[image: image1.png]Double-effect Air Purifier
Electrostatic Fiter  Active Carbon Fiter

Anti-fungus High-Effcient

Pe-iter ghicen
(not shown) frapers

Anti-fungus Drain Pan Autolouvre  Infra-red Recelver




An-Najah National University 

Faculty of Engineering 

Mechanical Engineering Department

First Semester (2010)

Second Graduation Project
Project in :

“Mechanical System for The Old City Historical Research Center ”
Prepared By:
 MOATH ALI SAWAFTA      (10509946)
 Mohammed Abed AL_RAHMAN HAMMAd (10510970)           
Submitted To:

Dr. Iyad Assaf
December – 2010
[image: image50.png]



[image: image51.png]



Since heating and air conditioning field is widely used in daily life for human comfort, our project deals with heating and air conditioning design for a selected floors of The Historical Research Center that sits in Nablus.

This project applies all the engineers needed to design heating and air conditioning.

       No soft wares used in calculations of heating load in this project air, but method of hand calculating takes along place in the project.

More than one EXCEL sheet included in the project for estimating heating and air conditioning parameters and loads.

The improvements in the project restricted to using local codes and information which widely used during any process of heating and air conditioning design.

This project enhances the group of designed students to go to head for filled with heating and air conditioning calculations and design.

Further more, it provides other students and engineers the principles of heating and air conditioning design.

Completely design achieved with traditional methods of heating and air conditioning calculations and thus desired results of loads values and suitable equipments verify a good view of design and calculations.
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Air Conditioning process:
Air conditioning is a combined process that performs many functions simultaneously. It conditions the air, transports it, and introduces it to the conditioned space. It provides heating and cooling from it central plant or rooftop units. It also controls and maintains the temperature, humidity, air movement, air cleanliness, sound level, and pressure differential in a space within predetermined limits for the comfort and health of the conditioned space or for the purpose of product processing.
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The main types of air conditioners are. 
· Single-Package Central Air: Single package central air conditioners are most commonly used in industrial applications. All of the components are mounted into one "package" which is typically mounted on the roof of a building although occasionally on a wall. 

· Split System Central Air Conditioning (ducted A/C): This is what people most commonly think of when they speak of wanting air conditioning. Split central air allows you to place the noisy portion or your cooling unit outside where it will be less noticeable. Split central air requires that your house have ducting to the various rooms in your home (usually the same ducting you use for your central heat). Central air allows you to cool all parts of a house evenly and quietly. 
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	Figure(1.1): Simple Split Air Conditioner [5]


Ductless Air Conditioning: For homes that do not have ducting already in place there have been real advancements in ductless air conditioning units. While you are not typically able to cool an entire home if you have a very open floor plan this allows you to once again keep the noisy parts of the process outside while you cool the area that surrounds the ductless A/C unit. 

· Portable Air Conditioning: For those on a budget or if you just have a room that refuses to cool as well as the rest of the house a portable unit is an economical option. It will be noisier, allow some warm outside air into the house, and have a more limited cooling area but it will make a significant difference on the temperature of your room. 

· Evaporation coolers - Also known as "swamp coolers" evaporation coolers pull air through damp pads cooling it as the air evaporates the water that becomes attached to it.
Classification of Air conditioning systems:
· All Air System

· All Water System 

· Air & Water System 
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The main objective of air conditioning is to maintain the environment in enclosed spaces at conditions that induced the feeling of comfort to human. 

This feeling of comfort is influenced by a number of related parameter including temperature, humidity, air motion and purity.

The purity of air includes the absence of odors, toxic fumes and suspended particles, such as dust.

[image: image57.png]



The normal body temperature is 37.2 C, which is in most cases I s more than the ambient temperature. Thus heat continuously transferred from human to their ambient air by virtue of this difference in temperature. Thus for body equilibrium heat must be produced in the body in amounts equal to the heat loss by the body. Metabolism is the biological process by which body sells generate heat consumed food. The efficiency of transformation is about 20%.

The amount of heat produced by a body depends on the number of cells of the body. Thus, large animals produce more heat than can be dissipated through their limited area skin. Therefore, they need to live near water to dip in and cool their bodies.

In general body cooling takes place in four different modes:-

· Evaporation: this accounts for the removal of a bout 25% of the body heat. There are two mechanics of evaporation and a balancing reaction to respond to varying environment; Respiration, Insensible skin moisture 

· Radiation: as the body or the clothing over it is at a higher temperature than the environment, heat loss from the body to the environment takes place continuously. The heat loss from the body by this modes accounts for about 45% of total heat loss of the body.

· Convection: heat is removal from the body by the air movement around the body; the air movement is due to heating the air in contact with the body, or by the wind in the environment. The heat loss by convection accounts to about 30% of the total heat loss by the body.

· Conduction: this heat loss results from direct contact of the body with object in its surrounding. However, as far as normal human beings are considered the heat loss by this mode is negligible.
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When the human body is maintained at a steady-state thermal equilibrium, i.e., the heat storage at the body core and skin surface is approximately equal to zero, then the heat exchange between the human body and the indoor environment can be expressed by the following heat balance equation:

M = W + C + R + Esk +Eres                             (2.1)
Where:
 M= metabolic rate, Btu /h_ ft2 (W/m2)

W = mechanical work performed, Btu/h. ft2 (W/m2)

C + R = convective and radiative, or sensible heat loss from skin surface, Btu/h. ft2 (W/m2).

