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Abstract:

The aim of this project is to design installation of heating, ventilation and air condition system (HVAC) for the Jenin Governmental Hospital which is built in Jenin/ Palestine. The hospital consists of ground, first, second and a third.
HVAC system provides comfortable and clean environment free of germs and diseases that harm the patient and the peoples inside the hospital. Many requirements must be taken in the building structure. First, providing an insulation system for various hospital walls and windows that will reduce the amount of heat losses into the building. This habitual be established with the construction of the building including the development of insulation material and spaces inside the wall and the selection of quality glass where the heat transfer through it can be reduced. Second, providing appropriate adjustment temperatures and in absent of adores, and are able to purify the air inside the building so that the atmosphere inside the building suitable for peoples healthy stable and relax. In addition adjustment to the hospital devises in order to protect them from damage and to give accurate results and therefore accurate treatment. Third, existing the system and fire-fighting system to keep the hospital safe from fire this system is very essential to provide early direction of the fire and extinguished it in its initial stages. In the finally, water services and plumbing design, the availably of water services system inside the building the hot or cold water, this service can be achieved by the selecting the right size of piping and tubing for fixture of drainage system prevent the hazard leakage and pollution.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Introduction

The main idea of this project is to design a heating and air conditioning for the Jenin Governmental Hospital that consist of ground, first, second and third.

HVAC system provides environmental health, comfortable, clean and free of gems and diseases. These consideration in the design will provide healthy and comfortable environment within the hospital. Also insulation system and material construction will be taken into account. Insulation system that be located in the walls and windows of the hospital to reduce the amount of heat losses. While materials construction will provide the appropriate temperature through the adjustment and suitable degree of moisture and maintain the purification of the air inside the building is suitable and healthy.

The fire-fighting system will be designed to keep the hospital safe from fire accident. Additionally, the water system and plumbing such as a network of hot and cold water. This service can be achieved through the identification of the correct size for pipes.

1.2 Dissertation Structure :

The dissertation consist of nine chapters. The aim of each chapter is describe below:

1. Chapter 1 : General introduction

The project objectives, design requirement and dissertation structure.

2. Chapter 2 : HVAC system

Climate controller which include heating, cooling, humidity control, filtration, building pressure control to the condition space and unit were used to do this was explained. A brief description of air conditioning system such as its types, component, heating and cooling system, comfort zone and ventilation and infiltration.

3. Chapter 3 : Hospital specifications

Details about the building location, its orientation, the outside conditions, the design inside condition. Also internal and external walls components and ceiling structure materials. Additionally, the building rooms were described.

4. Chapter 4 : Over-all heat transfer coefficient and peak hour

Show in details theover-all heat transfer coefficient for the building walls and ceiling and the peak hour of the cooling month.

5. Chapter 5 : Heating and cooling load calculation

The equation and the calculation of heating and cooling loads of the hospital were described and calculated. These results will be used in designing and selection the HVAC required components.

6. Chapter 6 : Duct and pipes design

All details the related to the distribution the conditioned air into the building, and its calculation and design.

7. Chapter 7 : Plumbing system

Design a system of pipes and fixtures installed inside the building for the distribution of potable water and remove the wastes. 

8. Chapter 8 : Fire-fighting system

This chapter described the fire-fighting system and there type and equipment.

9. Chapter 9 : Equipment selection 

The equipment that needed to construct the systems that we designed .

Chapter Two
HVAC systems

      2.1 Introduction

            HVAC (Heating, Ventilation and Air Conditioning) is widely known as today climate control. This system is employed in hospitals, office spaces and widely used in many systems  where the temperature, humidity and ventilation  has to be maintained at a constant level to produce the best environment for healthy . The HVAC systems are very popular because of its easy installation, low maintenance and low operating costs     HVAC system is composed of components and equipment arranged in sequence to condition the air, to transport it to the conditioned space, and to control the indoor environmental parameters of a specific space within required limits. Distribute the conditioned air, containing sufficient outdoor air to the conditioned space. Control and maintain the indoor environmental parameters–such as temperature, humidity, cleanliness, air movement, sound level, and pressure differential between the conditioned space and surroundings-within predetermined limits. So arrangements of components used to provide appropriate characteristics.

2.2 Heating 

            Heating is significant in maintaining adequate room temperature especially during colder weather conditions. The central system is the most standard method for controlling the temperature in the home. It produces warm or cool air in one central area and then distributes it throughout the house. They may be either radiant or forced air. Some examples of central HVAC schemes include heat pumps, gas and oil furnaces, evaporator coils, and air conditioners Radiant heating systems typically combine a central boiler, water heater or heat pump water heater with piping, to transport steam or hot water into the living area. Heating is delivered to the rooms in the home via radiators or radiant floor systems, such as radiant slabs or under floor piping. Forced air central heating operates by heating an exchanger (usually a furnace) either by hot water, gas, electricity or oil. Air is forced to pass over or through the exchanger that warms the atmosphere. The hot ventilation circulates through sheet metal ducts which run into each room or area by registered vents. [1].  
      2.3 Air Conditioning :

            There are various types of air conditioning systems. The application of a particular type of system depends upon a number of factors like how large the area is to be cooled, the total heat generated inside the enclosed area.
1- Window air conditioner  used air for single rooms. It consist of compressor, condenser, expansion valve or coil, evaporator and cooling coil are enclosed in a single box as shown in Fig(2.1)[2]. This unit is fitted in a slot made in the wall of the room, or often a window sill.



Fig(2.1) : Window Air Conditioner[2]. 

2- [image: image77.jpg]Fig, (2.6 ) Plumping System [8]



split air conditioner consists of two parts: the outdoor and the indoor units as shown in Fig(2.2)[3]. The outdoor unit, fitted outside the room, houses components like the compressor, condenser and expansion valve. The indoor unit comprises the evaporator or cooling coil and the cooling fan. 
Fig(2.2) : Split Air Conditioner[3].

3- Packaged air conditioner: used for conditioning large space of area as shown in Fig(2.3)[4] The arrangements with the package unit is divided into two  parts first, all the components, such as the compressor, condenser (which can be air cooled or water cooled), expansion valve and evaporator are housed in a single box. The cooled air is thrown by the high capacity blower, and it flows through the ducts laid through various rooms. secondary arrangement, the compressor and condenser are housed in one casing. The compressed gas passes through individual units, comprised of the expansion valve and cooling coil, located in various rooms.


Fig(2.3) : Packaged Air Conditioner[4].

4- Central air conditioning system: it is used for cooling big buildings, houses, offices, entire hotels, gyms, movie theaters, factories etc as shown in Fig(2.4)[5]. The central air conditioning system is comprised of a huge compressor that has the capacity to produce hundreds of tons of air conditioning. 


Fig(2.4):Example About Central Air Conditioning System[5].
2.4 Ventilation  : 

            Ventilation is the replacement of stale air in a building with fresh air. it is a vital requirement for the comfort and health of building occupants so that can supply oxygen for breathing (respiration),to dilute pollutants such as body odors and exhaled carbon dioxide,  remove unwanted heat from the building,  supply air for combustion appliances,  lower the relative humidity and so avoid condensation, and to clear smoke in the event of fire.

Outdoor air must be introduced to ventilate conditioned spaces. Local codes and ordinances frequently specify ventilation requirements for public places and for industrial installations. For example, 100% out door air is some times used in operating rooms, this standard does not require it, and limiting the outdoor air to 6 to 8 changes per hour is finding increasing acceptance. ASHRAE Standard 62 recommends minimum ventilation rates for most common applications. For general applications, such as offices, 20 CFM( cubic feet per minute ) per person is suggested. Ventilation air is normally introduced at air-conditioned apparatus rather than directly into the conditioned space so that it  becomes a cooling coil  load component instead of a space load component. Reducing heat gain from outdoor air by using filtered re circulated air in combination with outdoor air should be considered. Re circulated air can also be treated to control odor, [6]. 

2.4.1 Mechanical or Forced Ventilation

           "Mechanical" or "forced" ventilation is used to control indoor air quality. Excess humidity, odors, and contaminants can often be controlled via replacement with outside air. However, in humid climates much energy is required to remove excess moisture from ventilation air.

            Kitchens and bathrooms typically have mechanical exhaust to control odors and sometimes humidity. Factors in the design of such systems include the flow rate (which is a function of the fan speed and exhaust vent size) and noise level. If the ducting for the fans traverse unheated space (e.g., an attic), the ducting should be insulated as well to prevent condensation on the ducting. Direct drive fans are available for many applications, and can reduce maintenance needs.
2.4.2 Natural Ventilation

            Natural ventilation is the ventilation of a building with outside air without the use of a fan or other mechanical system. It can be achieved with operable windows when the spaces to ventilate are small and the architecture permits. These systems use very little energy but care must be taken to ensure the occupants' comfort. In warm or humid months, in many climates, maintaining thermal comfort via solely natural ventilation may not be possible so conventional air conditioning systems are used as backups. 
2.4.3 Infiltration :

            Is the movement of air in and out of the building via cracks and gaps in the building envelope. Air movement is driven by natural forces such as wind pressure and differences between inside and outside temperatures. Unfortunately infiltration is uncontrollable and, in windy conditions, can lead to excessive ventilation rates resulting in draughts and high ventilation heat losses. Conversely it can also lead to inadequate ventilation on still, warm days. 
2.5 Air System :
            An air system is sometimes called the air-handling system. The function of an air system is to condition, to transport, to distribute the conditioned, recirculating, outdoor, and exhaust air, and to control the indoor environment according to requirements. The major components of an air system are the air-handling units, supply/return ductwork, fan-powered boxes, space diffusion devices, and exhaust systems. An air-handling unit (AHU) usually consists of supply fan(s), filter(s), a cooling coil, a heating coil, a mixing box, and other accessories. It is the primary equipment of the air system. An AHU conditions the outdoor/ recirculation air, supplies the conditioned air to the conditioned space, and extracts the returned air from the space through ductwork and space diffusion devices. A fan-powered variable-air-volume (VAV) box, often abbreviated as fan-powered box, employs a small fan with or without a heating coil. It draws the return air from the ceiling plenum, mixes it with the conditioned air from the air-handling unit, and supplies the mixture to the conditioned space. Space diffusion devices include slot diffusers mounted in the suspended ceiling; their purpose is to distribute the conditioned air evenly over the entire space according to requirements. The return air enters the ceiling plenum through many scattered return slots. Exhaust systems have exhaust fan(s) and ductwork to exhaust air from the lavatories, mechanical rooms, and electrical rooms. Outdoor air either is mixed with the recirculation air or enters directly into the air-handling unit The mixture is filtrated at the filter and is then cooled and dehumidified at the cooling coil during cooling season. After that, the conditioned air is supplied to the typical floor through the supply fan, the riser, and the supply duct; and to the conditioned space through the fan-powered box and slot diffusers.
2.6 Water System

            The water system includes chilled and hot water systems, chilled and hot water pumps, condenser water system, and condenser water pumps. The purpose of the water system is to transport chilled water and hot water from the central plant to the air-handling units, fan-coil units, and fan powered boxes, to transport the condenser water from the cooling tower, well water, or other sources to the condenser inside the central plant. Chilled water is then returned to the centrifugal chillers for re cooling through the chilled water pumps. After the condenser water has been cooled in the cooling tower, it flows back to the condenser of the centrifugal chillers. The temperature of the condenser water again rises owing to the absorption of the condensing heat from the refrigerant in the condenser. After that, the condenser water is pumped to the cooling towers by the condenser water pumps.
Hot water heating systems are of two types, forced and gravity. gravity systems  have no  water  pump  and  use  larger piping.  They tend  to  heat unevenly, are slow to respond, and can only heat spaces above the level of their boiler, and its considered inefficient .

Forced hot water systems are usually heated by gas- or oil-fired boilers and contain a pump to produce the circulation. 
2.7 Comfort Zone:
            A comfort zone is a type of mental conditioning that causes a person to create and operate mental boundaries. Such boundaries create an unfounded sense of security. Like inertia, a person who has established a comfort zone in a particular axis of his or her life, will tend to stay within that zone without stepping outside of it. There is no rigid rule that indicates the best atmospheric condition for comfort for all people. This is because it is affected by several factors such as health, age, activity, clothing, sex, Food, etc. comfort conditions are obtained as a result of test in which people are subjected to air as various combinations of temperature and relative humilities.
            The result indicate that a person will feel just about as cool at 24Co and 60% relative humidity as at 26 Co and 30% relative humidity. Studies conducted by ASHREA with relative humidity between 30% and 70% indicates that 98% of people feel comfortable when the temperature and relative humidity combinations fall in a comfort zone such as that indicated in figure (2.5)[7].
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Fig (2.5) :ASHARE comfort zone[7].

            This comfort zone covers a wide range of applications such as houses, offices, schools, hospitals, theaters, restaurants, shops, etc. The most recommended design conditions for comfort are 24.5Co   dry bulb temperature and 40% relative humidity with air velocity less than 0.23 m/s.The comfort zone of figure (1.5) is considered a standard comfort zones for summer and winter applications. It sets the limit of both the operation temperature and humidity contents of air for these zones. The chart indicates that as the humidity increases the dry bulb temperature must decrease to keep comfortable environment.

