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ABSTRACT 

Earlier the use of air conditioning for comfort purpose was considered to be expensive, but now-

a-day, it has been a necessity for all human beings. Window air conditioners, split air 

conditioners are used in small buildings, offices etc.  But, when the cooling load required is very 

high such as big buildings, multiplex, multi-story buildings, hospitals etc. centralized unit 

(central air conditioners) used. The central AC’s systems are installed away from building called 

central plant where water or air is to be cooled. This cooled air not directly supplied to the 

building rooms. When the cooled air cannot be supplied directly from the air conditioning 

equipment to the space to be cooled, then the ducts are provided. The duct systems carry the 

cooled air from the air conditioning equipment for the proper distribution to rooms and also carry 

the return air from the room back to the air conditioning equipment for recirculation. When ducts 

are not properly designed, then it will lead to problem such as frictional loss, higher installation 

cost, increased noise and power consumption, uneven cooling in the cooling space. For 

minimizing this problem, a proper design of duct is needed. Equal friction method is used to 

design the duct, which is simple method as compared with the other design methods. These work 

gives the combination of theoretical and software tool to provide a comparative analysis of the 

duct size. It also gives the comparison between rectangular duct and circular duct. 

Keywords – Equal friction method, friction loss, duct sizing. 
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CHAPTER – 1 

INTRODUCTION 

1.1. General 

In the present day, as the population increases the need for comfortness also increases. The 

human being needs more comfortness because of inferior environment (like light, sound, 

machine which produce heat). Sound, light and heat affect human comfort a lot. They may 

adversely affect the human comfort positively or negatively. Researchers suggest that, human 

body is used to be comfortable at a temperature of 22
o
C to 25

o
C. When the temperature of room 

is lower or higher than this temperature, than the human body feels uncomfortable. This is 

because, the human body is structured in a way that, it should receive a certain amount of light, 

failure to which it can cause sunburns and other skin conditions. 

There are many types of air conditioning system like window air conditioners, split air 

conditioners etc. but these AC’s system are used in small room or office where cooling load 

required is low. When the cooling load required is very high like multiplex building, hospital etc. 

central AC’s system are used. In central AC’s system the cooled air is directly not distributed to 

the rooms. The cooled air from the air conditioning equipment must be properly distributed to 

rooms or spaces to be cold in order to provide comfort condition. When the cooled air cannot be 

supplied directly from the air conditioning equipment to the spaces to be cooled, then the ducts 

are installed. The duct systems convey the cold air from the air conditioning equipment to the 

proper air distribution point and also carry the return air from the room back to the air 

conditioning equipment for reconditioning and recirculation. 

As the duct system for the proper distribution of cold air, costs nearly 20% to 30% of the total 

cost of the equipment required. Thus, it is necessary to design the air duct system in such a way 

that the capital cost of ducts and the cost of running the fans is lower. 

1.2. Classification of ducts 

The duct may be classified as follows: 

1.2.1. Supply air duct – The duct which supplies the conditioned air from the air conditioning 

equipment to the space to be cooled is called supply air duct. 
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1.2.2. Return air duct – The duct which carries the reciprocating air from the conditioned space 

back to the air conditioning equipment is called return air duct. 

1.2.3. Fresh air duct – The duct which carries the outside air is called fresh air duct. 

1.2.4. Low pressure duct – When the static pressure in the duct is less than 50 mm of water 

gauge, the duct is said to be a low pressure duct. 

1.2.5. Medium pressure duct - When the static pressure in the duct is up to 150 mm of water 

gauge, the duct is said to be a medium pressure duct. 

1.2.6. High pressure duct - When the static pressure in the duct is from 150-250 mm of water 

gauge, the duct is said to be a high pressure duct. 

1.2.7. Low velocity duct – When the velocity of air in the duct is up to 600 m/min, the duct is 

said to be a low velocity duct. 

1.2.8. High velocity duct - When the velocity of air in the duct is more than 600 m/min, the duct 

is said to be a high velocity duct.  

