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Abstract

The aim of the project was to find the suitable thermal environment and
comfort for the people working within a three floors building, because there is no

suitable thermal environment inside the building.

This was done by selecting the best type of an air conditioning system
to operate inside the building after the cooling loads of the building were calculated

using the Commercial heating, ventilating and air conditioning (CHVAC) program.

The total cooling load of the building was obtained at (250.68)

kilowatts and the load values of each zones ranges from (1 - 45) kilowatts.

Comparative comparison was done between LG and Toshiba units in

terms of price and annual energy consumption.

LG's split air conditioning units were selected as the best unit to

operate within the building in terms of price and annual energy consumption.
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CHAPTER ONE
(INTRODUCTION)



1-1 Introduction:

Air conditioning is an applied geometrical science that examines the
determination of ways to obtain an industrial medium that achieves comfort for

humans regardless of the surrounding air condition.

In the past air conditioning was considered a luxury, now considered
essential because it provides, Healthy atmosphere is suitable for increased

production and air conditioning for human thermal comfort.

To achieve the reasons above by select the best air conditioning system,
this depends on cooling load calculations.

The Cooling load calculations are carried out to estimate the required
capacity of cooling systems, which can maintain the required conditions in the

conditioned space.

1-2 problem statement:

There is no suitable thermal environment inside the building for human

thermal comfort.

1-3 The importance of the project:
Healthy atmosphere is suitable for increased production, and ensure

human thermal comfort.

1-4 Objective of the project:

Select the best air condoning system for three floors building which

provide suitable atmosphere in the building.



1-5 Methodology:

Calculate the cooling loads by using (CHVAC) software and choose the

best air conditioning system in the building.

1-6 Project layouts:

Month |December- [January- |February- |[March-  [May- July-2017 |August-  |September-
2016 2017 2017 2017 2017 2017 2017
Chapter
1&2 Introduction and Literature
review
3 Methodology
4 Results and data
analysis
5 Conclusion and

recommendations




CHAPTER TWO
(LITERATURE REVIEW)



2-1 The meaning of air conditioning:

Is the process of altering the properties of air (primarily temperature
and humidity) to more favorable conditions, more generally, air conditioning can
refer to any form of technological cooling, heating, ventilation, or disinfection that
modifies the condition of air.

An air conditioner (often referred to as AC) is a major or home
appliance, system, or mechanism designed to change the air temperature and
humidity within an area. The cooling is typically done using a simple refrigeration

cycle, but sometimes evaporation is used.
2-2 History of Refrigeration and Air-conditioning:

Most evidence indicates that the Chinese were the first to store natural
ice and snow to cool wine and other delicacies. Evidence indicates that ice cellars
were used as early as 1000 Before Christ. in China. Early Greeks and Romans also
used underground pits to store ice, which they covered with straw, weeds, and other
materials to provide insulation and preserve it over a long period. The ancient people
of Egypt and India cooled liquids in porous earthen jars. These jars were set out in
the dry night air, and the evaporation of the liquids seeping through the porous walls
provided the cooling. Some evidence indicates that ice was produced from the
vaporization of water through the walls of these jars, radiating heat into the night air.

In 1823, Michael Faraday discovered that certain gases under constant
pressure will condense when they cool. In 1834, Jacob Perkins, an American,
developed a closed refrigeration system using liquid expansion and then
compression to produce cooling. He used ether as a refrigerant, a hand-operated
compressor, a water-cooled condenser, and an evaporator in a liquid cooler. He was

awarded a British patent for this system.



Humidity control to accompany a new air-cooling system. He pioneered
modern air-conditioning. In 1915, he, along with other engineers, founded Carrier
Engineering, now known as Carrier Corporation. The Guardian Refrigerator
Company had developed a refrigerator they called the “Guardian.” General Motors

purchased Guardian in 1919 and developed the refrigerator they named Frigidaire
[1]
2-3 Previous studies:

2-3-1 Study and Design of Air Conditioning System for
administration building in the Police School in Hems:

Presented by:

1- Omer elmasry
2- Mohamed sabt.
Supervised by:
Dr. Eng. Rateb Alkeng.

Publisher Country - Date:

Egypt — July 2013
Abstract:

The Department of Power Engineering at the Faculty of Mechanical
and Electrical Engineering at Al-Baath University published a book which is a
study and design of air conditioning system for administration building in the Police

School in Hems Governorate.

The building consists of three floors containing administrative offices

and bathrooms. The building is heated in winter and conditioned in summer by air



to pass the air through air ducts made of galvanized sheet and bound to the two air
handling units and then placing the units on the surface. As for the water coolers

they are placed on the surface also, hot boilers are in the basement management.

2-3-2 Design and selection of an air conditioning system for
International University of Africa Mosque:

Presented by:

1- Ahmed Mohammed Alhassan Abdellateef Mahir
2- Mohammed Yousif Altayeb Abdalla

Supervised by:

Dr.Obai Younis Taha
Publisher Country - Date:
SUDAN — July 2016
Abstract:

This project aim for designing and selecting appropriate air
conditioning system technically and economically for International University of
Africa Mosque in order to create and maintain a comfortable environment within
the building. ELITE (CHVAC) software was used to calculate the building cooling
loads system was selected according to American Society of Heating, Refrigerating
and Air conditioning Engineers ASHREA standards. Results were obtained for the
entire building, and the optimum system selected to ensure comfort condition
economically. Free stand split system were selected with 30 units 80000BTU/H and
20 units 50000 BTU/H.



2-3-3 Selecting the best air conditioning system for Health Care
Hospital using (HAP):
Prepared By:
1- Ahmed Abdulrahem Mohammed Hamad
2- Ahmed Mohammed Ali Ahmed Alawad
3- Awad Ali Hussein
4- Mohammed Eltayeb Elbashir
Supervised By:

Dr. Hassan Abdulateef Osman
Publisher Country - Date:
SUDAN - September 2015
Abstract:

This study aimed at designing and selecting the Air-Conditioning
system for Health Care hospital in accordance with international specifications and
to what extends do hospitals in Sudan implement these specifications, this study
adopted the descriptive and analytic method. It is also based upon information
collected from secondary sources, firstly a research plan was put, the literature
review had been done by researcher, then the description of the hospital and data
analysis had been discussed, after that it will be clear to estimating the thermal load
with computer program called hourly analysis program (HAP) version 4.61and

according to it the selection of the Air-Conditioning will take place.

2-4 types of an air conditioning system:

We can define two types of an air conditioning system:-



2-4-1 Comfort air conditioning system:

In institutional, commercial and residential buildings, air-conditioning

systems are mainly for the occupants’ health and comfort.
2-4-2 Industrial (processing) air conditioning system:

In manufacturing buildings, air-conditioning systems are provided for
product processing, or for the health and comfort of workers as well as processing,

and are called processing air-conditioning systems.
2-5 Cooling Loads

Cooling load calculations are carried out to estimate the required
capacity of and cooling systems, which can maintain the required conditions in the
conditioned space. To estimate the required cooling capacities, one has to have
information regarding the design indoor and outdoor conditions, specifications of the
building, and specifications of the conditioned space (such as the occupancy, activity
level, various appliances and equipment used etc.) and any special requirements of
the particular application [4].

2-5-1 Cooling loads definition in two types:

1) External cooling loads such as:
Walls

Windows

Ventilation and infiltration

Roofs

Floors



2) Internal cooling loads such as:
Lighting
Occupancy
Appliances
The total load of the conditioned space is the sum of external cooling

loads and internal cooling loads.

Sowurces of Cooling Loowd

computer & 2§§
conductive | aquipment
heat gains
e —t—.
et i

e e
imfitration
ot aar

Figure (2.1): Sources of cooling loads as we classified

There is another load add on these cooling loads called system load

2-5-2 System load:

It is convection resulting from the passage of air distribution ducts
inside the non-air conditioned spaces. There are other thermal loads is non-
calculated as a result of air leakage between the links airway due to lack of
provisions in the parts of the system, so we multiply the total cooling load in the

safety factor value ranging from 5 to 20% [4].



2-5-3 External cooling loads:

2-5-3-1 Walls and roofs:

The heat gain through a wall is the sum of the relatively steady-state
flow (often simply termed ‘transmission’) that occurs because the inside air
temperature is less than that outside, and the unsteady-state gain resulting from the
varying intensity of solar radiation on the outer surface of the wall. The phenomenon
of unsteady-state heat flow through a wall is complicated by the fact that a wall has a
thermal capacity, and so a certain amount of the heat passing through it is stored,

being released to the interior (or exterior) at some later time.

Two environmental factors are to be considered when assessing the

amount of heat entering the outer surface of a wall:
(a) The diurnal variation of air temperature, and
(b) The sinusoidal-type variation of solar intensity.

The heat gain through the roof is the same as the heat gain through the
wall [4].

2-5-3-2 Windows:

The solar radiation which passes through a sheet of window glazing
does not constitute an immediate load on the air conditioning system. This is

because:
(@) Air is transparent to radiation of this kind, and

(b) A change of load on the air conditioning system is indicated by an alteration to

the air temperature within the room.



For the temperature of the air in the room to rise, solar radiation
entering through the window must first warm up the solid surfaces of the furniture,
floor slab and walls, within the room. These surfaces are then in a position to
liberate some of the heat to the air by convection. Not all the heat will be liberated
immediately, because some of the energy is stored within the depth of the solid
materials. There is, a decrement factor to be applied to the value of the instantaneous
solar transmission through glass, and there is also a time lag to be considered. Also

we must consider the window type [4].
2-5-3-3 Floor:

The heat gain from floor due to solar radiation through windows and
heat transfer through walls and roofs, and the figure below show how floor give

cooling load.

/0 O\ H———

Solar
radiation

Inward convective -
heat from glass Radiative
exchange

Outward
convective heat

from glass
Convective
Glass heat
reflection Reflection

from slab

A

o ’ - ¥ ’ - T » ‘ T ? Py ¥ " - 75 - e -
’ Inward conduction M r‘

Figure (2.2): Convective and radiant heat in a conditioned space and the

temperatures of the interior surfaces [3].
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2-5-3-4 Infiltration and Ventilation Loads:

Infiltration is air leaks into the conditioned space through the clearance
between the doors, windows and walls as a result of the external wind speed and
temperature difference inside and outside the building and by opening the doors and
windows, and the ventilation is the entering the amount of air into the space adapted
to breathing people and to reduce the proportion of carbon dioxide and disposal of

strange odors and pollution in place [4].
2-5-3-5 Infiltration Rate:

We put The air leakage into the building as a function of the degree of
tightening of the doors and windows of the building and also according to the
building has been divided into the premises sealed a new court buildings and doors
and windows, and buildings average a medium-martial, and a weak buildings
verdicts [4].

2-5-3-6 Ventilation Rate:
Ventilation is the Requirement person to fresh air needed for breathing
and other vital processes and purification conditioned place of carbon dioxide

resulting from the smoking, we put the amount of air needed to breathe per person as

a function of the place activity [4].
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2-5-4 Internal cooling loads:

2-5-4-1 Lighting:

Electric lighting is usually chosen to produce a certain standard of
illumination and, in doing so, electrical energy is liberated. Most of the energy
appears immediately as heat, but even the small proportion initially dissipated as
light eventually becomes heat after multiple reflections and reactions with the

surfaces inside the room.

The standard of illumination produced depends not only on the
electrical power of the source but also on the method of light production, the area of
the surfaces within the room, their color and their reflective properties. The
consequence is that no straightforward relation exists between electrical power and
standard of illumination. For example, fluorescent tube light fittings are more
efficient than are tungsten filament lamps. This means that for a given room and
furnishings, more electrical power, and hence more heat dissipation, is involved in

maintaining a given standard of illumination if tungsten lamps are used [4].
2-5-4-2 Occupants:

Human beings give off heat at a metabolic rate which depends on their
rate of working. The sensible and latent proportions of the heat liberated for any
given activity depend on the value of the ambient dry-bulb temperature™ the lower

the dry-bulb temperature the larger the proportion of sensible heat dissipated [4].

12



2-5-4-3 Appliances:

For example In offices, the presence of personal computers with
peripheral devices and the commonplace use of other electrically energized

equipment, gives a significant contribution to the sensible heat gains [4].
2-6 Psychometric process

In the design and analysis of air conditioning plants, the fundamental
requirement is to identify the various processes being performed on air. Once
identified, the processes can be analyzed by applying the laws of conservation of
mass and energy. All these processes can be plotted easily on a psychometric chart.
This is very useful for quick visualization and also for identifying the changes taking
place in important properties such as temperature, humidity ratio, enthalpy etc. The
important processes that air undergoes in a typical air conditioning plant are

discussed below. [6]

NORMAL TEMPERATURE SEA LEVEL

.o ASHRAE PSYCHROMETRIC CHART NO.1

BAROMETRIC PRESSURE 101.325 kPa
COPYRIGHT 1992

Figure (2.3): psychometric chart [7]
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2-6-1 Atmospheric air

Makes up the environment in almost every type of air conditioning
system ;Hence a thorough understanding of the properties of atmospheric air and the
ability to analyze various processes involving air is fundamental to air conditioning
design. [6]
2-6-2 Psychometric

Is the study of the properties of mixtures of air and water vapor
2-6-3 Psychometric chart

A Psychometric chart graphically represents the thermodynamic
properties of moist air. Standard psychometric charts are bounded by the dry-bulb
temperature line (abscissa) and the vapor pressure or humidity ratio (ordinate). The
Left Hand Side of the psychometric chart is bounded by the saturation line. Figure
shows the schematic of a psychometric chart. Psychometric charts are readily
available for standard barometric pressure of 101.325 kPa at sea level and for normal
temperatures (0-50°C). [6]

Lines of
-,-‘constant
sp.volume

Saturation curve
(RH =100%)

Lines of
constant
enthalpy

(kgw/kgda)

»>
DBT, °C

Figure (2.4): Schematic of a psychometric chart for a given barometric pressure. [6]
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2-6-4 important psychometric processes:

a) Sensible cooling:
During this process, the moisture content of air remains constant but its

temperature decreases as it flows over a cooling coil.

Figure (2.5): Sensible cooling process O-A on psychometric chart. [6]

b) Sensible heating (Process O-B):

During this process, the moisture content of air remains constant and its

temperature increases

DBT—*

Figure (2.6): Sensible heating process on psychometric chart. [6]

¢) Cooling and dehumidification (Process O-C):

When moist air is cooled below its dew-point by bringing it in contact

with a cold surface as shown in Fig.2.8, some of the water vapor in the air condenses

15



and leaves the air stream as liquid, as a result both the temperature and humidity

ratio of air decreases as shown. This is the process air undergoes in a typical air
conditioning system

Cooling coil

Figure (2.7): Cooling and dehumidification process (O-C). [6]
d) Heating and Humidification (Process O-D):

During winter it is essential to heat and humidity the room air for
comfort. As shown in Fig.2.9, this is normally done by first sensibly heating the air

and then adding water vapor to the air stream through steam nozzles as shown in the
figure.