            The ASHREA comfort chart of fig (2.5) defines the reference bass of the effective temperature scale as that of the 50% RH curve. The effective temperature is the index that can be used to express the combination of dry bulb temperature of the air and its relative humidity. For example 23.5C dry bulb and 60%Rh corresponds to an effective temperature of 23.9C. the cross hatched area of figure (2.5) represent the comfort zone for individual wearing average clothing and performing light activity and is used for winter air conditioning. The parallelogram area shown on the ASHREA comfort chart represent the comfort zone for individual wearing light clothes. It is used as a comfort range for summer.

2.8  Plumbing System   

            Plumbing is the system of pipes and drains installed in a building for the distribution of potable drinking water and the removal of waterborne wastes, and the skilled trade of working with pipes, tubing and plumbing fixtures in such systems. Plumbing is usually distinguished from water supply and sewage systems, in that a plumbing system serves one building, while water and sewage systems serve a group of buildings or a city. Plumbing follows the basic laws of nature -- gravity, pressure, water seeking its own level. The plumbing system is desired into two separate subsystems. One subsystem brings freshwater in, and the other takes wastewater out. The water that comes into home is under pressure. It enters your home under enough pressure to allow it to travel upstairs, around corners, or wherever else it's needed. As water comes into home, it passes through a meter that registers the amount you use. The main water shutoff, or stop, valve is typically located close to the meter. If the emergency is 
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confined to a sink, tub, or toilet, however, entire water supply. Therefore, most fixtures should have individual stop valves. Water from the main supply is immediately ready for cold water needs. The hot water supply, however, requires another step. One pipe carries water from the cold water system to the water heater. From the heater, a hot water line carries the heated water to all the fixtures, out-lets, and appliances that require hot water.
CHAPTER THREE
HOSPITAL SPECIFICATIONS

3.1    Introduction 
This chapter describes the construction details of the hospital, Also explain the parameters that will be used during design evaluation. The hospital location and the design condition are described too.

3.2   Hospital Location

Country: Palestine / west bank
City: Jenin 
Elevation: 350m above sea level.

Latitude: 32.2˚
3.3    Outside Design Condition

Palestine is generally divided into six climatologically regions. And thus Jenin sit in the fifth region according to the Palestinian energy efficient building code.

Cooling design conditions (in summer):

· Dry bulb temperature (To) be 33.7 ˚C.

· Relative humidity (Фo) is 65.2%.
· Moisture content (Wo) is 22.6 g of water/ Kg of dry air.

· The wind speed at Jenin 5 m/s.

Heating design conditions (in winter):

· Dry bulb temperature (To) be 8.3 ˚C.

· Relative humidity (Фo) is 74%.

· Moisture content (Wo) is 5.2 g of water/ Kg of dry air.

· The wind speed at Jenin  5 m/s. 

3.4    Inside Design Conditions 

Since the floors in the hospital contents many applications such as, Operating Rooms, Patient Room, Isolation Room, etc. So the design will differ from room to another according the temperature difference between them. Table (3.1) shows the inside design conditions in winter and summer for each room in a hospital.

Table (3.1): Inside design conditions in winter and summer

	Area Designation
	Pressure relationship to adjacent area
	Air Change Per Hour (A.C/Hr)
	Relative Humidity

(%)
	Design Room  Temp

(dry-bulb)

Deg. C.

	
	
	
	
	Summer
	Winter

	Operating Rooms
	Positive
	15
	50-60
	17
	17

	Cath Lab
	Positive
	15
	50-60
	22
	21

	Nursery Unit
	Positive
	5
	30-60
	22
	21

	Intensive Care
	Positive
	2
	30-60
	22
	21

	Patient Room
	Equal
	2
	30-W

50-S
	22
	21

	Patient Room Corridor
	Equal
	2
	50-60
	22
	21

	Isolation Room
	Negative
	2
	30-W

50-S
	22
	21

	Examination Room
	Equal
	2
	30-60
	22
	21

	Medication Room
	Positive
	2
	50-60
	22
	21

	Pharmacy
	Positive
	2
	50-60
	22
	21

	Bathroom
	Negative
	-
	50-60
	22
	21


3.5    Hospital Construction

In this section, the hospital construction such as external, internal walls, the ceiling, and the hospital windows and doors are described briefly.

3.5.1  External Walls

The external wall consists of five different materials (from outside to inside), these materials are stone, concrete, insulation, Concrete block and Painted plaster. Where the dimension for each materials is shown figure (3.1). The specification and the thickness for each material are tabulated in table (3.2).
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Figure (3.1): External wall component.
Table (3.2): Dimension and specification for each material in the external walls

	No.
	Material
	Thickness
∆X

(m)
	Thermal conductivity (K) (W/m.K)
	Thermal resistance (R) (m2.K/W)
	Density

(ρ) kg/m3
	Specific heat (CP) (KJ/Kg.C˚)

	1
	Stone facing
	0.05
	1.7
	0.0294
	2250
	1.675

	2
	Concrete
	0.05
	1.75
	0.02857
	2300
	0.8374

	3
	Thermal insulation
	0.02
	0.03
	0.6667
	235
	0.8374

	4
	Concrete block
	0.10
	0.9
	0.111
	1400
	0.8374

	5
	Painted plaster
	0.02
	1.2
	0.0167
	1800
	0.8374


3.5.2    Internal walls

The internal walls consists two materials. These materials are concrete block in the middle and painted plaster cover. Where the dimension for each materials is shown figure (3.2). The specification and the thickness for each material are tabulated in table (3.3).
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Figure (3.2): Internal wall component.
Table (3.3): Dimension and specification for the material in the internal wall

	Material
	Thickness (m)
	Thermal conductivity (K) (W/m.K)
	Thermal resistance (R) (m2.K/W)
	Density (ρ) (kg/m3)
	Specific heat (CP) (KJ/Kg.C˚)


	Painted plaster
	0.02
	1.2
	0.0167
	1800
	0.8374

	Concrete block
	0.2
	0.9
	0.0.222
	1400
	0.8374


3.5.3    Ceiling

The ceiling includes six different materials from (top to the bottom) surface. These materials are asphalt, concrete, polystyrene, reinforced concrete, block and plaster. Figure (3.3) shows the arrangement of these materials and their thickness. However the specifications for each material are tabulated in table (3.4).
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Figure (3.3) Ceiling component.
Table (3.4): Specification of the ceiling materials.

	Material
	Thickness
	Thermal Conductivity (K) (W/m.K)
	Thermal Resistance (R) (m2.K/W)
	Density (ρ) (kg/m3)
	Specific Heat (CP) (KJ/Kg.C˚)

	Asphalt
	0.005
	0.18
	0.0286
	600
	1

	Concrete
	0.125
	1.75
	0.0714
	2300
	0.8374

	Reinforced concrete
	0.06
	1.75
	0.1714
	2300
	0.8374

	Cement brick (block)
	0.24
	0.95
	000
	800
	0.8374


3.5.4    Windows and Doors

The dimensions of windows and door are required in order to calculate the heat transfer through them. The dimension for their windows and doors are tabulated in table (3.5)

Table (3.5): the specification for windows and doors

	Windows and doors
	The Dimension (m)
	Thickness

	bath room Windows
	0.8× 0.8
	Single clear glass

	Rooms Windows
	1.7 ×1
	Single clear glass

	Internal door
	1.1 ×2. 
	50mm thickness with wood

	External door
	3 ×2.8
	mad from glass.


Chapter Four
Overall Heat Transfer Coefficient And Peak Hour

4.1 Introduction 

            Overall heat transfer coefficient and peak hour are the most basic points in the design process, overall heat transfer coefficient depend on the construction of unit in the building, but peak hour depend on the area and orientation for the building.

4.2 Overall Heat Transfer Coefficient Calculation ( UOverall )
            To determine the overall heat transfer coefficient . The construction was taking in consideration because overall heat transfer coefficient control with the quantity of losses by ground, ceiling, wall, doors and windows .

· The overall heat transfer coefficient is given by :
U= [image: image9.png]Rrot



                                                               (4.1)
· In our project the method was used as following :

                                                             R total = Ri+ R+ Ro                                            (4.2)
                                                                   R= ∑ [image: image11.png]


 
        (4.3)
Where:

R=x/k for every element in construction.

X: The thickness of construction[x].

K: Thermal conductivity of the material [W/m.ºC]

Ri: Inside film temperature [m2.ºC/W]

Ro: Outside  film temperature [m2.ºC/W]

U:Overall heat transfer coefficient

From tables the values of all unknown are:

Ri = 0.12 m2.ºC/W. for walls, from A-1.

Ro =0.03  m2.ºC/W. for walls, from A-2.
Ri =0.1 m2.ºC/W. for ceiling from A-1. 

Ro =  0.02 m2.ºC/W. for ceiling from A-2.
Ri = 0.12 m2.ºC/W for floor from A-1.

· In calculation the group of walls is required, so to find it:

The thermal capacity of the wall must be calculated as follows:

µc =  ∑(X*ρ*Cp)
Where:

µc : Thermal capacity [KJ/m2.C]
ρ : Density [Kg/m3] 
X :thickness [m]
Cp: Specific heat [KJ/Kg.C]
      4.2.1 Thermal resistance for external walls:
Table (4.1) : Thermal resistance for external wall construction.

	Construction
	Thickness

X (mm)
	Thermal

Conductivity (K)

(m2.K/W)
	Thermal

Resistance 

(m2.K/W)

	Stone facing
	0.05
	1.7
	0.0294

	Concrete
	0.05
	1.75
	0.0286

	Polystyrene
	0.02
	0.03
	0.6667

	Hollow block 
	0.10
	0.9
	0.1111

	Painted plaster
	0.02
	1.2
	0.0167

	Summation
	
	
	0.8524


     R= ∑ [image: image13.png]



     R total = Ri+ R+ Ro        

     U= [image: image15.png]Rrot



              

     R total = 0.12+0.8524+0.03=1.0024

     U=1/1.0024= 0.998 [W/m2.C ].                                                                                    
      4.2.2 Thermal capacity for external walls:

Table (4.2) : Thermal capacity for external walls construction.

	Construction
	Thickness

X (mm)
	Density

(ρ)

(Kg/m3)
	Specific

Heat (Cp)

(KJ/Kg.C)
	X*ρ*Cp

(KJ/m2.C)

	Stone facing
	0.05
	2250
	1.675
	188.4375

	Concrete
	0.05
	2300
	0.8374
	96.301

	Polystyrene
	0.02
	25
	0.8374
	0.4187

	Hollow block 
	0.10
	1400
	0.8374
	117.236

	Painted plaster
	0.02
	1800
	0.8374
	30.1464

	Summation
	
	
	
	432.5396


µc  = 432.5396 (KJ/m2.C) Which it closed to value of group A
      4.2.3 Thermal resistance for ceiling:

Table (4.3) : Thermal resistance for ceiling construction

	Construction
	Thickness

X (mm)
	Thermal

Conductivity (K)

(m2.K/W)
	Thermal

Resistance (b)

(m2.K/W)
	Thermal

Resistance (b)

(m2.K/W)

	Asphalt
	0.005
	0.18
	0.0278
	0.0278

	Concrete
	0.125
	1.75
	0.0714
	0.0714

	Concrete
	0.006
	1.75
	0.0343
	0.1714

	Cement brick 
	0.24
	0.95
	0.253
	0

	Summation
	
	
	0.5061
	0.6157


U= ((4/5)*(1/0.5061)+(1/5)*(1/0.6157))= 2.093 W/m2.C
   4.2.4 Thermal capacity for ceiling

Table (4.4) : Thermal capacity for ceiling construction

	Construction
	Thickness

X (mm)
	Density

(ρ)

(Kg/m3)
	Specific

Heat (Cp)

(KJ/Kg.C)
	X*ρ*Cp

(KJ/m2.C)

	Asphalt
	0.005
	2000
	1
	10

	Concrete
	0.125
	2300
	0.8374
	240.7525

	Concrete
	0.006
	2300
	0.8374
	11.55612

	Cement brick
	0.24
	1400
	0.8374
	281.3664

	Summation
	
	
	
	533.675


µc  = 533.675 (KJ/m2.C) Which it closed to value of roof number 12

    4.2.5 Thermal resistance for internal walls:

Table (4.5) : Thermal resistance for internal wall construction

	Construction
	Thickness

X (mm)
	Thermal

Conductivity (K)

(m2.K/W)
	Thermal

Resistance 

(m2.K/W)

	Concrete block
	0.10
	0.9
	0.1111

	Painted plaster
	0.02
	1.2
	0.0167

	Painted plaster
	0.02
	1.2
	0.0167

	Summation
	
	
	0.1445


Rtot = 0.12+0.14455+0.12= 0.3845

U= 1/0.3845= 2.61 W/m2.C
Note that, the value of Uoverall is very high because there is no isolation.

· Uoverall for windows and doors taken directly from A-4

Uwindow = 6.7 W/m2.C
Uexternal door =5.8 W/m2.C

Uinternal door =3.6 W/m2.C

4.3 Peak hour

Peak hour is that hour of the day in one of the cooling methods at which the cooling is maximum, peak hour depends on the orientation of the walls or windows or doors .

In our methods the building at all high was taken to determine the peak hour. We used excel sheet to determine the peak hour which is depend on the cooling load.

The Peak hour which was founded at 16:00 at June .

[image: image79.png]



Figure (4.1) explains the orientation of the hospital.

All these values are taken by the area of walls and windows for every orientation of the building is found. 