1.3. Duct Material 

The ducts are usually made from galvanized iron sheet metal, aluminium sheet metal or black 

sheet. The most commonly used duct material in the air conditioning system is galvanized sheet 

metal, because the zinc coating of this metal prevents rusting avoids the cost of painting. The 

sheet thickness of galvanized iron duct varies from 0.55 mm to 1.6 mm. The aluminium is used 

because of its lighter weight and resistance to moisture. The black sheet metal is always painted 

unless they withstand high temperature [30].  

Now a day, the use of non-metal ducts has increased. The resin bounded glasses are used because 

they are quite strong and easy to manufacture according to the desired shape and size. They are 

used in low velocity application less than 600 m/min and for a static pressure below 5 mm of 

water gauge. Sometimes cement asbestos duct also used for underground air distribution. The 

wooden duct may be used in places where moisture content in the air is not very large [30].  

 



3 

 

1.4. Duct Shape  

Fig 1.1 shows different duct shapes [31] and they are discussed in the following subsections: 

 

 

Fig.1.1. Various shapes of duct 

1.4.1. Circular/round duct: 

For a definite cross-sectional area and mean air velocity, a circular duct has less fluid resistance 

against air flow than other ducts. It also has better stiffness and strength. The longitude-seamed 

round ducts and spiral duct are used in commercial buildings. The main drawback of round ducts 

over the other duct is the more space required during installation.  

1.4.2. Rectangular duct:  

Rectangular duct takes less space as compared to the round duct. It can be easily fitted where 

space is less. Rectangular ducts are less stiff than circular ducts, and also easily fabricated. The 
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air leakage in joint of rectangular ducts has a greater percentage than other ducts joint. The 

rectangular ducts are generally used in low-pressure systems. 

1.4.3. Flat oval duct:  

Flat oval ducts have a shape between round and rectangular cross-sectional shown in Fig. 1.1. 

Flat oval duct have the benefits of both the rectangular and the round duct with less large-scale 

air disorder and a lesser depth of space required. These ducts are easy to fit and also have lesser 

air leakage.  

1.4.4. Flexible duct: 

 Flexible ducts are used to connect the key duct to the incurable (terminal) box. Their plasticity 

and ease of elimination allow separation and rearrangement of the incurable (terminal) devices. 

These ducts are made of numerous-ply polyester film reinforced by a helical steel wire core. 

From an economical point of view, the circular ducts are preferable because the circular shape 

can carry more air in less space. This means that less duct material, less duct surface friction, and 

less insulation is required. Also, the circular ducts have less friction drop than the rectangular 

ducts. 

1.5. Fan Coil Unit (FCU) 

A fan coil unit (FCU) is a device consisting of a cooling or heating coil and fan. It is a part of the 

heating ventilation and air conditioning system used to circulate the cold water into the room. In 

FCU no need to ductwork and it is used to govern the temperature in the region where it is fitted. 

It is controlled by either physically or by a regulator.  

Fan coil units (FCU) are normally used in places where economic installations are desired such 

as storage rooms, loading docks and corridors. In high-rise buildings, fan coils may be arranged, 

situated one above the another from floor to floor and all interrelated by the same tubing loop. 

FCUs are an admirable delivery apparatus for hydraulic chiller boiler systems in large housing 

and light profitable applications. In these applications the FCUs are mounted in bathroom 

ceilings and can be used to provide infinite comfort zones - with the facility to turn off vacant 

areas of the building to save energy. 

 

http://en.wikipedia.org/wiki/Fan_(mechanical)
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Fig.1.2. – Fan Coil Unit 

1.5.1. Advantages of FCU 

There are some advantages with the FCU which are given below: 

 The system requires only piping installation which takes up less space than all-air duct 

systems. 

 FCU is available in many sizes, including with a self-finish galvanized steel chassis or a 

painted casing. 

 Sound level in fan coil unit low and zones can be individually controlled. 

 FCU is very efficient and energy consumption is less. 

 Control and maintenance of FCU is also easy. 

 

Filter 

Coil head support 

Electric heater 

Plenum 

Motor 

Fan 
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1.5.2. Disadvantages:  

 The FCU requires more maintenance than "all air" systems, and the maintenance work is 

performed in occupied areas.  