Esk = evaporative heat loss from skin surface, Btu /h. ft2 (W/m2)

Eres = evaporative heat loss from respiration, Btu/h. ft2 (W/m2)

In Eq. (1.1), the ft2 in the unit Btu /h. ft2 apply to the skin surface area. The skin surface area of a naked human body can be approximated by an empirical formula proposed by Dubois in 1916

AD = 0.657mb0.425 Hb0.725                           (2.2)
Where 
AD = Dubois surface area of naked body, ft2 (m2)

mb = mass of human body, lb (kg)

Hb = height of human body, ft (m)

In an air conditioned space, a steady-state thermal equilibrium is usually maintained between the human body and the indoor environment.
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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 tests in which people are subjected to air as various combinations of temperature and relative humidities. 

The results of such tests indicate that a person will feel just about as cool at 24C and 60% relative humidity as at 26C and 30% relative humidity. Studies conducted by ASHRAE with relative humidity between 30% and 70% indicated that 98% of people feel comfortable when the temperature and relative humidity combinations fall in a comfort zone such as that indicated in figure (2.2)
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Figure (2.2): ASHRAE Comfort Chart [2] 
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 24.5C dry bulb temperature and 40% relative humidity with air velocity less than 0.23 m/s.

The comfort zone of figure (2.2) is considered a standard comfort zones for summer and for winter applications. It sets the limit of both the operation temperature and humidity contents of air for these zones. One can see from these zones that as the humidity increases the dry bulb temperature must decrease to keep a comfortable environment.  

The ASHRAE comfort chart of figure (2.2) defines the reference base 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 23.5˚C dry bulb and 60% RH corresponds to an effective temperature of 23.9˚C. The cross hatched area of figure (2.2) represents 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 ASHRAE comfort chart represents the comfort zone for individuals wearing light clothes. It is used as a comfort range for summer 


It is defined as prevention of leakage of necessary heat, and introduction of unnecessary heat. The purpose of insulation is to keep rooms pleasant, to prevent dewing, and to prevent heat loss to save energy. In principle, heat insulator is of materials with thermal conductivity smaller than 0.07Kcal/m.hr. Heat insulator for construction of buildings includes expandable polystyrene, hard urethane foam, urea foam, expandable polyethylene in organic foam system, and fiber wool and rock wool in inorganic fiber system. Expandable polystyrene is the most popular heat insulator for its excellent thermal insulation, easy construction, superior mechanical strength, low absorption rate, and harmlessness to human beings. Heat insulator shall have conditions listed below:

· Low thermal conductivity 
· Low moisture absorption rate and air permeability 
· Low gravity 
· Excellent fire and corrosion resistance 
· Mechanical strength of reasonable level 
· Not generating toxic gases. No quality degradation during life cycle 
· Uniform quality 
· Cost-effective construction 
Insulation material are manufactured and classified by their R-values. An R-value is a measure of an insulation's resistance to heat flow. 


Fiber glass is a soft wool-like material that is usually pink or yellow. It is used as insulation, in weatherproofing, and as textile material. It was originally used as a "safe" substitute for asbestos. Fiber glass was used as a liner inside air supply ducts and air handler compartments of the ventilation system of homes and buildings built from the early 1960s through the late 1980s. It was used in ventilation systems as an insulator to prevent loss of hot or cold air and to reduce the noise from the blower fan.


Thermal Performance: 

Safing Insulation/MW provides excellent thermal properties in all commercial curtain wall systems. Safing Insulation/MW delivers R-values of 4.0 per inch.

The two types of mineral wool are Rock and slag products play a significant energy-savings role by reducing energy use in homes, office buildings, businesses and manufacturing plants. Insulating to proper economically efficient levels helps our homes and businesses use substantially less energy. According to a 1996 report on the energy, environmental and economic benefits of fiber glass, rock wool and slag wool insulations, conducted jointly by the Alliance to Save Energy and Energy Conservation Management, insulation produced each year saves about 400 trillion Btu annually, or more than 12 times the energy used to manufacture insulation.


This molded synthetic is an excellent insulator, but is somewhat expensive and flammable. It is manufactured in two ways: One is extrusion, which results in fine, closed cells, containing a mixture of air and refrigerant gas. The other is molded or expanded, which produces coarse, closed cells containing air. 

Molded or expanded polystyrene is commonly called beadboard and has a lower R-value than extruded polystyrene because of its lower density and because it does not contain refrigerant gas. It is also less expensive than the extruded form. 

Both types of polystyrene insulation have the advantages of high R-value, good moisture resistance, high structural strength compared to other rigid insulation materials. They are easy to work with and can be used a sheathing. The disadvantages are they can be expensive, flammable, meaning they require a fire-protective covering, and can degrade when exposed to sunlight or temperatures over 165°F. 

Table (2.1): Advantage and disadvantage of Polystyrene Insulator
	ADVANTAGES
	DISADVANTAGES

	· Low Cost

· Non Hygroscopic

· Good Optical Clarity

· Easily Processed

· Good Thermal Stability

· Good Property Retention

· Good Creep Resistance

· Easily Decorated

· Easily Bonded

· Good Toughness (HIPS)


	· Thick Sooty Smoke

· Poor Weather ability

· Highly Flammable

· Highly Notch Sensitive

· Poor Resistance to Petroleum Solvents





A hot water boiler for space heating is an enclosed pressure vessel in which water is heated to a required temperature and pressure without evaporation. Hot water boilers are manufactured according to the American Society of Mechanical Engineers (ASME) boiler and pressure vessel codes.

Boilers are usually rated according to their gross output heat capacity, i.e., the rate of heat delivered at the hot water outlet of the boiler, in MBtu/ h, or thousands of Btu/h (kW). Hot water boilers are available in standard sizes up to 50,000 Mbtu/h (14,650 kW).


Natural gas, oil, coal, and electricity are energy sources that can be used in hot water boilers. It is necessary to provide for an adequate supply during normal and emergency conditions and to take into account the limitations imposed by any building and boiler codes for certain types of equipment due to safety and environmental concerns. In addition, storage facilities and cost should be considered before a fuel is selected.