4.4   Summary

The value of overall heat transfer coefficient for each element construction was calculated and tabulated as the table (4.7) shown below:

Table (4.6) :Summary of overall heat transfer coefficient for each element.

	Element
	U [W/m2.K]
	The group

	External walls
	0.998
	Group A

	Internal walls(10)
	2.601
	

	Internal walls(20)
	2.018
	

	Ceiling
	2.093
	Group (12)

	Room windows
	6.7
	

	Room door out
	5.8
	

	Internal doors (wood)
	3.6
	

	External doors
	7
	


CHAPTER FIVE
HEATING AND COOLING

LOADS CALCULATION

5.1    Introduction

Load calculations are calculated for heating and cooling, in heating and cooling it is calculated by using excel sheet.

In this chapter the loads are shown completely it is necessary to facilitate the other calculation as duct design and components selection and sample calculation made for some room of the first floor manually to mention the calculation during this project.

5.2     Heating Load Sample of Calculation

Heating is simpler than cooling because it is independent on the orientation. As noted in the previous chapter, all parameters are prepared and chosen, this parameters are the basic data which heating depend process depends.

· The outside heating design conditions :

· Dry bulb temperature (To) be 8.3 ˚C.

· Relative humidity (Фo) is 74%.

· Moisture content (Wo) is 5.2 g of water/ Kg of dry air.

· The wind speed at Jinin is  5 m/s. 

· The inside heating design conditions :
· Dry bulb temperature (Ti) be 22 ˚C.

· Relative humidity (Фi) is 50%.

· Moisture content (Wi) is 8.6 g of water/ Kg of dry air.

· Sample of calculation on"The Kidney Room" in"The First floor" :

· Area of outside wall is 33.95m2
· Area of inner side 10cm wall is 15.2m2
· Area of inner side 20cm wall is 15.2 m2
· Area of inner door  is = 1*(1 * 2.2) = 2.2 m2
· Area of  windows is = 3*(1.7*1) = 5.1m2
· Height of the room = 3.5 m

· All area of the room = 41.89m2
Q outsidewall = U A ∆ T                                                                (5.1)                                                   

 = (0.998) (33.95) (22- 8.3) 

= 646.18477W

Q window = U A ∆T                                                                           (5.2)                         
  = (6.7) (5.1) (22 -8.3) 

 = 468.129 W

Q inner sidewall10cm thickness = U A ∆ T                                                     (5.3)                                                   

= (2.601) (15.2) (22- 15.15) 

 = 270.81612 W

Q inner sidewall20cm thickness = U A ∆ T                                                     (5.4)                                                   

   = (2.018) (15.2) (22- 15.15) 

  = 210.114 W

Note: There is no loss from the ceiling and the floor. 
Qs) cond. =  ∑ Q                                                                                             (5.8)
= 646.1847 + 468.129 + 270.81612 +  210.114 = 1595.2442 W
ACH = 2 (Air Change per Hour)

V ventilation = [image: image17.png]inside volumex1000
3600
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                                                       (5.9)
= (147.665*1000*2) / 3600 

= 82.036 L/s 

Because of our application is a hospital we deal with ventilation as an infiltration.
Q sensible ventilation = 1.2 * Vventilation   * ∆T                   (5.11)               

 = 1.2 * 180* (22-8.3)  = 1348.67W 
Q total = Qs)cond. + Qs)vent.                                                                       (5.13)     

=1348.67 + 1595.24
= 2943.9142 W 

m circulation = [image: image19.png]Qs.cond+Qsvent
cond+Qs,vent
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                                                                             (5.14)

= [image: image21.png]23435142
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= 0.07042 kg / s     

5.3     Results from Heating   

Table (5.1): Heating load of "Ground floor"
	Room
	Area

m2
	Qtotal
w

	lap work room (1)
	50.02
	2835.538

	x-ray room (2)
	10.79
	437.168

	clinic1 (3)
	19.92
	846.415

	clinic2 (4)
	22.83
	976.789

	clinic2 (4)
	23.24
	995.232

	clinic3 (5)
	22.62
	967.408

	clinic4 (6)
	40.61
	1648.735

	information (7)
	19.51
	1086.762

	clinic5 (8)
	78.64
	3621.107

	cafateria (9)
	90
	5349.133

	emergancy room (10)
	42
	1936.893

	pharmacy (11)
	38.5
	1493.542

	Waiting area (12)
	79.5
	11676.787

	kitchen (13)
	75
	2712.504

	path1 (14)
	38.9
	2191.232

	path2 (15)
	50.02
	2835.538


Conditioned space in ground floor : Atotal =  652.08 m2
Heating load from ground floor : Qtotal = 47 kw
Table (5.2): Heating load of "First Floor"

	Room
	Area

m2
	Qtotal
w

	Private patient room (1)
	23.9
	1518.782

	Private patient room (2)
	23.7
	1521.959

	Patient room (3)
	29.4
	1685.503

	Patient room (4)
	19.6
	1362.674

	Patient room (5)
	20.1
	1378.657

	Patient room (6)
	23.8
	1237.890

	Patient room (7)
	22.3
	1302.496

	Patient room (8)
	29.4
	1764.462

	Kindey room (9)
	42.1
	2968.043

	Information (10)
	101.9
	5052.882

	Nurses room (11)
	19.5
	1123.634

	Room
	Area

m2
	Qtotal
w

	Waiting area (12)
	39.8
	2050.114

	Patient room (13)
	19.9
	1177.922

	Patient room (14)
	23.02
	1267.062

	patient room (15)
	22.2
	1231.279

	Employees affairs (16)
	17.6
	1181.526

	Isolation room
	19.04
	1113.515

	Operation room (1)
	29.5
	7922.980

	Operation room (2)
	35.1
	10155.659

	Path (1)
	70.2
	2683.038

	Path (3)
	15.7
	3874.139


Conditioned space in first floor : Atotal =  647.76m2
Heating load from first floor  : Qtotal = 53.574kw
Table (5.3): Heating load of "Second Floor"

	Room
	Area

m2
	Qtotal
w

	Patient Room 13
	70.1
	2978.48

	Employees affairs 
	29.9
	2009.8

	Conference room 15
	23
	2106.8

	Director 16
	30.8
	3489.52

	Director 17
	11.3
	1680.48

	Stuff nurse
	10.2
	1581.08

	Conference Room 19
	11
	2727.36

	Director 20
	11.9
	1843.1

	Path1
	29.7
	2935.52

	Path2
	46.2
	2464.62

	Path3
	139
	8802.9

	Path4
	33.5
	1698.8

	Room
	Area

m2
	Qtotal
w

	Patient Room 1
	41.5
	2489.3

	Patient Room 2 
	46.1
	2096.5

	Patient Room 3
	40.5
	2606.5

	Patient Room 4 
	40.3
	2382.1

	Patient Room 5
	31.8
	1755.68

	Waiting Area 6
	17.4
	3097.94

	Waiting Area 7
	17.4
	3217.14

	Patient Room 8 
	49.7
	3007.32

	Patient Room 9
	52.5
	2969.64

	Patient Room 10
	26.3
	1947.3

	Patient Room 11
	35.3
	2664.12

	Patient Room 12
	55.9
	3261.26


Conditioned space in second floor: Atotal =  632.6 m2
Heating load from second floor: Qtotal = 38.8 kw
Table (5.4): Heating load of "Third Floor"
	Room
	Area

m2
	Qtotal
w

	Conference room (12)
	28.16
	02170

	Nurses room (13)
	15.47
	01517

	Main director (14)
	27.94
	02585

	Patient room (15)
	24.2
	01926

	Patient room (16)
	25.52
	02091

	Doctors room (17)
	20.24
	01571

	Patient room (18) 
	20.24
	01641

	Patient room (19) 
	15.6975
	01604

	Private patient room (3)
	21
	02296

	Private patient room (4)
	32.6
	03225

	Path (2)
	88
	07112

	Room
	Area

m2
	Qtotal
w

	Private patient room (1)
	25.245
	02278

	Private patient room (2)
	23.66
	02199

	Patient room (3)
	24
	01782

	Patient room (4)
	25.6
	02563

	Patient room (5)
	24.85
	02080

	Patient room (6)
	23
	01946

	Patient room (7)
	22.54
	01757

	Patient room (8)
	23.435
	02224

	Patient room (9)
	26.445
	02810

	Nurses room (10)
	16.77
	02052

	Path (1)
	72.6
	05387

	Information (11)
	29.9
	02409


Conditioned space in third floor : Atotal =  662.09 m2
Heating load from third floor: Qtotal = 57.2253  km

Total  Conditioned space in the  building :  2594.53  m2
Total heating load  for  the  building= (47 + 53.5744 + 38.8 + 57.2253)*1.1

                                                                 = 197  kw
Load from water demand (Hot Water) : Q = [image: image23.png]Mass flow rate x cp x AT
12



(5.15)
                                                                         =[image: image25.png]441+ 4180+50
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                                                               = 76.8075  kw
Total  load of the boiler for  the  building : 
Qboiler = 1.1 ( Qheating + Qdomestic  ) = 1.1 ( 77  kw + 197 kw ) = 302 kw.

5.4     Boiler Chimney Design
Using diesel as fuel (C.V = 39000 kj/kg) and estimate with efficiency = 80 %,              V = 5m\s. 

Mf = [image: image27.png]Q boiler
cvxn



    (5.16)

     = 302/ (39000*0.8)

     = 0.00968 kg/s
M gas = 25.2 Mf                                                                                                                  (5.17)
         = 25.2* 0.00968
         = 0.2439  kg/ s

Now using the following formula to estimate the area of the chimney :
A = [image: image29.png]Mg
s+V gas
pga:



    (5.18)

Where :
ρgas( gas density )= 1.1




Vgas= 5 m/s 

A = 0.2439 / (1.1*5) = 0.04435 m2  
Diameter of the chimney = 25 cm 
Checking if the estimated diameter do the job or not:

v̇ = M gas * ρgas(5.19)
   = 0.2439 * 1.1

    = 0.2682 m3/s

at D =25&v̇ = 0.2682   ( (∆P/L) = 1.3 Pa/m

L= 18 m 
Ltotal = 1.5 * 18 = 27 m
ΔPfriction = 1.3 * 1.5 * 18 

= 35.1 Pa.

ΔP = [image: image31.png]i

B



( 1/Ta – 1/Tg ) 

ΔP =  ( 101.3 * 103 * 9.81 * 18  / 287 ) ( 1/ 298 – 1/523 ) = 90 Pa.

ΔP > ΔPfriction               90 Pa > 35.1 Pa 

(No Need For Fan)
5.5     Cooling Load Sample Calculation 
We determine the basic point to start with design, using the specially designed excel sheet for selected floor, this sheet is depended on peak hour for each orientation, we will show the final result and sample calculation would show in this chapter .

· The outside cooling design conditions :
· Dry bulb temperature (To) be 33.7 ˚C.

· Relative humidity (Фo) is 60 %.
· Moisture content (Wo) is 20.8 g of water/ Kg of dry air.

· The wind speed at Jenin is 5 m/s.

· The inside cooling design conditions :
· Dry bulb temperature (Ti) be 24 ˚C.

· Relative humidity (Фi) is 65%.

· Moisture content (Wi) is 12.9 g of water/ Kg of dry air.

·  The Equipment's are used in our project are:

· Computers (200 W
· Television(150 W
All these equations are interested in excel sheet and all the result are built on this equation.

· Some Parameters were taken in consideration:

· Ceiling force must found because the system was used is central heating and cooling so there is some pipes and equipment under real ceiling.

· Roof color is assumed dark.

· Wall color is assumed to be medium color because it construct of stone.

· All equipment in the building is unloaded and it will run about 24 hours daily.

· The wattage per unit area is taken by evaluation, so it is not accurate.


  Every 1 m² needs 12 W.