 Interior zones may require separate ducts to deliver outside (ventilation) air. 

1.6. Air Handling Unit (AHU) 

Air handling unit (AHU), is a device used to circulate the air as part of a heating, ventilating, and 

air-conditioning (HVAC) system. An air handling unit is usually a big metal box having a 

blower, chambers, heating or cooling elements, dampers and sound attenuators. AHU generally 

connect to a ductwork ventilation system that allocates the cooled air through the house or rooms 

and takings it to the AHU.  

1.6.1. Air handling components 

The main component of AHU is given below: 

1.6.1.1. Filters 

Air filter is used in the AHU in order to deliver clean dirt-free air to the house occupants. This air 

filter is generally placed leading in the air handling unit in order to retain all the other 

apparatuses clean. Depending upon the grade of filtration required, air filters will be organized in 

two or more successive banks with a coarse-grade section filter provided opposite of a fine-grade 

bag filter. 

1.6.1.2. Heating or cooling elements 

Air handlers need to deliver cooling, heating, or both to variation the supply air temperature, and 

humidity level contingent on the position and requirement. Such conditioning is delivered by a 

heat exchanger coil. Such coils may be direct or indirect in relation to the medium providing the 

cooling or heating effect. 
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Fig.1.3. Air handling unit 

1.6.1.3. Humidifier 

Humidification is habitually essential in colder weathers where nonstop warming will make the 

air drier, resulting in uncomfortable air quality. Generally evaporative type humidifier is used. 

1.6.1.4. Blower or fan 

Air handlers generally employ a big blower, which is driven by an AC generation electric motor 

to transfer the air. The blower runs at a constant speed. Flow rate of air can be controlled by inlet 

blades or outlet dampers on the fan. Numerous blowers are used in big commercial AHU, 

normally placed at the end of the air handling unit and the opening of the source ductwork.  
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CHAPTER – 2 

LITERATURE REVIEW 

G. S. Sharma et al. [1] designed a duct for an air conditioning system in an office building and 

analyzed the importance of duct design which creates an impact of system performance. 

Improper duct designs led to problems such as frictional loss, uneven cooling in the building, 

increased installation cast, increased noise level and power consumption. The above problems 

highlighted the need for an optimum duct design and effective layout of the duct. The authors 

used hand calculation and software tool both for designing the duct. They found that the circular 

duct has a less pressure drop than the rectangular duct. R. Whalley et al. [2] considered HVAC 

modeling methods for large scale, spatially dispersed systems. In this paper, they discussed 

existing techniques and proposals for the application of novel analysis. Tengfang T. Xu et al. [3] 

did field study on the performance of five thermal distributed systems in four large commercial 

buildings. They studied about the air leakage from duct, and concluded that the air leakage in 

large commercial systems varied significantly from a system to system. The energy loss due to a 

leak can be minimized by using duct sealing and duct insulation. Baris Ozerdem et al. [4] studied 

the energy loss related to the air leakage by using power law model. The measurements were 

made on different types of duct having different diameter. After measurements, they concluded 

that the most of the air leakage was from the joint and this air leakage was reduced by about 50% 

by using sealing gaskets. Michal Krajcík et al. [5] studied experimentally air distribution, 

ventilation effectiveness and thermal environments, in a simulated room in a low-energy 

building heated and ventilated by warm air. The measurements were performed at different 

outdoor conditions, internal heat gain, air change rates. Their study showed that the warm air 

heating and floor heating system did not affect the significant risk of thermal discomfort. 

William J. Fisk et al. [6] did field studies in large commercial buildings and they investigated the 

effective leakage areas ELAs, air-leakage rates, and conduction heat gains of duct systems. Air 

leakage rates were measured by using different method and their result were compared. They 

found that the air leakage rate varied from 0% to 30%. Also, heat gains between the cooling coils 

and the supply registers caused supply air temperatures to increase, on average, by 0.68°C to 