Whereas natural gas and electricity are supplied by a utility, LPG, oil, and coal all need space for storage within and outside the boiler plant.

Cost includes energy cost, initial cost, and maintenance cost. A gas-fired boiler plant requires the lowest initial costs and maintenance costs, oil-fired boiler plants are moderately higher, and coal-fired boiler plants are significantly higher (although their energy cost is lowest). An electric boiler is simple to operate and maintain. In addition, it does not require a combustion process.

Chimney, or fuel storage. In locations where electricity costs are low, electric boilers become increasingly more attractive.

According to the data in the Commercial Building Characteristics 1992 by the EIA, the percentages of floor area in all commercial buildings served by different kinds of primary energy source in hot water and steam boilers in 1992 in the United States are as follows:

Table (2.2): The percentages of floor area in all commercial buildings
	Gas-fired boilers
	Oil-fired boilers
	Electric boilers
	Others

	71 percent
	15 percent
	11 percent
	2 percent



According to their working temperature and pressure, hot water boilers can be classified as follows:

1. Low-pressure boilers. These hot water boilers are limited to a working pressure of 160 psig (1103 kPa.g) and a working temperature of 250°F (121°C).

2. Medium- and high-pressure boilers. These boilers are designed to operate at a working pressure above 160 psig (1103 kPa.g) and a temperature above 250°F (121°C).

A low-pressure hot water boiler is generally used for a low-temperature water (LTW) heating system in a single building, regardless of the building’s size. Medium- and high-pressure boilers are often used in medium-temperature water (MTW) and high-temperature water (HTW) heating systems

for campuses or building complexes in which hot water temperature may range from 300 to 400°F (150 to 205°C).

Based on their construction and materials, hot water boilers can also be classified as fire-tube boilers, water-tube boilers, cast-iron sectional boilers, and electric boilers. Water-tube boilers, mainly used for steam at higher pressure and temperature, are not discussed here. 


Boilers can be assessed by two efficiency values. The combustion efficiency Ec, in percent, is the ratio of heat output from the hot water or steam Qout to the heat content rate of the fuel consumed Qfuel, that is,
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Both Qout and Qfuel are expressed in Btu/h (kW). Annual fuel utilization efficiency (AFUE) is also an efficiency value used for hot water boilers. For noncondensing boilers, Ec varies from 80 to 85 percent. For condensing boilers, Ec varies from 85 to 90 percent.

Table (2.3): ASHRAE/IESNA Standard 90.1-1999 mandates that the minimum efficiency requirements of gas- and oil-fired hot water boilers.
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	Figure (2.4):Boiler and boiler cross section [6]


	1. Steady Capacity and steady pressure even at fluctuating or intermittent loads due to sufficient water and steam space.

	2. Eccentric position of flame tube effects natural circulation of boiler’s water.

	3. Fire tube of large diameters guarantees perfect combustion. Combustion Chamber of generous dimension to suit the various types of fuel.

	4. Highest exploitation of fuel by the smoke tubes of 2nd and 3rd pass. Efficiency of combustion up to 92%.

	5. Easy cleaning of smoke tunes by hinged door at the reversing chamber in front and cleaning holes in the rear reversing chamber and the smoke outlet socket.

	6. Sight holes for flame observation on the front and rear side of the flame tube.

	7. Safety flap to avoid damage in event of a fuel-detonation.

	8. "Wet-back" boiler design with water-cooled reversing chamber and wet back flame tube bottom – avoiding sensible and wearing refractories.

	9. Manhole and several inspection holes for fast and easy inspection of boiler’s waterside.

	10. High grade insulation with 100 mm of Rock Wool that minimizes heat losses. Exterior insulation jacket made from high quality galvanized steel sheets.

	11. Steam drier, large evaporation surface and large steam space guarantee dry saturated steam.

	12. Economic short heating-up period (average of 8 min.) that would minimize daily start-up time and cost.


The common type of boiler used in small building:


Figure (2.5): Small Building Boiler [6]

A chiller is a machine that removes heat from a liquid via a vapor-compression or absorption refrigeration cycle.

Chilled water is used to cool and dehumidify air in mid- to large-size commercial, industrial, and institutional facilities

In a typical commercial application, a central chilled water plant, consisting of one or several chillers, produces chilled water. This chilled water is pumped to cooling coils within air handlers, fan coils, and/or unit ventilators, where the heat of the air is transferred to chilled water.

Chillers come in two different forms:

An air-cooled chiller: uses the flow of outside air across the condenser to remove or reject heat from the chiller. Air-cooled chillers typically have the condenser mounted on the roof or somewhere outside the facility while the evaporator can either be inside or outside the facility. 

Water-cooled chillers: are typically 100 tons or greater and use water to remove the heat from the condenser. Water-cooled chillers are typically more efficient than air-cooled chillers. The condenser water is kept cool by a cooling tower, or water from the city main or well water is used. A water-cooled chiller will typically have the condenser and evaporator inside a facility while the cooling tower is located outside.


