

Nevertheless, some types of industrial applications, such as textile manufacturing, optical
lens grinding, and food storage, maintain RH above 60 percent because of equipment,
manufacturing processes, or product storage requirements. At the other extreme, certain
pharmaceutical products, plywood cold pressing, and some other processes require an RH
below 20 percent. Hospitals also must carefully control humidity since the level of bacteria

propagation is lowest between 50 and 55 percent RH.

In general Human comfort requires the relative humidity to be in the range 25 - 60% RH. But
it may vary depending on the type of applications to which the buildings are used.

Sun Shine Hour

The sunshine hour for Addis Ababa is obtained from the NMA for 10 consecutive years on
hourly basis. Then | have calculated the daily value for each day of the 10 years data. Then |
have calculated the average value the sunshine hours for each month as shown below.
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Table 4.2: Sunshine Hours for Addis Ababa

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

SunshineHr | 882|850 | 830 | 800 | 802 | 768 |7.22 | 686 |6.77 | 701 | 7.29 | 7.55

The representation of DBT, WBT, DPT and RH for a certain room at a certain temperature

(TDB) and pressure on psychometric chart will be represented as follow.

saruration line
RH=100%

DPT

specific humidity

dry bulb temperalt}l]frg
Figure 4.3: the Psychometric Representation of DBT, WBT, BPT and RH for a Certain
Room
The design conditions from long term (10 years) hourly observations for different parts of
Ethiopia are shown in the following tables. These show the outdoor air conditioning design
conditions for different areas of Ethiopiafor both cooling and heating load design [11].
So the values with maximum value of occurrence will be taken while designing. For
example for cooling loads design the values under a frequency of occurrence of 2.5% will be

taken and for heating load design that of 99.6% will be taken for the selected locations or
case areas for this paper.
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Table 4.3: Outdoor Design for Different Locations of Ethiopiafor Cooling Load Design

Annual cumulative frequency of occurrence (%)

Location
0.4 1 2.5
DPT DBT DPT DBT DPT

Region City/Town |Latitude |Longitude |Elevation|DBT (°C)lcwB (°C) |°c) |MDR |°C) |cwB |°c) |MDR [°C) |cwB |°C) |MDR
Oromia rdama 08%EN ag%s5E|  2485m 39.9 28.03| 21.25 19.71] 33.5| 23.43| 18.25| 19.71| 32.6| 24.54| 20.82| 19.71
Addis Ababa |Addis Ababa 109%02'N 30%2E|  2355m 29 23.07| 20.35| 18.46] 28.5| 22.59| 19.81| 18.46| 28| 21.19] 17.73| 18.46
Benishangul- 35 22.86| 14.56| 22.84| 345 21.7| 14.16| 22.84] 34| 22.94) 17.02| 22.84

Gumuz Assosa 10°04'N 34°32E| 1570m
Amhara Bahirdar 11937 s910E|  1800m 33 21.48/ 14.72| 23.59 32.6| 19.73| 11.3| 23.59| 32.2| 21.09| 14.52| 23.59
bire Dawa  |bire Dawa  109°35N a1%5el  1200m 38.5 25.88| 19.8 20.31 38| 27.4 22.75| 20.31| 37.6| 25.99| 20.53| 20.31
Gambella  |cambella 08915'N 24930E suam| 425 29.92| 24.92| 23.50 42| 30.08 25.38| 23.50| 41.5| 29.78| 25.11] 23.50
39.6 34.78| 33.13| 17.89 39.2| 33.94] 32.1| 17.89| 38.7| 33.33| 31.44| 17.89

Somali Gode 05°57'N 43°27E 254m
. 32.5 24.12| 20.1| 26.72| 32.2| 22.53| 17.45| 26.72| 31.7| 23.64| 19.72| 26.72

Somali Jijiga 09°20'N 42°50E|  1609m
30 27.97| 27.18] 18.95 29.8| 27.48 26.57| 18.95| 29.4| 27.28| 26.44| 18.95

Tigray Mekelle 13°33'N 39°30E| 2084m
Afar semera 11°30'N 41°12°E 633ml  44.5 28.71| 21.81| 25.85 44| 28.62| 21.99 25.85| 43.8 31.65| 27.1] 25.85

Note: DBT= Dry Bulb Temperature, CWB = Coincident Wet Bulb Temperature, DP= Dew Point Temperature, MDR = Mean

Daily Range (K)
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Table 4.4: Outdoor Design Conditions for Different Locations of Ethiopia

Annual cumulative frequency of occurrence (%)

Location 99.6 99 97.5

Region City/Town Latitude | Longitude | Elevation | DBT CcwB DBT CcwB DBT CwB
(o) (o) (°c) (o) (o) (c)

Oromia Adama 08055'N 38055'E 2485m 6 2.52 7.7 5.19 9.4 6.7
Addis Ababa Addis Ababa 09002'N 39042'E 2355m 4.5 0.66 5 1.57 5.6 2.09
Benishangul- Assosa 10004'N 34032'E 1570m 8.4 4.92 9 5.62 10 5.4
Gumuz
Ambhara Bahirdar 11037'N 37010'E 1800m 3.5 0.54 4.1 1.33 5 2.77
Dire Dawa Dire Dawa 09035'N 41045'E 1200m 111 8.14 12 9.32 12.8 9.9
Gambella Gambella 08015'N 34034'E 514m 17 14.99 17.5 15.51 18.5 16.3
Somali Gode 05057'N 43027'E 254m 17.3 14.11 18.5 14.5 19.6 16.29
Somali Jijiga 09020'N 420 50'E 1609m 1 -0.16 2 0.2 35 1.84
Tigray Mekelle 13033'N 39030'E 2084m 5 2.9 6 3.9 7.3 5.3
Afar Semera 11030'N 410 12’E 633m 13.5 11.82 145 11.16 15.3 13.38

The monthly design maximum and minimum dry-bulb and wet-bulb temperatures for each location is also entered under design

temperature column for each location [11].
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Table 4.5: Monthly Maximum and Minimum Temperature Vaues for Different Locations

L ocation
Month DBT | Adama | Addis | Assosa | Bahirdar | Dire | Gambella | Gode | Jijiga | Mekelle | Semera
Ababa Dawa
January Max. 30.1| 26.67| 33.28 2953 | 31.91 40.90 | 37.70 | 30.25 26.16 34.62
DBT (°C)
Min. . 7.61 4.87 9.60 455 11.71 1750| 18.12| 291 544 14.66
DBT (°C)
I\(/)lDR 22.45 21.8| 23.68 2498 | 20.20 2340 | 1958 | 27.34 20.72 19.96
S
February | Max. . 32.09 | 28.13| 34.07 3092 | 34.71 42.20 | 38.53 | 31.95 2791 37.13
DBT (°C)
Min. 10.11 6.27 | 10.93 6.26 | 12.17 18.60| 19.32| 3.85 6.99 15.86
DBT (°C)
I\(/)IDR 2198 | 21.8| 2314 24.66 | 22.54 23.60| 19.21 | 28.11 20.92 21.27
(©)
March Max. . 3271 | 28.62| 3453 32.16 | 36.65 43.00 | 39.29 | 32.44 28.42 40.30
DBT (°C)
Min. . 10.92 754 | 11.69 7.66 | 14.07 1950 | 2140 | 5.72 8.11 16.73
DBT (°C)
I\(/)IDR 21.79| 21.08| 2284 2449 | 22.58 2350 | 17.89 | 26.72 20.31 23.57
(©)
April Max. . 325 2839| 3385 3239 | 37.12 42.20| 39.34 | 32.14 28.73 41.90
DBT (°C)
Min. . 12.42 955 | 13.17 8.80| 16.42 21.20| 21.64| 8.60 9.65 18.30
DBT (°C)
I\(/)lDR 20.08| 18.84| 20.68 23.59 | 20.70 21.00| 17.70 | 23.54 19.08 23.60
S
May Max. 3338 | 2846 | 32.29 31.89 | 38.17 39.50 | 36.97 | 31.74 29.66 43.84
DBT (°C)
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Min. 1367 | 10.00] 13.22 11.45| 17.86 20.90 [ 21.70 | 1003 11.26] 23.60
DBT (°C)
MDR 19.71| 1846]| 19.07 2044 | 20.31 1860 | 1527 | 21.71| 1840| 20.24
(C)
June | Max. 3268 2711| 2821 29.99 | 38.05 38.02]36.48| 30.93| 29.97| 4525
0
DBT (°C)
Min. 1299 960 14.15 12.06 | 17.60 19.90 | 2267 | 11.98| 11.02| 22.35
DBT (°C)
MDR 19.69| 1751 14.06 17.93 | 20.45 1812|1381 | 1895| 1895| 22.90
(©)
July Max. 2954 | 24.36| 26.59 26.67 | 36.85 36.50 | 35.56 | 30.36 | 27.06| 4555
0
DBT (°C)
Min. 1381 | 949| 13.80 11.87 | 16.89 20.10| 22.11| 1356| 1096| 19.70
DBT (°C)
MDR 15.73| 14.87| 1279 14.80 | 19.96 16.40 | 1344 | 16.80| 16.10| 25.85
(©)
August | Max. 2847 | 2361| 27.25 26.48 | 35.84 3543(36.09| 30.02| 2552| 4268
0
DBT (°C)
Min. 1361| 954| 1370 12.01 | 16.92 19.30 | 22.04 | 12.78| 11.10| 1848
DBT (°C)
MDR 14.86 | 14.07| 1355 14.46 | 18.92 16.13 | 14.04 | 17.24 | 14.42| 24.20
(©)
September | Max. 2946 | 24.244| 27.74 26.92 | 35.69 36.07 | 37.16 | 30.58| 26.36| 42.93
DBT (°C)
Min. 1229| 892] 1370 11.07 | 16.64 20.30 | 22.46 | 11.03 9.20| 19.80
DBT (°C)
MDR 17.17 | 15.322| 14.04 15.85 | 19.04 15.77 | 1470 | 1955 | 17.16| 23.13
(°Cc) 2
October | Max. 29.7| 258 2877 27.95| 35.53 37.67|37.36| 30.09| 26.19| 4025
0
DBT (°C)
Min. 983| 6.92| 11.80 9.85| 14.63 20.30 | 21.18| 5.83 7.02| 1820
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DBT (°C)
MDR 19.87 | 18.877| 16.97 18.10 | 20.90 17.37] 1618 2426 | 19.17| 22.05
c) 8