28°C. Liping Pang et al. [7] determined the ratio of fresh air to recirculation air. The conditioned 

temperature of different types of inlets were designed carefully to achieve the high air quality, 
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thermal comfort and energy saving. Furthermore, some experiments were conducted and their 

performances were compared with the other systems. Their results indicated that, the improved 

pattern maintain high air quality, because it transported more fresh air directly to the breathing 

zone and circulated it around the upper body of passengers. K. Srinivasan et al. [8] gained an 

experience for evaluation of air leakages in components of air conditioning systems by designing 

and testing of orifice plate-based flow measuring systems. The coefficients of discharge were 

evaluated and compared with the Stolz equation which value were higher, the deviations being 

larger in the low Reynolds number. It was observed that a second-degree polynomial was 

inadequate to relate the pressure drop and flow rate. Huan-Ruei Shiu et al. [9] designed an 

exhaust duct system using the dynamic programming method in semiconductor factory which 

considered system pressure equilibrium the least life-cycle cost to originate the duct size and fan 

capacity. Their results showed that the outcomes value satisfied the requirements on the range of 

duct diameter. Also, the differences between the design and simulation (actual operation) 

resulted under DPM were found to be much lower than those of other methods. Wanyu R. Chan 

et al. [10] analyzed the air leakage measurements of 134,000 single-family detached homes in 

the US, using normalized leakage. They performed regression analyses to examine the 

relationship between NL and various house characteristics. Their results indicated that the 

regression model predicted 90% of US houses had NL between 0.22 and 1.95, with a median of 

0.67. Dongliang Zhang et al. [11] studied the energy saving possibility of digital variable 

multiple air conditioning system and compared to the other the air systems with constant air 

volume and primary air fan coil system. Their results revealed that the energy saving of DVM air 

conditioning system was significant under only part load condition and this system was 

significant when building area was less than 20,000 m
2
. A. Gallegos-Muñoz et al. [12] studied 

the effect in the measurements of flow in air conditioning system caused by fitting. They 

developed numerical simulation using CFD where the Reynolds Averaged Naviere Stokes 

equations were solved through an approach of finite volume method using several turbulence 

models. Their results indicated that the mass flow rate was decreased when no of joints were 

increased. Also, the work gave information about the behavior of flow measurements made 

downstream. Isak Kotcioglu et al. [13] found out an optimum value of design parameters in a 

rectangular duct by using Taguchi method. Their analysis was performed with an optimization 

process to reach the minimum pressure drop and maximum heat transfer. After some 



10 

 

experiments they gave a suitable designed parameter which satisfied the condition i.e. less 

friction drop, maximum heat transfer. Omer Kaynakli et al. [14] gave a review study to find 

economic thermal insulation thickness for pipe and ducts with different geometries in various 

industries. The purpose of their study was to determine the critical thickness insulation for 

different geometries. The basic result, economic analysis method, heat transfer method, 

optimization procedure were used for comparison. After that the effective parameters of the 

optimal thickness were examined. Tabish Alam et al. [15] studied the effect of turbulators for 

friction characteristic and heat transfer in air ducts. Turbulators were used to improve the 

performance of air heater and heat exchanger. The relationship was presented in terms of non-

dimensional parameter for friction factor and heat transfer in air duct. Also they examined heat 

transfer increase and flow structure in air ducts. Kwang Ho Lee et al. [16] presented a paper for 

thermal decay in under floor air distribution (UFAD) systems. They used an energy simulation 

program, Energy plus to explain the fundamental of thermal decay, energy consumption and 

parameter that affected the thermal decay. Using the UFAD, they found that the system has 

several advantages like improved thermal comfort and indoor air quality, reduced life cycle, and 

improved energy efficiency. Also the temperature rise was not significantly affected in thermal 

decay. Megan A. Bos et al. [17] did a field study of thermal comfort with under floor air 

distribution. The field study was conducted between summer and winter climate. They selected 

100 male and 100 female participants for the survey. According to their study, 50 % told that 

slightly cooler than neutral, 21 % told that warmer than neutral, 20 % indicated that they would 

prefer more air movement, remaining 9 % responded that they experienced some discomfort. 