The efficiency of a chiller is a measure of the cooling capacity versus the required input power into the chiller. The table below shows typical efficiencies for both water-cooled and air-cooled chillers:
Table (2.4): Performance Recommendation for Water-Cooled Chillers
	Chiller Efficiencies

	
	Air-cooled
(including condenser power >150 tons)
	Water-cooled
(>300 ton centrifugal compressor)

	
	EER
	COP
	kW/ton
	EER
	COP
	kW/ton

	ASHRAE standard 90.1 1999
	9.6
	2.8
	1.26
	16.7
	4.9
	0.72

	Good
	9.9
	2.9
	1.21
	18.5
	5.4
	0.65

	Best
	10.6
	3.1
	1.13
	26.7
	7.8
	0.45
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	LEGEND

	1. Guide Vane Actuator

2. Suction Elbow

3. Chiller Visual Controller/International Chiller Visual Control (CVC/ICVC)

4. Chiller Identification Nameplate

5. Cooler, Auto Reset Relief Valves

6. Cooler Pressure Transducer

7. Condenser In/Out Temperature      Thermistors

8. Condenser Water flow Device


	9. Cooler In/Out Temperature        Thermistors

10. Cooler Water flow Device

11. Refrigerant Charging Valve

12. Typical Flange Connection

13. Oil Drain Charging Valve

14. Oil Level Sight Glasses

15. Refrigerant Oil Cooler

16. Auxiliary Power Panel

17. Compressor Motor Housing

	Figure (2.6):Typical CARRIER CENTRIFUGAL CHILLERS “19XR” Components [8]
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	Figure (2.7):Air Cooled Water Chillers [5],[8]



In our region, the fan coil unit does not designed, but it is selected using the catalogs of the manufacturer company as Jordanian company; PETRA Co. or French company; CERREIR Co.

The heart of our mechanical system (Air conditioning) is the "fan/coil” connected to the supply and return air ducts for your house. This is simply a conventional furnace fan, combined with a coil like the radiator in the car.  

Fan-coil units provide heating, cooling, or both to individual spaces. They may be mounted in freestanding cabinets, inside walls, in ceiling plenums, or in other locations. Fan-coil units usually discharge air directly from their enclosures, although some may be installed with short ducts.

The main components of fan-coil units are a fan and one or two coils. Units may have separate heating and cooling coils, or a single water coil may be used for both functions. The coils may operate with hot water, chilled water, electric resistance.
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	Figure (2.8):Fan Coil assembly [5]



Fan coil units with ventilation control are called Unit Ventilators. There are three main types of fan coil units: vertical, horizontal, and vertical stack, named after their air flow pattern, every type is used in prior case as figure shown:
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	Figure (2.9): Individual Room Control - Fan Coil [4]


All these types at the same basic operation and every type have special table for selection.

Vertical type:

The shape of this type is:
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Figure (2.10): Vertical Fan Coil [4]
Table (2.5): vertical fan coil

	Model

	Capacity on)
	Face Area
	Coil Length
	Coil Height
	Coil Rows
	Coil Fins
	Coil Connection
SAE Flare
	Rated Air
Quantity (CFM)
	Motor HP

	
	
	Sq. Ft.
	inch
	inch
	Deep
	per inch
	
	
	

	MFCU-1
	1
	1.666
	24
	10
	3
	12-13
	5/8"
	400
	1/12

	MFCU-1.5
	1.5
	2.013
	29
	10
	3
	12-13
	5/8"
	600
	1/12

	MFCU-2
	2.0
	2.75
	36
	11
	3
	12-13
	5/8"
	800
	1/12

	MFCU-2.5
	2.5
	3.5
	36
	14
	3
	12-13
	5/8"
	1000
	1/12


Horizontal type:
This type is common because it is static (fixed on ceil).
The shape of this type is:
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Figure (2.11): horizontal fan coil [4]
The following table shows the horizontal types:

Table (1.6): Carrier horizontal type selection Table 

	Model
	Cpty. 

Ton
	Face Area
	Coil Length
	Coil Height
	Coil Rows
	Coil Fins
	Coil Connection
SAE Flare
	Rated Air
Quantity (CFM)
	Motor

HP

	
	
	Sq. Ft.
	inch
	inch
	Deep
	per inch
	
	
	

	MFCU-1
	1
	1.65
	28
	8.5
	3
	12-13
	5/8"
	400
	1/12

	MFCU-1.5
	1.5
	2.0
	34
	8.5
	3
	12-13
	5/8"
	600
	1/12

	MFCU-2
	2.0
	2.77
	38
	10.5"
	3
	12-13
	5/8
	800
	1/12



Air Handling Units are often called AHU. The air-handling unit is box-like equipment with a fan and a cooling coil inside. Some units also contain air filters.
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	Figure (2.12):Air handler Schematic [8]



An air handling unit (AHU) handles and conditions the air, controls it to a required state, and provides motive force to transport it. An AHU is the primary equipment of the air system in a central air conditioning system. The basic components of an AHU include a supply fan with a fan motor, a water cooling coil, filters, a mixing box except in a makeup AHU unit, dampers, controls, and an outer casing.

A return or relief fan, heating coil, and humidifier are optional depending on requirements. The supply volume flow rate of AHUs varies from 2000 to about 60,000 cfm.
· Casing: 

Two kinds of casings are more widely used for new AHUs today:                         
 (1) A double-wall sheet-metal casing in which the insulation material is sandwiched between two sheet-metal panels of 1- to 2-in. (25- to 50 mm) thickness with a U value from 0.12 to 0.25 Btu /h. ft2.°F (0.68 to 1.42 W/m2.°C) . 

 (2) Single sheet-metal panel with inner insulation layer and perforated metal liners. Although insulating materials such as glass fibers and mineral wool are inert, when they become wet and collect dirt, both the glass fiber and the glass fiber liner provide the site and source of microbial growth. In addition, glass fiber liner is susceptible to deterioration and erosion over time. With a double-wall sheet-metal casing, glass fibers are not exposed to the moisture of the ambient air. Its inner surface can also be cleaned easily. Perforated metal liners cannot isolate the isolating material from the ambient moisture, but they are helpful to attenuate the fan noise. 