Heating coil Steam nozzles

ho / N
[ _ ~ \"-‘___WD
m . 1 m .
To | N4 T N
Wgo Wp ,I?p’ 7777777 Wo
ho < | ho
o] ”L ]
1
U e ml D

Figure (2.8): Heating and humidification process. [6]
e) Cooling & humidification (Process O-E):

As the name implies, during this process, the air temperature drops and
its humidity increases. This process is shown in Fig. (2.9). as shown in the figure,

this can be achieved by spraying cool water in the air stream. The temperature of

16



water should be lower than the dry-bulb temperature of air but higher than its dew-

point temperature to avoid condensation (Toet < Tw=< To).

Cold water spray or a

wetted surface —
;\ _ _ L /
[ i /{-._
m, oom e
To | Te =
Wo | | We o e Wo
ha I hE
o — — =
© ® ‘ . |
TDPT TE TD

Figure (2.9): Cooling and humidification process. [6]

f) Heating and de-humidification (Process O-F):

This process can be achieved by using a hygroscopic material, which
absorbs or adsorbs the water vapor from the moisture. If this process is thermally
isolated, then the enthalpy of air remains constant, as a result the temperature of air

increases as its moisture content decreases as shown in Fig.2.11.

Hygroscopic

Figure (2.10): Chemical de-humidification process. [6]

g) Mixing of air streams:

Mixing of air streams at different states is commonly encountered in
many processes, including in air conditioning. Depending upon the state of the
individual streams, the mixing process can take place with or without condensation

of moisture.
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1) Without condensation:

Figure (2.11) shows an adiabatic mixing of two moist air streams
during which no condensation of moisture takes place. As shown in the figure, when
two air streams at state points 1 and 2 mix, the resulting mixture condition 3 can be

obtained from mass and energy balance.

Figure (2.11): Mixing of two air streams without condensation. [6]

2) Mixing with condensation:

As shown in Fig.2.13, when very cold and dry air mixes with warm air
at high relative humidity, the resulting mixture condition may lie in the two-phase
region, as a result there will be condensation of water vapor and some amount of
water will leave the system as liquid water. Due to this, the humidity ratio of the
resulting mixture (point3) will be less than that at point 4. Corresponding to this will
be an increase in temperature of air due to the release of latent heat of condensation.
This process rarely occurs in an air conditioning system, but this is the phenomenon
which results in the formation of fog or frost (if the mixture temperature is below
0°C). This happens in winter when the cold air near the earth mixes with the humid

and warm air, which develops towards the evening or after rains. [6]

Figure (2.12): Mixing of two air streams with condensation. [6]
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2-7 Air conditioning devices:

2-7-1 Window air conditioner:

These are small units of 1 TR to 3 TR cooling capacity meant for
individual rooms. These may be installed on the outdoor facing wall of a room near
the window or in the window frame. There is a partition in the middle of a window
air conditioner, which divides it into an outer part and an inner part.

1) Component:

1) Compressor

2) Axial fan and centrifugal fan
3) Evaporator

4) Motor

5) Condenser

6) Expansion coil

2) Processes

The compressor and the air-cooled condenser are on the outer side of
the partition. An axial fan sucks the outside air from its sides and throws it straight
out over the condenser rejecting heat to the surroundings. The air when sucked flows
over the compressor to cool it to some extent. The evaporator (a direct expansion
coil) is on the inner side of the partition inside the room. The room air is sucked by a
centrifugal fan, made to flow over the evaporator, cooled, dehumidified and
recirculates in the room. A single motor with shaft on either side of it drives the
condenser and the evaporator fans. There is a vent in the partition through which
some fresh air is continuously introduced into the room. The water vapor that
condenses on the direct expansion coil (condensate) is drained outside towards the
condenser, where it is sprayed on the air-cooled condenser to obtain some
evaporative cooling as well. The small motors are usually not very efficient; hence
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the (COP) of these smaller systems may be 20 to 30% less than those of the central
systems. Moreover, there is no way of controlling the relative humidity precisely.
Also, humidification is not possible and better filters cannot be used to clean the air
properly [2].
3) Advantages
1) Small size
2) Easy to install
4) Disadvantages

The window air conditioner is usually very noisy with noise levels of

50 decibels or so. The noise emanates from the compressor and the fans [3].
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Figure (2.13): Window Wall Mounted type

2-7-2 Split air conditioner:

Room air-conditioners have a cooling capacity between 1/2 to 2 tons.
The split air conditioner is split at the level of partition. It has two distinct parts. The
part containing the compressor and the air-cooled condenser along with a motor and
a fan is mounted outside the building. This eliminates the compressor and condenser
fan noise from entering the room. It is called condensing unit; it rejects heat to the
surroundings and produces liquid refrigerant by condensation. The other part

contains the direct expansion coil and a fan. This may be called cooling unit [2].
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1) Component
1) Condenser
2) Evaporator
3) Compressor
4) Fans
5) Expansion coil
2) Processes

The liquid refrigerant from the condensing unit is brought into the room
by a tube of up to 10 meter length and the vapor from the evaporator is taken out of
the room by a tube of similar length and fed to the compressor. These two tubes
combined together work as sub cooling heat exchanger. There is drop in pressure in
both these tubes, as a result the pressure ratio of the compressor is higher for the
split units and the (COP) is smaller. The condensate from the evaporator cannot be
sprayed over the condenser to obtain evaporative cooling. Hence, the condenser
temperature is higher which further reduces the (COP). Two separate motors are
used for the two fans, which require more power. And worst of all, there is no scope
of introducing fresh air into the room. The split air conditioner is recommended for
private executive offices where low noise levels are required, or for interior rooms
which do not have a wall facing outdoor on which window air conditioner can be
mounted. The condensate from the direct expansion coil has to be drained outside by

a pipe line which may get choked if not cleaned frequently [2]

3) Advantages

1) There are no supply, return, or exhaust ducts.

2) Individual air conditioning systems are the most compact, flexible, and lower in
initial cost than others, except portable air conditioning units.

3) Building space is saved for mechanical rooms and duct shafts.
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4) It is easier to match the requirements of an individual control zone.

5) They are quick to install.

4) Disadvantages

1) Temperature control is usually on /off, resulting in space temperature swing.

2) Air filters are limited to coarse or low-efficiency filters.

3) Local outdoor ventilation air intake is often affected by wind speed and wind
direction.

4) Noise level is not suitable for critical applications.

5) More regular maintenance of coils and filters is required than for packaged and

central systems [3].

Figure (2.14): split Type
2-7-3 Central Air Conditioning Systems:

The central air conditioning systems used for cooling capacities beyond
20 tons. Used when large buildings, hotels, theaters, airports, shopping malls etc. to
be air conditioned completely. Common problems in this system like: Bad odor,

Leaky ducts and low airflow, Low refrigerant, and Faulty wiring [2].
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Figure (2.15): House conditioned by a central air conditioning system.

2-7-3-1 Forms of central plant systems air conditioning:
1. All Air System.

2. Air —Water System.

3. All Water System.

4. Variable Refrigerant Flow

2-7-3-2 All air systems:

As the name implies, in an all air system air is used as the media that
transports energy from the conditioned space to the (AC) plant. In these systems air
is processed in the (AC) plant and this processed air is then conveyed to the
conditioned space through insulated ducts using blowers and fans. This air extracts
the required amount of sensible and latent heat from the conditioned space. The
return air from the conditioned space is conveyed back to the plant, where it again
undergoes the required processing thus completing the cycle. No additional
processing of air is required in the conditioned space. All air systems can be further
classified into:

1. Single duct systems
2. Dual duct systems

The single duct systems can provide either cooling or heating using the
same duct, but not both heating and cooling simultaneously. These systems can be
further classified into:
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1. Constant volume, single zone systems
2. Constant volume, multiple zone systems
3. Variable volume systems

The dual duct systems can provide both cooling and heating
simultaneously.
These systems can be further classified into:
1. Dual duct, constant volume systems
2. Dual duct variable volume systems [5]
1) Advantages of all air systems:
1. All air systems offer the greatest potential for energy conservation by utilizing the
outdoor air effectively.
2. By using high-quality controls it is possible to maintain the temperature and
relative humidity of the conditioned space within + 0.150C (DBT) and + 0.5%,
respectively.
3. Using dual duct systems, it is possible to provide simultaneous cooling and
heating. Changeover from summer to winter and vice versa is relatively simple in all
air systems.
4. 1t is possible to provide good room air distribution and ventilation under all
conditions of load.
5. Building pressurization can be achieved easily.
6. The complete air conditioning plant including the supply and return air fans can
be located away from the conditioned space. Due to this it is possible to use a wide

variety of air filters and avoid noise in the conditioned space. [5]
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2) Disadvantages of all air systems:

1. They occupy more space and thus reduce the available floor space in the
buildings. It could be difficult to provide air conditioning in high-rise buildings with
the plant on the ground floor or basement due to space constraints.

2. Retrofitting May not always is possible due to the space requirement.

3. Balancing of air in large and particularly with variable air volume systems could
be difficult. [5]

2-7-3-3 Air-water systems:

In air-water systems both air and water are used for providing required
conditions in the conditioned space. The air and water are cooled a central plant. The
air supplied to the conditioned space from the central plant is called as primary air,
while the water supplied from the plant is called as secondary water. The complete
system consists of a central plant for cooling of water and air, ducting system with
fans for conveying air, water pipelines and pumps for conveying water and a room
terminal. The room terminal may be in the form of a fan coil unit, an induction unit
or a radiation panel. Air-water systems can simultaneously serve several conditioned
spaces. [5]

1) Advantages of air-water systems:

1. Individual zone control is possible in an economic manner using room
thermostats, which control either the secondary water flow rate or the secondary air
(in fan coil units) or both.

2. It is possible to provide simultaneous cooling and heating using primary air and
secondary water.

3. Space requirement is reduced, as the amount of primary supplied is less than that
of an all air systems.

4. Positive ventilation can be ensured under all conditions.
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5. Since no latent heat transfer is required in the cooling coil kept in the conditioned
space, the coil operates dry and its life thereby increases and problems related to
odors or fungal growth in conditioned space is avoided.

6. The conditioned space can sometimes be heated with the help of the heating coil
and secondary air, thus avoiding supply of primary air during winter.

7. Service of indoor units is relatively simpler compared to all water systems [5]

2) Disadvantages of air-water systems:

1. Operation and control are complicated due to the need for handling and
controlling both primary air and secondary water.

2. In general these systems are limited to perimeter zones.

3. The secondary water coils in the conditioned space can become dirty if the quality
of filters used in the room units is not good.

4. Since a constant amount of primary air is supplied to conditioned space, and room
control is only through the control of room cooling/heating coils, shutting down the
supply of primary air to unoccupied spaces is not possible.

5. If there is abnormally high latent load on the building, then condensation may take
place on the cooling coil of secondary water. [5]

2-7-3-4 All water systems:

In all water systems the fluid used in the thermal distribution system is
water, i.e., water transports energy between the conditioned space and the air
conditioning plant. When cooling is required in the conditioned space then cold
water is circulated between the conditioned space and the plant, while hot water is
circulated through the distribution system when heating is required. Since only water
Is transported to the conditioned space, provision must be there for supplying
required amount of treated, outdoor air to the conditioned space for ventilation

purposes. Depending upon the number of pipes used, the all water systems can be
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classified into a 2-pipe system or a 4-pipe system. A 2-pipe system is used for either
cooling only or heating only application, but cannot be used for simultaneous
cooling and heating. A 2-pipe system consists of two pipes — one for supply of
cold/hot water to the conditioned space and the other for the return water. A cooling
or heating coil provides the required cold or hot water. As the supply water flows
through the conditioned space, required heat transfer between the water and
conditioned space takes place, and the return water flows back to the cooling or
heating coil.

A flow control valve controls the flow rate of hot or cold water to the
conditioned space and thereby meets the required building heating or cooling load.
The flow control valve is controlled by the zone thermostat. As already mentioned, a
separate arrangement must be made for providing the required amount of ventilation
air to the conditioned space. A 4-pipe system consists of two supply pipelines — one
for cold water and one for hot water; and two return water pipelines. The cold and
hot water are mixed in a required proportion depending upon the zone load, and the
mixed water is supplied to the conditioned space. The return water is split into two
streams, one stream flows to the heating coil while the other flows to the cooling
coil. [5]

Heat transfer between the cold/hot water and the conditioned space
takes place either by convection, conduction or radiation or a combination of these.
The cold/hot water may flow through bare pipes located in the conditioned space or
one of the following equipment can be used for transferring heat:

1. Fan coil units
2. Convectors
3. Radiators
A fan coil unit is located inside the conditioned space and consists of a

heating and/or cooling coil, a fan, air filter, drain tray and controls. The basic
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components of a fan coil unit are: finned tube cooling coil, fan, air filter, insulated
drain tray with provision for draining condensate water and connections for cold
water lines. The cold water circulates through the finned tube coil while the blower
draws warm air from the conditioned space and blows it over the cooling coil. As the
air flows through the cooling coil it is cooled and dehumidified.

These are room air conditioners but use chilled water instead of
refrigerant. Units can be floor or ceiling mounted.

The chilled water is piped to a finned heat exchanger as in a fan convector.
A fan blows room air across the heat exchanger and cool air is emitted into the
room.

The room temperature can be controlled with low, medium and high fan
speeds and chilled water flow is varied with a two-port or three-port motorized
valve. [5]

A convector consists of a finned tube coil through which hot or cold
fluid flows. Heat transfer between the coil and surrounding air takes place by natural
convection only; hence no fans are used for moving air. Convectors are very widely
used for heating applications, and very rarely are used for cooling applications.

In a radiator the heat transfer between the coil and the surrounding air is
primarily by radiation. Some amount of heat is also transferred by natural
convection. Radiators are widely used for heating applications, however, in recent
times they are also being used for cooling applications.

1) Advantages of all water systems:

1. The thermal distribution system requires very less space compared to all air
systems. Thus there is no penalty in terms of conditioned floor space. Also the plant
size will be small due to the absence of large supply air fans.

2. Individual room control is possible, and at the same time the system offers all the
benefits of a large central system.
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3. Since the temperature of hot water required for space heating is small, it is
possible to use solar or waste heat for winter heating.

4. It can be used for new as well existing buildings (retrofitting).

5. Simultaneous cooling and heating is possible with 4-pipe systems. [5]

2) Disadvantages of all water systems:

1. Requires higher maintenance compared to all air systems, particularly in the
conditioned space.

2. draining of condensate water can be messy and may also create health problems if
water stagnates in the drain tray. This problem can be eliminated, if
dehumidification is provided by a central ventilation system, and the cooling coil is
used only for sensible cooling of room air.