Miroslaw Zukowski [18] gave an experimental data for forced convection heat transfer in a heat 

exchanger. The experiments were conducted to study the pressure drop characteristics with 

different geometries of air flow. The material used for heat exchanger was polyvinyl chloride 

(PVC). The experimental value given in that paper provided useful information for design of an 

UFAD in residential building. Andrew Kusiak et al. [19] presented a model for minimizing the 

cooling output of an air handling unit by data driven optimizing approach. For analyzing, the 

dynamic model was studied which built by four different data mining algorithms. The 

evolutionary strategy algorithm was used to solve the optimization problem. A bi-objective 

optimization model was proposed to minimize the cooling output for maintaining the thermal 

properties of the supply air within a range. The result showed that the cooling output was 
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reduced, when the supply air temperature and humidity in the AHU is in an adequate range. P. 

Jaboyedoff et al. [20] studied the energy use in AHU’s and suggested several energy efficient 

methods to deliver good indoor air and also effective indoor environment conditioning. They 

studied to identify the pollution sources in AHU’s and characterized these sources using 

measurement protocols and to propose measures to avoid this pollution. The results showed that, 

in most temperate environments, naturally ventilated buildings could be kept colder during the 

cooling season than the AC buildings. Gang Wang et al. [21] presented an AHU system energy 

modeling, supply air temperature optimization, control sequence development and simulated 

energy savings. Economizer cycle was used in the AHU system for a free cooling under certain 

outside air condition. When outside air was dry, the temperature of outside air is high because of 

that space might have less cooling effect. So the higher air temperature was required to produce 

cooling effect and reduce terminal box reheat. Increase air temperature led to increase air flow as 

well as fan power. To minimize this energy consumption optimization question is formed in 

which optimal supply air temperature was identified. Andrew Kusiak et al. [22] were used data 

mining approach to reduce the energy consumption of an air handling units. They developed a 

non-linear model to minimize energy consumption, maintain supply air temperature and static 

pressure in a predetermined range. A dynamic, penalty-based algorithm was designed to solve 

the proposed model. They used 200 test data point to validate the proposed model and their result 

showed that the energy consumption by the AHUs was reduced by about 23%. Jose Fernandez-

Seara et al. [23] presented the experimental analysis on pressure drop and heat transfer of a fan-

coil unit with ice slurry as a coolant. The ice slurry was produced from an ethylene glycol and 

10% (by wt) of aqueous solution. The fan-coil capacity was experimentally determined for 

chilled water and melting ice slurry with different inlet ice fractions considering in each case 

three different fan rotation velocities. The heat transfer experimental results showed that the air 

side thermal resistance controlled the heat transfer process ranging from 80% to 88% of the 

overall thermal resistance. M.T. Ke [24] designed test method for variable air volume (VAV) fan 

coil units to establish complete testing and rating procedures. Using the ASHRE standard 79-

1984, for a constant air volume (CAV) they proposed a testing method by considering VAV 

features and recognized a testing platform for VAV fan coil units. The difference between the 

variable air volume and constant air volume fan coil unit result were differentiated. After 

differentiation they concluded that the VAV fan coil units had the energy efficient method. 
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Francois Remi Carrie et al. [25] performed a field study on 42 duct systems in Belgium and 

France to investigate the implication of duct leakage. Their study reported that the leakage rate 

appeared to be three times greater than the maximum allowed leakage adopted in EUROVENT. 

Because of this leakage the overall effectiveness of the system reduces. Also, the ductwork air 

tightness affected the duct leakage. The saving energy in duct was calculated at the European 

level based on estimates of the number of buildings equipped with the mechanical ventilation 

systems. K.W. Cheong [26] proposed a new technique to measure the air flow rate, velocity in 

air distribution system. In present day, vane anemometer and pitot-tube are used to measure the 

air velocity at supply diffuser and ducts. This process is slow and also some error can occur 

during measurement. By using the tracer-gas technique, pitot static transverse method air flow 

has measured for 300*300 mm
2
 duct. After comparison, their result shows that tracer gas 

technique has better accuracy as compared to the pitot-static transverse method. Also, it is simple 

and accurate method. Sergio Marinetti et al. [27] analyzed the air speed distribution inside the 

duct and its effect on heat exchanger performance by using stereoscopic particle image 

velocimetry. Two configuration of duct, in which the air was forced by one and two fans, were 

tested. Experimental flow field, upstream and downstream of the evaporator were calculated at 

three different heights. Their results showed that, in two fan configuration, about 7% reductions 

in the thermal energy losses was noticed as compared with the single fan configuration. Maria 