· In cooling load calculation must find the unconditional temperature

Tun= Tin + 2/3 (To– Tin)(5.20)
Note: in the calculation of cooling load orientation is an important and basic factor during calculation as shown in the following sample calculation 

· For the North  dection:

CLTD = 6   from appendix (A-8) 

LM = 0.5     from appendix (A-7) 

Related to glass:

· Heat transfer through glass by transmitted:

SHG = 139   from appendix (A -9)

            SC = 0.39     from appendix (A- 13), glass is clear single and Translucent light  

CLF = 0.75   from appendix (A- 11) , interior shading
· Heat transfer through glass by convection:

CLTD = 8    from appendix (A -12) 

· For the East direction:

Related walls 

CLTD = 13   from appendix (A -8) 

LM = 0        from appendix (A-7)

Related glass: 

· Heat transfer through glass by transmitted:

SHG = 657   from appendix (A -9)

SC = 0.39     from appendix (A- 13)

CLF = 0.17   from appendix (A- 9, 11) 

· Heat transfer through glass by convection:

CLTD = 8    from appendix (A -12) 

· For the South direction:

Related walls 

CLTD = 8    from appendix (A -8) 

LM = -2.2        from appendix (A-7)

Related glass: 

· Heat transfer through glass by transmitted:
SHG = 189 from appendix (A -9)

SC = 0.39     from appendix (A- 13)

CLF = 0.35   from t appendix (A- 11) 

· Heat transfer through glass by convection:
CLTD = 8    from appendix (A -12) 

· For the West direction:

Related walls 

CLTD = 10    from appendix (A -8) 

LM = 0        from appendix (A-7)

Related glass: 

· Heat transfer through glass by transmitted:

SHG = 657   from appendix (A -9)

SC = 0.39     from appendix (A- 13)

CLF = 0.82   from appendix (A- 11) 

· Heat transfer through glass by convection:

CLTD = 8    from appendix (A -12)

· For the roof :

CLTD = 17    from appendix (A -8) 

LM = 1.1        from appendix (A-7)
· Sample of calculation on "Conference Room (12)" in "The Third Floor" :

· The orientation of the room is  N

· Area of the ceiling of the room = 28.03 m2
· Area of the outside N wall of the room = 22.396 – 1.7 = 20.6965 m2
· Area of the N window   = 1.7 m2 
CLTD corrof ceiling = (CLTD +LM)*K + (25.5-Ti) + (To-29.4)                               (5.21)

                          = ( 17 + 1.1 ) * 0.5 + ( 25.5 – 24 ) + ( 33.7 – 29.4)

 = 14.851 oC

Q ceiling = (CLTD)corr* U*A   (5.22)

            = 14.851 * 2.093 * 28.03 

= 871.260 w                                                         
CLTD corrof wall = (CLTD +LM)*K + (25.5-Ti) + (To-29.4)      (5.23)

                          = ( 6 + 0.5 ) * 0.38 + ( 25.5 - 24 ) + ( 33.7 - 29.4 )

                          =  11.195 oC

Q wall = (CLTD)corr* U*A 
(5.24)

         = 11.195 * 0.998 * 20.6965 
= 231.233 W

CLTD corr of window = (CLTD +LM)*K + (25.5-Ti) + (To-29.4)          (5.25)            

                        = ( 6 + 0 ) * 1 + (25.5 – 24) + (33.7 – 29.4)

= 13.8 oC









Q convection window = (CLTD)corr* U*A                                                  (5.26)

= 13.8 * 6.7*1.7
= 157.182 w

Q transmitted window = A*SHG*SC*CLF                                                 (5.27)

   = 1.7 * 139 * 0.39 * 0.75
=  69.1177 w

Q window = Qtransmitted+ Q convection                                                       (5.28)

= 69.1177 + 157.182
= 226.299 w

QcondTotal  =  ∑ Q                                                          (5.29)

=871.260 +231.233  + 226.299  
  = 1328.792 w

People:
Number of people in this room is n = 10 

Q s) people = qs* n *CLF                                                                                  (5.30)
 = 70 * 10 * 1

= 700 w 

Q L people = ql* n                                                                                    (5.31)

= 44 * 10 

= 440 w

From ventilation:

ACH = 2 (Air Change per Hour)

V ventilation = [image: image33.png]volume=1000 , 4rpy
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(5.32)
=  [image: image35.png]98.56+1000
283611000, 2
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=54.7555 L/s
Note: in our calculation we used ventilation and we find it usig (ACH)
Qs,vent= 1.2 * V *∆T                                                  (5.34)

           = 1.2 * 54.7555 *(33.7 - 24)

= 637.354  w

QL vet = 3 * V *∆W                                                                            (5.35)

= 3* 54.7555 *(20.0 – 12.9)

          = 1935.70667 w 

Qs light = qs * Area * CLF                                                                       (5.36)
= 12 * 46.14 * 1 

          = 337.92  w
Qs Equipment = qs * CLF                                                                          (5.37)

                   =  350 * 1
                   = 350 w

Ql Equipment = 0 

Qs total  =  ∑ Q sensible                                                                               (5.38)

= 700 + 350 + 637.354 + 337.92 

             = 2025.274 w

Ql total = ∑ Q latent                                                                                     (5.39)

           = 440 + 1935. 7667 + 0 

           =  2375.766 w

Q total = Qltotal+Qs total+ QcondTotal                                                                                (5.40)
=  5095.796 w

= 5.095796 kw 
V circulation  = [image: image37.png]Qs total + QcondTotal
1.2%10



(5.41) 

=[image: image39.png]3.358089.
1.2+10





  = 0.27984 L/s 

CFM = Vcirculation * 2.2 * 1000                                                                 (5.42)

= 0.27984 * 2.2 * 1000

          = 615.649 CFM
Number of diffusers = [image: image41.png]CFM
400




(5.43)
= 615.649/ 400
= 1.539
= 2 diffusers (12"*12") 
5.6     Results from Cooling 
Table (5.5): Cooling load of "Ground Floor"
	Room
	Area

m2
	Qtotal
KW

	lap work room (1)
	50.02
	4.1761735

	x-ray room (2)
	10.79
	1.07564915

	clinic1 (3)
	19.92
	1.86977479

	clinic2 (4)
	22.825
	2.02948594

	clinic3 (5)
	23.24
	2.05230182

	clinic4 (6)
	22.618
	2.01809532

	information(7)
	39.99
	2.56420357

	clinic5 (8)
	19.5
	2.61366693

	cafateria (9)
	78.64
	7.4099221

	emergancy room (10)
	90.022
	7.65854708

	pharmacy (11)
	41.9775
	3.83613299

	Waiting area (12)
	38.498
	3.70181221

	kitchen (13)
	79.52
	14.5140513

	path1 (14)
	74.98
	5.16255097

	path2 (15)
	38.87
	4.70265301


Conditioned space in ground floor : Atotal =  651.4135 m2
Cooling load from ground floor :  Qtotal = 111.193 KW 
Table (5.6): Cooling load of "First Floor"

	Room
	Area

m2
	Qtotal
KW

	Private patient room (1)
	23.9
	3.43028576

	Private patient room (2)
	23.7
	3.38490305

	Patient room (3)
	29.4
	3.84848661

	Patient room (4)
	19.6
	2.74041335

	Patient room (5)
	20.1
	2.78183731

	Patient room(6)
	23.8
	3.86800082

	Patient room (7)
	22.3
	3.06137627

	Patient room (8)
	29.4
	4.78048144

	Kindey room (9)
	42.1
	5.67207911

	Information (10) + Path2
	101.9
	12.026405

	Nurses room (11)
	19.5
	2.97837706

	Waiting area (12)
	39.8
	5.86478806

	Patient room (13)
	19.9
	2.81457414

	Patient room (14)
	23.02
	3.32373824

	patient room (15)
	22.2
	3.24972975

	Employees affairs (16)
	17.6
	3.1284605

	Isolation room 
	19.04
	2.35785863

	Operation room (1) 
	29.5
	22.3382965

	Operation room (2) 
	35.1
	26.0834726

	Path (1)
	70.2
	7.32947638

	Path (3)
	15.7
	8.61396549


Conditioned space in first floor : Atotal =  647.76 m2
Cooling load from first floor  : Qtotal = 133.677 KW

Table (5.7): Cooling load of "Second Floor"

	Room
	Area

m2
	Qtotal
KW

	Private patient room (1)
	19.2
	2.867452647

	Private patient room (2)
	27.7
	3.062790029

	Patient room (3)
	25.4
	3.104182324

	Patient room (4)
	24.3
	2.987025262

	Patient room (5)
	22.5
	2.845645675

	Patient room (6)
	22.9
	2.893573996

	Patient room (7)
	24.8
	3.054756489

	Patient room (8)
	25.6
	3.450680552

	ICU
	56.6
	10.83262586

	Information (10) + path 2 
	101.9
	12.28628002

	Nurses room (1)
	16.7
	3.800762947

	Nurses room (2)
	15.4
	2.619261831

	 Private Patient room (10)
	23.7
	3.310375422

	Patient room (11)
	23.2
	3.026868029

	Patient room (12)
	26.4
	3.289578485

	Patient room (13)
	20
	2.519090934

	Patient room (14)
	17
	2.134229608

	private Patient room (15)
	33.4
	18.50906533

	Doctors
	20
	11.47949093

	Path (1)
	70.2
	7.329476379

	Path (3)
	15.7
	8.73990549


Conditioned space in second floor: Atotal =  632.6  m2
Cooling load from second floor: Qtotal = 114.143 KW
Table (5.8): Cooling load of "Third Floor"

	Room
	Area

m2
	Qtotal
KW

	Private patient room (1)
	22.33
	3.7667685

	Private patient room (2)
	22.33
	3.73752912

	Patient room (3)
	24.38
	3.92946947

	Patient room (4)
	25.76
	3.85801608

	Patient room (5)
	24.84
	3.75205167

	Patient room (6)
	23
	3.77772285

	Patient room (7)
	22.54
	3.50234065

	Patient room (8)
	23.22
	4.00670603

	Patient room (9)
	26.23
	4.47295114

	Nurses room (10)
	16.77
	3.4637182

	Information (11)+path (2)
	118.8
	16.6539723

	Conference room (12)
	28.16
	5.09579648

	Nurses room (13)
	15.64
	2.96702054

	Main director (14)
	28.16
	4.2419801

	Patient room (15)
	24.1425
	4.16859009

	Patient room (16)
	24.94
	3.95583937

	Doctors room (17)
	19.8
	3.38907665

	Patient room (18) 
	19.8
	3.0579758

	Patient room (19) 
	16.65
	3.10174801

	Private patient room (3)
	24.6
	4.63626275

	Private patient room (4)
	32.5
	5.66883372

	Path (1)
	77.5
	10.2323991


Conditioned space in third floor : Atotal =  662 m2
Cooling load from third floor: Qtotal = 105.403 KW
Total  Conditioned space in the  building :  2593.7735 m2
Total  cooling load  for  the  building :  464.416 KW
Total  load of the chiller for  the  building :  132.690  Tonref. 
CHAPTER SIX
DUCTS AND PIPES DESIGN
6.1    Introduction
Ducts are used in heating, ventilation, and air conditioning to deliver and remove air, these needed air flows include for example, supply air, return air, and exhaust air. Ducts also deliver, most commonly as part of the supply air, ventilation air. As such, air ducts are one method of ensuring acceptable indoor air quality as well as thermal comfort. A duct system is often called ductwork. Planning 'laying out', sizing, optimizing, detailing, and finding the pressure losses through a duct system is called duct design.

Piping network are used to transmit hot water from boiler to the fan coil units in order to heat the air, and also it transmit the cold water from the chiller to the fan coil units in order to cool down the air. Ducts and pipes design depends on the speed of air in duct and the speed of water in pipes and quantity of air and water that need to flow throw a ducts and pipes. Also, there depends on some calculations in the previous chapters.
6.2    Duct design

Air like other fluid, it faces retardation force called drag force, so ducts need pressure rise in order the air be able to flow inside the ducts, because the drag force which acting on the air flow produces pressure loss of the flow.

Air ducts is usually used in all central systems, there are two types:
1. [image: image80.jpg]


Circular duct: As shown in figure (6.1), its diameter calculated directly from figure A.1.

Figure (6.1): circular duct [10]
2. Square or rectangular duct:  As shown in figure (6.2), its width and height calculated from C++ software .
[image: image81.jpg]


            
Figure (6.2): rectangular duct [10]
Insulation is very important in duct design because it reduce the noise from movement of air through duct and to keep the temperature of the air to remain hot or cold. The insulation type which used is shown in figure (6.3).
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Figure (6.3): Insulation of Duct [11]
Some types fixed one as shown in figure (6.1) and figure (6.2), other types is removable used for short distance as shown in figure (6.4).
[image: image83.jpg]



Figure (6.4): Removable duct [11]

6.2.1     Duct Design Procedures

· Grills are calculated and distributed uniformly.

· The duct is drawn and distributed before calculations

· The sensible heat of floor is calculated.

· V circulation is calculated to determine the CFM.

· The initial velocity is 5 m/s.

· The loss ΔP/L is determined from figure A.1 by using velocity and V circulation.

· Area is calculated by:

                                     A = V circulation / velocity

· The main diameter is calculated from figure A.1 At the same (∆P/L).

· If the duct rectangular; the height of the duct is known from design its width by dependent on the H and D by using software C++.
6.2.2     Sample Calculations
Cooling load is greater than heating load (duct design according to cooling load).

Q sensible come from following :-

1) Through wall

2) Through glass

3) Sensible infiltration

4) Sensible equipment

5) Sensible people

6) Through ground

7) Through ceiling

Sample calculation for  ( FCU- F1 - NO.1 )  for ( Private patient room 1 ) in the  first floor:

Qs =  2.152 kw 
V circulation air =  Qs / 1.2 * (Tcir. – Ti)



         

V circulation =  2.152 / ( 1.2* 10) = 0.179 m3/ s 

And we put the pressure drop = 0.8 pa / m

And from figure the velocity = 5  m / s 

Flow rate = V * A 

A = 0.0395 m2 /s 

A = π D2  / 4 

D = 0.22426  m = 224.26 mm 

Then we use C++ program to determine the height and width of the duct .

6.2.3
 Final Results 

We have two final results the first result for Fan Coil ducts and the second result for Air Handling Unit, all results are listed in below tables for the first floor as sample of calculation. 

Table (6.1): Fan coil unit ducts for first floor
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Table (6.2): Air Handler unit ducts for first floor
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6.3     Pipe Design
6.3.1    Pipe design procedure
1- The total cooling load was calculated for the floor.

2- The mass flow rate for the water calculated.

3- The pressure head was estimated in (Kpa).

4- The longest loop from the boiler to the far fan coil unit and return to the boiler was calculated multiplying by (1.5) due to fittings.

5- The pressure head per unit length is calculated and it should be between range from (200< ∆P/L<550).
6- The pressure head per unit length is fixed to 350 Pa/m.