3. If ventilation is provided by opening windows or wall apertures, then, it is
difficult to ensure positive ventilation under all circumstances, as this depends on
wind and stack effects.

4. Control of humidity, particularly during summer is difficult using chilled water
control valves. [5]

2-7-3-5 Variable Refrigerant Flow/VVolume (VRF or VRV):

Variable Refrigerant Flow (VRF) also known as variable refrigerant
volume (VRV) is a flexible method of modern air conditioning system.

The flow of refrigerant can be varied to match the cooling load as heat
gains in a room fluctuate, also if reversible heat pumps are used, the heating output
can be varied to match the varying heat loss in a room.

An expansion valve or control valve can reduce or stop the flow of
refrigerant to each indoor unit, thus controlling its output to the room.

This type of system consists of a number of indoor units (up to 40)

connected to one or more external condensing units. The overall refrigerant flow is
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varied using either an inverter controlled variable speed compressor, or multiple
compressors of varying capacity in response to changes in the cooling or heating

requirement within the air conditioned space.[5]

2-7-4 Packaged Air Conditioners Systems:

Figure (2.18): House conditioned by packaged air conditioning system.

Most future productions point to the increasing use of these systems. A
single unit may serve the whole building through ductwork or without ductwork.
Many units may be used in the same building connected to the same ductwork.
These may be mounted on floor or on rooftop. Smaller units use hermetic
compressors while larger units of 5 to 7.5 TR capacities use semi-sealed

compressors so that these require minimum of maintenance [6].

The packaged air conditioners are used for cooling capacities in
between 5 to 20 tons.

1) Types of Packaged Systems:

Packaged systems can be subdivided according to their configuration
and operating characteristic into the following air conditioning systems:
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1. Single-zone constant-volume packaged system
2. Single-zone (VAV) packaged system

3. (VAV) cooling packaged system
a) Single-Zone Constant-Volume Packaged System:

A single-zone, constant-volume packaged system is an air conditioning
system that uses a packaged unit to supply and return a constant-volume flow rate of

conditioned air to and from a single-zone conditioned space.

Single-zone packaged systems are widely used in residences, indoor

stadiums, arenas, and many industrial applications.

A typical single-zone constant-volume packaged system consists of
mainly an up flow gas furnace and a (DX) refrigeration system with: A supply fan, a
gas furnace, Low and medium efficiency filters, (DX) coil, Supply and return ducts

and a heating element humidifier and an exhaust / relief / return fan. [3]
b) Single-Zone (VAV) Packaged System:

In a single-zone (VAV) packaged system; zone temperature is
maintained through variation of the opening of the inlet guide vanes at the supply
fan inlet or the supply fan speed through a variable-speed drive. Therefore, the

supply volume flow rate is varied to match the zone load variation. [3]
¢) (VAV) Cooling Packaged System:

(VAV) cooling packaged system is a multi-zone air conditioning
system that provides conditioned air without heating. It uses a packaged unit with

(DX) cooling coils to condition the air and distribute it to various control zones
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through (VAV) boxes, ducts, distributing devices, and controls. The zone supply
volume flow rate is modulated by the damper in the (VAV) box to match the

variation of the zone sensible load to maintain a preset zone temperature. [3]
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CHAPTER THREE
(METHODOLOGY)



3-1 History of Elite Software:

Elite Software is an (CHVAC) software development company almost
as old as the computer industry itself. Founded in 1979, Elite Software has offered
(HVAC), electrical, plumbing, and fire protection design software longer than
anyone else in the industry.

Elite's flagship products, (CHVAC) and (RHVAC), were the first in the
industry and remain the best to this day. The first program Elite Software ever
developed, (CHVAC), was released in 1979 and was the first ASHRAE based
software on the market. It was based on the (CLTD) method of the 1977 ASHRAE
Handbook of Fundamentals. Elite's (RHVAC) program, released in 1984, was the
first (ACCA) Manual J based software on the market and was based on the sixth
edition of (ACCA) Manual J.

The Full Commercial (HVAC) Loads Calculation program (CHVAC)
was designed to quickly and accurately calculate the maximum heating and cooling
loads for buildings having unlimited zones and up to 100 air handlers. (CHVAC)
uses the exact procedures and methods as described in the 1989 & 1993 ASHRAE
Handbook of Fundamentals for the (CLTD) method, and the 2001 ASHRAE
Handbook of Fundamentals for the (RTS) method.

Comprehensive reports list zone loads, outside air loads, tonnage
requirements, supply air quantities, chilled water flow rates, and complete
psychometric data including entering and leaving coil conditions. The program also
provides features such as exterior and interior shading, internal operating load
profiles, building rotation, reheat and sub-cooling calculations, positive and negative
pressurization allowances.

The new building load and summary graphs provide the user with a

quick graphical picture of the load distribution. The full screen editing, continuous

33



on-line help, selectorized help and dynamic error checking make the program

extremely friendly to a new user.
3-2 Two Persons behind Elite Software:

« Bill Smith - President and Founder

* Benito Flores-Meath - Senior Programmer & Network Administrator

3-3 (CHVAC) Program Basics:

Below are the basic elements of the (CHVAC) main window:

U e || Sample.CHY - CHVAC [ 10[X]

Menu Bar —+ | Fle Edt Project Zone ArHander Plerum Tools Window Help ]
Toobar » D ERG60oIMAZP BEY @RS Y@ %

Taskbar - .&] Exploring - Sample ” l‘, General Project Data

Figure (3.1): Basic elements of (CHVAC) main window
1) Title Bar: Displays the name of the current project, if a project is open. If no
project is open, the caption just says, (CHVAC).
2) Menu Bar: The customizable menu provides access to all of the program's

features.

3) Tool Bar: The customizable toolbar displays the items from the main menu that

you will be using the most. If a project is open, most of the toolbar buttons will
appear as they do in the above picture. If no project is open, several of the buttons

will be grayed out.

4) Task Bar: Similar to the Windows taskbar displays a button for each open child

window.
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a) G: General Project Data Window

b) O: Operating Profiles Window

c) I: Indoor/Outdoor Design Conditions Window
d) M: Master Data Window

e) A: Air Handler Data Window

f) Z: Zone data Window
3-4 Program Windows:

3-4-1 General Project Data Window:

3-4-1-1 Client Window, Project Window and Company Window:

uuuuu e [Pones & wilson. Architects

Addre s ["=34 Fust Suect MW

City. State Z1F: [Hamrisbura. Pa

Fhorme: =55 55531234

Famze [555 555 1235

E-Maoil Address: I ol

e it I Go |

Comment: |A Mect i= John Porsons —1

=

~ this on

Figure (3.2): Client Window

L General Project Data

FProject | Client | C | Des: 1 D= 1

FProject Tithe: [Lakeside Office Complex

Address: (100 Lakeside Avenue

City. State_ P | = |Hamiz=burg. PA 12345

D esigned By [Your Name

D ate- |[Monday. Januans 19, 2004

Wit D esliv. D ates: IwWednesday. June 29, 2005

Uit [Enatish /) =

Comment: |.1 ob number 045621 —1
Construction scheduled to start Februarns 16
Zoos

=4

~ this on

Figure (3.3): Project Window
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= | General Project Data

Project | Clienmt C I Desi I M Desi 1

Company |ABC Engneenng. Inc.

Representative: |Mike Roberts

Address: [4567 2na St

City_. State ZI1P: [Hamisburg. PA

Phone: [555-555-9876

Fax: 555-555-5432

E-Mail Address: | i

website: I =, I

Comment: Job numbers: 97594 - |

==

~ 1 Iude this on P

Figure (3.4): Company Window

These inputs are provided to let you document background information

about the project, client and the company.

Note:

Units command in the project window: This input determines how

(CHVAC) will interpret the information that you enter for the project.

3-4-1-2 Design Window:

“=| General Project Data

Project | Client | Co ny Design | More Design |
— Dperating Profiles — People
People: |1—;| Sqguare Feet per Person: Il:l—ll
Lighting: [0 =] People Diversity Factor (%) [80  ~|
Equipment: [o = Sensible Heat per Person: [230 -]
Latent Heat per Person: IT;I
— wiatts Per Sq. Foot
— Building Operation
AngFutamnay I‘ :I O pening Howur: IB_LI
Equipment: [0 = Closing Hour: [is =

Figure (3.5): Design Window

1) Operating Profiles: These inputs allow you to specify what operating load
profile (whether for the people, lighting, or equipment) should be used by (CHVAC)
to calculate the operating load per hour. If zero (0) is entered then no operating load
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will be entered, and (CHVAC) will perform calculations on the basis of a 100%

operating load per hour.
2) Watts of Lighting per Square Foot (Lighting): This input allows you to
specify the Watts that you want to be added to each zone on a per square foot basis.
3) Watts of Equipment per Square Foot (Equipment): This input allows

you to specify the Watts that you want to be added to each zone on a per square foot

basis.

4) Square feet per person: This input allows you to indirectly specify the number
of people in the zones by specifying the number of square feet per person.

5) People diversity factor (%): This input is used to account for people moving
around in the building (by default is equal to 100%). Although the maximum

number of people should be entered for each zone to insure enough supply air.

6) Sensible heat per person: This input accounts for sensible (dry bulb) heat
contributed by people to the zones.

7) Latent heat per person: This input accounts for latent (wet bulb) heat
contributed by people to the zones

8) Opening hour: This input indicates the solar hour (1-24) at which (HVAC) load
calculations should be started

9) Closing hour: This input indicates the solar hour (1-24) at which (HVAC) load

calculations should be halted
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3-4-1-3 More Design Window:

Building Default Ceiling Height:- [e ~1
Building Default Wall Height- B ~|
B uilding Default Plenum Wall Height- [o ~1
Calculate Cooling. Heating or Both: [Botn  ~|
Cooling Calculation Method: [ |
S afety Factors RTS Percent Radiant

Sensible: [0 -] People: |60 |
Latemnt: I 10 :I Lightirng: I &7 ;I
Heating: [0 -] E quipment: [z0 ~1

Figure (3.6): More Design Window

1) Building Default Ceiling Height: This input allows you to enter the average
height of the ceiling in feet.

2) Building Default Wall Height: This input allows you to enter the average wall
height for the building in feet, which acts as a default value for the building

3) Building Default Plenum Wall Height: This input applies only if return air
plenums are going to be used in this building.

4) Calculate Cooling, Heating or Both: This input item allows you to specify
what calculations should be performed for the project.

5) Cooling Calculation Method: Specifies which calculation method to use for
cooling loads. The (RTS) method is described in the latest edition of the ASHRAE

Handbook of Fundamentals, while the (CLTD) method is from earlier editions of the
Handbook.

6) Safety Factors: These input items allow you to specify the percentage of the

(HVAC) loads (whether it is sensible gain, latent gain, or winter heating loss) that

should be added as a safety factor (always the safety factor is equal to 10 or 15).
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3-4-2 Operating Profiles Window:

Opens the Operating Profiles window, which allows you to enter 24-

hour in-use profiles for lighting, people and equipment.

You can enter a description for each profile to help you remember what

each one should be used for.

¥ Operating Profles n E

1

l-

Oestription lam 2am Jam 4am Bam Gam Tam Gam Sam [0am flam fZpm fom Zom Jom dom Som Epm Tom Spm Spm Wpem [l Kam
1 Tyicalprsonnlload 1010 10 1010 10C € C € M2 7 C € CC 54001001010 4°*
2 lightnginoffices 1010101010 C CCCCCCCCCCCBBINI0M0MN0MD J
3 Dlfceeqipnest 000N DN HCCCHOMDCLLCBEBNNDDD
/| ccecececeeececceececcceee
5| ceeceeceecceccecccccecce v

———
Figure (3.7): Operating Profiles Window

These inputs allow you to create people, lighting and equipment load
profiles in order to reduce the cooling load for certain hours of the day. People load
profiles can be thought of as occupancy schedules for the building while lighting and

equipment load profiles can be thought of as operating schedules for the building.
3-4-3 Indoor/Outdoor Design Conditions Window:

Opens the Indoor/Outdoor Design Conditions window, where city

weather data for the project is entered.

39



= Indoor/Dutdoor D esign Conditions
City:
[HARRISBURG. PENNSYLWVANIA_ USA |
Degrees Latitude: [40 ~| Clearmess Factos: [ 1
Adtitude: ELL ~| Daily Range: [=za |
Longitude: |[-=+ ~| Local Std. Meridian: [-75 1
Outdoor Outdoor Indoor Indoor
Design Dy W et Dirse Relative
Month Bulb Bulb B H wami clitsy
1 [August e lED =I5 ~lI=s ~|ls0o " | =] =
2 [June = | EX === ~Il=s v||50 e |
= [dals Ll o5 ;l Fi=3 ;l Fi=3 v||5|:h Ll
4 [Septembel B | ~II=5 | B | ECEA |
5 [January ;' 53 ;' a7 ;' F v||50 ;'
6 [December ~lIs=s 2 | EE ~II=s ~|[s50 =] ~|
aFinter: Fd ;l 7 -~

Figure (3.8): Indoor/Outdoor Design Conditions Window

1) City: Displays the city for the current project

2) Degrees Latitude: Specifies the latitude of the current city.

3) Clearness Factor: Specifies the relative amount of cloudiness of the sky at the
current city, which is used to determine the solar gain for glass.

4) Altitude: Specifies the height above sea level of the current city, and allows
(CHVAQC) to predict the density of the air at the project location

5) Daily Range: Specifies the average difference between the daily high and daily low
temperatures for a given location in the summer.
6) Longitude: The degree’s longitude is used by the (RTS) calculations along with the
local standard meridian in determining the sol-air temperatures throughout the day.
7) Local Standard Meridian: The local standard meridian is used by the (RTS)
calculations in conjunction with the longitude in determining the sol-air
temperatures throughout the day

8) Design Month: Specifies the cooling month(s) that you want the program to use in
finding the peak cooling load.

9) Outdoor Dry Bulb Temperature (Outdoor Dry Bulb): Specifies the highest dry
bulb temperature in degrees Fahrenheit expected during the design month specified.
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10) Outdoor Wet Bulb Temperature (Outdoor Wet Bulb): Specifies the mean

coincident wet bulb temperature in degrees Fahrenheit expected during the design
month specified.

11) Indoor Dry Bulb Temperature (Indoor Dry Bulb): Specifies the indoor dry bulb

temperature in degrees Fahrenheit that you want to maintain in the zone for cooling
purposes during the specified design month.

12) Indoor Relative Humidity: Specifies the relative humidity in percent (i.e. 50 for

50%) that you want to maintain in the zone for cooling purposes during the specified
month.