November | Max. 29.22| 25.19| 30.03 2853 | 33.84 3833|3651 | 29.88| 25.40| 37.65
DBT (°C)
Min. 931| 426| 998 5.27 | 12.44 18.17| 1860 | 311 6.99| 17.20
DBT (°C)
MDR 19.91| 20.93| 20.05 23.26 | 21.40 20.17 | 1791 | 26.76 | 1841| 2045
(©

December | Max. 28.7| 257| 31.25 2859 | 31.78 38.73|36.78| 30.26| 25.23| 35.20

0

DBT (°C)
Min. 802| 537 926 4441 1221 1763|1840 | 284 576 | 17.20
DBT (°C)
MDR 20.68 | 20.333| 21.99 24.14 | 19.56 2110|1838 | 27.42| 19.46| 18.00
c) 3

Annual | Max. 3338| 285| 3453 32.39| 3817 43.00]39.29| 3244 29.97| 4555

0

DBT (°C)
Min. 1367 | 10.00| 11.69 8.80 | 17.86 1950|2140 | 572| 11.02| 19.70
DBT (°C)
MDR 19.71| 1846| 22.84 2359 | 20.31 2350 17.89| 26.72| 1895| 2585
c)
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The annual temperature varies from location to location. Graphically it can be represent it as

follow.
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Figure 4.4: the Annual Maximum and Minimum DBT for Representative L ocations of
Ethiopia
Form these locations Addis Ababa, Bahr-Dar, Dire-Dawa, and Semera are selected for the
design. These parts of the country represent the low temperature, warm temperature, hot and

very hot regions of the country respectively.

These weather data including the minimum and maximum dry-bulb and wet-bulb
temperatures are entered in to the software using the weather column as shown in the figure

bellow for each of the five locations.
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Figure 4.5: Weather Input Data for Addis Ababa

Then for each month, the weather parameters and the maximum solar heat gains from each
orientation will be obtained from the software. The maximum solar heat gain varies from
location to location, because it is a function of temperature and the temperature is varied

depending on the geographical location.

Also the multiplying factor for the design day maximum solar heat gain depends on the
presence of cloudy on the day. It can be taken as 1 for clear sky months and can be 0.75, 0.85
0.9 depending on the strength of the cloud.

The design parameters and the design day maximum solar heat gain for each month for the

case of Addis Ababa and Semera are given in following figures.
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Figure 4.7: The Design Parameters and Maximum Solar Heat Gain for Semera
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Similarly for other locations we can have the weather data and solar heat gains after entering
the data.

The following figure shows the design temperature profile for January specifically for Addis
Ababa

Design Temperature Profile

AA commercial Bldg

ocation: Addis Ababa, Ethipia

Design Temperature Profiles for January
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Figure 4.8: Design Temperature Profile Graph for Addis Ababa at January
4.3.2.2. Enter Space Data

There are avariety of spaces considered for this project and their characteristics were derived
from architectural floor plans and professionals on that area and some of these informations
are described below.

Walls: - In present day most parts of the walls are glasses which increase the need for air
conditioning. In this project the size of the window in some room is taken to maximum size
to consider the maximum heat transfer through the wall that is exposed to sun light. One
common wall construction is used for all exterior wall types located in different locations.

The construction consists of 13mm gypsum plaster finish, 102mm LW concrete block, and
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an air space. The exterior surface absorption can be dark, medium or light. But for this case
it istaken to be the “Medium” category.

The overall U-value is 1.789W/m?/k and the overall weight is 80.2kg/ m?. And the different
types of building orientation are considered.

Roofs. -There may be different roof types used while constructing different buildings. But |
have taken the most commonly used roof types observation and by asking those professionals
on that area. The roof type used is horizontal roof construction to enhance the position for air
conditioning equipment. Hence the roof construction considered consists of built-up roofing,
22 gage steel deck, Air space, 16mm plywood.

The exterior surface absorption is in the “light” category. The overall U-vaue is
2.099W/m?/k. The overall weight is 15.3kg/ m> The roof considered above is for the last
floor roof, but if the room is a the intermediate floor or ground floor the roof may be
concrete. In that case the property of concrete will be taken.

Windows & External Shading: - Windows of different size are used for different room
types. The windows units’ measures are 2mx1.2m, 1mx1.2m or 1.67mx0.6m and are double
glazed with an auminum frame. No internal Shades are used. These windows have a U-
value of 3.685W/m?/k and a shading coefficient of 0.82.

Doors. - Doors contain a single-glazing in an aluminum frame. The door unit’s measures
are 2.1mx1.5m, 2mx1.2m. Frame thickness of 3mm. These doors have a U-value of 1.703
W/m?%k and a shading coefficient of 0.94.

Lighting: - Recessed, unvented lighting fixtures are used for al rooms in this commercial
building. A lighting density of 32.29 W/m? is used. The fixture ballast multiplier is 1.0. And
an electrical equipment of 8.75w/m? for bank is used.

Occupants. - The number of occupants varies by space. For example for conference hall it is
taken to be 500, 2 people for bed room, 5 people for office, 70 people for bank lobby and 5
people for shop. For hotel bed room and conference hall a “seated at rest” activity level will
be used (with sensible heat of 67.4w/m’and latent heat of 35.2w/m?) and for other
applications “office work” activity level will be used (with sensible heat of 71.8w/mZand
latent heat of 60.1w/m?).
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Spaces. - Spaces are defined for different application of commercial buildings like; office,
bank lobby, conference hall, hotel bed room, and shop are interred on the space column as
shown below.

3 s - (o commercl 8] A

Project Edit View Reports Help
arEHdEEE ﬂ =l B X 15] (i)‘ | ﬁ ay e R EE uE ?
m A commercial Bldg g <Mew default Space>

%% Weather g0 Bank lobby

----- ® Joeece Bank lobby W/

g Systems Fa) CONFERENCE HALL

Plants =

: g CONFERENCE HALL W

""" E Buildings CORNER bedroom

& 5 E;"egdh“'ﬁ““ ZJHOTTEL BED ROOM S0(E)
& o HOTTEL BED ROOM abov unc
% o EHOTTEL BED ROOM e
F Windons EEHOTTEL BED ROOM east
1§ Doos HOTTEL BED ROOM n
_____ ‘& Shades ElHOTTEL BED ROOM Roof
B Chillers HOTTEL BED ROOM West
i Cooling Towers | BV OFFICE
—f Boiers OFFICE w
¥ Electric Rates Shop
i f Fuel Rates =0 Shop W

Figure 4.9: Defined Spaces in the HAP for the Case of AA Commercia Buildings
After entering the space data it will looks like the following.
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AA commercial Bldg
JU

§pace Input Data

CONFERENCE HALL

1. General Details:
Floor Area ..
Avg. CEIImg nght
Bullding Welaht ....................conmmmminie

1.1. OA Venfilation Requirements:

Space Usage................ OFFICE: Conference Rooms
0 A Requirement 1, . . . 10.0
OA Reguirement 2 ... 0.00

Space Usage Defaults i ASHRAE Sld62-2001

2. Internals:
2.1. Overhead Lighting:

Fixture Type ......cooveveeeeeeveenn, Recessed {Unvenled]

Wattage s .. 32.29

Ballast M uttlpl IEF .1.00

SO . R lighting schedule
2.2. TaskLighting:

WEBBOE . ..o ot
Schedule ... NORE

2.3. Electrical Equipment:
MBEBOB . . i 4.17
Schedute T Electrical

3. Walls, Windows, Doors:

m}
m
kg/m*

L/s/person

Li(z-m*)

Wim#

Wim=

Wim=

2.4. People:

OCCUPANCY ..o

Activity Level
Sensible .,
Latent ...

Schedule

2.5. Miscellaneous Loads:

SEIBINE ...coivscio o B s IR o e s

Schedule ..
Latent ........

Bobmdde, 0 il

Exp. Wall Gross Area (nT) Window 1 Qty. | Window2 Qty. Door1 Qty.