The outside surface of the casing is often coated with ultraviolet-resistant epoxy paint. The interior surface is better coated with a light color paint which increases the ability to spot the debris and microbial growth. Hinged access panels to the fan, coils, and filter sections must be provided for inspection and maintenance. Thermal break construction employs a resin bridge between the exterior and interior panels to interrupt the through-metal path heat transfer. A well-sealed double wall metal panel should have an air leakage of only 1 cfm / ft2 (5.078 L/s.m2) panel at a 4 in. WC (1000 Pa) of outer and inner static pressure difference. 
· Coil:
In AHUs, the following types of coil are often used: water cooling coils, water heating coils, electric heating coils, and water precooling coils

Electric heating coils are made with nickel-chromium wire as the heating element. Ceramic bushes float the heating elements, and vertical brackets prevent the elements from sagging. In a finned tubular element sheathed construction, the electric heating coil is usually made with a spiral fin brazed to a steel sheath. An electric heating coil is usually divided into several stages for capacity control.

When an electric heating coil is installed inside an AHU, the manufacturer should have the assembly tested by the Underwriters’ Laboratory (UL) to ensure that its requirements are met. Otherwise, the heater may only be installed outside the AHU as a duct heater, with a minimum distance of 4 ft (1.2 m) from the AHU. Various safety cutoffs and controls must be provided according to the National Electrical Codes and other related codes.

Cooling and heating coils need periodic cleaning and freeze-up protection in locations where the outdoor air temperature may drop below 32°F (0°C) in winter. Condensate pan and condensate drain line must be properly designed and installed.
· Fan:
A double-inlet airfoil, backward-inclined centrifugal fan is often used in large AHUs with greater cfm (L / s) and higher fan total pressure for its higher efficiency and lower noise. Vane-axial fans with carefully designed sound-absorptive housings, sound attenuators at inlet and outlet, and other attenuations can now provide a sound rating of NC 55 in the fan room. Although the forward curved centrifugal fan has a lower efficiency at full load, it is more compact and its part-load operating characteristics are better than those of a backward-inclined centrifugal fan. It is often used in small AHUs and where cfm (L/ s) and fan total pressure are lower. For VAV systems, a dedicated outdoor air injection fan is sometimes used to provide outdoor ventilation air according to demand at both full and part load. An axial relief fan or an unhoused centrifugal return fan may be added as an optional system component. A return fan is used when the total pressure loss of the return system is considerable. Large fans are usually belt-driven. Only small fans are sometimes direct-driven.

An adjustable-frequency variable-speed drive saves more energy than inlet vanes for VAV systems during part-load operation. It is often cost-effective for large centrifugal
fans although a variable-speed drive is expensive. Inlet vanes are not suitable for small airfoil or backward-inclined centrifugal fans because they block the air passage at the fan inlet.

Generally, a centrifugal fan has a higher efficiency and at the same time a lower noise. Given two fans of the same model, both with the same cfm (L / s) and fan total pressure, a centrifugal fan that is greater in size and slower in speed creates less noise.
· Filters: 

Air filtration is an important component to achieve an acceptable indoor air quality. In AHUs, earlier low-efficiency filters of the panel type are giving way to the medium- and high-efficiency bag type and cartridge type of filters. Carbon-activated gaseous absorption filters are also used to remove objectionable odors or volatile organic compounds (VOCs) in buildings. Newly developed air filters are more efficient at removing air contaminants of particle size between 0.3 and 5 μm which are lung-damaging dust.
· Humidifiers: 

Usually, there is no humidifier installed in the AHU for comfort air conditioning systems; but the outdoor climate is very cold in winter so that if a humidifier is not employed, the winter indoor relative humidity may be too low. Humidifiers are necessary for health care facilities and processing systems in pharmaceutical, semiconductor, textile, communication centers, and computer rooms. Steam grid or electric heating element humidifiers are widely used in AHUs where a warm air Supply and humidity control are needed in winter. 

Ultrasonic humidifiers are often used for buildings in which a cold air supply and humidity control is required. For industrial applications such as textile mills where humidity control, air washing, and cold air supply are needed all year round, an air washer is often used for these purposes. 

Figure(2.13) shows the AHU.
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	Figure (2.13):Air Handling Units (AHU) [8]


 
Horizontal or Vertical Units

Horizontal AHU’s have their fan, coils, and filters installed at the same level as shown in Figure (1.10a), They need more space and are usually for large units. In vertical units, as shown in Figure (1.10b), the supply fan is installed at a level higher than coils and filters. They are often comparatively smaller than horizontal units.
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	Figure (2.14):Type of air handling units [1]





The heat loss is divided into two groups:
(1) The heat transmission losses through the confining walls, floor, ceiling, glass, or other surfaces, and
(2) The infiltration losses through cracks and openings, or heat required to warm outdoor air used for ventilation.
As a basis for design, the most unfavorable but economical combination of temperature and wind speed is chosen. The wind speed has great effect on high infiltration loss and on outside surface resistance in conduction heat transfer.
Normally, the heating load is estimated for winter design temperature usually occurring at night; therefore, internal heat gain is neglected except for theaters, assembly halls, industrial plant and commercial buildings. Internal heat gain is the sensible and latent heat emitted within an internal space by the occupants, lighting, electric motors, electronic equipment, etc.

Heat loss by conduction and convection heat transfer through any surface is given by
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Where:

Q = heat transfer through walls, roof, glass, etc.
A = surface areas
U = overall heat transfer coefficient
ΔT : Difference in out side temperature and in side temperature
Heat transfer through basement walls and floors to the ground depends on:
(1) Difference between room air temperature and ground temperature/outdoor air temperature,
(2)  Materials of walls and floor of the basement, and
(3)  Conductivity of the surrounding earth.

The heat loss due to infiltration and controlled natural ventilation is divided into sensible and latent losses.
Sensible Heat Loss, Qsb
    The energy associated with having to raise the temperature of infiltrating or ventilating air up to indoor air temperature is the sensible heat loss which is estimated by:
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Where:
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  = Air density

[image: image24.wmf].

V

  = Volumetric air flow rate
Cps = Specific heat capacity of air at constant pressure
Ti = Indoor air temperature
To = Outdoor air temperature
Latent Heat Loss, Qla
The energy quantity associated with net loss of moisture from the space is latent heat loss which is given by:
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Where:

 ρ = 
Air density

[image: image26.wmf].