Justo Alonso et al. [28] performed the analysis of the tunnel design by CFD simulations with the 

ANSYS Airpak software tool. The analysis was done in an already existing freezing plant where 

different ceiling geometries were tested in order to improve the design, identify problem area and 

obtain to better air distribution. The simulation result showed that the fan power and air 

distribution could be strongly influenced by ceiling design. The improvement in design gave a 

more homogeneous flow which led to the improvement in the air quality. Because of this 

reduction in energy use and freezing time which might be economically beneficial. Cuimin Li et 

al. [29] developed a new technology to analyze the indoor air temperature for gravity air 

conditioning. By experimentation, they investigated vertical and horizontal temperature 

distribution. Their results indicated that the temperature was in the range of 23°C -28°C in the 

working area, which could meet the cooling requirement. Their results also indicated that for the 

higher temperature of upper zone, gravity air conditioning was more energy efficient as 

compared to traditional technique.  
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CHAPTER – 3 

METHODOLOGY 

This project gives the fundamental principles of duct or air distribution system design for a 

multi-story building. There are mainly three types of duct sizing method namely (i) equal friction 

method, (ii) modified friction method (static regain method) and (iii) velocity reduction method. 

Now a days, the use of manual duct calculator is normal and computer aided duct design is 

becoming more popular. Also understanding the friction chart is very important to use this 

manual duct calculator, because these are the foundations of the other methods. This will provide 

the necessary knowledge to the duct design error and overcome to the errors. 

For designing a proper duct system, it is necessary to estimate cooling load which is used to 

select the zone and air flow rate that the duct system distributes. Once the air flow rate is 

determined, the duct system component can be placed. This includes the supply and returns 

diffusers and decides to air handling unit (AHU) or fan coil unit (FCU) is good for that space.  

3.1. General rules for duct design 

 Air should be conveyed as directly as possible to economize on power, material and 

shape. 

 Sudden change in direction should be avoided. 

 Air velocities in ducts should be within the permissible limits to minimize losses. 

 Rectangular ducts should be made as nearly square as possible. This will ensure 

minimum ducts surface. An aspect ratio of less than 4:1 should be maintained. 

 Damper should be provided in each branch outlet for balancing the system.  

3.2. Duct Design Criteria 

Many factors are considered when designing a duct system. They are as follows 

1. Space availability 

2. Installation cost 

3. Air friction loss 
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4. Noise level 

5. Duct heat transfer and airflow leakage 

3.2.1. Space Availability 

The sizing of a duct depends on the space available in the building. Ceiling plenums, duct 

chases, obstruction like walls and beam dictate the size of duct to be used, irrespective of the size 

at a least cost. At the time of design, the duct coordination is required to avoid sprinkler piping, 

power and light fixtures. For this, header duct and runouts are easier to locate. Larger the trunk 

and branch ducts greater the coordination required with equally large piping. 

3.2.2. Installation Cost 

While designing, the duct installation cost is very important. This includes size of ducts, type of 

material used, number and complexity of the duct fitting and height of the site conditions 

impacting duct installation labor. Use least no of fitting as possible to lower the installation cost. 

3.2.3. Air Friction Loss 

Air friction loss is affected mainly by the duct size and shape, the material used, fittings used. 

According to ―Carrier Handbook‖ round galvanized sheet metal has the lowest friction loss per 

meter, while the flexible ductwork has the highest friction loss per meter. The quality of fitting 

has a direct effect on the overall pressure drop of a duct system, smooth and efficient fitting with 

a low turbulence reduce the duct system air pressure drop. A direct route using round duct with 

less fitting and size changes can have a less friction loss in comparison with the similar size 

rectangular system with a longer route and size changes at each branch duct. 