N 150.0 4 2 2

E 60.0 0 o 2

SE 175.0 2 2 2

S 60.0 0 0 2

W 150.0 0 0 0

NW £0.0 2 0 0

.500.0

. Seaiﬁd at Rest

.. 674
...35.2
t-stat

People

VWiperson
VWiperson

W

wW
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3.1. Construction Types for Exposure N

Wall Type ..

1st ‘u.l'lnduwType

Znd Window T‘,rpe

Door Type ...
3.2. Construction Types for Exposure E

WAL TYDE ...t e N wall

DOOr TYPE ......ovovierierereeetree et cesseseerese sersseessnssssesssesnses DS
3.3. Construction Types for Exposure SE

Wall Type ... T P &

istWindow Type ... W1

2N WINAOW TYDE .........oooivivnininiiniinn rsssssenossessssiersiss V2

D I S S S SU Oa D1
3.4. Construction Types for Exposure §

Wall Type ... [EUUURUTRRTTRURURRPRPT | "' 1|

Door TYpe . D1
3.5. Construction Types for Exposure W

Wall Type ... T — L
3.6. Construction Types for Exposure NV

Waall Type oo nnnnnimnniniinmsnninanes N wall

1etWindow Type ......annnnaiiananmag. W1

4. Roofs, Skylights:

Exp. Roof Gross Area (nF) Roof Slope (deg.) Skylight Qty.
H 1200.0 0 0

5. Infiltration:

Design Cucilnng{l Lis
Design Heating .. s sReTTse 0D LS
Energy Analysis . Sl LS

Infitration occurs at aII r'aurs

Figure 4.10: Space Input Datafor Conference Hall at Addis Ababa

4.3.2.3. Air System Data

The air handling unit used in this case is chilled water air handling unit, and the air system is
constant air volume single zone. The design is done for a single room then it will be applied
to many rooms having the same conditions. The design supply temperature is taken to be
14.4% and 12.8 °c. All the data from A to C will be entered in to the HAP and the next step
iSsto generate the design reports.

Generdly there are two types of HVAC air systems. These are CAV (Constant Air Volume)
and VAV (Variable Air Volume).

Constant Air Volume (CAV)

In asimple CAV system, the supply air flow rate is constant, but the supply air temperature
is varied to meet the thermal |oads of a space. Constant-volume, variable-temperature system
consumes constant fan energy while providing refrigeration energy savings at part load.

However, it can only deliver comfort to spaces with similar loads.
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Most CAV systems are small, and serve a single thermal zone. However, variations such as
CAV with reheat, CAV multi-zone, and CAV primary-secondary systems can serve multiple

zones and larger buildings.

In small buildings and residences, CAV systems are often the system of choice due to
simplicity, low cost, and reliability. Such smal CAV systems often have on/off contral,

rather than supply air temperature modulation, to vary their heating or cooling capacities.
Variable Air Volume (VAV)

The simplest VAV system incorporates one supply duct that, when in cooling mode,
distributes approximately (13 °C) supply air. Because the supply air temperature, in this
simplest of VAV systems, is constant, the air flow rate must vary to meet the rising and

falling heat gains or losses within the thermal zone served.

There are two primary advantages to VAV systems over constant-volume systems. The fan
capacity control, especially with modern electronic variable-speed drives, reduces the energy
consumed by fans, which can be a substantial part of the total cooling energy requirements of
a building. Dehumidification is greater with VAV systems than it is with constant-volume
systems, which modulate the discharge air temperature to attain part load cooling capacity.

And also these systems have low operating cost.
4.3.3. UseHAP to Generate Design Reports

The design reports includes system sizing summary, zone sizing summary, system load
summary, zone load summary, space load summary, hourly system and zone loads and
system psychometrics for each and every space or room types in each locations. For example
the system sizing summary, zone sizing and system psychometric for conference hall at

Semera are shown bel ow.
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Air System Sizing Summary for CONFERENCE HALL

Project Name: Semera commercial bidg 12/16/2013
Prepared by JU 05:42PM
Air System Information
Air SystemMame ... CONFERENCE HALL Numberofzones. .. ..........coiooeiies 1
Equipment Class ... Floor Area......... 212000 m*
Air SystemTYPE ..o Location ............ccoooveveeeereienne, 'Semera, Ethiopia
Sizing Calculation Information
Zone and Space Sizing Method:
Zonelis ... Peakzone sensible lcad Calculation Months ................cc.cccceennnnn... JAN to Dec
Space Lis . Individual peak space loads Sizing Data ............ Calculated
Central Cooling Coil Slzmg Data
Total coil load . P 5635 kW Loadoccursat ............ccccoeviinsinrernnsn. JUN 1400
Sensible coil load 3156 kw OADB/WB..... 4251316 °C
Coil /s at Jun 1400 Ly .18873 LUs Entering DB / WB .. L2931222 *C
Max block Ls ........ 18873 Us Leaving DB /WEB ... ..1447138 °C
Sum of peak zone 19866 L/s GO ... .o o st 2T ©
Sensible heat ratio . 0.560 Bypass Factor __ 0.100
IRV e eere e eeereessvasaeeasenseneessaneenenns 21 Resulling RH ..o 50 %
Wim=, .469.6 Design supply temp. . 140 °C
Water ﬂow@ 5 6 K nse ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2428 U's Zone T-stat Check.................. 1of1 OK
Max zone temperature deviation .............................. 00 K
Central Heating Coil Sizing Data
Maax ol 0BT e Load occurs at .
Coil L/s at Des Htg . Wim= ...
Max coil is. Ent. DB”-?Q DE C
Water ﬂow@ 111 Kdrop 125 Us
Supply Fan Sizing Data
ActualmaxUis ... ... 18873 Us FanmotorBHP ... .. ... ... 1808 BHP
Standard Us 17499 Us Fan motor kW ... .. 1348 KW
Actual max LI} . .....oooiiiresieisisinns, 1803 LI(8-mP) L LTI T — [
Outdoor Ventilation Air Data
Desion Wl . ..o 5000 LU's LISIPETEON ..o 10,00 Lis/person
LAS-I) . cnniaamnaanmininsinanmiaa Il LES-mP)

Figure 4.11: System Sizing Summary for Conference Hall at Semera

Thus the all the reports for this project with different cases will be discussed in detail in the

next chapter. Here one can try to observe the effect of parameters like building orientation,

room type, room location, and the geographical location on air conditioning design.
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Zone Sizing Summary for CONFERENCE HALL
Project Name: Semera commercial bidg
Prepared by JU
Air System Information
Aijr System Name .....................CONFERENCE HALL NUMBEr 0T 2DNBS...............cccoeieinieiissss i esnssssssanseseces 1
Equipment Class .. crveerenennn. CW AHU Floor Area ... JU— ..
Alr SystemType ... SLCAV Location ..., SEMErA, Ethiopia
Sizing Calculation Information
Zone and Space Sizing Method:
ZonelUs . . ... Peakzone sensibleload Calculation Months . ... .......JantoDec
SpaceUs, .. .......... Individual peak space loads SEANG DR . o s e Calculated
Zone Sizing Data
Maximum Design| Minimum Time| Maximum Zone
Cooling Air Air of Heating Floor
Sensible Flow Flow Peak Load Area Zone|
Zone Name (kW) (L/s) iL/s) Load (kW) () Li{s-rrf)
Zone 1 208.9 18873 18873 Jun 1400 294 1200.0 15.73]
Zone Terminal Sizing Data
Mo Zone Terminal Sizing Data required for this system.
Space Loads and Airflows
Cooling Time Air Heating Floor
Zone Name / Sensible of Flow Load Area Space
Space Name Muit. (kW) Load (Lis) (kW) (m3) Li(s-n¥)
Zone1
CONFERENCE HALL 1 208.9 Jun 1400 18873 28.4 1200.0 15.73

Figure 4.12: System Sizing Summary for Conference Hall at Semera

ocation: Semera, Ethiopia
titude: 633.0 m.
ata for: June DESIGN COOLING DAY, 1400
58 AT 5 : . ; T T 0.030
C gg %ﬂﬁ&ﬂ%&ﬂll Outlet : : H : e
PR owe 7 K
A S e et s s R e eeeeeeset bt 0.025
C i | | | - % |
B : ; ; : : 5 L] 3
r e R S " i R R < Aoy 0.020
L ; ! ! i : L 2
- : : ) T : : - I
N i : : : - c
R S O SO S N, [, [ |
2 : ' : ; g =1
- : | : | = <
. - | . - ” ! ~te-d-0010 &
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Figure 4.13: System Psychometric Chart for Conference Hall at Semera
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4.3.4. Select Equipment

This is the final step in the design process in which the system design reports are used to
select HVAC equipment.

From the design report we will get system sizing data and zone sizing data. The System
Sizing Summary report contains data used to select the packaged rooftop unit. The Central
Cooling Coil Sizing Data table lists the peak coil capacities, coil entering and leaving
conditions and a number of useful check figures. The Preheat Coil Sizing Data table lists the
peak load for this coil as well as entering and leaving conditions. The Supply Fan Sizing
Data table provides the required airflow rates and motor data for the supply fan. Together
this data can be used in packaged rooftop unit selection software offered by Carrier and other
manufacturers to select a rooftop unit which meets the sizing requirements.