V

 = 
Volumetric air flow rate
wi = 
Humidity ratio of indoor air
wo = 
Humidity ratio of outdoor air
hfg = 
latent heat of evaporation at indoor air temperature              

Total heat from infiltration and ventilation is the sum of sensible and latent heat losses, and given by:
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Where:

Q: 
Total heat from ventilation and infiltration [W] 

N: 
Speed of air [m/s]

V: 
Volume of the space [m³]

∆T: 
Temperature difference between inside and outside air. 

The amount of heat generated is known as the heat gain or heat load. Heat is measured in either British Thermal Units (BTU) or Kilowatts (KW). 1KW is equivalent to 3412BTUs; in our work and calculation Kilowatts are used.
The amount of heating for under ground floors is considered as ventilation because air can not pass inside these floors, but amount of heating which considers in the above floors is infiltration thus the air pass through these floors.


Heat loss from the heated space to the adjacent unheated space Qun, Btu /h (W), is usually assumed to be balanced by the heat transfer from the unheated space to the outdoor air, and this can be calculated approximately by the following formula:
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The temperature of the unheated space Tun, °F (°C), can be calculated as

[image: image29.emf]                           
(a)  Heating with adjacent unheated rooms (In summer cooling):

Tun – Ti = 2 / 3 (To – Ti)
(b)  Cooling with unconditioned adjacent space (In winter heating):

Ti – Tun = 0.5 (Ti – To)
(C)  Adjacent space having unusual heat source (kitchens, boiler room, etc):

Tun = To + (5 to 10) ºC


Infiltration can be considered to be 0.15 to 0.4 air changes per hour (ach) at winter design conditions only when (1) the exterior window is not well sealed and (2) there is a high wind velocity. The more sides that have windows in a room, the greater will be the infiltration. For hotels, motels, and high-rise domicile buildings, an infiltration rate of 0.038 cfm / ft2 (0.193 L/ s.m2) of gross area of exterior windows is often used for computations for the perimeter zone. As soon as the volume flow rate of infiltrated air, cfm (m3 /min), is determined.

A cooling load calculation determines total sensible cooling load due to heat gain:

· Through structural components (walls, floors, and ceilings).   
· Through windows.   

· Caused by infiltration and ventilation.   

· Due to occupancy.   

The latent portion of the cooling load is evaluated separately. While the entire structure may be considered a single zone, equipment selection and system design should be based on a room-by-room calculation. For proper design of the distribution system, the amount of conditioned air required by each room must be known.


The sensible cooling load due to heat gains through the exterior walls, floor, and ceiling of each room is calculated using appropriate cooling load temperature differences (CLTDs). But to calculate the cooling load through the interior walls, ceiling, and floor we use the same procedure that be discuss in the heat load calculation.
Cooling load due to heat gain through the interior structure:
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Where:  

Q:
heat flow through the structure from the inside room to unheated   room (W)

U:
over all heat transfer coefficient of the structure (W/ m2.C0)

A: 
area of the structure (m2)

Tin:
 the inside design temperature 

I:
 the temperature of unheated (unconditioned) room 

The basic equations used for calculation:
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 Where:

U ext  : Overall coefficient for external walls [W/m2.K]

A wall : Area of wall [m2]

A door : Area of wall [m2]

SHG : solar heat gain factor [W/m2]

SC : Shading coefficient

CLF : Cooling load factor 

To : outside temperature ((C)

Ti : inside temperature ((C)

y : it is Cooling Load Temperature Difference correction factor and it's equal
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Where:

CLTD: Cooling Load Temperature Difference for wall

LM: latitude correction factor 

K: color adjustment factor such that;
K=1 for dark colored roof   and K= 0.5 for permanently light color.

To : outside temperature ((C)

Ti : inside temperature ((C)

Z: Cooling Load Temperature Difference for window and it's equal 
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Heat gain from internal wall and sections:
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Where:

I: Unconditioned temperature in cooling load and it is equal:
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Heat Gain from Infiltration load:


[image: image36.wmf](

)

dfg

T

T

V

N

Q

o

i

-

´

´

´

=

35

0

.

                                      (3.13)
N: change of air per hour 

V: Volume of the space (m2)

Ti: inside temperature ((C)

To: outside temperature ((C)

Heat Gain from Ground:
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Where:

U: overall heat coefficient [W/m2.K]

A: Area of ground [m2] 

To: outside temperature ((C)

R: Unconditioned temperature in Heating load and it is equal:
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Heat Gain from Ceils:

· Internal Ceils:
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· External Ceils:
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Where:

U: overall coefficient for External Ceil [W/m².K]

A: Area of Ceil [m²] 

CLTD: Cooling Load Temperature Difference for Roof and it is equal:
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Where:

CLTD: Cooling Load Temperature Difference for roof

LM: latitude correction factor

K: color adjustment factor and it is equal;

K=1 for dark colored walls   

K= 0.83 for permanently medium color wall.

K= .65 for permanently light color wall.

Heat Gain from Occupants "People":
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Heat Gain from Lights:
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Heat Gain from Equipments
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All these equations are inserted in EXCEL sheet and all the results are built on this equation.




This chapter shows the details of the (historical center), that explain the parameters which used through design, also the location of the building and the condition of design are explained

Also in this chapter the selected floors to be designed are shows in detailing.


The Historical Research center contains of two floors consists of offices, cafeteria, research labs, and computer labs.
The characteristics of the selected floors are shown in the table (4.1).

  Table (4.1): Selected floors characteristics 
	Height (m)
	Area (m²)
	Floor No.

	3.5
	722
	Below

	3.5
	401
	Ground



Country: Palestine.