3.2.4. Noise Level 

The modern AC systems require control of noise level below a particular level in addition to the 

control of humidity, temperature and air velocity of excessive noise which causes uncomfortable 

feeling. The equipment as blowers, humidifiers, motors and many others contribute noise to the 

air conditioned space. The air passing through the ducts and grills also create noise.  

3.2.5. Heat Transfer and Leakage 

Ductwork that runs through very warm or cold areas can suffer heat gain or loss that effectively 

reduce the capacity of the cooling and heating equipment, result in occupant discomfort and 
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higher operating cost. Leakage in duct also affects the capacity of cooling equipment and may 

create odors.  

3.3. Pressure in Duct 

The flow of air within a duct system is produced by the pressure difference existing between the 

different locations. The greater the pressure difference, the faster the air will flow. The following 

are the three types of pressures involved in a duct system. 

3.3.1. Static Pressure (Ps) 

The static pressure always exists in a duct system. The pressure which is independent upon the 

air movement called static pressure. This type of pressure pushes against the wall of the duct. It 

tends to rush a duct when its force is greater than that of atmospheric pressure and tends to 

collapse when its force is less than that of the atmosphere.  These pressures overcome the friction 

and shock losses as the air is flow. 

3.3.2. Velocity Pressure (Pv) 

The velocity or dynamic pressure is equal to the drop in static pressure necessary to produce a 

given velocity of flow. In other words, it is equal to the increase of static pressure possible when 

velocity is reduced to zero. 

3.3.3. Total Pressure (Pt) 

It is the algebraic sum of the static pressure and dynamic pressure. 

                 Pt= = Ps + Pv                                                                          ……………………… (3.1) 

Pt = total pressure, Pa 

Ps = static pressure, Pa (measured by any pressure measuring instrument) 

Pv = velocity pressure 

     =  
   

 
 ,  (for air   = 1.024 kg/m3) 

     =0.602V
2 

                                                                                  …………………………… (3.2) 

V = fluid mean velocity, m/s 



16 

 

     =  
 

 
                                                                             …………………………… (3.3)            

Where, Q = air flow rate, m
3
/sec 

              A = cross sectional area, m
2
 

3.4. Pressure Losses in Ducts 

Pressure is lost due to friction between the moving particle of the fluid and the interior surfaces 

of a duct. When the pressure loss occurs in a straight duct, then this loss is known as friction loss. 

The pressure loss is due to the changes of direction of air flow such as bends, elbows etc. and at 

the change of cross section of the duct, this loss is known as dynamic losses. 

3.4.1. Pressure Loss due to Friction in Ducts 

The pressure loss due to friction in ducts may be obtained by using the Darcy’s formula, i.e. 

                                                  
h

a

f
D

VfL
p

2

2


                      

…………………………… (3.4) 

Where 

 Pf = pressure loss due to friction in N/m
2
 

L = length of the duct in meters 

 f  = friction factor depending upon the surface of the duct 

ρa = density of air in kg/m
3
 

V = mean velocity of the air flowing through the duct in m/s 

Dh= hydraulic diameter in m 

     = 
                                    

                         
 

    = 
 

 
 for circulation cross section, where D is a diameter of duct 

     = 
  

       
,  where a and b is a side of rectangle 
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The value of friction factor (f) for different Reynolds numbers and different roughness factor find 

directly from the Moody chart as shown in Fig. 3.1. 

 

Figure 3.1. Moody Chart 

3.4.2. Dynamic Losses in Ducts 

The dynamic losses are caused due to the change in direction or magnitude of velocity of the 

fluid in the duct. The change in the direction of the velocity occurs at bends and elbow. The 

change in the magnitude of velocity occurs when the area of duct changes i.e. enlargement, 

contraction, suction etc. 

The dynamic pressure loss Δpd is proportional to the velocity pressure and it is expressed as a 

product of the downstream velocity pressure pv and a dynamic loss coefficient (K).
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Where, V = downstream velocity. 