The Zone Sizing Summary report contains data used to select terminal equipment. The Zone
Sizing Data table lists the required airflow rate for each zone terminal. It aso lists the
minimum airflow rate which can be used to set minimum damper positions for the mixing
boxes. The Zone Termina Sizing Data table lists the required sizes for the parallel mixing
box fans and the reheat coils. The Space Loads and Airflows table lists the required airflows
for each space served by the system. This data can also be used in duct design calculations to
size ductwork for the system. But the equipment selection is beyond the scope of this paper.
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Chapter Five: Findings and Discussions
5.1. Findings

The air conditioning parameters for commercial buildings can be specified by considering
different cases. These parameters are different for different geographical locations of the

country.

Addis Ababa, Bahir-Dar, Dire-Dawa and Semera are the selected regions of the country
which represent the rest areas as well. Addis Ababa with annual dry bulb temperature of 28°c
represents the moderate temperature areas like Mekele (29.4°%c). Bahir-Dar (32.2%)
represents the warm temperature areas like Adama (32.6 °c), Jigjiga (31.7°c), Assosa (34°c),
and Hawassa (31°c). Dire-Dawa (37.6°C) represents the hot areas like Gode (38.7°c) and

finally Semera represents the very hot areas like Gambela (41.5°C).

The outputs from the HAP (hourly analysis program) software are illustrated as follow for
different cases and for different locations. It is shown the results for different countries or
locations and different room applications as well as for rooms at different floor levels of the
buildings. And also the design is done at different building orientations to see its effect on

cooling load hence the orientation with lower cooling load will be recommended.

5.1.1. North Orientation

The building may be either north, east or west oriented. But most existing buildings are either
north or west oriented, even if there are also other oriented buildings. In the north orientation
the building is assumed to face to north direction. That is the envelopes with higher heat
transfer are faced to north. For example door and window or wall (if some parts of the
external wall for the building are composed of glass), are assumed to be faced due north. And
the cases for each room type will be discussed individually as follow.

a) Hotel Bed Room

There may be various bedrooms may be in terms of area, orientation, materials for envelope
and others. But the room considered represents most of the existing rooms and has the
following parameters. The same thing is done for other rooms al so.

Number of people =2
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Room area A =34.3m?(area of most existing bed rooms)

Average celling height =2.8m (used for most existing bed rooms)

Room location is at intermediate floor (the floor at the middle floor of the building)

Building orientation North

Coil bypass=0.1(the property of the air conditioning system)
Then these parameters are used to design the room air conditioning by the help of HAP
software. Hence the outputs HAP for air conditioning design parameters are given in the
following table for different geographical locations.

Table 5.1 AC Design Parameters for Bedroom at Different Locations of Ethiopia

57

Parameter/l ocation AR BIDAR PIRE SEMERA
Air System Information
Equipment Class FCUAH | FCUAHU | FCU AHU | FCU AHU
Air System Type SZCAV | SZCAV SZCAV SZCAV
Central Cooling Cail Sizing Data
Total coil load (kw) 3.3 3.6 51 6.9
W/mz 96.2 104.8 149.2 199.8
OA DB /WB (OC) 29.2/24.2 | 31.9/26.2 | 37.0/ 260 |44.6/31.4
Entering DB / WB (OC) 24.9/17.7 | 249/175| 25.1/18.1 | 25.3/17.9
Leaving DB / WB (OC) 15.0/214.3 | 135/12.8 | 15.0/14.4 | 13.7/13.0
Coil ADP (°C) 13.2 12.3 13.9 12.8
Resulting RH 50% 48% 51% 49 %
Design supply temp(°C) 12.8 144 14.0 12.8
Central Heating Coil Sizing Data
Max coil load (kw) 2.0 2.0 0.8 04
Max coil L/s 279 333 430 408
W/m2 57.2 58.4 219 11.9
Supply Fan Sizing Data
*Actual max L/s 242 319 430 408
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Standard L/s 182 256 372 378
Outdoor Ventilation Air Data

Design airflow L/s 15 15 15 15
L/s/person 75 75 75 75
L/(sm?) 0.44 0.44 0.44 0.44
Zone Sizing Data

Maximum cooling sensible (KW) | 2.8 29 4.4 54
Maximum heating load (KW) 19 2.2 0.7 0.4
Space Loads and Airflows

Cooling sensible (KW) 2.8 2.9 4.4 54
Heating load (KW) 1.9 2.2 0.7 0.4

*actual max L/s=space air flow L/s =zone design air flow L/s= Max block L/s cooling

OA= outdoor air, ADP=apparatus dew point

The system psychrometry can also be obtained for different locations. In the following two
figuresit is shown for bed roomsin Addis Ababa and Semera. For the case of Addis Ababa it
is observed from the figure that the temperature of the air is reduce from 27°% at outside to 25

% inside the room with a relative humidity of 50% which is within the range of human

comfort as described in the litrature. To do so the required cooling load is 96.2w/m?. For the

case of Semeraair DT temperature is reduced from 45°c at outside to 25.3% inside the room

with the relative humidity value of 59%. To get this the design cooling load is 199.8w/m?.
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titude: 2354.9 m.

Ecarion: Addis Ababa, Ethipia
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Figure 4.14: System Psychometric Chart for Hotel Bedroom at Addis Ababa

Location: Semera, Et’mopm
Altitude: 633.0 m.
Data for: June DESIGN COOLING DAY, 1600
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Figure 4.15: System Psychometric Chart for Hotel Bedroom at Semera
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Similarly to bedroom the system psychometric chart for al types of rooms can also be

plotted for all locations.

b) Conference Hall

Similar to the case of hotel bedroom conference hall can aso be varied based on different

parameters like number of populations, room area, orientation and the like. The one taken

here is the most commonly observed and existing. The floor plan is at the appendix. The

effect of number of population and room areawill be discussed latter.

Room area A = 1200m?

Average ceiling height =5m

Number of people=500

Building orientation North

Equipment Class FC AHU, Air System Type SZCAV

Table 5.2 AC Design Parameters for Conference Hall at Different Locations

Parameter/L ocation A/A B/DAR DIRE DAWA | SEMERA
Central Cooling Coil Sizing Data
Tota coil load (KW) 318.6 365.0 391.9 563.5
W/mz 265.5 304.2 326.6 469.6
OA DB/ WB (°C) 28.3/24.2 | 31.7/263 | 36.4/259 |425/31.6
Entering DB / W (°C) 25.6/ 19.5 | 26.7/20.5 | 27.7/20.0 29.2/22.2
Leaving DB / WB (°C) 49/144 |150/144|14.4/137 144/138
Coil ADP (°C) 13.7 13.7 12.9 12.7
Resulting RH 52% 52% 50% 50%
Design supply temp(°C) 14.0 14.0 14.0 14.0
Central Heating Coil Sizing Data
Max coil load (KW) 128.6 145.7 76.3 58.0
Max coil L/s 19292 18022 18861 18873
W/m2 107.2 121.4 63.6 48.3
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Zone Sizing Data
Maximum cooling sensible (KW) | 172.9 173.0 194.9 208.9

Maximum heating load (KW) 66.6 70.7 40.1 29.4

Space Loads and Airflows

Cooling sensible (KW) 172.9 173.0 194.9 208.9

Heating load (KW) 66.6 70.7 40.1 29.4

The cooling load is increasing as the dry bulb temperature for the area is increasing. The
relative humidity is within the comfort range, hence the design is safe. That is the equipment
having this capacity will be selected.
C) bank |obby

Area of bank lobby A = 70m?

Average ceiling height =3.5m

Number of people=70

Building orientation North

Coil bypass=0.1 Equipment Class CW AHU Air System Type SZCAV

Table 5.3 AC Design Parameters for Bank Lobby at Different Locations

Parameter/L ocation AlA B/DAR DIRE SEMERA
DAWA

Central Cooling Coil Sizing Data

Total coil load (KW) 36.8 44.1 46.5 67.0

W/m2 525.2 629.8 664.2 956.6

OA DB /WB (°C) 28.3/242 [322/265 | 36.4/259 |432/317

Entering DB / WB (°C) 25.7 1 19.8|26.9/20.7 [280/201 |29.9/225

Leaving DB / WB (°C) 14.0/13.6 |138/133 [133/127 |137/132

Coil ADP (°C) 12.8 12.3 117 11.9

Resulting RH 52% 52 % 49% 50%

Design supply temp(°C) 12.8 12.8 12.8 12.8

Central Heating Coil Sizing Data

Max coil load (KW) 15.3 17.4 9.6 7.4
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Max coil L/s 1668 1796 1911 2017
W/m2 216.5 2479 136.9 105.9
Zone Sizing Data

Maximum cooling sensible (KW) | 18.7 193 221 25.0
Maximum heating load (KW) 7.8 85 4.4 3.2
Space Loads and Airflows

Cooling sensible (KW) 18.7 19.3 221 25.0
Heating load (KW) 7.8 85 4.4 3.2

Since the internal loads and the population taken are higher other rooms, the cooling load is

also higher. And also the relative humidity for each location is within the comfort range

d) Office

Room location is at intermediate floor

Room area A = 51.6m?