7- The diameter of the pipes corresponding to the mass flow rate was tabulated in the following table after the calculation of each diameter was done.( table 6.3)
8- Then the diameter of pipe entering to the floor is estimated.
Table ( 6.3 ) : Pipe sizing table 
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6.3.2    Sample of calculation of  pipe design : 

1. For the private patient room ( 1 ) in the first floor the mass flow rate = 0.0515 L/s .

             Then by using the above table we found that flow rate less than 0.11 L/s , so the suitable  

             diameter = 1/2” .                           

2. All dimensions of the pipes were founded by using the procedure in the previous point corresponding to the mass flow rate . 

3. The main pipe diameter that entering each floor was founded by summation each mass flow rate entering fan coil units. As sample of calculation the total mass flow rate of the first floor = 1.7863 L/s, and it lies between 1.44 L/s  and 2.20 L/s,  so the largest diameter was selected which is equal 2", as shown in the figure (6.1).
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Fig.(6.5) : Sample of calculation of pipe sizing 

6.3.3.    Final result for the risers : 

The pipe size was founded depending on the mass flow rate for each building , all the values of the mass flow rate lies between 1.4 L/s and 2.20 L/s , so that the riser diameter for all floors equal 2" . as shown in the table( 6.4 )

Table (6.4) Pipe sizing for the riser

	Floor
	Mass flow rate (L/s)
	Pipe size (in)

	Ground Floor
	1.564
	2

	First Floor
	1.786
	2

	Second Floor
	1.402
	2

	Third Floor
	1.662
	2


CHAPTER SEVEN
PLUMBING SYSTEM 

7.1    Introduction

Plumbing is the skilled trade of working with pipes, tubing and plumbing fixtures for drinking water systems and the drainage of waste. Plumbing also refers to a system of pipes and fixtures installed in a building for the distribution of potable water and the removal of waterborne wastes. Plumbing is usually distinguished from water and sewage systems, in that a plumbing system serves one building, while water and sewage systems serve a group of buildings (see Figure 7.1) .  [12]
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Figure (7.1): Sprinkler. [13]
7.2   Parts of Plumbing System

7.2.1   Domestic cold water systems 

This plumbing system brings cold water and distribute it throughout your home, and divide the two types.

1. Direct cold water system
With a direct cold water system, mains water comes into your house through the Rising main as usual, and then branches off to feed the kitchen, bathroom and any other cold taps. It also usually (but not always) feeds the cold water storage tank in the loft. All of the outlets are therefore fed at mains pressure and as it is mains water, all cold taps are safe to drink from. However, in some older direct systems there is a slight chance of water from the toilet siphoning back into the system and contaminating the system. Newer direct systems will have non-return check valves to stop this happening. The indirect cold water system has been the preferred type for some time now, so Direct cold water systems are now usually found only in older houses.

2. Indirect cold water system

Unlike the Direct System, with a Indirect Cold Water System only the kitchen cold water tap and the cold water storage tank are fed by the rising main. All of the other outlets are then fed, by gravity, from the cold water storage tank in the loft, including the hot water tank and toilet cistern. This means that only water from the kitchen tap is totally safe to drink. An indirect system reduces the risk of water siphoning back from the toilet and also reduces the possibility of noise in the system. With an indirect system, you also have the advantage of a back-up supply of water in the cold water storage tank in the event of a temporary loss of mains supply. [14]

7.2.2   Domestic hot water systems 

This plumbing system brings hot water and distribute it throughout your home, and divide the two types. 

1. Direct hot water system
In the direct system, water is fed down to the bottom of the hot water cylinder from the storage tank in the loft. From there it feeds into the boiler where it is heated, before rising back up into the top of the cylinder to be fed into the hot taps in your house. If the hot water is not used, it cools and passes back down to the bottom of the cylinder and is once more fed to the boiler to be heated.

2. Indirect hot water system

Newer houses will usually have an indirect system. Indirect systems add a fourth basic component to the system, a feed-and-expansion tank. Both the feed-and-expansion tank and the storage tank feed different parts of the cylinder and from there supply either the hot taps or the central heating system. Each tank has its own pipe run. [14]

7.2.3   Drainage system

Drainage system for buildings are necessary to remove waste water, foul water and surface water. Waste water and foul water join together and are disposed in a septic tank in rural areas or to a foul water sewer in urban areas. The foul water sewer discharges the sewerage to a treatment plant where it is settled, filtered and chemically treated. A separate system of drainage is used where foul water and surface water are separated at source and piped individually to a surface water drain or foul water drain.

7.3   Types of Plumbing Pipes

7.3.1   Types of water supply pipes

1. Copper pipe 

Used for decades as the most common water supply pipe. Copper pipe and tubing comes in a variety of sizes and types:

· Type L - Thick walled hard/soft copper

· Type M - Thin walled hard/soft copper

· Type K - Thick walled hard/soft copper

2. PVC

Used as a cold water supply pipe in many countries around the world because of the price but lacks long term durability.

3. CPVC

Used as a hot/cold water supply pipe in many countries around the world because of the price but lacks long term durability.

4. PEX

Is cross-linked poly Ethylene tubing and has become the standard in new home construction. PEX comes in a variety of colors and is used for plumbing and heating purposes.

5. Galvanized pipe 

May still be found in many homes but is seldom used anymore because of water discoloration, cost and difficult repairs. [15]

  7.3.2   Types of drainage pipes

1. ABS 
Acrylonitrile butadiene styrene is a hard walled black plastic drain pipe used extensively in North America.

2. PVC

Poly Vinyl Chloride pipe is a hard walled white plastic drain pipe used throughout the world.

3. Cast iron

A very common drain pipe in older homes but is no longer used in residential plumbing.

4. Galvanized pipe

Common in many older homes and prone to maintenance. Easily discernible by the silver to whitish color and threaded fittings.

5. Copper DWV

A hard walled copper drain, waste and vent  pipe(DWV) that was commonly used in older homes. Still commonly used in commercial and industrial construction, but to pricey for residential.

6. HDPE

Poly Ethylene pipes both High Density (HDPE) and Medium Density (MDPE) can carry potable water, wastewater, slurries, chemicals, hazardous wastes, cables and compressed gases as well as oils. Polyethylene pipes have a long and successful service experience to the gas oil, mining and water utility industries. PE pipes have the lowest repair frequency per Kilometer of pipe per year. [15]

7.4   Plumbing Fittings

Fittings are used in pipe and plumbing systems to connect straight pipe or tubing sections, to adapt to different sizes or shapes, and for other purposes, such as regulating or measuring fluid flow. The term plumbing is generally used to describe conveyance of water, gas, or liquid waste in ordinary domestic or commercial environments, whereas piping is often used to describe high-performance (e.g. high pressure, high flow, high temperature, hazardous materials) conveyance of fluids in specialized applications. The term tubing is sometimes used for lighter-weight piping, especially types that are flexible enough to be supplied in coiled form. [16]

7.4.1   Water supply fittings

1. Elbow is an elbow is a pipe fitting installed between two lengths of pipe or tubing to allow a change of direction, usually a 90° or 45° angle.

2. Coupling is a coupling connects two pipes to each other. If the size of the pipe is not the same , the fitting may be called a reducing coupling or reducer, or an adapter.  The term "expander" is not generally used for a coupler that increases pipe size, instead the term "reducer" is used.

3. Union is a union is similar to a coupling, except it is designed to allow quick and convenient disconnection of pipes for maintenance or fixture replacement. While a coupling would require either solvent welding, soldering or being able to rotate with all the pipes adjacent as with a threaded coupling, a union provides a simple transition, allowing easy connection or disconnection at any future time. Pipe unions are essentially a type of flange connector.

4. Reducer is a reducer allows for a change in pipe size to meet hydraulic flow requirements of the system, or to adapt to existing piping of a different size. Reducers are usually concentric but eccentric reducers are used when required to maintain the same top- or bottom-of-pipe level.

5. Tee is used to either combine or split a fluid flow. Most common are tees with the same inlet and outlet sizes, but reducing tees are available as well.
6. Cross has one inlet and three outlets, or vice versa. Crosses are common in fire sprinkler systems, but not in plumbing due to their extra cost as compared to using two tees. The three outlet sizes should be named in order.

7. Cap is a type of pipe fitting, usually liquid or gas tight, which covers the end of a pipe. A cap has a similar function to a plug. In plumbing systems that use threads, the cap has female threads.

8. Plug is a closes off the end of a pipe. It is similar to a cap but it fits inside the fitting it is mated to. In a threaded iron pipe plumbing system, plugs have male threads.

9. Nipple is a short stub of pipe, usually threaded iron, brass, chlorinated polyvinyl chloride (CPVC) or copper; occasionally just bare copper. A nipple is defined as being a short stub of pipe which has two male ends. Nipples are commonly used for plumbing and hoses, and second as valves for funnels and pipes.

10.  Barb is used to connect flexible hoses to pipes. The barbed end has a tapered stub with ridges which is inserted into the flexible hose to secure it. [16]

7.4.2   Drainage fittings

1. Sweep elbow are usually long radius or sweep types, to reduce flow resistance and solids deposition when the direction of flow is changed. A well-designed system will often employ multiple 45° elbows in preference over 90° elbows (even sweep elbows), to reduce flow disruption as much as possible.

2. Closet flange is the drain pipe flange to which a water closet (toilet) is attached. It is a specialized type of flange connection designed to sit flush with the floor, allowing a standard toilet to be installed above it.

3. Clean-outs are fittings with removable elements that allow access to drains without requiring removal of plumbing fixtures. They are used for allowing an auger or plumber's snake to clean out a plugged drain. Clean-outs should be placed in accessible locations at regular intervals throughout a drainage system, often including outside the building, because clean-out augers have limited length.

4. Trap primers regularly inject water into traps so that "water seals" are maintained, as necessary to keep sewer gases out of buildings. The trap primer must be installed in a readily available place for easy access for adjustments, replacement, and repair.

5. Combo-Tee is a combination tee (combo tee) is a tee with a gradually curving center connecting joint. It is used in drain systems to provide a smooth, gradually curving path to reduce the likelihood of clogs, and to ease pushing a plumber's snake through a drain system. The "combo" is a combination of a wye and a 1/8 bend or 45° elbow.

6. Sanitary Tee is a sanitary tee is a tee with a curved center section designed to minimize the possibility of siphon action that could draw water out of a trap. The center connection is generally connected to the pipe which leads to a trap (the trap arm).

7. Double Sanitary Tee, Similar to a cross. This fitting differs from a standard cross in that two of the ports have curved inlets. The fitting has been used in the past for connecting the drains of back-to-back fixtures (such as back-to-back bathroom sinks). [16]

7.5   Plumbing Fixtures

A plumbing fixture is a device which is part of a system to deliver and drain away water, but which is also configured to enable a particular use, and the most common plumbing fixtures are:
· Bathtubs.

· Bidets.

· Channel Drains (also called trench drains).

· Drinking fountains.

· Hose bibbs (connections for water hoses).

· Kitchen sinks.

· Lavatories (also called bathroom sinks).

· Showers.

· Terminal valves for dishwashers, ice makers, humidifiers, etc.

· Urinals.

· Utility sinks.

· Water closets. [17]
7.6    Drainage  System in Building
There are many type of fixture that used in the building and there sizes of every pipe in the fixture are mentioned, they are establishing from the international standard code.

Table (7.1): The drainage fixture unit in building

	Size of pipe ( in )
	No .of fixture
	Type of fixture

	4
	4
	Water closet

	2
	1
	Lavatory

	2
	3
	Kitchen sink

	2
	2
	Shower head

	2
	3
	Floor drain


· The design of drainage system applied as follows:

1. Every stacks contains many fixture are groups and there are many no. of stacks in each floor , and every stack connected to the stories of the building because it is easily to work and collect waste , soil water from all stories .

2. The vent design of the stack pipes equal 2 in until reach the last floor it becomes equal 4 in , so that to obtain  a good ventilation to drainage  system in the building.

3. The floor drain were put in path room and kitchen and any area that do not use because it is for collecting waste  water from drainage system and the wash water of each floor and connect to stack directly .

4. Many manholes were put in the design because they are used for collecting the all drainage water from stack and connected to main house drain from municipality for push drainage water system to the municipality net pipe.

7.7    Plumbing  System in Building
There are many type of fixture that used in the building and there size of every pipe in the fixture are establishing from the international standard code.

Table (7.2): The plumping fixture unit in building.

	Size of pipe (in)
	No. of fixture
	Type of fixture

	1/2 , 3/8
	5
	Water closet ( w .c )

	1/2 , 3/8
	1.5
	Lavatory

	½
	2.25
	Kitchen sink

	½
	1.5
	Shower head


The specification for each fixture in the building is public usage and flush tank description for example the previous table fixture in the building.

In potable water system collector system were used in design of plumping system for the building and PVC were used for cold water services pipes in building and CPVC were used for hot water services pipes in building, every pipe connected to collector is galvanized steel and insulated with suitable insulator for hot water pipes, and for AC pipes used galvanized steel.

7.7.1   Domestic Water (Cold & Hot & Return) Piping Calculation
            7.7.1.1 : ( Cold water ) 
The first floor was taken as a sample of calculation : 

First Floor 

· Collector from the riser  (Plastic Pipes) :

	Hot
	Cold
	collector 1 – F1

	# of fixture
	size(in)
	# of fixture
	size(in)
	Number of outlet 
	type of outlet

	1.5
	1\2
	1.5
	1\2
	6
	Lavatory 

	--
	--
	5
	3\4
	6
	W.C.