3-4-4 Master Data Window:

Opens the Master Data window, where global building material data for
the project is entered. Note that this information is stored on a per project basis.

3-4-4-1 Roofs Window:

Master Data

=] E3

Roofs I!alls ] Q_la_ss ] Partitions I gha:lirg]

EL'I:S:::.EDehmlmn: sumn.

Number U-Factor Dark Ceil

1 -6 ~fooss ~|[v v =] =

2 -6 =|[o.ozs ~|[vy =[N -]

O | O | [

L o o | O | 5
b zrn;rTD;T“m:‘;acm Absorp h (Qutside) Emi Delta R

1 ~[19 ~|[0-04z2 " -|[os =l =lh =|[z0 =l -

2 ~[s =|[o-os2" ~|[o.s =+ =lh | =l
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Figure (3.9): Master Data Window

The Roofs tab is used to define the Master Roof types. The
characteristics of the roof are entered here, so that you only need to enter a number
to indicate the appropriate roof on the Zone Data window.

41



a)  CLTD Roof Definitions:

1) ASHRAE Number: In accordance with ASHRAE procedures you must select
an ASHRAE roof number (1-13) that is most like this roof type. The ASHRAE roof
number refers to the ability of the roof to store and radiate heat only.

2) U-Factor: Specifies the overall heat transfer coefficient of your roof

3) Dark: Enter a (Y) if the roof is dark colored or light colored and in an industrial
area. Enter an (N) if the roof is light colored and in a rural area.

4) Suspended Ceiling (Susp Ceil): This entry is needed because the 1989
Handbook provides different cooling load temperature differences for each roof type
depending on whether the roof is used with a suspended ceiling. Enter Y if the zone
under this roof has a suspended ceiling, or enter an N if the zone under this roof does

not have a suspended ceiling

3-4-4-2 Walls Window:

Master Data [ _ O] x]

Roofs Walls Iﬁlass I Partitions | Qhading]
~ CLTD Wall Definitions

ASHRAE
Group U-Factor Color

1 = =|[poss -0 ~| NE
2= =|ooe ==l
3=f5_ ooz |t =]

P I C— -
RTS Wall Definitions
CTS Type U-Factor Absorptance h [Dutside] Emittance Delta R
1 =15 =|[o.061 " ~][o.9 =l[ =l ~llo =l |
2 ~[2 ~|[0o.076 " ~|[o.45 ~|[+ =N ~llo =
3 ~|2 ~|[o.038  ~|[o.9 [+ | ~llo |
4 -0 =|[ ~|[® =[® =|[o =llo B =

Figure (3.10): Walls Window

The Walls tab is used to define the Master Wall types. The characteristics of the wall
are entered here, so that you only need to enter a number to indicate the appropriate

wall on the Zone Data window.
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a) CLTD Wall Definitions:

1) ASHRAE Code: In accordance with ASHRAE procedures you must select an
ASHRAE wall group code (A-G) that is most like the actual exterior wall being
defined. Your selection should be based mostly on the similarities of the ASHRAE
wall construction and mass description with your wall.

2) U-Factor: This input allows you to enter the actual U-factor (overall heat transfer
coefficient) of your wall section.

3) Color: This entry is used to account for the color of the wall (which affects the
solar gain). Walls can be light, medium, or dark.
3-4-4-3 Glass Window:

Master Data H[=] E3
Boofs | Walls Glass ] Partitions | Shading |
CLTD Glass Definitions
Summer ‘Winter Shade Internal Internal
U-Factor U-Factor Coef Shading Shd.Coef
LR CECIR | A | i | e | | -
2-fo7s o5 o3 L2 ~|[o  +|
I CEE | CEE | e | e | |
4 ~Jo ~|[o I | O | R | | -
RTS Glass Definitions
Summer Winter SHGC SHGC SHGC SHGC SHGC SHGC SHGC
U-Factor U-Factor Normal 0* = 60° 70° 80° Hemis.
1 ~fo3s ~|[oa7  ~|[o7 ~|[o67 ~|[o.64 ~|[o58 ~|[0.45 ~|[023 ~|[o6 ~| il‘_
2 ~fo7s ~|[o75s  ~|[o81 ~|[os ~|[0.78 ~|[073 ~|[o62 ~|[0:39 ~|[0.73 ~|
3 ~Jo3s ~|[oas -|[o7 ~|[oes ~|[o65 ~|[o59 ~|[o.46 ~|[o24 ~|[o61 ~|
D O | O | O O | O | O | O | O [ I

Figure (3.11): Glass Window

a) CLTD Glass Definitions:

1) Summer U-Factor, Winter U-Factor: Glass U-factors ideally should be
obtained from the manufacturer of the specific glass to be used in the building.

2) Shading Coefficient (Shade Coeff): Glass shading coefficients should ideally

be obtained from the manufacturer of the specific glass to be used in the building.
Note that this shading coefficient is used if the glass does not have any interior

shading (by default is equal to 1).
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3-4-4-4 Partitions Window:

Master Data (= B3
Roofs I Walls ] Glass Partitions lghadingl

Cool Heat

e oo e
O j
O :

Figure (3.12): Partitions Window

A partition occurs when a wall, ceiling, or floor adjoins an
unconditioned enclosed area. This entry is used when part of a zone adjoins an
unconditioned, enclosed or partially vented space. (The temperature difference in
summer is normally zero for floors over a vented space, since the cooling load is

assumed to be zero.)

1) U-Factor: This input item allows you to enter the actual U-Factor (overall heat
transfer coefficient) of your partition section.

2) Cool T-D: This input requires you to enter the temperature difference in degrees
Fahrenheit across the partition for the case where the unconditioned side of the
partition is at its hottest. Typically, an unconditioned space will be 3 to 10 degrees

hotter than the zone.
3-4-5 Air Handler Data Window:

Opens the Air Handler Data window, where you can enter information
for up to 100 different air handlers.
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3-4-5-1 Main Window:
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Main | General | Infil & Vent | Indoor Conditions | Mizc | Duct Sizing | Equipment
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WANE. Total heating supply CFM: o ~1
s e B Sarga e il = = L . » . Cou T ature: |95 ~1
Reheat
Cooting Coit
R Leaving Dy Bulb Temperature: [5s - |
Adiust 5 . i ictits: o ~1
e P s =3 Leaving Cooling Coil CFM: o ~1
= Draw Thiouah Fon Efficiency and Pressure
Blow Throuah Motor and Fan Efficiency: e =1
Package Fan Seat Fan: == =1

Figure (3.13): Main

1) System Type: If the air handling system is being used for cooling purposes then
it will provide either a constant volume of air or it will be capable of varying the air
volume handled. Choose ‘Constant Volume’ if the system provides a constant
volume or choose (VAV) if the volume being provided is variable

2) Occurrences of This Air Handler: This entry is used to duplicate zones that
access this air handler. Zones that used other air handlers would not be affected.
Note that you can also duplicate individual zones at the zone level.

3) Zone Exhaust May Not Exceed Supply: The supply air is either calculated
by the program or entered directly. In addition to the ventilation outside air, you are
allowed to enter an exhaust air CFM for each zone

4) Excess Supply Air: This entry is used when the amount of supply air is
specified is greater than required to meet the building loads. It simply tells
(CHVAC) how you want to handle such a situation so that subcooling of zones is
avoided.

5) Cooling Coil: If you would like to enter the leaving dry bulb temperature of the
cooling coil, select the option ‘Leaving dry bulb temperature’ and enter it in the data
field beside that option. A typical temperature is 55 degree Fahrenheit. If you
would like to enter a relative humidity of the cooling coil, select the option ‘Leaving
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relative humidity’ and enter it in the data field beside that option. A typical relative
humidity is 95 percent. If you know the supply air the air system can provide, enter
it in the data field beside the option ‘Leaving cooling coil CFM’. (CHVAC) will
then attempt to honor both the supply air specified and the temperature or relative
humidity entered.

6) Supply Fan: Choose the ‘Draw through’ option if the supply air fan of the air
handling unit draws air through the (cooling and/or heating) coil (and is located on
the supply side). Choose the ‘Blow through’ option if the supply air fan of the air
handling unit blows air through the (cooling and/or heating) coil (and is located on
the return side). Choose the ‘Package fan’ option if the supply fan is part of a

packaged unit or if no supply fan is used.

3-4-5-2 General Window:
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Figure (3.14): General Window

1) Profiles: These inputs allow you to specify what operating load profile (whether
for the people, lighting, or equipment) should be used by (CHVAC) to calculate the
operating load per hour. An entry of a whole number from one (1) to ten (10)
indicates you want to use a load profile different from the one entered on the General

Project Data window.
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2) Safety Factors: These inputs allow you to specify what percentage of the
(HVAC) loads (whether it’s sensible gain, latent gain, or winter heating loss) should
be added as a safety factor. An entry of a whole number from 1 to 50 indicates you
want to use a safety factor different from the one entered on the General Project Data
window.

3) Calculation Options: This input item allows you to specify what calculations

should be performed for zones in this air handler.

3-4-5-3 Infil & vent Window:

A and Data - A andle . 00
K > | En | G W o @ | &b AR
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Figure (3.15): Infil & vent Window

(CHVAC) allows four different methods for adding outside air whether
for ventilation or infiltration. Note that due to seasonal variations you can describe
different summer (cooling) rates for both infiltration and ventilation. Ordinarily, a
zone would not have both infiltration and ventilation, although (CHVAC) is capable
of performing the calculations. Note that the outside air should typically be from six

(6) to ten (10) percent of the total supply air for occupant comfort.

The addition of outside air imposes a load on the (HVAC) equipment
that must be accounted for. If entered as infiltration rather than ventilation, the

supply air requirement of the zones is increased as well. The additional heating and
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sensible cooling loads are determined using the design temperature differences while

the latent cooling load is determined using the grains of moisture difference.

Typically, less ventilation air is needed in the winter than in the
summer. The four methods are described below. Be sure that no matter which
method you use, the fresh air circulating through the building is not less than 5 CFM

per person to prevent CO2 buildup.

1) Air changes per hour: Outside air is to be added on an air change per hour
basis. If you enter in an air change per hour value, the program will multiply that
value by the total volume of the structure and divide the result by 60 to determine
the total CFM. Typical values ranges 0.1 to 1.0 air changes in one hour while 0.5 is
most common.

2) CFM per person: Outside air is to be added on a CFM per person basis.
Typical values range from 5 to 30 CFM per person for ventilation air while 10 CFM
per person is most common.

3) CFM per square foot: Outside air is to be added on a CFM per square foot
basis. Typical values range from 0.1 to 1.0 CFM per square foot.

4) CFM per person AND CFM per square foot: Outside air is added on the
basis of a CFM per person value plus a CFM per square foot value. The second
Value input (for CFM/sg.ft.) becomes enabled only when you select this option.

5) Direct CFM: This input allows you to define the exact CFM of outside air that is
to be added.

6) 100% of supply: Outside air comprises 100% of the total air supply. Note that
this option is only available for Heating and Cooling Ventilation, and only on the
Air Handler Data window. Also note that this is the only option that does not require

a value to be entered into the Value field.
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7) Value: Enter the number appropriate for the selected option. Note that due to
seasonal variations, you can describe different summer (cooling) and winter
(heating) rates for both infiltration and ventilation. Ordinarily, a system would not
have both infiltration and ventilation although (CHVAC) is capable of performing
the calculations. Enter a value corresponding to the option you have selected.
3-4-5-4 Indoor Conditions Window:
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Figure (3.16): Indoor Conditions Window

1) Design Month: This is default information that can only be changed on the
Indoor/Outdoor Design Conditions window.
2) Outdoor Dry Bulb Temperature (Outdoor Dry Bulb): This is default

information that can only be changed on the Indoor/Outdoor Design Conditions

window.

3) Outdoor Wet Bulb Temperature (Outdoor Wet Bulb): This is default

information that can only be changed on the Indoor/Outdoor Design Conditions

window.
4) Indoor Dry Bulb Temperature (Indoor Dry Bulb): Enter the new indoor

design dry bulb temperature you want for this air handling system. If you leave this
value as zero (0), the previously entered values (shown to the right) will be used. If
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you enter a negative one (-1) as the value, then the indoor dry bulb temperature will
be equal to zero (0). The valid range of values is from -1 to 150 degrees.

5) Indoor Relative Humidity: Enter the new indoor design dry bulb temperature
you want for this air handling system. If you leave this value as zero (0), the
previously entered values (shown in the gray box to the right of this input) will be

used.
3-4-6 Zone data Window:

Opens the Zone Data window, where information about the structure is defined,
including the zone dimensions, internal loads such as people and equipment, as well

as the roofs, walls and glass.

3-4-6-1 Main Window:
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Figure (3.17): Zone Data Window

1) No: Displays the number of the current zone.
2) Name: Specifies the name of the zone.

3) Group: Specifies the optional (VAV) group number for this zone. This input

allows you to group two or more zones together to be treated as a single space

having its own peak time and airflow requirements.

4) System: Specifies the air handler number that this zone is supplied by.
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5) Length: Specifies the length of the conditioned area of the zone. For a non-

rectangular zone, you should enter the area in the length input and 1 in the width
input. The product of the floor length and width entries should be equal to the actual

floor area.
6) Width: Specifies the width of the conditioned area of the zone. For a non-

rectangular zone, you should enter the area in the length input and 1 in the width
input. The product of the floor length and width entries should be equal to the actual
floor area.

7) Height: Specifies the ceiling height of the zone. You can leave this value as zero
to use the default ceiling height shown on the General Project Data window.

8) Type: Specifies characteristics of the zone such as its mass, the presence of carpet
and the percentage of glass area to wall area. For the (CLTD) method, this input is
used only to set the room construction (Light, Medium or Heavy) in determining the

solar heat gain for glass.
9) Check Errors: If set to yes, makes it so the program will evaluate the zone for

input errors whenever you try to leave this zone, either by closing the Zone Data

window, closing the program, going to another existing zone or creating a new zone.
a) Lighting & Equipment:

1) Lighting Watts: Specifies the Watts of lighting in the zone. You can leave this

value as zero to default to using the ‘Watts per square foot’ entry on the General

Project Data window.
2) Pct. Rad. (Lighting Percent Sensible That Is Radiant): This input is

required only when using the (RTS) cooling calculation method.

51



3) Equipment Watts: Specifies the Watts of equipment in the zone. You can leave
this value as zero to default to using the ‘Watts per square foot” entry on the General
Project Data window.

4) Pct. Rad. (Equipment Percent Sensible That Is Radiant): This input is
required only when using the (RTS) cooling calculation method.

5) Latent Equipment Btu/h: Specifies the latent heat due to swimming pools,

fountains, cooking equipment, hair dryers, or other such items.
b) People:

1) Number: Specifies the number of people that will typically occupy this zone.