Average celling height =2.8m

Number of people=5

Building orientation North and Air System Name Office

Table 5.4: AC Design Parameters for Office at Different Locations

Parameter/L ocation AlA B/DAR DIRE SEMERA
DAWA

Central Cooling Coil Sizing Data
Total coil load (KW) 55 6.9 8.8 11.8
W/mz 106.6 132.9 171.3 227.9
OA DB/ WB (°C) 29.2/24.2 | 31.9/26.2 |37.0/260 |425/316
Entering DB / WB (°C) 25.1/ 183 | 25.4/185 | 25.6/180 |26.0/188
Leaving DB / WB (°C) 14.4/3.8 |14.3/137 |138/131 [137/131
Coil ADP (°C) 13.2 13.1 12.5 124
Resulting RH 51 % 51% 48 % 48 %
Design supply temp(°C) 12.8 12.8 12.8 12.8
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Central Heating Coil Sizing Data

Max coil load (KW) 3.6 3.8 15 0.9
Max coil L/s 394 446 576 627
W/m2 69.1 744 29.7 18.1
Zone Sizing Data

Maximum cooling sensible (KW) | 4.0 4.8 6.7 7.8
Maximum heating load (KW) 31 3.3 1.2 0.7
Space Loads and Airflows

Cooling sensible (KW) 4.0 4.8 6.7 7.8
Heating load (KW) 31 3.3 1.2 0.7

These results are specific for the above conditions. To take for the applications other than the

above conditions, there is some change. For example if the areais increased the cooling load

will decrease, if the number of people inside the room isincrease, the cooling load will aso

increase.
€) Shop

The floor plan for the shop is also at the back of the paper. This room is considered to be

super market. The number of people may be higher or lower than this.

Room location is at intermediate floor

Areaof shop A = 15m?
Average ceiling height =3m
Number of people=5

Building orientation North
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Table 5.5 AC Design Parameters for Shop at Different Locations

Parameter/L ocation Al/A B/DAR DIRE DAWA | SEMERA
Central Cooling Coil Sizing Data

Total coil load (kw) 3.7 4.3 53 7.2
W/m?2 243.8 289.3 350.8 482.4
OA DB/ WB (°C) 27.4/21.231.9/26.2 |37.0/26.0 4327317
Entering DB / WB (°C) 25.2/18.2 | 25.9/19.5 | 26.3/18.7 27.0/ 20.0
Leaving DB / WB (°C) 14.3/ 136 | 14.2 /136 | 13.8/131 13.7/13.1
Coil ADP (°C) 13.1 12.9 12.4 12.2
Resulting RH 52% 52% 49% 51%
Design supply temp(°C) 12.9 12.8 12.8 12.8
Central Heating Coil Sizing Data

Max coil load (kw) 1.7 2.0 0.9 0.6

Max coil L/s 221 231 291 311
W/ 112.7 131.0 59.2 39.0
Zone Sizing Data

Maximum cooling sensible (KW) | 2.0 2.4 3.2 3.7
Maximum heating load (kw) 12 13 0.6 0.4
Space L oads and Airflows

Cooling sensible (kw) 2.0 2.4 3.2 3.7
Heating load (kw) 1.2 13 0.6 0.4

Similar to the above cases the cooling load is highest for Semera.

5.1.2. West orientation

In the west orientation the building is assumed to face in the west direction. That is the

envelopes with higher heat transfer are faced to west. For example doors, windows or wall

with glass material are assumed to be faced due west. And the cases for each room type will
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be discussed individually as follow. The specifications for the room used in the north

orientation are also used here to compare the effect.

a)

Hotel bedroom

The same room as in the north orientation is considered to see the difference
(A =34.3m?and for 2 people)

Table 5.6: AC Design Parameters for Bedroom at Different Locations

65

Parameter/L ocation AIA B/DAR DIRE SEMERA
DAWA

Central Cooling Cail Sizing Data
Total coil load (kw) 4.2 45 5.7 7.1
W/m2 122.4 130.1 165.6 206.0
OA DB /WB (°C) 2741211 (31.7/263 |37.0/259 |425/316
Entering DB / WB (°C) 2471171 | 248/172 | 25.0/180 |25.2/18.0
Leaving DB / WB (°C) 14.3/13.6 | 135/12.8 |150/14.3 |13.8/13.1
Coil ADP (°C) 13.1 12.3 13.9 12.6
Resulting RH 49% 47% 51% 48%
Design supply temp(°C) 128 14.4 14.0 128
Central Heating Coil Sizing Data
Max coil load (kw) 2.0 2.0 0.8 0.4
Max coil L/s 320 427 486 456
W/mz 56.3 58.2 22.7 11.7
Zone Sizing Data
Maximum cooling sensible (KW) | 3.2 39 5.0 5.7
Maximum heating load (kw) 1.9 21 0.7 0.4
Space Loads and Airflows
Cooling sensible (kw) 3.7 39 5.0 5.7
Heating load (kw) 1.9 21 0.7 0.4
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Cleary the cooling load for west orientation is higher than for north orientation. For example

for Addis Ababa it was 96.2w/m? for north orientation, now it is 122.4w/m? for west

orientation. This applied for all of the following room types.

b) Conference hall

(Room area, A = 1200m?, and for 500 people)

Table 5.7 Ac Design Parameters for Conference Hall in Different Locations

Parameter/L ocation AlA B/DAR D/DAWA SEMERA
Central Cooling Coil Sizing Data

Tota coil load (kw) 241.0 369.4 392.9 567.2
W/mz 200.9 307.8 3274 472.6
OA DB/WB (OC) 269/21.1 | 31.7/26.3 | 36.4/259 425/31.6
Entering DB / WB (OC) 253/185 | 26.6/204 | 27.7/19.9 29.3/22.1
Leaving DB/ WB (OC) 147/14.1 | 149/143 | 144/137 14.3/13.8
Coil ADP (°C) 135 135 13.0 12.6
Resulting RH 51% 52% 50% 50%
Design supply temp(°C) 14.0 14.0 14.0 14.0
Central Heating Coil Sizing Data

Max coil load (kw) 1254 142.1 82.5 61.1

Max coil L/s 17345 18198 19041 19011
W/m2 104.5 1184 68.8 50.9
Zone Sizing Data

Maximum cooling sensible (KW) | 1554 174.7 196.8 2104
Maximum heating load (kw) 66.6 70.7 40.1 29.4
Space L oads and Airflows

Cooling sensible (kw) 155.4 174.7 196.8 2104
Heating load (kw) 66.6 70.7 40.1 29.4

c) Banklobby
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(Room areaof, A = 70m?, and size for 70 people)

Table 5.8: Ac Design Parameters for Bank Lobby in Different Locations

Parameter/L ocation AlA B/DAR D/DAWA | SEMERA
Air System Name Bank lobby | Bank lobby | Bank lobby | Bank lobby
Central Cooling Cail Sizing Data

Total coil load (kw) 29.7 46.3 47.2 68.2
W/mz 424.1 661.4 674.8 973.8

OA DB/WB (OC) 2741212 | 324/26.7 | 37.6/26.0 | 43.8/31.7
Entering DB / WB (°C) 255/186 |26.9/206 |283/201 | 29.7/22.3
Leaving DB / WB (°C) 13.7/131 |13.8/133 |13.6/129 |13.4/129
Coil ADP (°C) 12.4 12.3 11.9 11.6
Resulting RH 51% 51% 49% 50%
Central Heating Coil Sizing Data

Max coil load (kw) 154 17.3 9.8 7.4

W/mz 219.6 247.6 139.5 105.7
Zone Sizing Data

Maximum cooling sensible (KW) | 17.6 20.7 23.0 25.7
Maximum heating load (kw) 7.8 85 44 3.2

Space Loads and Airflows

Cooling sensible (kw) 17.6 20.7 23.0 25.7
Heating load (kw) 7.8 85 4.4 32

d)  Office

(Areaof the office, A = 51.6m?, and for 7 people)

Table 5.9: Ac Design Parameters for Officein Different Locations

Parameter/L ocation A/A B/DAR D/DAWA | SEMERA
Air System Name Office Office Office Office
Central Cooling Coil Sizing Data
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Total coil load (kw) 5.0 8.3 9.6 12.7
W/m? 96.7 1614 186.0 246.0

OA DB /WB (OC) 2741211 | 31.7/26.3 |37.0/259 |43.0/31.6
Entering DB / WB (°C) 249/17.6 |252/181 | 25.6/17.9 |25.9/18.6
Leaving DB / WB (°C) 14.4/137 |14.1/134 |14.0/13.3 |13.7/13.1
Coil ADP (°C) 13.2 12.8 12.7 12.4
Resulting RH 50% 49% 48% 48%
Central Heating Coil Sizing Data

Max coil load (kw) 35 3.9 1.6 0.8

W/ 68.8 75.7 30.9 15.2
Zone Sizing Data

Maximum cooling sensible (KW) | 4.2 6.2 7.6 8.7
Maximum heating load (kw) 31 3.3 12 0.7

Space L oads and Airflows

Cooling sensible (kw) 4.2 6.2 7.6 8.7
Heating load (kw) 31 33 1.2 0.7

€) Shop

(A = 15m?), 5 people keeping other parameters the same.