	9
	
	39
	
	
	sum

	
	
	
	
	
	

	Hot
	Cold
	collector 2 – F1

	# of fixture
	size(in)
	# of fixture
	size(in)
	Number of outlet 
	type of outlet

	1.5
	½
	1.5
	1\2
	2
	Lavatory

	--
	--
	5
	3\4
	2
	W.C.

	2.25
	½
	2.25
	1\2
	1
	Sink

	5.25
	
	15.25
	
	
	sum


	Hot
	cold
	collector 3 – F1

	# of fixture
	size(in)
	# of fixture
	size(in)
	Number of outlet
	type of outlet

	1.5
	½
	1.5
	1\2
	3
	lavatory

	--
	--
	5
	3\4
	3
	W.C.

	2.25
	1\2
	2.25
	1\2
	2
	sink

	9
	
	24
	
	
	sum


· Sections from riser  (Galvanized Steel Pipes)  :

	hot( R )
	hot
	cold
	sections

	size(in)
	# of fixture( C )
	Size(in)
	# of fixture( C )
	size(in)
	# of fixture( C )
	

	1
	14
	1
	23.25
	1 1\2
	78.25
	A-B

	1
	8.55
	1
	14.25
	1 1\4
	54.25
	B-C

	3\4
	5.4
	1
	9
	1 1\4
	39
	C-D

	1
	9.15
	3\4
	5.25
	1
	15.25
	C-E

	3\4
	5.4
	1
	9
	1
	24
	B-F


· Cold water  risers pipes

	cold
	sections

	Size (in)
	Flow rate

(L/s)
	# of fixture( C )
	

	2 1\2
	7.21
	376.5
	Main, A-B

	1 1\2
	2.75
	112
	F3, B-F

	2
	4.92
	265
	B-C

	1 1\2
	2.75
	112
	F2, C-G

	2
	3.45
	152
	C-D

	1 1\2
	1.5
	78.75
	F1 D-H

	1 1\4
	2.31
	73.5
	GF, D-E


· Hot water  risers pipes

	Hot Water  Risers

	hot( R )
	hot
	sections

	Size in
	Flow rate 

(L/s)
	# of fixture( C )
	Size in
	Flow rate 

(L/s)
	# of fixture( C )
	

	1 1\4
	2.21
	67.2
	2
	4.41
	112
	Main, A-B

	1
	1.01
	11.7
	1
	1.24
	19.5
	GF, B-F

	1 1\4
	1.9
	55.2
	1 1\2
	2.61
	92
	B-C

	1
	1.07
	13.8
	1
	1.26
	23
	F1, C-G

	1 1\4
	1.37
	43.8
	1 1\4
	2.29
	73
	C-D

	1
	1.24
	22.8
	1 1\4
	1.64
	38
	F2 D-H

	1
	1.24
	22.8
	1 1\4
	1.64
	38
	F3, D-E


· Result :

	Flow Rate  (L/s)
	# of fixture
	

	7.21
	376.5
	COLD

	4.41
	112
	HOT


CHAPTER EIGHT
FIRE PROTICTION SYSTEM

8.1    Introduction 

Fire protection is the study and practice of mitigating the unwanted effects of fires. It involves the study of the behavior, compartmentalization, suppression and investigation of fire and its related emergencies, as well as the research and development, production, testing and application of mitigating systems.

In structures, be they land-based, offshore or even ships, the owners and operators are responsible to maintain their facilities in accordance with a design-basis that is rooted in laws, including the local building code and fire code, which are enforced by the Authority Having Jurisdiction. Buildings must be constructed in accordance with the version of the building code that is in effect when an application for a building permit is made.

Building inspectors check on compliance of a building under construction with the building code. Once construction is complete, a building must be maintained in accordance with the current fire code, which is enforced by the fire prevention officers of a local fire department. In the event of fire emergencies, Firefighters, fire investigators, and other fire prevention personnel called to mitigate, investigate and learn from the damage of a fire. Lessons learned from fires are applied to the authoring of both building codes and fire codes. [18]

8.2   Fire Protection Types

8.2.1   Fire Sprinkler System

A fire sprinkler system is an active fire protection measure, consisting of a water supply system, providing adequate pressure and flow rate to a water distribution piping system, onto which fire sprinklers are connected. Although historically only used in factories and large commercial buildings, home and small building systems are now available at 

a cost-effective price.[19]

· Operation

Each closed-head sprinkler is held closed by either a heat-sensitive glass bulb (see Figure 8.1) or a two-part metal link held together with fusible alloy such as Wood's metal and other alloys with similar compositions. The glass bulb or link applies pressure to a pip cap which acts as a plug which prevents water from flowing until the ambient temperature around the sprinkler reaches the design activation temperature of the individual sprinkler. Because each sprinkler activates independently when the predetermined heat level is reached, the number of sprinklers that operate is limited to only those near the fire, thereby maximizing the available water pressure over the point of fire origin.
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Figure (8.1): Sprinkler. [19]
The bulb breaks as a result of the thermal expansion of the liquid inside the bulb. The time it takes before a bulb breaks is dependent on the temperature. Below the design temperature, it does not break, and above the design temperature, it takes less time for higher temperatures. [20]

· Types 

1. Wet pipe systems
Wet pipe sprinkler systems are installed more often than all other types of fire sprinkler systems. They also are the most reliable, because they are simple, with the only operating components being the automatic sprinklers and (commonly, but not always) the automatic alarm check valve. An automatic water supply provides water under pressure to the system piping.

2. Dry pipe systems 

Dry pipe systems are installed in spaces in which the ambient temperature may be cold enough to freeze the water in a wet pipe system, rendering the system inoperable. Dry pipe systems are most often used in unheated buildings, in parking garages, in outside canopies attached to heated buildings (in which a wet pipe system would be provided), or in refrigerated coolers. Dry pipe systems are the second most common sprinkler system type. [21]

8.2.2   Fire Extinguisher

fire extinguisher (see Figure 8.2) is an active fire protection device used to extinguish or control small fires, often in emergency situations. It is not intended for use on an out-of-control fire, such as one which has reached the ceiling, endangers the user, or otherwise requires the expertise of a fire department. Typically, a fire extinguisher consists of a hand-held cylindrical pressure vessel containing an agent which can be discharged to extinguish a fire. [22]
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Figure (8.2): Fire Extinguisher. [23]
· Installation

In order for a fire extinguisher to provide optimal service to you in a fire emergency, four things are necessary:

1. It must be located in an accessible place.

2. It must be of the proper type for the kind of fire you face.

3. It must be maintained so that it will function when you need it.

4. It must be used properly. [22]

· Extinguisher Classes

1. Class A
Extinguishers are for putting out fires in “ordinary combustibles," which are materials such as wood and paper.

2. Class B

Extinguishers are for putting out fires involving “flammable liquids,” such as oil, gasoline, grease, paint, propane, etc.

3. Class C
Extinguishers are for putting out fires involving “electrical equipment.”

4. Class D
Extinguishers are for putting out fires involving flammable metals, and do not have a picture/label in the new system. [22]

· Types of Extinguishing Agents

1. Water

This is appropriate only for Class A (ordinary combustible) fires.

2. Carbon Dioxide (CO2)

This is appropriate for Class B (flammable liquids) and Class C (electrical) fires.

3. Halon
This is used near electrical equipment when trying to avoid the residue that other extinguishers might leave.

4. Dry Chemical
This is usually rated for multi-purpose extinguishers. [22]

8.2.3   Fire HoseReel  ( Fire Cabinets )

Fire hose (see Figure 8.3) is a high-pressure hose used to carry water or other fire retardant (such as foam) to a fire to extinguish it. Outdoors, it is attached either to a fire engine or a fire hydrant. Indoors, it can be permanently attached to a building's standpipe or plumbing system.
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Figure (8.3): Fire Hose Reel  . [24]
Fire hose reels are located to provide a reasonably accessible and controlled supply of water to combat a potential fire risk. The length of a fully extended fire hose is between 18 and 36 meters with a diameter of 13 or 19mm Internal Diameter. These appliances are designed to deliver, as a minimum, 0.33ltrs of water per second. A control nozzle attached to the end of the hose enables the operator to control the direction and flow of water to the fire. All fire hose reels come with a unique ball or gate valve shut off device, a plastic or solid brass hose reel nozzle, and mounting bracket.

Fire hose reels located in buildings are to be used by building occupants to fight fire, especially when they are trapped and cannot escape to an emergency exit.

The fire hoses are connected to the mains water supply, or Fire Systems Feeds, and extend up to 25 meters.  Some fire hose reels are located in cabinets whilst others are visible on the wall in fire cells. They require appropriate signage indicating their location and fuel risk suitability.

A hose reel system consists of hose reels fixed on specific locations of all floors connected to a Fire Pump Set. This System is a pressurized one with a sole purpose of fighting any fire that might occur until the Fire & The hose reel includes a drive motor which rotates the reel in a direction to wind a hose onto the reel and a clutch which permits the reel to freely rotate when the hose is played out. [25]

8.2.4   Fire hydrant System

A fire hydrant system (see Figure 8.4) in an effective and efficient means of extinguishing large fires, which can otherwise cause devastation. Hydrant System enables the fire fighter to attack the seat of the fire from a distance. Hydrant valves or outlets for delivering water, located at strategic points facilitate delivery of water with tremendous pressure so as to quench the fire with discreet use of a special branch pipe the water under pressure can also be used as a “Sheet” to push the smoke for entering a burning warehouse/building.
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Figure (8.4): Hydrants . [26]
Depending on the type of the building i.e., residential, commercial or industrial, a particular type of the hydrant system i.e., Down comer System, Wet Riser System or the Wet Riser cum Down comer System is installed. These systems are designed as per Part IV of National Building code for high- rise buildings and / or the standards laid down by the Traffic Advisory Committee.

The pumping facility forms the heart of the Fire Hydrant System. Normally motor driven and a stand-by diesel engine driven pumps, are installed to ensure system functioning even during mains failure.

The pump is basically used to lift the water from the reservoir and deliver the same under pressure, to the hydrant points for fighting fires. A Jockey pup is also installed to make good minor pressure losses. This pump functions automatically and does not need monitoring. The main / stand-by pump starts automatically when a pressure loss is felt in the Hydrant line, but has to be switched off manually for obvious reasons.

The Fire Hydrant System, unlike the Portable (First-Aid) Fire Extinguishers, uses water as the principal extinguishing. However, in certain types of fires involving petroleum and oils etc., special branch pipes are used to deliver Foam in conjunction with the standard delivery hose.

Hydrant valves (see Figure 8.5) are located at strategic points and with the help of the hoses placed near these valves, water can directed to fight fires. [27]
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Figure (8.5): Hydrants valves . [28]
8.3   Fire Protection Components

Fire Protection consist of the following components:

1. Sufficiently large water reservoir

2. Fire pump sets (Main and Standby)

3. Jockey pump 

4. Hydrant valves

5. Firefighting hoses

6. Fire Sprinkler

7. Branch pipe with nozzles. [29]

8.4   Targets of the Fire Protection

1. Continuity of operations, this is intended to prevent the interruption of critical services necessary for the public welfare.

2. Property protection, this is intended to prevent area wide conflagrations. At an individual building level, this is typically an insurance consideration, or a regulatory requirement.

3. Life safety, the minimum standard used in fire and building codes. [18]

8.5 Fire Pump Calculation

8.5.1   Electrical and DieselPump

(ΔP) pump = (ΔP)friction + Pack pressure + Pressure for landing valve

(ΔP)friction in  the second floor  for the remote stand pipe :
              = { ( L (ft) / 100 ) *4.95 } + { ( L (ft) / 100 ) *4.95 }+{ ( L (ft) / 100 ) *15 }

              = { ( 161 / 100 ) * 4.95 } + { ( 23 / 100 ) * 15  } + { ( 17 / 100 ) * 15  }  

              = 11.65 psi

Pack pressure = ( L (m)  * 9.81 ) / 6.894

= ( 15 * 9.81 ) / 6.894

= 21.639 psi

Pressure for landing valve = 100 psi

(ΔP) pump =  11.65+ 21.639 + 100

= 133.289 psi

Flow rate for the pump ( two risers ) = 750 GPM

Fire tank = flow rate * time

= 750  * 90 

= 67500 gallon

= (67500*3.8)/1000 
= 256.5 m3
8.5.2   Standby Pump (Jockey Pump)
(ΔP) for pump =  135 psi
Flow rate for the pump = 80 GPM

7.7.2   Water Pump Calculation
· Cold water pump :

Eight tanks were used on the building, each one have 1.5 m3 volume and the tanks should be filled up within 1 hour, so Q = 12m3/h , and P= 26m . 
· Hot  water pump selection

(ΔP) for pump = (ΔP) friction + Pack pressure + pressure for nozzle 

(ΔP)friction in  the basement  floor  for the remote stand pipe 

    = ∑{  L (ft) * ΔP/L  } 
    = (27.88 * 0.22) + (28.536 * 0.18) + (13.12 * 0.27) + (19.68 * 0.08) +

      (25.584 * 0.11) + (21.976 * 0.14) + (24.6 * 0.175) + (45.92 * 0.19) + 

      (32.8 * 0.056) + (26.24 * 0.094)

    = 39.6109 psi 
Pack pressure = ( L (m)  * 9.81 ) / 6.894

= ( 17 * 9.81 ) / 6.894

= 24.2 psi

pressure for nozzle = 10 psi

(ΔP) for pump =  39.6109 + 24.2 + 10

                      = 73.8109 psi

Flow rate for the pump  = 68.5 gal/min

Fire tank = flow rate * time

= 68.5  * 1 * 60 

= 8220 gallon

= 8220 * 0.003785

= 31.1127 m3 
· Main pump that supplied the cold water tank :
(ΔP) for pump = (ΔP)friction - Pack pressure + pressure for nozzle 

(ΔP)friction in  the basement  floor  for the remote stand pipe 

   = ∑{  L (ft) * ΔP/L  } 
   = (24 * 1.5 ) * 0.185

   = 6.7 psi 
Pack pressure = ( L (m)  * 9.81 ) / 6.894

= ( 17 * 9.81 ) / 6.894

= 24.2 psi

(ΔP) for pump =  6.7 + 24.2 

                      = 30.9 psi

Flow rate for the pump  = 60.2 / ( 1* 60 )

                                   = 1.0033 m3/min

                                   = 1.0033 * 264.172
                                   = 265.04 gal/min

Main water tank size =Hot water demand + Cold water demand + Fire Pro. water demand
                              = 31.1127 + 60.2 + 227.1 

                              = 318.4127 m3 

CHAPTER NINE
EQUIPMENT SELECTION
9.1    Introduction
Selection of component in mechanical system is the final stage in this building design because it depends on the all previous system design. In our selections we depend on catalogs of PETRA COMPANY for chiller, fan coil unit, and air handling unit selection, and for fresh, exhaust air fan's we depend on SNP COMPANY, and for boiler we depend on NORTHVALE COMPANY, in the other hand selection of the pumps from GRUNDFOS COMPANY.