Normally you should enter the maximum number of people you expect to occupy
the zone during the cooling season.

2) Sensible gain per person: This value accounts for sensible (dry bulb) heat
contributed by people to the zones. A default value is entered into the General
Project Data window, which can be modified on a zone by zone basis. If a zero is
entered for the people multipliers in the Zone Data window, the value entered into
the General Project Data window will be used for that zone. The heat per person is
multiplied by the number of people in each zone to determine the sensible and latent
load due to people.

3) Pct. Rad. (People Percent Sensible That Is Radiant): This input is
required only when using the (RTS) cooling calculation method

4) Latent gain per person: This value accounts for latent (wet bulb) heat
contributed by people to the zones. A default value is entered into the General
Project Data window, which can be modified on acon zone by zone basis. If a zero is
entered for the people multipliers in the Zone Data window, the value entered into

the General Project Data window will be used for that zone. The heat per person is
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multiplied by the number of people in each zone to determine the sensible and latent

load due to people.
c) Profiles:

1)  People, Lighting, Equipment: These inputs allow you to specify what
operating loads profile (whether for the people, lighting, or equipment) should be
used by (CHVAC) to calculate the operating load per hour. An entry of a whole
number from one (1) to ten (10) indicates you want to use a load profile different
from the one entered on the General Project Data window or the Air Handler Data

window.
d) Roofs:

1) Type: Specifies the master roof to reference from the Master Data window.

2) Length, Width: Specifies the dimensions of the roof. If the roof is not
rectangular, enter its area for Length and 1 for Width. The product of the roof length
and width entries should equal to the actual roof area.

3) Ground Reflectance: Specifies the percentage of sunlight being reflected up
from the ground. This input affects the amount of solar heat gain produced by
windows in the (CLTD) method, as well as that of walls and roofs in the (RTS)

method.
4) Slope: If the roof is horizontal or if you are using the (CLTD) calculation method,

then enter zero for the roof slope angle.
e) Walls & Partitions:

1) Type: Specifies the master wall or partition to reference from the Master Data
window. Walls or floors that are more than 5 feet below grade should be entered as

partitions. Partitions can also be used to account for extra heat losses or gains that
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affect the zone. Of course, a partition should always be specified when a zone

adjoins an unconditioned zone.
2) Height: Specifies the height of the wall. You can leave this value as zero to

default to the value entered for 'Default wall height' on the General Project Data
window. This input is provided so that (CHVAC) can automatically compute the
gross area of partitions and walls.

3) Width: Specifies the width (or length) of the wall. Note that (CHVAC) will
automatically subtract the appropriate glass areas for each wall.

4) Ground Reflectance: Specifies the percentage of sunlight being reflected up
from the ground. This input affects the amount of solar heat gain produced by
windows in the (CLTD) method, as well as that of walls and roofs in the (RTS)

method.
5) Direction: Specifies the direction the wall faces, or "P" for a partition, or "D"

followed by the number of the containing wall for a door.
f) Glass:

1) Type: Specifies the master glass to reference from the Master Data window. This
input is used for windows, horizontal skylights, glass walls, and glass doors.
2) Shade: Specifies the master shade number to use for this glass from the Master

Data window. This input is used for windows, horizontal skylights, glass walls, and
glass doors. If this glass does not have a shading device, leave it as zero.

3) Tilt: Specifies the tilt of the glass in degrees from the horizontal. For example,
vertical glass would have a tilt of 90 degrees, while a horizontal skylight would have
a tilt of 180 degrees. If you enter 180 degrees, the Reference input for this glass will

refer to a roof.
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4) Width, Height: Specifies the width and height of the glass section in decimal
feet. The height and width are important when determining the effect of a shading
device on a window. If you do not have any overhangs or fins on the window, then
you can enter 1 for the width and enter the area for the height. If you do have
shading devices on the window, make sure the width and height of the glass are
correct.

5) Reference (Ref): Specifies the wall number upon which this glass section resides
or the roof number if the glass is a skylight. If the glass is a skylight, the Glass Tilt
must be 180 degrees. If there is a 100% glass wall then it should still be defined as
glass and should reference a wall. That wall should have an area exactly equal to the
net glass area

6) Occurrences: The normal value for this input is "1". But if you have a window or
skylight that occurs several times in the same wall or roof you can enter the glass
only once and enter the number of occurrences of the glass here. The maximum
allowed value is 99.

After discuss how the program work we can use it in office building

which is shown below:
3-5 Office Building:

3-5-1 maps:

Figure (3.18): Building 3D View
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Figure (3.20): Building Dimension (First Floor)
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Figure (3.21): Building Dimension (Second Floor)
3-5-2 office building information’s:

[Back to appendix3]
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CHAPTER FOUR
(DATA DISCUSION)



4-1 Introduction:

After entering all inputs for the building at the maximum load in the

(CHVAC) program and running it, reports are given the following outputs:

1- Total air handler supply air: It is the rate of airflow that conditioning space
needs.

2- Total air handler ventilation: It is the wventilation rate required by the
conditioning space.

3- Total conditioned air space: It is the space to be conditioned.

4- Supply air per unit area: It is the air flow rate that each square meter of
conditioning space needs.

5- Cooling capacity per area: It is the cooling capacity of the conditioning space in
each square meter.

6- Area per cooling capacity: It is an inverted of cooling capacity per area.

7- Total cooling with outside air: It is the cooling capacity required by the
conditioning space.

4-2 Program Reports:

The program gives separate reports for each conditioning space alone,

Examples of these reports:

1- Report about the mosque on the ground floor of the building.[back to appendix4
mosque]

2- Report about the reception 0 on the ground floor of the building.[back to
appendix4 reception 0]

3- Report about the g.m.room on the first floor of the building.[back to appendix4

g.m.room

58



4- Report about the office 2-6 on the second floor of the building.[back to
appendix4 office 2-6]

5- Report about the e.room 2-1 on the second floor of the building.[back to
appendix4 e.room 2-1]

6- Report about the p.room 2-1 on the second floor of the building.[back to
appendix4 p.room 2-1]

7- Report about meeting room on the second floor of the building.[back to

appendix4 meeting room]

The reports data differs from one area to another because the more
loads the greater the required capacity and air flow rate These loads are increased by
variations in walls (internal or external), Number of persons in the conditioning
space, roofs exhibition for heat transfer and Data values in reports are increased as

the area to be conditioned increases.
4-3 Selected Units:

Split Units selected as conditioning system in the building for the

following reasons:

1- Central and packaged system can’t be used because of the short wall (2.8
heights) and can’t create a suspended celling.
2- Window units can’t be used because of having an internal wall that window type

can’t fitted in it.

Split units selected based on the capacity and air flow rate from the data

of the report so we form the following tables:
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Table (4-1): ground floor

Mo.|| Fone Mame Area Total Supply
Capcity Ajir
m2 Ton | BTU/H Ko Lfs CFM

1 office 0-1 16 0.9 11520 | 3.38 | 163 360.4
2 office 0-2 14 0.77 9240 2.71 122 269.7
3 office 0-3 14 0.72 040 2.53 110 | 243.2
4 office 0-4 22 1.3 15000 | 4.57 | 217 | 479.8
5 office 0-5 13 1.02 | 12240 | 3.59 178 | 393.6
[ office 0-6 28 1.72 | 20040 | 6.0 320 | FO7.5
T office O-7 15 0.83 900 2.92 129 285.2
o office 0-8 16 0.91| 10920 3.2 151 333.9
9 reception O 196 8.54 | 102480 30 1150 | 2543
10 E.room 0-1 11 0.52 6240 1.83 e 170.2
1 FP.roorm 0-1 14 027 10440 | 2.06 | 153 338.3
12 mosque 32 4 A2000 | 14.1 553 1223

Total 397 |[22.2| 265920 77.9 ([ 3323 | 7347 |

Table (4-2): first floor
MNo. Zone Mame Area Total Supply
Capcity Aiir
m2 Ton BTU/H Bownr LSS CFMv1

1 office 1-1 1o 0.91 10920 3.2 151 333.9
2 office 1-2 14 0. 77 Q240 2.71 122 269.7
=2 office 1-32 14 0. 72 2640 2.53 110 243.2
4 office 1-4 22 1.3 AS5500 A4.5F 217 479.8
5 office 1-5 18 1.02 122490 3.99 178 393.6
B office 1-B 28 1.72 20000 &.05 320 FOTF.5
7 office 1-7 1o 0.83 9960 2.92 129 285.2
= office 1-8 1o 0.91 10920 3.2 151 333.9
9 reception 1 156 2.54 | 102420 30 1150 2543
10 E.room 1-1 11 0.52 6240 1.83 r 170.2
11 F.room 1-1 14 0.87 1040 3.06 153 338.3
12 . k. Foormn 32 2.21 26520 F.IT A53 1024

Total 397 20 2| 243840 | F1.5 3221 Fl1z2
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Table (4-3): second floor

Mo, Fone Mame Area Total Supply
Capcity Air
m2 Ton BTU/H Kowar LSS CFEM

1 office 2-1 16 1.3 | 15600 | a4.57 | 274 | sos.2
z office 2-2 14 1.06| 12720 | 3.73 | 217 | ava.s8
3 office 2-3 14 1.01| 12120 | 2.55 | 187 | 413.5
4 office 2-4 22 1.77| 21240 | 68.23 | 389 | 815.9
5 office 2-5 18 1.35| 15200 | 4.75 | 276 | 610.2
E office 2-B 28 2.21| 26520 | 7.77 | 4850 | 1017
7 office 2-7 16 1.15| 13800 | 4.04a | 213 | avo.s
& office 2-8 16 1.25| 15000 | 4.4 | 281 | 5772
=1 reception 2 196 12.7 | 152160 | 44.6 | 2233 4937
10 E.roorm 2-1 11 0.74| 8280 2.6 | 135 | 298.5
1 F.roorm 2-1 14 1.15| 13800 | 404 | 246 | sa3.9
12 | kesting Poorn 3z 3.49| 41880 | 12.3 | 703 | 1554

| Total 397 29 2| 249920 1032 || 5574 || 12324 |

By using above tables we can select the units from the catalogues.

4-4 Definition of catalogue:

Is a special report of the company contains a list of all products and its

specifications and prices.

4-4-1 Methods to select units from catalogues:

1- Table’s data are used and compared to unit specifications in the catalogues.

2- Units are usually selected at a higher capacity and flow rate than required for the
conditioning space; to ensure full and perfect conditioned for conditioning space.

3- When there are two or more units they can cover the capacity and the air flow
rate, the units with the lowest operating cost and price are preferred.

4- The lower operating cost is preferred in unit selection even if the unit price is
high because the building works continuously and the operating cost is a

continuous cost throughout the year and the unit price is a one-time fee.
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5- When there are relatively small spaces, it is preferable to use one unit instead of
several units even if the operating cost is high; because of the small space and

the lack of adequate facilities for the installation of units.

After following the above points, units were selected from catalogues of
two different companies [back to appendixl and appendix2] and placed in the

following tables:
4-4-2 Selection of spilt type (LG Company):

Table (4-4): ground floor

No.| ZoneName | Area Total Supply Unit Model Unit  Totalcapety | AIRflow | TOTAL TOTAL RUNNING COST
(apaty Air Code Number Quantty ~ Rated ma PRICE  |(ANNUAL ENERGY CONSUMPTION]

m2 | Ton | BTUH | K | LfS | CFM indaar unit outdaor unit o, Kw L5 f Kwh
| ofice1 | 16 |096| 11520 |3.38| 163 3604 | ASUWIZGMMSE | ASNW126MMSA 1 13 53 13
2| oficel2 | 14 |077) 940 | 270|122 [2637| ASUWI2GMASE | ASNWIZ6MMSG 1 kN 53 ) 1M 11
VI oofice0d | 14 {072) 8540 | 253 110 [ 232| ASUWI2GMMSE | ASNWIZ6MMSG 1 13 583 ) WM 11
E offieeld | 20 | 13| 19600 [457) 207 4798 |  PASELNS PIBELUL2 1 3 s | W 0
5 officeld | 18 |L02] 12240 |359) 178 | 393.6|  PISELNS PIBELUL2 1 3 s | W 0
b officeld | 28 |L72] 20640 |6.05) 320 | 7075 |  PRAELNS P2AELULE 1 bd 33 3l
T oficeld | 16 |083] 9960 297 129 | 285.2| ASUWI2MMSE | ASNWIZ6MMSE 1 13 53 13
B oficeld | 16 |091] 10920 | 3.2 | 151 | 3339 | ASUWI2MMSE | ASNWIZ6MMSE 1 13 53 13
Y| recepon0 | 196 |8.54|102480| 30 (1150|2343 |  UBOAVZ1D u3owua 4 i1l 1333 | o 1788
0| Erom1 | 11 |052) 6240 [183| 77 1702| ASUWOSEMMSE | ASNWWO3EMMGS 1 23 583 | 9l %
M1 Proom(1 | 14 |0.87] 10840 |3.06] 153 | 338.3 | ASUWL2GMMSE | ASNWIZGMMSS 1 13 3 11
| mose | 32 | 4| 4000|1410 993 | 123 | URONV2ID Lu3owus l 155 s | A2 i
‘ Totdl | 307 |222)268920) 779 93| 1347 [} fil hI74S | 1084 [}

62



)

;;;;;;;;;;;

;;;;;;

;;;;;;;;;;;;;;;

;;;;;;;;;;