Table 5.10: Ac Design Parameters for Bank lobby in Different Locations
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Parameter/L ocation AlA B/DAR D/DAWA | SEMERA

Air System Name Shop Shop Shop Shop

Central Cooling Cail Sizing Data

Total coil load (kw) 33 55 5.8 7.9

W/m2 221.7 363.5 387.9 524.4

OA DB/WB (OC) 269/21.1 | 315/26.1 | 37.0/259 |43.0/31.6

Entering DB / WB (°C) 25.0/180 |255/186 |26.1/185 |265/19.6
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Leaving DB / WB (°C) 145/138 [138/132 [14.0/133 [13.8/132
Coil ADP (°C) 133 12.6 12.7 12.3
Resulting RH 51% 50% 49% 50%
Central Heating Coil Sizing Data

Max coil load (kw) 1.7 1.9 0.9 0.6
W/mz 1153 125.8 59.7 39.9
Zone Sizing Data

Maximum cooling sensible (KW) | 2.5 33 38 4.3
Maximum heating load (kw) 12 13 0.6 0.4
Space L oads and Airflows

Cooling sensible (kw) 25 33 38 4.3
Heating load (kw) 1.2 13 0.6 0.4

5.1.3.The effect of room location

In Hotel bedroom of area A =34.3m? and for 2 persons.

Table5.11: Ac Design Parameters at Different Room for Bed Room @N-orientation for AA

Parameter/room type | Room above Room flip | Intermedi | Corner Roof floor
un-conditioned | @90 ate floor room room
Central Cooling Cail
Total coil load (kw) 25 2.6 2.8 34 4.4
W/ 74.0 77.1 81.9 98.5 128.1
OA DB/ WB (°C) 2741212 28.0/21.2 |37.0/26.0 |274/212|269/211
Entering DB/ WB (°C) | 24.6/17.9 2481174 |249/17.7 | 24.7/17.3|24.7/16.9
LeavingDB/WB (°C) | 15.4/14.38 14.6/139 |150/143 |145/138|14.1/134
Coil ADP (°C) 14.4 134 13.9 134 12.9
Resulting RH 54% 50% 50% 49% 48%
Design supply temp(°C) | 12.8 12.8 12.8 12.8 12.8
Central Heating Coil
Max coil load (kw) 31 2.0 2.0 2.7 1.9
W/m2 911 58.5 56.9 785 54.9
AAIT

69

2014




Specifying Air Conditioning Requirements for Commercial Buildings of Ethiopia

Zone Sizing Data
Maximum cooling 2.7 25 24 33 4.2
Maximum heating load | 3.3 1.9 1.9 2.7 19
Space L oads and
Cooling sensible (kw) | 2.7 25 24 33 4.2
Heating load (kw) 33 1.9 1.9 2.7 19

5.2. Discussion
5.2.1. FactorsAffectingthe Cooling L oad

From the results shown so far the air conditioning load in W/m? is the main air conditioning
design parameter for each location. The other parameters like the relative humidity, entering
and leaving wet-bulb and dry-bulb temperatures are used as a checking, so that the system
will be within the human comfort range. Hence by multiplying these values of the cooling
loads for a particular room by the respective room area, one can get the cooling load of that

particular room.

Finally the room checked via system psychometric chart so that the system will be at the
comfort conditions. If the system is not with in comfort condition by observing RH, DB and
the like, then the design will be done again. For example the psychometric chart for one of
the room is shown in figure 5.1 bellow. The room air is located by point 6, in which the dry
bulb temperature is almost 25 °c and the relative humidity is approximately 52%. This is

within the acceptable limit for human comfort condition.
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Psychrometric Analysis for CONFERENCE HALL
Project Nzme: Semera cammerc al tldg 04/24/2014
Prepared ov: JU 17:338M

Location: Semera, Ethiopia
Altitude: 633.0 m.
Datafor: June DESIGN COOLING DAY, 1500
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Figure 5.1: Psychometric Chart for the Conference Room in Semera
Where, 1=outdoor air 4=supply fan outlet
2=mixed air 5=Duct heat
3=central cooling coil outlet 7=return duct outlet
It is also shown that the air conditioning loads are affected by many factors. These are
building orientation, room area, number of occupants, material to which the room is made up
of, the floor to which the room is located, the outside color of the wall and the roof, the cail
bypass factor, the internal 1oads and the presence of partitions inside the room.
a) Orientation
Orientation is the position of the building in relation to its exposure to the sun light. Asitis
explained so far the building can be north, north east, east, south east, south, south west, west
or North West oriented. But from the results it is observed that orientation have a vital effect
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for the room air conditioning load. Especially for rooms with small area the effect is more. It

is dependent on the geographical location of the room. The variation in cooling load for

different locations is shown below. Generally when the room is west oriented (or when most

doors and windows parts of the building are in the direction of west) there will be high AC

load relative to North oriented building. For example the cooling loads in w/m? for hotel
bedroom and conference hall are shown bellow. For N-orientated bed room in Addis Ababa
it is 81.9w/m? and 98.9w/m? for that of west orientated.

Table 5.12: The Effect of Orientation on Cooling Load for West and North

Hotel bed room Conference hall

Locations | (ad) | (B/Dar | (D/Dawa) | (Semerd) | (aa) | (B/Dar) | (D/Dawa) | (Semera)
Summer 28 322 37.6 43.8 28 322 37.6 43.8
design
DB(%)
w/m? (N- 81.9 100.7 | 149.2 187.7 198.9 | 304.2 326.6 469.6
orientation)
w/m? (W- 989 | 130.1 165.6 206.0 200.9 | 307.8 3274 472.6
orientation)

Graphically the results for the case of Addis Ababa can be shown as bellow.
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Figure 5.2: The Effect of Orientation on Cooling Load for Bedroom
The cooling load for all the major orientation is shown below for each selected aress.

Table 5.13: Effect of Orientations on Cooling for Bedroom Located in Addis Ababa

Orientation | N NE E SE S SW w NW
Cooling 96.2 94.3 98.2 95.0 98.1 108.6 1175 110.6
load (W/m?)

RH% 50 50 50 52 49 53 50 50

For Addis Ababathe NE orientation has the lowest cooling load, followed by SE then N
orientation. West has the highest cooling load. Hence for building which are going to be
constructed in Addis Ababa these are best orientations.

Table 5.14: Effect of Orientations on Cooling for Bedroom Located in Bahr Dar

Orientation | N NE E SE S SW w NW
Cooling 104.8 | 108.2 1094 105.7 |1148 | 122.7 130.1 125.5
load (W/m?)

RH (%) 48 48 438 438 47 47 47 47

In this case N orientation has lowest cooling load where as W orientation has the highest
cooling load. Bhir-Dar represents Northern parts of Ethiopia. So for those areas North

orientation is the best one.
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Table 5.15: Effect of Orientations on Cooling for Bedroom Located in Dire-Dawa

Orientation | N NE E SE S SW W NW
Cooling 149.1 | 1454 | 1454 | 1374 |1481 | 1557 | 1656 | 167.3
load (w/m?)

RH (%) 51 52 51 52 51 51 51 51

In thislocation E orientation has lower cooling load following the SE orientation, then major
N orientation. It located in the Eastern part.

Table5.16: Effect of Orientations on Cooling for Bedroom Located in Semera

Orientation | N NE E SE S SW W NW
Cooling 199.8 |200.1 |199.0 | 1879 | 1834 |1955 |2152 | 219.0
load (w/m?)

RH (%) 48 48 48 48 50 49 48 47

For Semera South orientation has the lowest cooling load. Semeraisin the NE part.

For western parts Gambella is selected. As shown below North orientation has lowest

cooling load keeping other parameters constant. Hence it is the best option for northern parts.

Tableb.17: Effect of Orientations on Cooling for Bedroom Located in Gambella

Orientation N NE E SE S SW W NW
Cooling load(w/m?) | 64.1 | 66.1 | 655 67.1 |76 81 77.2 75.9
RH (%) 53 53 52 52 53 53 53 53
b) Room Area

Rooms with different areas will have different cooling loads, keeping other parameters
constant. For example the following table shows the variation of cooling load for various

areas for bed room at Addis Ababa.

Table5.17: Effect of Room Area on Cooling load for Bedroom Located in Addis Ababa

Bed room area (m?)

30

34.3

40

45

Cooling load (w/m?)

104.2

96.2

88.5

82.4
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Form these areas 34.3m? used in this paper from the existing buildings. It is observed from
the figure that the cooling load decreases as the room are increases. This principle applies

for al types of rooms.

¢) Number of People

While the number of occupants inside theroom isincreasing it is clear that the heat inside the
room will aso increase. And to compensate that the cooling load is also increases. The
following table shows this by taking the case for conference hall located in Addis Ababa.