City: Nablus.
Latitude: 32˚


Palestine is generally divided into six climatologically regions. And thus Nablus sit in the fourth region according to the code.

Tin = 22 0C
Relative humidity = 50% 

In Summer:

· Dry bulb temperature is 30 ˚C.

· Relative humidity is 50 %
In Winter:
· Dry bulb temperature is 4.7 ˚C.

· Relative humidity is 70.5٪.



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


To find the overall heat transfer coefficient, U overall, The construction was taking in consideration because U overall control with the quantity of losses by wall, ceiling, grounds, windows and doors.

The U overall is given by:
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                                                           (5.1)
In our project the method was used as following:-

                                    U = 1/R                                                                            (5.2)
Where:
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Where:
R = D/K for every element in construction.
Where : 
The unit of Uoverall is W/m.˚C.

Where: D is the thickness of construction. 
U: The overall heat transfer coefficient [W/m.˚C]

Ri: Inside film temperature [m².˚C/W]

Ro : Outside film temperature [m².˚C/W]

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

X1,2,…,n : Thickness of each element of the wall construction [m]

From Tables the values of all unknown is:
The wind speed in Nablus = above 5 m/s
Ro = 0.02 m².˚C/W for Walls
Ri = 0.12 m².˚C/W for Walls
Ri = 0.15 m².˚C/W 
External walls:

Table (5.1): Thermal resistance for external wall construction
	Construction
	Thickness “D”
	K “w/m.K”
	Thermal resistance R

	Stone
	0.03
	2.2
	0.0136

	Space
	0.02
	0.28
	0.0714

	Concrete
	0.25
	1.75
	0.1529

	Insulation
	0.02
	0.06
	0.3333

	Gibson
	0.02
	0.21
	0.0952

	
	
	∑
	0.66
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Internal walls:
Table (5.2): Thermal resistance for internal wall construction

	Construction
	Thickness “D”
	K “w/m.K”
	Thermal resistance R

	Plaster
	0.02
	0.53
	0.0377

	block
	0..5
	0.77
	0.06

	Plaster 
	0.02
	0.53
	0.0377

	
	
	∑
	0.09
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Ceilings:

Table (5.3): Thermal resistance for ceiling construction

	Construction
	Thickness “D”
	K “w/m.K”
	Thermal resistance R

	Plaster
	0.02
	0.53
	0.0377

	Concrete
	0.25
	1.75
	0.1429

	Insulation
	0.018
	0.04
	0.45

	
	
	∑
	0.6306
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Load calculations are calculated for heating and cooling..


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

 
                         Table (6.1): Total heating load for both floors 

	floor #
	Q Total  in KW

	Below
	136.04

	Ground
	45.01


QT =  
   ΣQ       

     =
  181.01.
Sample calculation:
For gallery:-

Q External wall = U A (T

                  = 1. 47 * 143 * (17.3)

                  = 3636.633 W
Q internal wall = U A (T

                  = 3 * 11.55 * (17.3)

                  = 311.85W
Q windows  = U A (T

              = 6.7* 5.4 *(17.3)

              = 625.914 W

Q vent    = 1.2 * V (T 

         = 0.35 * 400 *(17.3)

         = 8304 W

Q total = 15.4782237 Kw

In the previous chapter, we determine the basic points to start with design, using the specially designed EXCEL sheet for floors, this sheet is dependent on peak hour, we 
will show the final results, and a sample calculation would shown in this chapter.
Table (6.2): Total cooling load for both floors 

	floor #
	Q Total  in KW

	Below
	158.84

	Ground
	70.68


QT =  
   ΣQ       

     =
  229.52
Sample calculation:
For shows any calculation review sheet excel with cooling lood.

Hot water heating system is in common use word wide.
The expansion tank

1) Boiler

2) Pipe network

3) Pump

The expansion tank must be positioned to create positive pressure at all points of the system even when the system is idle. This is required to prevent any air leak into the system. The main function of the expansion tank is to allow for an increase in the volume of the working fluid due to increase in temperature when the system is in operation and to return the excess water to the system when the temperature drops during idle or lower temperature operating hours.


The steps of the design are:
1) Boiler capacity = 1.1 * Q

                             = 1.1 *181.1 
                             =199.21
From Table (6.7),
Table (6.7): Expansion tank minimum capacity

	Boiler capacity (KW)
	Tank Volume (L)

	Up to 29
	200

	58
	250

	87
	350

	116
	500

	175
	750

	233
	1000


Select the expansion tank with minimum capacity of 1000 L.

2) From the mechanical layout of the system, the pipe length is 50 m, then

The total length of the system is:

L tot. = 1.5 * L

          = 1.5 * 50
          = 75 m
3) Hot water flow rate 

Q domestic = mw * Cp * ΔT / (Time)

              = 500 * 4180 * 60 / (2*3600)

              = 17416.66

              =17.41 kw
Q tot. = Q + Q domestic
         = 181.1 + 17.41 

         = 213.985 KW

Boiler selection:-

Q tot*1.1

= 235.385

Select boiler 2R 12 from fig 7_23 (tables of hvac)
Pump selection:-

 M= Q/41.8
    =5.5
and ΔP = 32 KPa

ΔP / L tot. = 32000 / 75 = 426.666 Pa/m   

The value in the range (200 Pa/m < 426.666 Pa/m > 550 Pa/m)
Select the Pump S57  from fig 7_16 (tables of hvac)  

For chimney design:-
Using diesel as fuel (Cv = 39000 KJ/Kg), estimate with efficiency of 80 ٪
mg = 25.2 m (fuel)

m (fuel) = Q boiler / (Cv * ή )

             = 213.985/ (39000 * 0.8)

             = 0.00685 Kg/s

m˙gas = 25.2 m(fuel)