Table (4-5): first floor

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

;;;;;;;;;
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iNo.| ZoneName | Area Total Supply Unit Model Unit  Totalcapaty | ARflow | TOTAL TOTAL RUNNING COST
: Capty Air Code numher Quantity Rated max PRICE  |(ANNUAL ENERGY CONSUMPTION)
! m2 | Ton | BTUMH | Kw | L/S | CFM indoor unit outdoor unit No. KW Lfs f Kwh
51 office ™| 16 |0.51] 10920 | 3.2 | 151 |3339| ASUWI26MMSE | ASNWI2GMMSE 1 33 2583 10N 132 t
2| offiee® | 14 [077) 920 |271) 122 | 2697 | ASUWIL2GMMSE |  ASNWI2BMMSE 1 33 2583 10 13 :
V3| et | 14 {072) 8640 |253| 100 | 2432| ASUWLGMMSE | ASNWL2GMMSG 1 35 2583 10N 13 :
i4 ofice™ | 20 | 13| 15600 |4.57| 217 | 4798  PIBELNS PIEELUL2 1 ] 316.6 7 %7 E
VO ofices | 18 {102 12240 |359| 178 |3936|  PISELANA2 PLBEL.UL2 1 ] 316.6 7 %7 :
!E oficetd | 28 |1.72| 20840 | 6.05 | 320 | 7075 PUELNS PUELULE 1 6.8 433 944 31 E
VT ofiee | 16 |0.83) 5960 252|129 |285.2 | ASUWLIGMMSG | ASNWL2GMMSG 1 33 2583 10N 132 Ij
VB[ ofice™ | 15 (091) 10920 | 32 | 151 |3333| ASUWLZGMMSE | ASNWI26MMSG 1 33 583 1 13 :
59 reception1 | 196 |8.54|102480( 30 | 1130| 2643 | URONV21Q UU30W 42 4 32 15333 | o0u 178 E
0| Eroom™ | 11 |052| 6240 |183| 77 |170.2| ASUWOIGMM3G | ASNWO3GMMSE 1 13 2583 913 9 Ij
VI Proom™ |14 |0.87) 1040 |3.06| 153 (3383 | ASUWLZGMMSE | ASNWI26MMS 1 33 2583 10N 132 :
i PIBELNS2 PIBELUL2 1 E
(0| GMRaem | 32 (221 26920 | 7.77 | 463 | 104 + t + 83 5743 1818 419 :
| ASUWI26MMSE | ASNWI126MMSH 1 :
O OO0 B3 T 27173 I IS I 2 L 312 o . =
Table (4-6): second floor
No.| ZoneName | Area Total Supply Unit Model Untt  Totalcapeity | AlRflow | TOTAL TOTAL RUNNING COST
Capaity Air Code Number Quantity Rated max PRICE  |(ANNUAL ENERGY CONSUMPTION)
m2 | Ton | BIUMH | Kw | L/S | CFM indoor unit outdoor unit No. Kw Ls £ Kwh
1| officed | 16 | 13| 15600 |457| 274 [605.8|  PIBELNS2 PIGELUL2 1 5 36,6 47 iy
2| officedd | 14 106 12720 [3.73| 217 |4798|  PISELINS2 PIELUL2 1 3 6.6 Iy iy
3| officedd | 14 |101) 12120 |3.55 | 187 | 4135 PIBELINS2 PIELUL2 1 3 6.6 Iy iy
4| dfficed | 22 |177| 21240 | 6.23 | 369 | 8159 P2ELNS2 PUELUUE 1 6.8 4333 944 31
5| dofice?d | 18 |1.35| 16200 |4.75| 276 | 610.2 PIBELINS2 PIELUL2 1 3 6.6 Iy iy
PIBELNS2 PIGELULY 1
b| officesd | 28 |221| 26320 |7.77| 460 | 1007 + t + B3 5749 1818 413
ASUWI126MMSE | ASNWI26MMS6 1
7| offieed | 16 | 115 13800 |4.04| 213 | 4709 PIBELNS2 PIGELULY 1 ] 6.6 747 iy
8| office2d | 16 | 125 15000 | 4.4 | 261 | 5771 PIBELNS2 PIGELULY 1 ] 6.6 747 iy
3| receplion? | 196 | 127152160 | 44.6) 2233 | 4937 | UI3ONV210 Uu3owuaz i 6.8 2300 5066 2682
0| Eroomét | 11 |0.74) 8380 | 26| 135 | 2985 | ASUWI26MMSE | ASNWI126MMSE 1 33 1583 0n 132
M| Proom21 | 14 | 1.15] 13800 | 4.04| 245 | 5439 PIBELNS2 PISELUL2 1 ] 6.6 47 iy
12| MeeingRoom| 32 | 3.49| 41880 | 12.3| 703 | 1554 PRELNS2 P2ELUUE 2 13.6 866.6 1888 782
| Total 397 1292349920 103 | 5574 | 12324 T 142 B6493 | 20006 6415 |

63



4-4-3 Selection of spilt type (Toshiba Company):

Table (4-7): ground floor

No.| ZoneName | Area Total Supply Unit Model Unit  Totalcapoty | ARflow | TOTAL TOTAL RUNNING COST
Capaty Air Code Number Quantity Rated max PRICE  |[ANNUAL ENERGY CONSUMPTION)
m? | Ton | BTUM | Kw | L/S | CFM indoor unit outdoor unit No. Kw L5 £ Kwh
1| oficel | 16 |0.596] 11520 |3.38 | 163 |360.4|  RAS-I3PKVP-E RAS-13PAVP-E 1 33 1 1545.6 38
2| offeel2 | 14 |0.77) 9240 | 271|122 | 268.7| RAS-L3PKVPE RAS-13PAVP-E 1 33 1% 1343.6 38
T officel-d | 14 |0.72) 8640 |253| 110 | 243.2|  RAS-L3PKVPE RAS-13PAVP-E 1 33 1% 15435.6 3
§| officel4 | 22 | 13| 15600 |457| 207 | 475.8|  RAS-IBSKV2E RAS-185AV2-E1 1 ] 265 1.2 il
5| officeld | 18 |102] 12240 |3.59| 178 | 3936|  RAS-IGPKVRE RAS-16PAVP-E 1 435 207 18144 610
b oficelf | 28 |172) 20640 |6.05| 320 | T07.5|  RAS-L3PKVPE RAS-13PAVP-E 2 1 386 3091.2 7
7| officel-? | 16 |0.83) 9560 | 252|125 |285.2| RAS-L3PKVPE RAS-13PAVP-E 1 33 1% 15456 3
I officeld | 16 |091) 10520 3.2 | 151 |3339| RAS-L3PKVPE RAS-13PAVP-E 1 33 1% 1343.6 38
T recein | 19 |8.54|102480| 30 | 1150| 2543 |  RAS-1BSKV2E RAS-185AV2-E1 i 0 1590 | 672 4260
0| Erom(1 | 11 |0.52) 6240 |183| 77 |1702| RAS7PKVPE RAS-O7PAVP-E 1 2 170 10205 m
1| Froomdd | 14 |0.87| 10440 |3.06) 153 |338.3|  RAS-I3PKVRE RAS-13PAVP-E 1 33 1% 1343.6 38
V| mosgue | 32 | 4 | 48000140553 | 1223 |  RASIBSKV2E RAS-185AV2-E1 i 15 795 42336 2130
Total 197 |22.2) 265920) 779 3323 | 747 20 845 6| A7 10967
Table (4-8): first floor
No.| Zone Name | Area Total Supply Unit Model Unit Total capaty | ARflow | TOTAL TOTAL RUNNING COST
Capaty Air Code Number Quantity Rated max PRICE | {ANNUAL ENERGY CONSUMPTION)
m? | Ton | BTU/H | Kw | L/S | CFM indoor unit outdoor unit No. KW Lfs £ Kwh
V| office¥ | 16 |091) 10920 | 3.2 | 151 |3339|  RAS-3PKVRE RAS-13PAVP-E 1 3.5 193 1545.6 385
2| dffieetd | 14 [077) 9240 |271| 122 |269.7| RAS-I3PKVPE RAS-13PAVP-E 1 3.3 193 1545.6 38
3| offieetd | 14 [072) 8640 | 253 | 110 |243.2| RAS-I3PKVPE RAS-13PAVP-E 1 3.3 193 1545.6 38
4| officed | 22 | 13| 15600 |4.57| 207 |479.8|  RAS-1BSKV2E RAS-185AV2-EL 1 5 265 14112 Pl
| offiestd | 18 [L102] 12240 |3.59| 178 |393.6| RAS-I6PKVPE RAS-16PAVP-E 1 45 207 18144 610
B| officetd | 28 [L72] 20640 | 6.05| 320 | 707.5| RAS-I3PKVPE RAS-13PAVP-E 2 7 386 30512 7
T\ officet? | 16 [0.83] 9960 |2.92| 125 |285.2| RAS-13PKVPE RAS-13PAVP-E 1 35 193 1545.6 385
8| officetd | 16 [091] 10920 | 3.2 | 151 |333.9| RAS-13PKVPE RAS-13PAVP-E 1 3.5 19 1545.6 385
3| reception? | 195 [8.54|102480| 30 |1150| 2543 |  RAS-1BSKV2-E RAS-185AV2-EL ] 30 1550 | @467.2 4260
W| Ercom® | 11 (052| 6240 |1.83| 77 |170.2| RAS-D7PKVPE RAS-DTRAVR-E 1 2 170 10215 177
fi| Proom+ | 14 (0.87| 10440 |3.06| 153 [338.3 |  RAS-13PKVPE RAS-13PAVP-E 1 3.5 193 1545.6 385
RAS-185KV2-E RAS-185AV2-E1 1
2| GMPRoom | 32 |2.21| 26320 |7.77 | 463 | 104 ¥ + + 3.3 m 31056 1320
RAS-16PKVP-E RAS-16PAVP-E 1

Total 397 | 20.3) 243040 715 | 321 | T2 7 I A48 | 203047 1057
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Table (4-9): second floor

No.| ZoneName | Area Total Supply Unit Model Unit  Totalcapaty | AIRflow | TOTAL TOTAL RUNNING COST
Capcity Air Code Number Quantity Rated max PRICE  |(ANNUAL ENERGY CONSUMPTION)
m? | Ton | BTUM | Kw | L/S | CFM indoor unit outdoor unit No. Kw Lfs £ Kwh
1| officel | 15 |13|15600 |457| 274 |605.8| RAS-225KV2E RAS-2235AV2-E 1 i 0 | 15918 598
2| offiee? | 14 |L06| 12720 |373| 217 |479.8|  RAS-IBSKVDE RAS-185AV2-£1 1 ] 265 1411.2 710
3| offieedd | 14 |L01) 12120 |3.55| 187 | 4135 RASI6MKVPE RAS-16PAVP-E 1 43 A7 | 18144 610
4| offieeld | 22 |L77] 2140 |6.23| 369 | 815.9|  RAS13PKVPE RAS-13PAVP-E 1 1 B | 30912 710
| offce2d | 18 |133| 16200 |475| 276 | 610.2| RAS-2255KV2E RAS-2235AV2-E 1 i 00 | 15918 598
RAS-185KV2-E RAS-185AV2-E1 1
b| officedt | 28 |2.21) 26520 | 7.77 460 | 1017 + + + 85 a7 356 1320
RAS-16PKVP-E RAS-16PAVP-E 1
7| offieed? | 16 |L15] 13800 | 4.04| 213 |4709| RAGISSKVDE RAS-185AV2-£1 1 ] 263 1411.2 70
B offcedd | 16 |125| 15000 | 44 | 261 |577.0| RAS-IBSKVDE RAS-185AV2-£1 1 ] 265 1411.2 710
| receplion? | 195 | 127|152160| 44.6| 2233| 4937 |  RAS-ISSKV2E RAS-185AV2-£1 5 1 38 | 12708 6390
T| Eroom21 | 11 |074] 8380 | 26 | 135 | 2985 RAS13PKVPE RAS-13PAVP-E 1 33 153 153436 33
M| Proomd | 14 |115| 13800 |4.04| 246 | 5439 |  RAS-IBSKV2E RAS-185AV2-£1 1 ] 265 1411.2 710
1 MesbrgPoom | 32 (343 41880 | 123 ] 703 | 1554 |  RAS-IESKVLE RAS-185AV2-£1 ] 15 7 | 2336 130
| Total | 397 |29.2(349920) 103 | %574 1234 2 16.5 G098 | 354296 16441

4-5 Chooses two different companies:

Each conditioning engineer is working on a set of comparisons between

companies and different units so that he can get the best results at the lowest cost.

Therefore, LG and TOSHIBA have been chosen because they are one of the leading

companies in the field of air conditioning in Sudan

4-5-1 The best choice between the two companies:

After doing a comparison between the two companies we find that LG

IS the most suitable to operate the building for the following reasons:

1- Because LG has external units operating under external operating conditions

more suitable than Toshiba for the atmosphere of Sudan.
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2- LG offers a range of units with different capacities compared to Toshiba, which
has a limited range of units.

3- Operating costs and unit prices for LG are lower compared to Toshiba. Which,
the total prices of units for the building when using LG units is equal to 56502 £
and it is less than using Toshiba units which is equal to 93057 £, also the total
operating costs for the building by using LG units is equal to 15008 Kwh and it

IS less than using Toshiba units which is equal to 37565 Kwh.

4-6 psychometric chart:

ZC Zone Condition oC Outdoor Condition
LC Leaving Coil Condition EC Entering Coil Condition

DTF  Draw Through Fan Sensible Gain

; . . - . - . - 226 dg/k
r = 7 I 7 7 ]’ -\_“, \ = oc = a'kg
7 - r 7

—| 200

180

160

140

120

—4 100

80

&0

40

20

Figure (4.1): psychometric chart show the outdoor and indoor points



CHAPTER FIVE
(CONCLUSION AND RECOMMENDATIONYS)



5-1 Conclusion:
e Calculated the cooling loads using the program (CHVAC) for a building

consisting of three floors and obtained a total value of cooling loads of
250.68 kilowatts and the value of load for each conditioned space is between
1 to 45 kW.

e The equipment was then chosen to conditioning the building from the
companies’ catalogue’s and to choose the most suitable equipment in terms

of operating conditions, prices and energy consumption of that equipment.