9.2 Boiler 

A boiler is an enclosed vessel that provides a means for combustion heat to be transferred into water until it becomes heated water or a gas (steam). The steam or hot water under pressure is then usable for transferring the heat to a process. Water is a useful and cheap medium for transferring heat to a process. [30]
· Types of Boiler

Boilers can be classified into the following configurations:
1. Fire Tube Boiler
Here, water partially fills a boiler barrel with a small volume left above to accommodate the steam (steam space). This is the type of boiler used in nearly all steam locomotives. The heat source is inside a furnace or firebox that has to be kept permanently surrounded by the water in order to maintain the temperature of the heating surface just below boiling point, see Figure 9.1

.
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Figure (9.1): Fire Tube Boiler. [31]

2. Water Tube Boiler
In this type, the water tubes are arranged inside a furnace in a number of possible configurations: often the water tubes connect large drums, the lower ones containing water and the upper ones, steam and water; in other cases, such as a monotube boiler, water is circulated by a pump through a succession of coils. This type generally gives high steam production rates, but less storage capacity than the above,see Figure 9.2 . [30]
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Figure (9.2): Water Tube Boiler. [31]

· Components of Boiler

1. Steam drum

The steam drum separates the steam from the heated water. The water droplets fall to the bottom of the tank to be cycled again, and the steam leaves the drum and enters the steam system. Feed water enters at the bottom of the drum to start the heating cycle.

2. Downcomers

Downcomers are the pipes in which the water from the steam drum travels in order to reach the bottom of the boiler where the water can enter the distribution headers.
3. Distribution headers

The distribution headers are large pipe headers that carry the water from the downcomers to the risers.
4. Risers

The piping or tubes that form the combustion chamber enclosure are called risers. Water and steam run through these to be heated. The term risers refers to the fact that the water flow direction is from the bottom to the top of the boiler. From the risers, the water and steam enter the steam drum and the cycle starts again.

5. Combustion chamber

Located at the bottom of a boiler, the combustion chamber is where the air and fuel mix and burn. It is lined with the risers. [32]
· Principle of Operation for the  Boiler

The water stored in the vessel when heated to a desired temperature level by burning natural gases, coal and wood pellets can be defined as a boiler.

Burner is a heart of the boiler which converters water to steam. This burner is heated by supplying fuels into it. Generally the steam needed to heat your houses, buildings, hospital, office and other places where heat is required is created by the fuel that is burned and supplied to the boiler from the burner.

The burner can be heated by using different fuels like natural gas, coal or wood pellets. If you’re using natural gases, then the natural gases are released into the burner through a special pipe which heats the burners.

If you’re using any oil to heat the burner the then the oil is supplied to them which pressurizes and heats the burners. When it comes to wood pellets, the woods are burned using some fuel which helps to heat the burners.

After the burners are heated up using the required fuels, then the gases or the fire from the burners are directly released on the boiler to heat up the water. [33]
· Boiler selection
The total amount of heat in our project equal to 302  kw. The suitable boiler is that of type ICI ASX 300 from NORTHVALE Company. 
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THREE PASS REVERSE FLAME WET BACK

The ICI ASX Medium Temperature Hot Water Boiler is a three

pass reverse flame furnace wet back boiler. The boiler is a

complete package and requires only a firm level base.

The construction utilises material tested according the

European

standards, metals are tested by ultrasonic inspection, while the

welds by radiographics and dye penetrants.

« supplied fully packaged and ready for installation

« large volume furnace to suit perfect combustion of both
liquid and gaseous fuels

This Boiler
that will be
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= = ETRETS

ASX 200 86180200 86190200 33 258 13 130 150 735 mm mn
Asx300” 86180300 86190300 349 388 16 130 150 750 1600 1760
ASX 400 86180400 86190400 a5 517 17 130 150 865 1700 2035
ASX 500 86180500 86190500 581 3 21 130 150 1060 2200 2420
ASX 600 86180600 86190600 698 775 2 130 150 1220 2200 2970
ASX 800 86180800 86190800 930 1034 2 130 150 1535 2600 3300
ASX1000 86181000 86191000 1163 1202 2 130 150 1765 3000 3850
ASX1200 86181200 86191200 1395 1550 2 130 150 2170 3400 4510
ASX1500 86181500 86191500 1744 1938 20 130 150 2680 5000 5000
ASX1750 86181750 86191750 2035 2261 28 130 150 3050 6000 6000
ASX2000 86182000 86192000 2326 2584 2 130 150 350 7300 7300
ASX2500 86182500 86192500 2907 3230 39 130 150 430 7200 7920
ASX3000 86183000 86193000 3488 3876 a8 130 150 5450 9000 9000
Water side pressure drop is from AT=20°C Working T max recommended, not compulsory Design pressure: 5 or 12 bar

Standard equipment
- 2 safety valves

« 1 pressure gauge

- 1 thermometer

« 1 safety thermostat, manual reset

« 1 safety pressure switch, manual reset
- 1 drainvalve

* 1 control panel 3/N- 400V 50 Hz





9.3 Chiller 
Chiller is one of the most important cooling equipment used in laboratories. The main function of a laboratory chiller is to remove heat from one substance and pass it to other sources like ambient water or air. Chiller is a compressor based equipment that cools and controls the temperature of a liquid unlike the air conditioners, which cools air. Besides compressor the other components of a chiller are a temperature controller, a reservoir and a recirculating pump. A chiller is a machine that removes heat from a liquid via a vapor-compression or absorption refrigeration cycle. This liquid can then be circulated through a heat exchanger to cool air or equipment as required. [34]
· Components of Chiller

1. Evaporator

Chillers produce chilled water in the evaporator where cold refrigerant flows over the evaporator tube bundle. The refrigerant evaporates (changes into vapor) as the heat is transferred from the water to the refrigerant. The chilled water is then pumped, via the chilled-water distribution system to the building's air-handling units.

2. Compressor

Vaporized refrigerant leaves the evaporator and travels to the compressor where it is mechanically compressed, and changed into a high-pressure, high-temperature vapor. Upon leaving the compressor, the refrigerant enters the condenser side of the chiller.

3. Condenser

Inside the water-cooled condenser, hot refrigerant flows around the tubes containing the condenser-loop water. The heat transfers to the water, causing the refrigerant to condense into liquid form. The condenser water is pumped from the condenser bundle to the cooling tower where heat is transferred from the water to the atmosphere. The liquid refrigerant then travels to the expansion valve.

4. Expansion valve

The refrigerant flows into the evaporator through the expansion valve or metering device. This valve controls the rate of cooling. Once through the valve, the refrigerant expands to a lower pressure and a much lower temperature. It flows around the evaporator tubes, absorbing the heat of the chilled water that's been returned from the air handlers, completing the refrigeration cycle.
5. Controls

Newer chillers are controlled by sophisticated, on-board microprocessors. Chiller control systems include safety and operating controls. If the equipment malfunctions, the safety control shuts the chiller down to prevent serious damage to the machine. Operating controls allow adjustments to some chiller operating parameters. To better monitor chiller performance, the chiller control system should communicate with the facility's direct digital control (DDC). [35]
· Principle of Operation for the  Chiller

Water enters the evaporator, where it is chilled by liquid refrigerant evaporating at a lower temperature. The refrigerant vaporizes and is drawn into the compressor, which increases the pressure and temperature of the gas so that it may be condensed at the higher temperature in the condenser. The condenser cooling medium is warmed in the process. The condensed liquid refrigerant then flows back to the evaporator through an expansion device.

Chilled water enters the evaporator at 55 ºF (12.8 ºC), for example, and leave at 45 ºF (7.2 ºC). Condenser water leaves a cooling tower at 86 ºF (30 ºC), enters the condenser, and returns to the cooling tower near 95 ºF (35 ºC). Water cooled chillers are generally located within the building and use cooling towers located outside the building to reject the heat . Condensers may also be cooled by air or through evaporation of water. Air cooled chillers are generally located outside the building and reject heat directly to the atmosphere. A systems with a single compressor and one refrigerant circuit with a water-cooled condenser, is used extensively to chill water for air conditioning because it is relatively simple and compact. [34]
· Chiller selection
The total amount of heat in our project equal to 131.622 ton ref. The suitable chiller  is that of type APSa  110 – 2S from PETRA Company.
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[image: image74.png]Legend:
- LWT: Leaving Chiller Water Temperature [°F| - GPM : Water flow rate

- CAP : Capacity [T.R] - WPD: Water Pressure Drop [Psi]
- PI: Power Input (Compressor only) [T.R.]

Note:
- All cooling capacities are based on 10°F water temperature difference between inlet and outlet water temperature.
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9.4    Air Handling Unit

An air handler, or air handling unit (often abbreviated to AHU), is a device used to condition and circulate air as part of a heating, ventilating, and air-conditioning (HVAC) system. Usually, an air handler is a large metal box containing a blower, heating and/or cooling elements, filter racks or chambers, sound attenuators, and dampers. Air handlers usually connect to duct work that distributes the conditioned air through the building, and returns it to the AHU. [36]
· Air Handling Unit  Components 

1. Blower/fan

Air handlers typically employ a large squirrel cage blower driven by an AC induction electric motor to move the air. The blower may operate at a single speed, offer a variety of set speeds, or be driven by a Variable Frequency Drive to allow a wide range of air flow rates. Flow rate may also be controlled by inlet vanes or outlet dampers on the fan. Some residential air handlers (central 'furnaces' or 'air conditioners') use a brushless DC electric motor that has variable speed capabilities.

2. Heating and/or cooling elements

Air handlers may need to provide heating, cooling, or both to change the supply air temperature depending on the location and the application. Smaller air handlers may contain a fuel-burning heater or a refrigeration

HYPERLINK "http://en.wikipedia.org/wiki/Evaporator" \o "Evaporator"evaporator, placed directly in the air stream. Electric resistance and heat pumps can be used as well. Evaporative cooling is possible in dry climates.
3. Filters

Air filtration is almost always present in order to provide clean dust-free air to the building occupants. It may be via simple low-MERV pleated media, HEPA, electrostatic, or a combination of techniques. Gas-phase and ultraviolet air treatments may be employed as well.
4. Humidifier

Humidification is often necessary in colder climates where continuous heating will make the air drier, resulting in uncomfortable air quality and increased static electricity.
5. Mixing chamber

In order to maintain indoor air quality, air handlers commonly have provisions to allow the introduction of outside air into, and the exhausting of air from the building. In temperate climates, mixing the right amount of cooler outside air with warmer return air can be used to approach the desired supply air temperature. A mixing chamber is therefore used which has dampers controlling the ratio between the return, outside, and exhaust air.
6. Heat recovery device

A heat recovery device heat exchanger of many types, may be fitted to the air handler between supply and extract airstreams for energy savings and increasing capacity.
7. Controls

Controls are necessary to regulate every aspect of an air handler, such as: flow rate of air, supply air temperature, mixed air temperature, humidity, air quality. They may be as simple as an off/on thermostat or as complex.

