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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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 التجريد

كان الهدف من البحث ايجاد البيئة والراحة الحرارية 

المناسبة للاشخاص العاممين داخل مبني مكون من ثلاثة طوابق 

 وذلك لعدم وجود بيئة حرارية مناسبة داخل ذلك المبني .

تم ذلك باختيار افضل نظام تكييف لتشغيمو داخل 

استخدام المبني بعد ان تم حساب الاحمال الحرارية لممبني ب

 التدفئة والتهوية وتكييف الهواء التجاري.  برنامج

 يعادلتم الحصول عمي اجمالي حمل حراري لممبني بما 

لكل فراغ  واط وتتراوح قيم الاحمال الحرارية كيمو (250.68)

 كيمو واط. (54 – 1) من

 يج لا يتكرش تادحو نيب ام ونراقم ءارجا من 

 .يئابرهكلا كلاهتسلاا لدعمو رعسلا ثيح نم ابيشوتو

  يج لا ةكرشل التكييف المنفصمو تادتم اختيار وح 

 لدعمو رعسلا ثيح نم كافضل وحده لتشغيمها داخل المبنى

 .يئابرهكلا كلاهتسلاا
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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.   
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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: 
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(LITERATURE REVIEW) 
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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.  
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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 
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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. 
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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:- 
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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 
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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. 

 

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]. 
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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: 

(a)  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. 
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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. 

 

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]. 
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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] 

 

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] 

 

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  

 

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

c) 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 
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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 

 

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. 

 

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

point temperature to avoid condensation  

 

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. 

 

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]. 

 

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 ± 0.15oC (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. It 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 



27 

 

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/Volume (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] 

c) (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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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 
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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: 

 

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: 

 

 

 

 

Figure (3.2): Client Window 

 

 

 

 

Figure (3.3): Project Window 
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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: 

 

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: 

 

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. 

 

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. 
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  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 

(CHVAC) 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. 



41 
 

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: 

 

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. 
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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:  

 

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: 

 

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: 

 

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: 

 

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:  

 

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: 

 

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/sq.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: 

 

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: 

 

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. 
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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 



53 
 

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 (3.19): Building Dimensions (Ground Floor) 

 

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] 



 
 

 

 

 

 

 

 

 

 

 

 

CHAPTER FOUR 

(DATA DISCUSION) 
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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 ventilation 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  
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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 

 

Table (4-2): first floor 
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Table (4-3): second floor 

 

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 appendix1 and appendix2] and placed in the 

following tables: 

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

Table (4-4): ground floor 
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Table (4-5): first floor 

 

Table (4-6): second floor 
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4-4-3 Selection of spilt type (Toshiba Company): 

Table (4-7): ground floor 

 

Table (4-8): first floor 
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Table (4-9): second floor 

 

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: 

 

 

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



 
 

 

 

 

 

 

 

 

 

 

 

CHAPTER FIVE 

(CONCLUSION AND RECOMMENDATIONS) 
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5-1 Conclusion: 

 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. 

 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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Appendix 1: 

LG unit’s catalogue 

 



 

 

Appendix 2: 

Toshiba catalogue units 

 

 

 

 

 

 



 

 

Appendix 3: 

Building dimensions 

a) Door dimensions 

 

 

 

 

 

b) Appliance information 

 

c) Windows dimensions and information 

 

 



 

 

d) Walls diminutions and information’s 

 

e) Components by layers 

 

f) All components 

 

 

 

 



 

 

Appendix 4: 

Software output reports 

Office 2-6 

 



 

 

p. room 2-1 

 

 

 



 

 

e. room 2-1 

 

 

 



 

 

g.m. room 

 

 

 



 

 

reception0 

 

 

 



 

 

meeting room 
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