5-2 Recommendations:

5-2-1 Recommendation for using central plant system:

It is preferable to use the central air conditioning system in the case of
large area buildings and high wall heights instead of split unit air conditioning
system to obtain some fresh air, a quiet operation and other advantages of the central
air conditioning system featuring on the split unit system, so we recommend

increasing the wall height

5-2-2 Recommendation to use mathematical method for load

calculation:

It is preferable to use the program instead of using mathematical
equations in the calculation of cooling loads in order to save time, effort and money
and to reduce the potential errors in the use of mathematical methods, but we

recommend to use mathematical method to make compare between two methods.
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APPENDIXE



Appendix 1:

LiIBERO-S

PO9RL / P12RL / P18EL / P24EL

]
POSAL/ PIZRAL

LG unit’s catalogue

—

F1EEL S PRAEL

Madal Indaar Unit PO9RL P12RL.NSB P18EL.NS2 P24EL NS2
Outdoor Unit POSRL UA3 PIZRLUAS PIBELLULZ P24EL. UUE
Cooling Capacity (Min/Rared/Max} K 0.89-2.50-3.70 0.90-3.50-4.04 0.90 - 500 - 5.53 0.30-680-742
Heating Capacity (Min/Rated/Max} W 0.869-3.20-4.10 0.89 - 3.80 - 5.10 0.90 - 5.80 - 6.44 0.90 - 8.00 - 8.64
Annual Enargy Consumprion Cooling/Haating KWW h 141 71179 201 / 1400 287 71435 391 2027
Air Flow Rate Indoor,Max m3y/min 12 13 26
Outdoorax m3/min 27 32 50
Operation Range Cooling{Owtdoar) “C -10-48 -10-48 -10-48
Hear_ihﬁljulﬂ&nr} “C -10-24a -10-24 -10-48
List Price Indoor £173 ] £190 £225 £283
Owtdoor £E311 I E3IS2 E522 E661
Syctem £486 I £592 E747 £944
Prestige M
= ~

HO9AL / H12AL

Capacity Coolng
Heating
Heating -7°C

Power Inpus Codlng

EEIII5I33

Dicer stomPange Codling Puhin- Al *DE -10-=43 |
H:n-!g H_.n-hhn Twe 1534 [ - )
Plir Flow| Rete i Emh e 20 =0
Lizt Price Indic-or [=1"] EA=3
Owtdoar ES4T I E6348
Serstem E915 | E£1,071
Large Capacity Standard Inverter (1@ and 3@) ° °
—
— = - » E
wIzo.nvz / uise.nv2IED = n ®
e D |
= - - = & ’
L gl
o —
Indoor UI30 V2 18 UI36 NV2 18 UJ36 NVZ 18
c N Cooling Min/Nom/Max kv 35-78-85 40-9.5-105 40-35-105
A
pacity Heating Min/Nom/Max kW 40-84-92 4.4-105-115 44-105-115
Input (Set) Conling Naom W 229 279 279
e np Heating Nam kW 246 3.08 308
Powver Input (Indoar) Min/Max W so0Ma0 B0/160 B0/ 160
Annual Energy Consurmption Cocling Hestng KWh 44742356 615/2,793 615/2,793
Air Flow Rate High/Medium/Low T min 230/200/17.0 26.0/230/19.0 26.0/23.0/19.0
Ourdsar UU30W U4z UU3sW Uo2 | UuU3TW uo2
Airflow Rate MNom ™3/ man 58 S0 80
( ) Cooling Min-Max CDB -15-48 -15-48 -15-48
(m:ﬂm que (Outdoor] +
Haating Min-Max TTwe -18-18 -18-18 -18-18
List Price Indoor £4a7 £450 £450
Outdoor £1064 £1294 £1370
System £1511 £1784 £1860




Appendix 2:

Toshiba catalogue units

DAKEIA!

Outdoorunit RAS-ITPRYP-E RAS-10PAVP-E FAS-1304P-E FAS-1 6PANP-E RAS-TRAN-E

Indosor urit RAS-OTPRVP-E RAS- 10PKVP-E RAS-13PHVP-E RAS-16PRVP-E RAS-1BPKYP-E

Cooling capadity W 1 13 35 45 5

Cooling range:{min, - max) W 03-30 03-15 03-45 03-50 03-55

Power input {min. - rated - max.| 1] 0] 0,07-035-0,68 007-047-0,88 0.07- 0,07 - 1.5 007-1.22-149 007 -148-175

Annual enengy eonsumption kb 177 pif) s 610 45

Air Flow () mh-ls 0 612/288 - 170/20 624306 - 173785 696,318 193,88 TH4/371 - IN0 EO4/408- 203113
— | . 620~ 1840 6D~ 2160.-

wmcl, VAT |[EUR| 1220~ 1.480,~
o
==

woswa

Qutd oor unit RAS-10SM2-E RAS-T3SMI2-E RAS-165AV2-E1 RAS-1BSHVZ-EN RAS-225MV2-E

Indoarunit RAS- T0SV2-E RAS-T3SKV2-E RAS- 16SKV2-E1 RAS-1 BSHV2-E RAS-225KV2-E

{ooing capacty W 15 35 a8 § 1

Cmoing rnge (min. - ma,) ] 11-30 08-4]1 03-50 11-60 12-67

Power input (min. - rated - mac) W w0 015-05%-041 015-100-125 015-13%5-1.712 018-142-200 0.20-1.9%-265

Ann 2l energy consumption Wh pi:l 500 638 m Wi

Kir Fow mh-ls 0 §16-143 570- 154 684190 154- 265 1080-300 )

Single £ " 435, 1.680,— aas, - L3835

1 245,—~ 2480,
] cxEl. VAT [EUR] a




Appendix 3:

Building dimensions

a) Door dimensions

Door List

Door Name Door 18 Door 18 Door 18 Door 18 Double Door 18
Quantity B 12 17 18 1
Zone Number
W x H Size O 80x2 20 O_80x2 20 100220 1002 20 2 O0w2 20
Orientation L R L R R
Door sill height 000 000 000 0.00 000
Door head height 220 2.20 220 2.20 2.20
P
ZD Symbol 4
/
[ L1
View from Side [~ [ /’=/ 1
Opposite to Opening . kT | .
s BN =]
|
Object Inventory List
Object Name Dining Table Rectan. .. Office Chair 03 18 | Office Layout Island ... Office Table 18 | Office S... | Office S... Plotter 18 Projector 18
Quantity 1 3 3 1 3 45 [ 1
Length (A) 667 064 300 200 150 150 132 0.31
‘Width (B} 1.86 0.80 3.00 0.80 311 1.30 0.91 0.26
Height (Z Size) 0.85 131 115 0.75 115 115 1.10 0.1
DL
ooooonn ) iy
oo | o [ 1| © H%‘ =) o
Toooooo w
Q ,> o —
O *
o i ) GG T e = -

¢) Windows dimensions and information

W Tl e it

W Tl o e lE e

Tripie Widinmclomss 18

W B o 1ES

L=TFE-T el 5%
Frorms Rocmnm Mosrmber
W e H Shie

0

1 S0l 3w

O _ 701 E

i e ru o tioem (&3
Wil o =il Frerigp it 0L Se [ =1=]
W il o e acod Bee i et =2_ 20 2 20

20D Swyreekbaol

Wieww From Shide Opeoosite
o O perninmg Sicle




d) Walls diminutions and information’s

Wall List
Wall Type “Wolume [... | Thickness [m] | Haight [m] Araa [m2] Parimatear [m] Langth on Oulside Facea [m] Surface Area on Outside Face [._.

Brick - Finish 20.28 0.25 2.80 15.30 125.00 61.25 T9.08
Brick - Finish 237 0.25 2.80 0.66 705 2.25 10.50
Brick - Finish 088 0.25 2.80 0.38 3.71 1.50 3.50
Brick - Finish 1.92 0.25 2.80 0.76 720 276 7.70
Brick - Finish 294 0.25 2.80 1.41 1275 5.64 15.75
Brick - Finish 099 0.25 2.80 0.47 4.39 2.02 4.95
Brick - Finish 6.30 0.25 2.80 4.14 36.00 16.50 25.08
Brick - Finish 6.30 0.25 2.80 228 21.00 8.00 25.20
Brick - Finish 1.06 0.25 2.80 0.50 460 213 5.25
Brick - Finish 4.74 0.25 2.80 1.77 16.05 6.75 18.90
Brick - Finish 3.32 0.25 2.80 1.18 10.50 4.76 13.30
Brick - Finish 1.75 0.25 2.80 0.56 5.00 2.25 7.00
Brick - Finish 211 0.25 2.80 1.16 9.75 4.62 10.75
Brick - Finish 41.34 0.25 2.80 16.92 144.00 67.50 18900
Brick - Finish 13.68 0.25 2.80 4.86 42.00 19.50 5460
Brick - Finish 71 0.25 2.80 264 2313 8.75 27.39
Brick - Finish 2.48 0.25 2.80 1.08 925 4.38 12.25
Brick - Finish 273 0.25 2.80 1.13 a9.71 4.75 11.90
Brick - Finish 23.61 0.25 2.80 9.78 8226 39.00 103.41
Brick - Finish 13.95 0.25 2.80 6.45 5367 2562 57.07
Brick - Finish 2811 0.25 2.80 13.32 11010 52.50 13326
Brick - Finish 13.98 0.25 2.80 7.02 58.05 28.50 53.88
Brick - Finish 11.594 0.25 2.80 5.88 48.00 23.50 57.00
Brick - Finish 17.91 0.25 2.80 8.52 T0.05 33.75 83.40
Brick - Finish 38.37 0.25 2.80 18.00 148 26 73.50 170.25
Brick - Finish B0.54 0.25 2.80 36.00 282 26 14550 355 64

e) Components by layers

Componants by Layers
Layer Name | Mame Volume [m3)]
Shell - Roof
| Timber - Roof | 26.40
Structural - Baarning
Brick - Finish as0.71
Concrate - Structural arize
GEMNERIC - STRUC... 50.05
Tike - Floor 4650

f) All components

Componants
MName Volume [m3]
Brick - Finish 350.71
Concrete - Structural 373.26
GEMERIC - STRUCTU... 50.0%
Tile - Floor 46.59
Timber - Roof 26.40




Appendix 4:

Software output reports

Office 2-6

||lh.l£r & Ar Cananening n-amaun'
[Air Handler #22 - Office 2-6 - Total Load Summary |
Ar Handler Description: Office 2-6 Constant Volume - Proportion
Supply Ar Fan: Draw-Thru with program estimated horsepower of 0.06 kW
Fan Input: 0% motor and fan efficency with 0 kPa across the fan
Sensible Heat Rato: 0.80 - This system occurs 1 time(s) in the bulding. —
Air System Peak Time: 3pm in July.
Outdoor Conditions: Clg- 47° DB, 30° WB, 21.25 grams morsture per kg dry air
Indoor Conditions: Clg: 25" DB. 50% RH
Because of the diversity in zone, plenum and ventiation loads, the zone sensible peak time in May at 3pm is different from
the total system peak time, hence the air system L/s was computed using a zone sensible load of 5,BET.
Summer: Ventilation controls outside ar, -——- Winter: Exhaust controls outside air.
Zone Space sensible loss: 0 Watts
Infitraton sensible loss: 0 Watts 0 LUs
Outside Air sensible loss: 0 Wans 0 LUs
Supply Duct sensible loss: 0 Watts
Retun Duct sensible loss: 0 Watts
Retum Plenum sensible loss 0 Wans
Total System sensible loss: 0 Watts
Heating Supply Ar: 0 /(856 X 1.21 X0)= 0 Us
Winter Vent Qutside Air (0.0% of supply) = D Us
Zone space sensible gain 5,708 Watts
Infitration sensible gain: 0 Watts
Draw-thru fan sensible gain: 81 Wams
Supply duct sensible gain® 0 Wats
Reserve sensible gan: 0 Wats
Total sensible gain on supply side of coil: 5770 Watts
Cooling Supply Air- 5,040/ (0956 X 123X 11) = 4680 LU's
Summer Vent Qutside Air (5.2% of supply) = 24 Us
Retum duct sensible gain: 0 Wass
Retum plenum sensible gain: 0 Watis
Qutside air sensible gain: 615 Watts 24 s
Blow-thru fan sensible gain 0 Wass
Total sensible gain on retumn side of coil: 815 Watts
Total sensible gain on air handling system: 6,388 Watts
Zone space latent gain: 644 Watls
Infiltration latent gain 0 Wans
Qutside air latent gan; 732 Watis
Total latent gain on air handling system: 1.3786 Watts
Total system sensible and |atent gan: 7.782 Watts
|
Total Air Handler Supply Air (based ona 11° TD): 4680 Us
Total Air Handler Vent. Air (5.17% of Supply): 24 Us
Total Conditioned Air Space: 28 Sqm
Supply Ar Per Unit Area: 184315 Us/Sqm
Area Per Cooling Capacity: 36074 SqmiW 127 SqmTon
Cooling Capacity Per Area 02772 KW/iSq.m 007TEE Tons/Sgq.m
Heating Capacity Per Area: 000 Watts/Sqm
Total Heating Required With Outside Ar: 000 kW
Total Cocling With Outside Air: 776 kW 221 Tons

Chilisers TOSHIBA \DeskIDpWadaaT CHV Tuesaay, Aprl 25, 2017, 0353 PM



p. room 2-1

il

===

[ Air Handler #33 - P.Room 2-1 - Total Load S_ummary |

Ar Handler Description:  P.Room 2-1 Constant Volume - Proportion

Supply Ar Fan: Draw-Thru with program estimated horsepower of 0.03 kW

Fan Input: 0% motor and fan efficency with 0 kPa across the fan

Sensible Heat Ratio: 0 — This system occurs 1 time(s) in the building. —
Air System Peak Time: Spm in July.

Outdoor Conditions: Clg- 45° DB. 30° WB, 22.10 grams morsture per kg dry air

Indoor Conditions: Clg: 25" DB. 50% RH

Because of the diversity in zone, plenum and ventiation loads, the zone sensible peak time in May at 5pm is different from
the total system peak time, hence the air system L/s was computed using a 2one sensible load of 3,148

Summer: Ventlation controls outside ar, -—- Winter- Exhaust controls outside air

Zone Space sensible loss: 0 Wats
Infitrabon sensible loss: 0 Watts 0 Us
Qutside Air sensible loss: 0 Wats 0 Us
Supply Duct sensible loss: 0 Wats
Retun Duct sensible loss: 0 Watts
Retumn Plenum sensible loss: 0 Wats
Total System sensible loss: 0 Watts
Heating Supply Ar- 0/( 856 X 1.21 X0)= 0DUs
Winter Vent Outside Air (0.0% of supply) = 0 Us
Zone space sensible gain- 3,047 Watts
Infitration sensible gain: 0 Watts
fan sensible gain: 33 Wans
Supply duct sensible gain- 0 Watts
Reserve sensible gan: 0 Wanms
Total sensible gain on supply side of coil: 3,080 Watts
Cooling Supply Air: 3,181 /(958 X 123X 11) = 248 Us
Summer Vent Qutside Air (4.7% of supply) = 12 Us
Retumn duct sensible gan: 0 Wats
Retumn plenum sensible gain: 0 Wats
Qutside air sensible gain: 274 Watts 12 Us
Blow-thru fan sensible gain: 0 Wans
Total sensible gain on return side of coil: 274 Watts
Total sensible gain on air handling system: 3,354 Watts
Zone latent gain: 315 Watts
Inm'ahmmlaem gag:: 0 Wats
Qutside arr latent gam: 386 Watts
Total latent gain on air handling system: 701 Watts
Total system sensible and latent gan: 4054 Wats
|
Total Air Handler Supply Air (based on a 11° TD): 248 Us
Total Air Handler Vent. Air (£ 73% of Supply): 12 Us
Total Conditioned Air Space: 14 Sgq.m
Supply Ar Per Unit Area: 178713 Us/Sqm
Area Per Cooling Capacity: 23787 SqmkW 119 SgmTon
Cooling Capacity Per Area 02961 kW/Sq.m 00842 TonsSqm
Heating Capacity Per Area: 000 Watts/Sqm
Total Heating Required With Outside Ar: 000 kW
Total Cooling With Outside Air: 405 kW 1.15 Tons

Tuesday, Apni 25, 2017, 03:58 PM




e. room 2-1

E———

| Air Handler #30 - E.Room 2-1 - Total Load Summary |
Ar Handler Description:  E.Room 2-1 Constant Volume - Proportion

Supply Arr Fan: Draw-Thru with program estimated horsepower of 0.02 kW

Fan Input 0% mator and fan efcency with 0 kPa across the fan

Sensible Heat Ratio: 089 — This system occurs 1 time(s) in the buiding. —
A System Peak Tme Spm in July.