Table 5.18: Effect of Number of People on Cooling for Bedroom

Number of people 100 200 300 400 500 600

Coolingload (W/m?) | 1437 | 1765 | 2075 | 235.2 2655 | 295.9

The room having a capacity for 500 people istaken for the analysis.

d) TheFloor to Which the Room is L ocated
The room that requires AC may be located at the ground floor, at the intermediate floor, at

the corner floor or at the roof floor.

Table 5.19: Cooling load for Different Room Locations for Bedroom @N-orientation for AA

room type Room above | Room  flip | Intermediate Corner room | Roof floor

un-conditioned | @90 floor room

Cooling 74.0 77.1 81.9 89.5 128.1

load(w/m?)

The results show that air conditioning loads at the roof floor are higher than the rooms at

other floors. Thus AC engineers should aso take this in to consideration.

e) Coil Bypass Factor

This is the property of the cooling machine. The coil bypass factor ranges from 0.02 to 0.1.
The machine having a coil bypass factor nearly 0.02 will need lower cooling load for the
same other effects. But it may have high capital cost in relative to those with higher coil by

pass factor. In this work the coil bypass factor of 0.1 is used.

f)  Outside Surface Color
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The outside color of the roof and floor may be light, medium or dark. This will highly affect
the air conditioning load. If the outside surface is dark the absorptivity will be high enough. It
will need high w/m?. And also it will affect the relative humidity of the room.

g) Internal Loads

The interna loads to the room are varied for according to the function of the room. As the
internal loads get higher and higher it is obvious that the cooling load will be higher. For
example for rooms located a Addis Ababa, the cooling load for conference hall=265.5
w/m?, for hotel bed =96.2w/m?, for shop=231.4 w/m?, for office=112.6 w/m? and for bank
room=370 w/m?.

As far as cooling load is concerned in addition to type of application that the room is used
for, the geographical location also has avital effect. From the result it is observed that for the
same room and internal loads and other factors the cooling load in Semera is the highest,
followed by Dire-Dawa, then Bahir Dar and finally Addis Ababa. So the need for AC is
much higher in hot areas of the country.

5.2.1. Cooling L oad for Different Types of Room in the Selected L ocations

In the above discussion it is clearly presented that North orientation has the lowest cooling
load in most of the areas of Ethiopia, hence the cooling loads obtained for different types of
rooms in different parts of the country are taken as a standard accordingly. The following

table summarizes the results.

Table 5.20: Cooling Load for Different Room in the Selected L ocations

Cooling load (w/m?)
Room type i i
Addis Ababa | Bahr-Dar Dire-Dawa Semera
Bedroom 96.2 104.8 149.2 199.8
Bank lobby 525.2 629.8 664.2 956.2
Conference Hall 256.5 304.2 326.6 469.6
Office 106.6 132.9 171.3 2279
Shop 243.8 289.3 350.8 4824

These results are based on the parameters discussed so far like room area, number of
occupants, and the like. So to use these standards one should take the parameters in to

consideration.
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Chapter Six: Conclusion and Recommendation

Almost all areas of Ethiopia need cooling. Hence most air conditioning design in Ethiopia are
designed for cooling. To design the air conditioner, specifying the cooling load satisfying the
comfort condition for that room is the main task. After the cooling load is specified then the

equipment satisfying that condition will be selected.

The cooling load is dependent on many factors. Geographical location is the main factor. For
example the cooling load for Semerais ailmost 2.3 times that of for Addias Ababa. The paper
covered the all temperature zones of the country. That is Semera for very hot temperature
areas, Dire-Dawa for hot temperature areas, Bahir-Dar for warmer areas and Addis Ababa for
relatively moderate temperature areas of the country. Therefore the design of the rest areas
can be based on these locations. The cooling load for various locations and rooms of different
applications is calculated in w/m?. Hence by multiplying these values with the area of the
room one can get the cooling load required by a particular room.

Asillustrated so far orientation of the building highly affects the cooling loads. Even if there
are areas having lower cooling load in orientations other than north, like eastern parts which
have lowest cooling load in east, amost all locations have lowest cooling load in north
orientation. Hence north orientation of the building is the best option to minimize the cooling
load. West orientation is the one with the highest cooling load. It is observed that the cooling
load in the west orientation is ailmost 1.3 times that of north orientation for those rooms with

less population number.

The number of occupants, room area, and internal loads are also the major factors affecting
the cooling load. As the number of occupants and internal loads increases, the cooling load
also increases. If the room area increases the cooling load will decreases. The parameters also
vary depending on the type of room to which the air condition is designed for. Hence the
designer should take these in to consideration while taking these parameters, so as to have a
standardized AC system and local based air conditioning.
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Appendix A
CAD Drawingsfor Floor Plans

Figure 8.1: Floor Plan for Shop Building Located in Merkato
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Figure 8.2: Floor Plan for Hotel Bedroom Building
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Figure 8.3: Floor Plan for Commercial Bank Building
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Appendix B
Space I nput Data

Space Input Data
Akl commercial Bldg 12/22/2012
U 12:11AM

HOTTEL BED ROOM n

1. General Details:

Floor Area . e ey, = B iy
Avg. Cellmg Henght 28 m
Building Weight ... 3515 kg/m*?
1.1. OA Ventilation Reqmrerrems
Space Usage . ..HOTEL: Bedrooms
OA Requirement 1. 150 Ls
CEA ORI D oo s s 0.00 Uism®)
Space Usage Defaults ... .. ASHRAE Std 62-2001
2. Internals:
2.1. Overhead Lighting: 2.4. People:
FICre TYPR ... Recessed (Unvented) DCOBINCY, e R B 2.0 People
Wattage ... L3230 Wim*= Activity Level ., .. Seated at Rest
Ballast M ultlpller 1.00 NS DI e 67.4 Wiperson
Schedule s hghnngschechle Bt oo s T e 35.2 Wiperson
Schedule ... Electrical
2.2. TaskLighting: 2.5. Miscellaneous Loads:
Wattage ..., 0000 WIME SENSIBIE ...
Schedulle ... ....oomammiasananaemaOIE Schedule
Latent......
Schedule
2.3. Electrical Equipment:
WBIBOO ... o s s S s 580 Wim*
SEheOWe ... i ..Electrical

3. Walls, Windows, Doors:

Exp. Wall Gross Area (nF) Window 1 Qty. Window 2 Qty. Door 1 Qty.
N 121 1 0 1

3.1. Construction Types for Exposure N
Wall TYPE ..ot ss s s
1st Window Type ..
Door Type

4. Roofs, Skylights:
(Mo Roof or Skylight data).

5. Infiltration:
Design Cnohngwnﬂ Us
Design Heating ... ...0,00 Us
Energy Analysis ... [T | X 1| B -
Infiltration occurs at all hours.
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6. Floors:
Type Floor Above Conditioned Space

(No additional input required for this floor type).

7. Partitions:

7.1. 1st Parfition Details: 7.2. 2nd Partifion Details:
Partition TYPE ..............ooveeerrvrvrines Ceiling Partition (No partiion data).
= L T e M43 m*

U-VEIUE ..o 510 WIm*-*K)
Uncondit. Space MaxTemp..............cccoceevecienncs 28.0
Ambient at Space Max Temp ................cccceeeevnee 29.0

Uncondit. Space Min Temp ...
Ambient at Space Min Temp

Figure 8.4: Space Input Data for Shop

Space Input Data
AA commercial Bldg
JU

OFFICE

1. General Details:
Floor Area
Avg. Ceﬂmg Helght
Building Weight

1.1.0A Venulatlon Reqwreﬂ'ents
Space Usage .. .. OFFICE: Office Space
OA Requirement - : .. 10.0 Us/person
OA Reguirement 2 .. e eennn, 000 LI{S-MF)
Space Usage Defaults ... . ASHRAE Std 62-2001

L..516 m*
e 2B M
3418 kg/m®

2. Internals:

2.1. Overhead Lighting: 2.4. People:
Fixture Type ..o, Recessed (Unvented) OCCUPBNCY oot en e s enss 5.0 People
Wattage ._........ ... 3230 Wim? Activity Level
Ballast M ultiplier , T | | Sensible........ Wiperson
Sehelle ..o i OFFICE LIGHT Latent . .......oommaanmmmamsao Wiperson

SONRIRE ..o s e

2.2. TaskLighting: 2,5. Miscellaneous Loads:
Wathage ........onsusanasnsismmsarnm 00 | Win® DR s s s
Schedule None Schedule

Latent .
SENBBE . i et

2.3. Electrical Equipment:
Waltage ............oannninnanisiniiigg 504 Wim®
Schedule

3. Walls, Windows, Doors:

Exp. Wall Gross Area (nv) Window 1 Qty. Window2 Qty. Door 1 Qty.
N 237 2 0 1

3.1. Construction Typ-es forExposure N
Wall Type ... —
1st Wrnduw'rype
Domwe TYPR. ..o s i

4. Roofs, Skylights:
(No Roof or Skylight data).
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5. Infiltration:
Design Cooling ..., 10,00
Desgn Bealiet) ..o ommnaamnnaare
Energy Analysis ........... e, 0,00

Infiltration occurs at all hours.