8. Vibration Isolators

The blowers in an air handler can create substantial vibration and the large area of the duct system would transmit this noise and vibration to the occupants of the building. To avoid this, vibration isolators (flexible sections) are normally inserted into the duct immediately before and after the air handler and often also between the fan compartment and the rest of the AHU. The rubberized canvas-like material of these sections allow the air handler to vibrate without transmitting much vibration to the attached ducts. [37]
· Principle of Operation for the  Air Handling Unit

The basic function of the AHU is to suck air from the rooms, let it pass through chilled water cooling coils and then discharging the cooled air back to the rooms. Normally, letting it pass through panel or bag filters also filters the air. A certain amount of fresh air may be introduced at the suction duct so that air in the rooms may be gradually replaced. AHU's come in many sizes and shapes. Usually, the air conditioning designer will choose a particular AHU based on the air flow requirements and the cooling capacity. If humidity of the air has to be controlled, steam coils, or other heating coils may be installed. If the air has to be very cleaned, special HEPA filters have to be installed at the ducting outlets or at the AHU filter box. Moisture in the air is condensed out when it comes into contact with the chilled water coils. At the bottom of the AHU, a pipe is installed so that water that is collected can be drained out.  [38]
· Air Handling Unit selection
Then the suitable A.H.U for the operation room # 1 in the first floor (2193.832 CFM) is PAH H C 24 C4 H4 X2
Then the suitable A.H.U for the operation room # 2in the First floor (2525.606 CFM) is PAH H C 32 C4 H4 X2
Then the suitable A.H.U for the  ICU in the Second floor (1467.456 CFM) is 

PAH H C 16 C4 H4 X2
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[image: image89.png]Dry air at 20 °C and 0 m sea level.
Tests carried out according to standards :
150 5801 and AMCA 210-99 Standards.
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9.5 Fan Coil Unit Selection
Fan Coil Unit is a generic term that is applied to a range of products. Also, the term Fan Coil Unit will mean different things to users, specifies and installers in different countries and regions, particularly in relation to product size and output capability.

A fan coil unit (FCU) is a simple device consisting of a heating or cooling coil and fan. It is part of an HVAC system found in residential, commercial, and industrial buildings. Typically a fan coil unit is not connected to ductwork, and is used to control the temperature in the space where it is installed, or serve multiple spaces. It is controlled either by a manual on/off switch or by thermostat, see Figure 9.3 .

A fan coil unit may be concealed or exposed within the room or area that it serves. An exposed fan coil unit may be wall mounted, freestanding or ceiling mounted, and will typically include an appropriate enclosure to protect and conceal the fan coil unit itself, with return air grille and supply air diffuser set into that enclosure to distribute the air.

[image: image75.jpg]



Figure (9.3): Fan Coil Unit. [39]
concealed fan coil unit will typically be installed within an accessible ceiling void or services zone. The return air grille and supply air diffuser, typically set flush into the ceiling, will be ducted to and from the fan coil unit and thus allows a great degree of flexibility for locating the grilles to suit the ceiling layout and/or the partition layout within a space. It is quite common for the return air not to be ducted and to use the ceiling void as a return air plenum. [34]
· Types of Fan Coil Unit

Fan coil units are divided into two types : 

1. Two-pipe fan coil units
Two-pipe fan coil units have one supply and one return pipe. The supply pipe supplies either cold or hot water to the unit depending on the time of year.

2. Four-pipe fan coil units

Four-pipe fan coil units have two   supply pipes and two return pipes. This allows either hot or cold water to enter the unit at any given time. Since it is often necessary to heat and cool different areas of a building at the same time, due to differences in internal heat loss or heat gains, the four-pipe fan coil unit is most commonly used. [34]
· Principle of Operation for the  Fan Coil Unit

Fan Coil Units essentially contain Fans which draw air from any room / space, passing through its Filters for removal of dust, and then through a Cooling Coil to cool and dehumidify the air. This process is called conditioning of the air. The Fan Coil Units primarily re-circulate conditioned air between the room and the Fan Coil Units. Hydronic Fan Coil Units use chilled water as cooling medium and they depend on remotely located Chilled Water Generating machines called Chillers. Occasionally, certain other fluids like glycol solution may be circulated when the design warrants lower than normal temperatures of the cooling medium. [34]
· Fan Coil Unit selection

PETRA’S fan coil units (DC Series) are ideally designed for air conditioning residential, commercial and institutional buildings with low static pressure application. They provide flexible operation and control of indoor conditions in individual spaces. 
The units cover an air flow range of 200 to 1200 nominal CFM. 

600 cfm F.C.U we will select : DC 6

800 cfm F.C.U we will select : DC 8

1000 cfm F.C.U we will select : DC 10

1200 cfm F.C.U we will select : DC 12

1400 cfm F.C.U we will select : DC 14

1600 cfm F.C.U we will select : DC 16
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9.6 Fan's
A mechanical fan is a device used to produce airflow for the purpose of creature comfort, ventilation, exhaust, or any other gaseous transport. 
Mechanically, a fan can be any revolving vane or vanes used for producing currents of air. Fans produce air flows with high volume and low pressure, as opposed to a gas compressor which produces high pressures at a comparatively low volume. A fan blade will often rotate when exposed to an air stream, and devices that take advantage of this, such as anemometers and wind turbines often have designs similar to that of a fan. 
Typical applications include climate control, cooling systems, personal comfort (e.g., an electric table fan), ventilation (e.g., an exhaust fan), winnowing (e.g., separating chaff of cereal grains), removing dust (e.g. sucking as in a vacuum cleaner), drying (usually in addition to heat) and to provide draft for a fire. It is also common to use electric fans as air fresheners, by attaching fabric softener sheets to the protective housing. This causes the fragrance to be carried into the surrounding air.
· Types of fans
Large fan used to blow fresh air into a Virginia coal mine. Mechanical revolving blade fans are made in a wide range of designs. In a home you can find fans that can be put on the floor or a table, or hung from the ceiling, or are built into a window, wall, roof, chimney, etc. They can be found in electronic systems such as computers where they cool the circuits inside, and in appliances such as hair dryers and space heaters. They are also used for cooling in air- conditioning systems, and in automotive engines, where they are driven by belts or by direct motor. Fans create a wind chill but do not lower temperatures-directly. 

There are three main types of fans used for moving air:

1. Axial fans 

The axial-flow fans have blades that force air to move parallel to the shaft about which the blades rotate. Axial fans blow air across the axis of the fan, linearly, hence their name. This type of fan is used in a wide variety of applications, ranging from small cooling fans for electronics to the giant fans used in wind tunnels. 

2. Centrifugal fan 
Often called a “squirrel cage” (due to similarity to exercise wheels for pet rodent), the centrifugal fan has a moving component (called an impeller) that consists of a central shaft about which a set of blades are positioned. Centrifugal fans blow air at right angles to the intake of the fan, and spin the air outwards to the outlet (by deflection and centrifugal force). The impeller rotates, causing air to enter the fan near the shaft and move perpendicularly from the shaft to the opening in the scroll-shaped fan casing. A centrifugal fan produces more pressure for a given air volume, and is used where this is desirable such as in leaf blowers, air mattress inflators, and various industrial purposes. They are typically noisier than comparable axial fans.
3. Cross flow fan
The cross flow fan has a squirrel cage rotor (a rotor with a hollow center and axial fan blades along the periphery). Tangential fans take in air along the periphery of the rotor, and expel it through the outlet in a similar fashion to the centrifugal fan. Cross flow fans give off an even airflow along the entire width of the fan, and are very quiet in operation. They are comparatively bulky, and the air pressure is low. Cross flow fans are often used in air conditioners, automobile ventilation systems, and for cooling in medium-sized equipment such as photocopiers. The action of a fan or blower causes pressures slightly above atmospheric, which are called plenums. 

For the building the selection of fans as the following:

· Fresh air

Fan#1 

CFM = 5500
Static pressure=0.14 in 
Model : CVTT-18/18 450 r.p.m. -1.1 KW

[image: image92.png][5148294100] - CAB-315-N

Description

Q‘ Centrifugal fan cabinet with manufactured from galvanised sheet steel, acoustic and

fire retardant lining 50 mm  thick. Forward curved centrifugal fan with closed
single-phase motor and speed controllable. Brand S&P model CAB-315-N for an
airflow [Q=1.506 C.F.M.] and static pressure [Pst=0,09 inch].

. Theoretical working point

Airflow Static pressure | Temperature Altitude Density Frequency Voltage
C.EM. inch (oC) (m) (kg/m3) Hz v
1.500 0,00 20 0 1,20 50 230/400
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                  Fan # 2 

CFM = 6700
Static pressure =0.14 in 
Model : CVTT -18/18 500 r.p.m. – 1.5KW

[image: image94.png][5137350400] - CVAT/4-5600/400

Description

Centrifugal fan cabinet with drain hole. Manufactured from galvanised sheet steel,
double thckness panel internally line with fireproof fibre-glass acoustic insulation.
Centrifugal fan with backward curved impeller with antivibration mounts. Three

phase, class F, IP55direct drive motor . Brand S&P model CVAT/4-5600/400, for an
airflow [Q=3.196 C.F.M.] and static pressure [Pst=0,14 inch].

. Theoretical working point
Airflow Static pressure | Temperature Altitude Density Frequency Voltage
CFM. inch (°c) (m) (kg/m3) Hz v
2.600 0,09 20 0 1,20 50 230/400





[image: image95.png]Dry air at 20 °C and 0 m sea level.
Tests carried out according to standards :
150 5801 and AMCA 210-99 Standards.
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· Exhaust air
· Operation room#1 

CFM= 2200
Static pressure =0.07 in 
Model : CVAT/4 – 3800/355

[image: image96.png][5137340500] - CVAT/4-3800/355

Description

Centrifugal fan cabinet with drain hole. Manufactured from galvanised sheet steel,
double thckness panel internally line with fireproof fibre-glass acoustic insulation.
Centrifugal fan with backward curved impeller with antivibration mounts. Three

phase, class F, IP55direct drive motor . Brand S&P model CVAT/4-3800/355, for an
airflow [Q=2.177 C.F.M.] and static pressure [Pst=0,07 inch].

. Theoretical working point
Airflow Static pressure | Temperature Altitude Density Frequency Voltage
CFM. inch (°c) (m) (kg/m3) Hz v
2.200 0,07 20 0 1,20 50 230/400





[image: image97.png]Dry air at 20 °C and 0 m sea level.
Tests carried out according to standards :
150 5801 and AMCA 210-99 Standards.
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· Operation room#2 
CFM=2600 
Static pressure =0.09 in 
Model : CVAT/4 – 5600/400 

[image: image98.png][SPTR000131] - CVTT-18/18 500 r.p.m. - 1,5 kW - 50Hz - 4p

. ﬁ Description
w Centrifugal fan cabinet manufactured from galvanised sheet steel and fire retardant

acoustic lining, forward curved centrifugal impeller fitted with anti vibration mounts
and flexible flange at the discharge. Brand S&P model CVTT-18/18 500 r.p.m. - 1,5
kW - 50Hz - 4p for an airflow [Q=6.790 C.F.M.] and static pressure [Pst=0,14 inch].

. Theoretical working point

Airflow Static pressure | Temperature Altitude Density Frequency Voltage
C.EM. inch (oC) (m) (kg/m3) Hz v
6.700 0,14 20 0 1,20 50 230/400





[image: image99.png][SPTR000131] - CVTT-18/18 450 r.p.m. - 1,1 kW - 50Hz - 4p

. ﬁ Description
w Centrifugal fan cabinet manufactured from galvanised sheet steel and fire retardant

acoustic lining, forward curved centrifugal impeller fitted with anti vibration mounts
and flexible flange at the discharge. Brand S&P model CVTT-18/18 450 r.p.m. - 1,1
kW - 50Hz - 4p for an airflow [Q=5.898 C.F.M.] and static pressure [Pst=0,16 inch].

. Theoretical working point

Airflow Static pressure | Temperature Altitude Density Frequency Voltage
C.EM. inch (oC) (m) (kg/m3) Hz v
5.500 0,14 20 0 1,20 50 230/400





· ICU 
                  CFM=1500
Static pressure = 0.09 in 
Model : CAP-315-N  
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· Fan#2" 
                  CFM=3300
Static pressure = 0.15 in 
Model : CVAT/4-5600/400  
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Legend: Air Flow Rate In Cubic Feet Per inute [CEM] Notes:

FanSpeed  :[ L: Low, M: Medium, H: High | All Data are Based On:
0.2 External Static Pressure [E.S.P].

DBT : Entering Dry Bulb Temperature in Degree Fahrenheit [ F] 17 Thick (Nominal) Flat Filter.
Total Cap.  :Total Cooling Capacity in [BTUH]
Sensible Cap. :Sensible Cooling Capacity in [BTUH]
: Water Flow Rate in U.S Gallon Per Minute [GPM].
: Water Pressure Drop in. [f¢ of water].

Interpolation Is Permissible But Not Extrapolation
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- DB: Dry bulb - SCFM: Standard value of Air Flow Rate at sca level, where:
- WB: Wet bulb - Air Density= 1.2 kg/m® (0.075 Ib/ft)
- T.CAP: Total capacity (MBH) - Elevation= Zero (Std.)

- S.CAP: Sensible cooling capacity (MBH)
- WFR: Water flow rate (U.S. gallons per minute)




9.7 Pump Selection 

· Chiller pump :

Flow rate = 21.744 m3/hr 
ΔP = 9.33 m
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Model : TP 50-30/4 

· Boiler pump :

Flow rate = 26.01 m3/hr 
ΔP =9.33 m 

Model : TP 50-30/4 
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· Left pump

Flow rate = 12 m3/hr 
ΔP =26 m 
Model : CM15/2 

[image: image106.jpg]



· Electrical and diesel  Fire-Fighting Pump
Flow rate = 750 GPM 
ΔP =133.289 psi 

Model : 5-491-18 A 
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· Standby Pump ( Jockey Pump )

Flow rate = 80 GPM 

ΔP =135 psi 
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