Outdoor Conditions: Clg: 45° DB, 30° WB, 22.10 grams moisture per kg dry air

Indoor Conditions: Cig- 25" DB, 50% RH

Because of the diversity in zone, plenum and ventiation loads, the zone sensible peak tme in May at Spm is different from
the total system peak time, hence the air system L’s was computed using a zone sensible load of 1,880

Summer: Ventilation controls outside air, -— Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Wats

Infitration sensible loss: 0 Watts 0 uUs

Outside Air sensible loss: 0 Wats 0Ls

Supply Duct sensible loss: 0 Wats

Retumn Duct sensible loss: 0 Watts

Retumn Plenum sensible loss: 0 Wats

Total System sensible loss: 0 Watts

Heating Supply A 0/ (856 X 1.21 X0)= D Us

Winter Vent Qutside Air (0.0% of supply) = 0D Us

Zone space sensible gain- 1,851 Wats

Infitration sensible gain: 0 Watts

Draw-thru fan sensible gain: 18 Wats

Supply duct sensible gain: 0 Wats

Reserve sensible gan: 0 Wats

Total sensible gain on supply side of coil: 1,880 Watis

Cooling Supply Air: 1,007 /(056 X 123 X 12)= 135 LUs

Summer Vent Qutside Air (6.6% of supply) = g Us

Retumn duct sensible gain: 0 Wats

Retumn plenum sensible gain- 0 Wats

Qutside air sensible gain: 210 Watts 9 LUs

Blowe-thru fan sensible gain: 0 Wass

Total sensible gain on retumn side of coil: 210 Watts

Total sensible gain on air handling system: 2078 Watts

Zone space latent gain: 242 Watts

Inm':lﬁunlanemgasl:: 0 Wass

Outside air latent gamn: 208 Wats

Total latent gain on air handling system: 537 Watts

Total system sensible and latent gain: 2616 Watts
]

Total Air Handler Supply Air (based on a 12° TD): 135 Us

Total Air Handler Vent. Air (8.60% of Supply): e Us

Total Conditioned Air Space: 11 Sqm

Supply Arr Per Unit Area: 128770 Us/Sgm

Area Per Codling Capacity: 40140 Sq.mkW 14.1 SqmTon

Cooling Capacity Per Area 02401 kW/Sqm 00708 TonsSgm

Heating Capacity Per Area: 000 Wats/Sqm

Total Heating Required With Outside Air: 000 kW

Total Cooling With Outside Air: 282 kW 074 Tons

Chlsers TOSHIBADeskiopwadda? .CHV Tuesday, Apnl 25, 2017, 03:53 PM




g.m. room

| Air Handler #35 - G.M.Room - Total Load Summary [

Air Handler Description:  G.M.Room Constant Volume - Proportion

Supply Arr Fan: Draw-Thru with program estimated of D.06 kW

Fan Input 0% motor and fan efficiency with 0 kPa across the fan

Sensible Heat Ratio: 0. — This system occurs 1 time(s) in the buiding. —
Air System Peak Time: Spm in July.

Outdoor Conditions: Clg: 45° DB, 30° WEB, 2210 grams moisture per kg dry air

Indoor Conditions: Clg: 25" DB, 50% RH

Because of the diversity in zone, plenum and ventiation loads, the zone mﬁhpealhmnﬂardﬁpmisdiﬁeren‘lhm
the total system peak time, hence the air system Lis was computed using a 2one sensible load of 5,020,

Summer: Ventilation controls outside air, —- Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Wats

Infitration sensible loss: 0 Wats 0Lus

Outside Ar sensible loss: 0 Wats 0 s

Supply Duct sensible loss: 0 Wats

Retum Duct sensible loss: 0 Wats

Retum Plenum sensible loss: 0 Wats

Total System sensible loss: 0 Watts

Heating Supply Air- 0/ {856 X 121 X0)= 0us

Winter Vient Outside Air (0.0% of supply) = 0D Us

Zone space sensible gain: 5,784 Wats

Infitration sensible gain: 0 Watts

Draw-thru fan sensible gain: 62 Watts

Swplyalntms-l:bgan 0 Wans

Feserve sensible 0 Wats

Tutdunsi:hganmsq:plysﬂeofmil: 5,858 Watts

Cooling Supply Air: 5081 /(056 X 123X 11)= 483 LUs

Summer Vent Qutside Air (5.0% of supply) = 23 Us

Retumn duct sensible gan: 0 Wass

Retum plenum sensible gain- 0 Wats

Qutside air sensible gan: 530 Watts 23 s

Blows-thru fan sensible gain: 0 Wass

Total sensible gain on return side of coil: 532 Watts

Total sensible gain on air handling system: 6,305 Watts

Zone space latent gain: 621 Wats

Infitration Ianemgagi:: 0 Wass

Outside air latent gamn: TE1 Wats

Total latent gain on air handling system: 1,382 Watts

Total system sensible and latent gain: 7777 Watts
|

Total Air Handler Supply Air (based on a 11° TD): 483 Us

Total Air Handler Vent. Air (4 06% of Supply): 23 Us

Total Conditioned Air Space: 2 Sqm

Supply Air Per Unit Arear 144562 Us/Sqm

Area Per Cooling Capacity: 41146 Sq.mkwW 145 SqmiTon

Cooling Capacity Per Area 02430 kWSq.m 00601 Tons/Sgm

Heating Capacity Per Area: 000 Watts/'Sqm

Total Heating Required With Dutside Arr- 000 kW

Total Cooling With Outside Air: 7.78 kW 221 Tons

Clilsers TOSHIBA'DeskinpwaddaT.CHV

Tuesday, Aprl 25, 2017, 03:59 PM




reception0

——

| Air Handler #25 - Reception 0 - Total Load Summary |

Ar Handler Description:  Recepben 0 Constant Volume - Proportion

Supply Ar Fan: Draw-Thru with program estimated of 0.16 kW

Fan Input: 0% motor and fan efficency with 0 kPa across the fan

Sensible Heat Ratio: 0.78 — This system occurs 1 time(s) in the building. —
Air System Peak Time: Spm in July.

Outdoor Conditions: Clg- 45° DB. 30° WB, 22.10 grams morsture per kg dry air

Indoor Conditions: Clg: 25" DB. 50% RH

Because of the diversity in zone, plenum and ventiation loads, the zone sensible peak time in May at 5pm is different from
the total system peak time, hence the air system L/s was computed using a 2one sensible load of 18,072,

Summer: Ventlation controls outside ar, -—- Winter- Exhaust controls outside air

Zone Space sensible loss: 0 Wats

Infitration sensible loss: 0 Watts 0 Us

Qutside Air sensible loss: 0 Wats 0 Us

Supply Duct sensible loss: 0 Wats

Retumn Duct sensible loss: 0 Watts

Retumn Plenum sensible loss: 0 Wats

Total System sensible loss: 0 Watts

Heating Supply Ar- 0/( 856 X 1.21 X0)= 0DUs

Winter Vent Outside Air (0.0% of supply) = 0 Us

Zone space sensible gain- 15836 Watts

Infitration sensible gain: 0 Watts

Diraw-thru fan sensible gain: 153 Watts

Supply duct sensible gain- 0 Watts

Reserve sensible gan: 0 Wans

Total sensible gain on supply side of coil: 16,082 Watts

Cooling Supply Air 18225/ (058 X 123X 12)= 1.150 Us

Summer Vent Qutside Air (14.5% of supply) = 167 Us

Retum duct sensible gan: 0 Wans

Retum plenum sensible gain: 0 Watts

Qutside air sensible gain: 3918 Watts 167 Us

Blow-thru fan sensible gain: 0 Wans

Total sensible gain on return side of coil: 3,916 Watts

Total sensible gain on air handling system: 20,008 Watts

Zone space latent gain: 4508 Watts

Infiltration latent gag:: 0 Wats

OQutside air latent gam: 5523 Wats

Total latent gain on air handling system: 10,031 Watts

Total system sensible and latent gan: 30,037 Watts
|

Total Air Handler Supply Air (based on a 12° TD): 1.150 Us

Total Air Handler Vent. Air (14 48% of Supply): 167 Us

Total Conditioned Air Space: 108 Sqm

Supply Ar Per Unit Area: 58604 Lis/Sgm

Area Per Cooling Capacity: 85253 Sq.mxW 229 SqmTon

Cooling Capacity Per Area 0.1532 kWISq.m 00436 TonsSgm

Heating Capacity Per Area: 000 Watts/Sqm

Total Heating Required With Outside Ar: 000 kW

Total Cooling With Outside Air: 3004 kW 854 Tons

Tuesday, Apni 25, 2017, 03:58 PM




meeting room

E———

|Air Handler #36 - Meeting Room - Total Load Summary |
Ar Handler Description:  Meeting Room Canstant Volume -

Supply Ar Fan: Draw-Thru with program estimated horsepower of 0.10 kW

Fan Input 0% mator and fan efcency with 0 kPa across the fan

Sensible Heat Ratio: 089 — This system occurs 1 time(s) in the buiding. —
A System Peak Tme Spm in July.

Outdoor Conditions: Clg: 45° DB, 30° WB, 22.10 grams moisture per kg dry air

Indoor Conditions: Cig- 25" DB, 50% RH

Because of the diversity in zone, plenum and ventiation loads, the zone sensible peak tme in May at Spm is different from
the total system peak time, hence the air system L’s was computed using a zone sensible load of 8,004,

Summer: Ventilation controls outside air, -— Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Wats

Infitrabon sensible loss: 0 Wats 0 us

Outzide Air zensible loss: 0 Wars 0 Us

Supply Duct sensible loss: 0 Wats

Retumn Duct sensible loss: 0 Wats

Retum Plenum sensible loss: 0 Wars

Total System sensible loss: 0 Watts

Heating Supply Air: 0 / (856 X 1.21 X0)= ous

Winter Vent Qutside Air (0.0% of supply) = D Us

Zone space sensible gain- 8.751 Waits

Infitration sensible gain: 0 Watts

Draw-thru fan sensible gain: 24 Wans

Supply duct sensible gain: 0 Wats

Reserve sensible gan: 0 Wats

Total sensible gain on supply side of coil: 8,545 Watts

Cooling Supply Air 0,087 / (056 X 123X 11) = 703 Us

Summer Vent Qutside Air (5.8% of supply) = 41 Us

Retum duct sensible gain: 0 Wass

Retum plenum sensible gain: 0 Watts

Qutside air sensible gain: 950 Watts 41 Ls

Blow-thru fan sensible gain: 0 Wars

Total sensible gain on retumn side of coil: 250 Watts

Total sensible gain on air handling system: 0.204 Watts

Zone space latent gain: 1.104 Wats

Inm':lﬁunlanemgasl:: 0 Wass

Outside air latent gan: 1.353 Watis

Total latent gain on air handling system: 2457 Watts

Total system sensible and latent gain: 12,261 Watts
|

Total Air Handler Supply Air (based ona 11° TD): 703 Us

Total Air Handler Vient. Air (5.80% of Supply): 41 Us

Total Conditioned Air Space: 32 Sqm

Supply Arr Per Unit Area 2196852 Uis/Sqm

Area Per Cooling Capacity: 26100 Sq.mEkwW 92 Sqm/Ton

Cooling Capacity Per Area: 03831 kW/Sq.m 0.1080 Tons'Sqm

Heating Capacity Per Area: 000 Wats/Sqm

Total Heating Required With Outside Air: 000 kW

Total Cooling With Outside Air: 1226 kW 240 Tons

Clillsers TOSHIBA \Deskiop'wadda? CHV Tuesday, Apnl 25, 2017, 03:53 PM




Mosque

Ei———

e

| Air Handler #34 - Mosque - Total Load Summary [

Ar Handler Description:  Mosgue Constant Volume - Proportion

Supply Ar Fan: Draw-Thru with estmated of D.08 kW

Fan Input 0% motor and fan efficiency with 0 kPa across the fan

Sensible Heat Ratio: 0.79 — This system occurs 1 time(s) in the buiding. —
Air System Peak Time: Spm in July.

Outdoor Conditions: Clgr 45° DB, 30° WB, 22 10 grams moisture per kg dry air

Indoor Conditions: Clg: 25" DB, 50% RH

Because of the diversity in zone, plenum and ventiation loads, the zone sensible peak time in May at Spm is different from
the total system peak time, hence the air system Lis was computed using a zone sensible load of 7.731.

Summer: Ventilation controls outside air, —- Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Wats

Infitration sensible loss: 0 Watts 0 s

Outside Air sensible loss: 0 Wats 0 LUs

Supply Duct sensible loss: 0 Wats

Retum Duct sensible loss: 0 Watts

Retum Plenum sensible loss: 0 Wats

Total System sensible loss: 0 Watts

Heating Supply Air: 0/ (858 X 1.21 X0)= 0Us

Winter Vient Outside Air (0.0% of supply) = 0D Us

Zone space sensible gain: 7.605 Wats

Infitration sensible gain: 0 Watts

Draw-thru fan sensible gain: 74 Wats

Supply duct sensible gain: 0 Watts

Reserve sensible gan: 0 Wans

Total sensible gain on supply side of coil: 7,672 Watts

Cooling Supply Air: 7,805/ (056 X 123 X 12)= 553 LUs

Summer Vent Qutside Air (13.8% of supply) = 7w Us

Retumn duct sensible gan: 0 Wass

Retum plenum sensible gain- 0 Wats

Qutside air sensible gan: 1.708 Wats 7 LUs

Blows-thru fan sensible gain: 0 Wats

Total sensible gain on retumn side of coil: 1,728 Watts

Total sensible gain on air handling system: 0,477 Watts

Zone space latent gain: 2070 Watts

Infitration Ianemgagi:: 0 Wass

Outside air latent gamn: 2536 Wats

Total latent gain on air handling system: 4,606 Watts

Total system sensible and latent gain: 14,084 Watts
|

Total Air Handler Supply Air (based on a 12° TD): 553 Ls

Total Air Handler Vent. Air (13.83% of Supply): 7 Us

Total Conditioned Air Space: 32 Sqm

Supply Arr Per Unit Area: 172814 Us/Sqm

Area Per Cooling Capacity: 22721 Sq.mkwW 80 SqmTon

Cooling Capacity Per Area: 04401 KW/Sqm 0.1251 Tons/Sqm

Heating Capacity Per Area: 000 Watts/'Sqm

Total Heating Required With Dutside Arr- 000 kW

Total Cooling With Outside Air: 1408 kW 400 Tons

Clilsers TOSHIBA'DeskinpwaddaT.CHV

Tuesday, Aprl 25, 2017, 03:59 PM