6. Floors:
Type.......................Floor Above Conditioned Space
(No additional input required for this floor type).

7. Partitions:

7.1. 1st Partition Details:
Partition Type ...........c.ccoccoveeenenn.... ‘Ceiling Partition
- £ TN 1
U-WEIIE e DG D)
Uncondit. Space MaxTemp ..................c.ccocuenn. 210
Ambient at Space MaxTemp ..._.................290
Uncondit. Space Min Temp ... 100
Ambient at Space MinTemp ..............ccceevvvvnnnn . 50

Lis
Us

mi
Wi(m=-"K}

szl N3]

7.2. 2nd Partition Details:
(No partition data).

Figure 8.5: Space Input Data for Shop
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Iﬁﬂl ."EEEE

1. Ganaral Detals:

L Te8 m

PG CERBG IO o nanesiian 35 m

Bullkdbg Welght | .........ccovevvenrenrennnnn., .. 3418 kgiE
1.1. & Ventiiztion Reguirsms nts:

EpaceUsage............. WORKROOM2: Bank Vaults

wm=

(5. VWalls, Windows, DoOrs:

Exp. VWl Gross Arsa (mT) VWindow 1 @ty. | \Wndow 2 Gy Dpor 1 Gty
N B0 2 0 1
E 25 Q 0 a
s B0 2 0 1
W U5 - ] Q a

(3.1, Construction Typas for Exposurs N
Wall Type

3 2. Construction Typss for Exposura E
BYAN I i conp s s N R e R AR Nwail
(3 3. Construction Types for Exposurs $
L B e e e e e G Nwall
1EAWIRAOW TYPR . ... e wn
DO TY PR e e e D1

5 .4. Construction Typss for Exposurs W
Wall Type Nwall

1stWindow Type

(2. Intarnals
(2.1. Overhaad Lighting: 24 Paopls:
FHmre TS ..., Recessed [Unvented) OCCIECT ......ceneinieceiae e enram e sman s T00
UL =T T 3229 Wm* Aciivity Level . .. ........cocevvenvinenn.. OTTICR Work
I DY .. ... o e e SV 100 SEEIIR ....couscian a h s
Schedmle e Hghting sche dule Laleml o mnnnannniiiimniiinne o
SCREURIE oo e S Bactrical
[2 2 Task Lighting: 2.5. Miscallanaous Loads:
L1+ T — L L | SEREREE. . G s e s s o
DO T R R Nona SOMEOMIE i e e S e s Nons
Lol R R e e s S B L
Schedile.,............cooviien Nons

Pecpie

'Wiparson
‘Wiperson
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4. Roofs, Skylights:

Exp. Roof Gross Arsa (m?) Roof Slope (dag.) Sylght Gty
H 70.0 0 Q
4 1. Construction Types Tor Exposure H
i LIRE | Reot
5. Infltration:
DesignCoolng,............covveeeveevieirrnneennnas 1008 Ls
DN BN . .coocovomiamvniamm s s oee Ls
ENETE PN oo s 080 Ls
nIRrafion oosuns atall hours
6. Floors:
TYD®.....evvvrrrnnennn Fioor Above Conditionsd Zpace

{No agartional input re quired for this fioor type)

7. Partitions:

7.1. 151 Partition Detalls : {No par tition data)
7.2 2nd Partition Detals: Uncondk Space Mat Temp ..............cc.eeeeee 28 °C
PRI TYPR ..........cvvrrreecerennnnn, Vil Partition Amblentat SpaceMax Temp ..............cc..ee. %o C
BB i s no o UncondR Space MInTemp .......................... 08 ‘C
EIVIRN. .. ..onnmsnssmismssuimaises i 3635 W/(m-K) AmblentatSpaceMih Temp ........................... 50 'C
Figure 8.6: space input data for shop
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Space Input Data

AL commercial Bldg
JU

Shop

1. General Details:

FIOOTATER ... m*
#Avg. Ceiling Height m
Building Weight ... kg/m=
1.1. OA Ventilation Requrrerrenm
Space Usage ... . SPECIALTY SHOP 5: Supermarkets
OA ReqU|remnt {1 : 2 .. 8.0 U/siperson
0 A Requirement 2 | a0 LNE-nF)
Space Usage Defaults ASHRAE Std 62-2001
2. Internals:
2.1. Overhead Lighting: 2.4. People:
Fixture TYPE ......c.ooovveveen... RECESSE (Unvented) OCCUPANGY ..o 5.0 People
Wattage ............. Wim= Activity Level X Office Work
Ballast Multiplier T A SENRIE . e 71.8 Wi/person
Sehedile ... S i Latent....... ...60.1 W/person
Schedile ocnnmnnninuninmmansaa Electrical
2.2. TaskLighting: 2.5. Miscellaneous Loads:
ok R ———————————, = W[ OB ... ..o s )
SRNOINE oo R T B None Schedule .
Latent ...
Schedule
2.3. Electrical Eqmpmmt
Wattage ... —
Schedu{e ....Electrical
3. Walls, Windows, Doors:
Exp Wall Gross Area (nT) Window 1 Gty. Window?2 Gty. Door 1 Qty.
N 15.0 1 0 1

3.1. Construction Typas for Exposure N
Wall Type ..
1st‘av|ndowType b
DOOT TYPE .....coocvceieeesrnerere e sss st bssns s eesess s ssnias

4, Roofs, Skylights:
(No Roof or Skylight data).

5. Infiltration:

DesignCooling....................cocoevvvveeeeeeerennnnnn... 1000 Lis
Design Heating .. Us
Energy Analysis . Us
Infiltration occurs at all hcura

6. Floors:

TYpe........................ Floor Above Conditioned Space
(No additional input required for this floor type).

7. Partitions:

7.1. 1st Partition Details: 7.2. 2nd Partition Details:
Partition Type.................cccc.oco..e........ CeEling Partition (No partition data).
BB oot s e R 150 m*

U-Value . Wi(m=-"K)
Uncondit. Space Max Temp "G
Ambient at Space Max Temp ... 290 °C
Uncondit. Space Min Temp ... >
Ambient at Space Min Temp *C

Figure 8.7: space input data for shop
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CONFERENCE HALL
1. General Details:
IOF AOB oo B RS 1200.0 m=
Avg. Ceiling Height v 80 m
Building Weight .__...................... ...341.8 kg/m*
1.1. OA Ventilation Requirements:
SpacelUsage.. ... OFFICE: Conference Rooms
QA Reouirement T ... 10,0 Lis/person
DA Requirement 2 ... uhmnihadaingings 00 Lis-m™)
Space Usage Defaults ............. ASHRAE Std §2-200
2. Internals:
2.1. Overhead Lighting: 2.4. People:
Fodure Type ...........cc.coooccninnenns Recessed (Unvented) OECUPBROY ... e 500.0 People
Wattage ........... ereenien, 32.29 WiIm= Activity Level . Seated at Rest
Ballast Multiplier . ceeeeeeeen.. 1,00 Sensible ... vreeno.. 674 W/person
Schedule.............c.ooecoeivieeciiee lighting schedule Latent ....... .36.2 W/person
Schedule ..o t-stat
2.2. TaskLighting: 2.5. Miscellaneous Loads:
MEBEIGIE: .. . oo s s s S 0.00 W/m= STERTEIINEN .o i s o SRR St e o w
SCHOMME ... s s e None Schedule . Hone
BB - .. o vmins o oo e 4 Y S i 0 W
SOORTIMIE ...t S e srssassns None
2.3. Electrical Equipment:
Waltage .. .......coscaniansina, ST WimS
SCNEBIE . s R Electrical
3. Walls, Windows, Doors:
Exp. Wall Gross Area () Window 1 Qty. Window2 Qty. Door 1 Qty.
N 150.0 4 2 2
E 60.0 0 0 2
SE 175.0 2 2 2
S 80.0 0 0 2
w 150.0 0 0 0
NW 40.0 2 0 0
3.1. Construction Types for Exposure N
WAl TYDR s i i N wall
1=t Window Type .. W1
2nd Window Type ., W2
Door TYRE . occnnnmaassinssmrnn s 1
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3.2. Construction Types for Exposure E
Wall Type .. i e i v s s o AR O
T OO

3.3. Construction Types for Exposure SE
Wall Type ............. SO | Y. ||
1st Window Type ... W1
2nd Window Type .........

RO TVBE s oo i ms e R SR S R

D1

3.4, Construction Types for Exposure S
WWEBE TWDE. oo s it e e S e

Door Type
3.5. Construction Types for Exposure W
RN, st s st e i e eSS o N wwall
3.6. Construction Types for Exposure NV
Wall Type .. L R el
1st Window Type .. eeeeeerennaeeeeeereesasranaaeeeeeenennnnnseeeeeees MU=

4. Roofs, Skylights:

Exp. Roof Gross Area (F) Roof Slope (deg.) S kylight Qty.
H 1200.0 0 0

4.1. Construction Types for Exposure H
Roof Type .. i swsisnsi Rook 4

5. Infiltration:

Bl e s | il1 T 10.00 LUis
Design Heating ..o, 0.00 Us
ENEIOY SHaWSES ..o s i 0.00 LUis
Infitration occurs at all hours.

6. Floors:
1", 1 SO Floor Above Conditioned Space

(No additional input required for this floor type).

7. Partitions:
(No parfition data).

Figure 8.8: space input data for shop
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