      = 25.2 * 0.00685
      = 0.17262 KG/s

Now, using the following formula to estimate area of chimney:

A = m˙gas / ( ρgas * Vgas )

Where:

m˙gas : mass flow rate of the gas

ρgas : gas density ( ρgas = 1.1 Kg/m³ )

Vgas : gas velocity ( using 5 m/s )

A = 0.17262 / ( 1.1 * 5 )

   = 0.031 m²

Diameter of chimney is 19.74 cm
Chiller selection:-
Using the following data design capacity    85 ton

Ewt/lwt   54/44 F

Entering condenser air  95 F

Altitude 2000 ft

Frequency 50 HZ
Using Apsa-R134a chiller
Sizing pipes:-
For below floor:

	Dsteel mm
	M L/S
	pipe

	65
	3.79
	1_2

	40
	1.3
	2_3

	32
	0.8
	3_5

	25
	0.47
	3_4

	25
	0.47
	5_6

	25
	0.33
	5_7

	50
	2.87
	2_8

	25
	0.47
	8_9

	50
	2.4
	8_10

	25
	0.47
	10_11

	25
	0.47
	10_12

	25
	0.47
	13_14

	25
	0.47
	15_16

	25
	0.47
	15_17

	40
	1.43
	10_13

	32
	0.95
	13_15


For ground:
	Dsteel mm
	M  L/S
	pipe

	50
	1.69
	1_2

	25
	0.47
	2_3

	25
	0.47
	4_5

	25
	0.47
	6_7

	25
	0.47
	6_8

	40
	1.43
	2_4

	32
	0.95
	4_6

	80
	5.5
	a_a (pipe between floors)





The duct is the process of transmit the air from air handling unit or fan coil unit to the grill, or to space but this type of ducts is different from space to space, its depend on the speed and quantity of the air.


Duct is usually used in all central systems, there are two types:

1- Circular duct: Its diameter calculated directly from ductulator as shown in figure (7.1).

Figure (7.1): circular duct [6]
2- Square or rectangular duct: Its width and height calculated from ductulator as              shown in figure (7.2).

Figure (7.2): rectangular duct [6]
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 (7.3).


Figure (7.3): Insulation of Duct [6]
Some types fixed one as shown in figure (7.1 & 7.2), other types is removable used for short distance as shown in figure (7.4).


Figure (7.4): Removable duct [6]

Sizing duct for each F.c.u in this table(H=400mm,P/Lfor branch=.6, P/Lfor main=.5):
	Wedth mm
	Diameter mm
	Velocity m/s
	Duct for f.c.u(1)

	750
	591.8
	5.219
	ab

	150
	262.1
	3.37
	bc

	150
	262.1
	3.37
	bd

	600
	533.5
	4.881
	be

	150
	262.1
	3.37
	ef

	525
	498
	4.668
	eg

	150
	262.1
	3.37
	gh

	450
	457.8
	4.419
	gi

	150
	262.1
	3.37
	ij

	150
	262.1
	3.37
	ik

	275
	352.6
	3.724
	il

	150
	262.1
	3.37
	lm

	150
	262.1
	3.37
	ln

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(2)

	850
	629.5
	5.431
	ac

	750
	594.7
	5.236
	ch

	600
	533.5
	4.881
	hk

	450
	457.8
	4.419
	kl

	275
	352.6
	3.724
	lo

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(3)

	750
	589.8
	5.208
	ab

	350
	410.7
	4.117
	bf

	450
	457.8
	4.419
	bh

	275
	352.6
	3.724
	hk

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(4)

	975
	663.9
	5.619
	ab

	925
	647.1
	5.528
	bf

	750
	594.7
	5.236
	fh

	600
	533.5
	4.881
	hk

	275
	352.6
	3.724
	km

	450
	457.8
	4.419
	ko

	350
	410.7
	4.117
	or

	275
	352.6
	3.724
	rs

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(5)

	900
	644.7
	5.514
	ab

	350
	410.7
	4.117
	bc

	675
	565.5
	5.068
	bj

	525
	498
	4.668
	jn

	350
	410.7
	4.117
	nq

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(6)

	825
	616.1
	5.356
	ab

	275
	352.6
	3.724
	bc

	675
	565.5
	5.068
	bf

	275
	352.6
	3.724
	fi

	450
	457.8
	4.419
	fk

	350
	410.7
	4.117
	km

	275
	352.6
	3.724
	mn

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(7)

	1100
	704.9
	5.839
	ab

	525
	498
	4.668
	be

	350
	410.7
	4.117
	eh

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(8)

	1225
	738.4
	6.014
	ab

	525
	498
	4.668
	bc

	450
	457.8
	4.419
	cd

	275
	352.6
	3.724
	de

	350
	410.7
	4.117
	bk

	275
	352.6
	3.724
	km

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(9)

	450
	467.8
	4.482
	ab

	275
	352.6
	3.724
	bc

	350
	410.7
	4.117
	bg

	275
	352.6
	3.724
	gj

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(10)

	650
	556.4
	5.015
	ab

	275
	352.6
	3.724
	bd

	450
	457.8
	4.419
	bg

	275
	352.6
	3.724
	gj

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(11)

	750
	594.6
	5.235
	ab

	275
	352.6
	3.724
	jm=bc=bf

	450
	457.8
	4.419
	bj

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(12)

	925
	612.8
	5.338
	ab

	800
	647.1
	5.528
	bd

	750
	594.7
	5.236
	dg

	675
	565.5
	5.068
	gi

	350
	410.7
	4.117
	ik=or

	450
	457.8
	4.419
	io

	Wedth
	Diameter
	Velocity
	Duct for f.c.u(13)

	850
	622.9
	5.394
	ab

	750
	594.7
	5.236
	be

	600
	533.5
	4.881
	eh

	275
	352.6
	3.724
	hi=hn=ho
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