The losses in elbows, fittings etc. are also expressed in terms of an equivalent length Le of the 

duct, so that 

                                                   











D

pfL
Kpp ve

vd

4

                     ……………………… (3.5)

 

3.5. Friction Chart 

The frictional pressure loss for circular ducts (in mm of water) for various velocities (in m/s) and 

duct diameters (in mm) obtained directly from the friction chart as shown in Fig. 3.2. In this 

chart, the vertical ordinate represent volume flow rate of air in m
3
/s and the horizontal ordinate 

represents frictional pressure loss in mm of water per unit length of the circular duct. These 

charts are valid for 20°C and 1.013 bar and clean galvanized iron ducts with joints and seams 

[27]. 

3.6. Duct Velocity Ranges 

The velocities in the ducts must be high enough to reduce the size of the ducts but it should be 

low enough to reduce the noise and pressure losses to economize power requirement. The 

velocities recommended for various applications are given in Table 3.1 [27]: 

Table 3.1. Recommended Velocities in (m/min) 

Designation Residences School, theatres and 

public building 

Industrial building 

Outdoor air intake 150 150 150 

Filters 75 90 105 

Cooling coil 135 150 180 

Air washer 150 150 150 

Fan outlet 300 – 480 400 – 600 480 – 725 

Grills 40 – 60 60 – 80 80 – 100 
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Main duct 210 - 300 300 – 400 360 – 540 

Branch duct 180 180 – 270 240 – 300 

Branch riser 150 180 – 210 240 

    

 

Figure 3.2.- Duct Friction Chart 
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3.7. Duct Material Roughness 

Duct material roughness refers to the inside surface of the duct material the rougher the surface, 

higher the friction loss. The recommended roughness for different material pipes or ducts are 

given in Table 3.2 [27]. 

Table 3.2. The recommended roughness for different material pipes or ducts material 

Types of duct or pipes material Roughness category Absolute roughness 

PVC plastic pipe Smooth 0.01 – 0.05 

Galvanized steel longitudinal 

seam 

Medium smooth 0.05 - 0.1 

Galvanized steel continuous 

roll 

Medium smooth 0.06 – 0.12 

Fibrous glass duct, rigid Medium rough 0.9 

Flexible duct metallic Rough 1.2 – 2.1 

Aluminum Smooth 0.04 – 0.06 

Concrete Medium 1.2 

Concrete Smooth 0.3 

Commercial steel pipe Smooth 0.045 

 

3.8. Equivalent Duct Diameter 

In order to find the equivalent diameter of a circular duct for a rectangular duct for the same 

pressure loss per unit length, Huebscher developed a relationship between rectangular and round 

duct. According to this, 

                                         De = 
             

          
                                    …………………………. (3.7) 

Where, 

De = equivalent circular diameter of rectangular duct for equal length, mm 

  a = length one side of duct, mm 

  b = length adjacent side of duct, mm 
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Equivalent round duct diameter can also be determined by using Fig. 3.3 which is based on the 

above equation [26].  

 

Figure 3.3. Equivalent round duct diameter 

3.9. Duct Design Method 

There are mainly three methods which are commonly used for duct design. These are: 
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3.9.1. Velocity Reduction Method 

The duct are designed in such a way that the velocity decreases as flow proceeds. The pressure 

drops are calculated for these velocities for respective branches and main duct. The pressure at 

the outlet is adjusted by damper in the respective ducts. 

The advantages of this system are given below: 

 This method is the easiest among all methods in sizing the duct diameters. 

 The velocities can be adjusted to avoid noise. 

 This is adopted only for simple system. 

The major disadvantage of this system is that, considerable judgment is required in selecting 

velocities to make the system optimum in economy and power. 

3.9.2. Equal Friction Drop (friction loss) Method 

In this method, the size of the duct is decided to give equal pressure drop per meter length an all 

ducts. The velocities are automatically reduced in the branch duct as the flow is decreased.  

The main advantage of this method is that, if the duct layout is symmetrical giving the same 

length in each run, then no dampers are required to balance the system as this method gives equal 

pressure loss in various branches. 

Disadvantages of this method is that, if the runs are of different lengths, then the shortest run will 

have a minimum drop and air will come out with higher pressure compared with long run ducts. 

It is necessary to reduce this high pressure of coming out air with the help of damper or high 

velocity can be reduced in a shorter run, but high velocity may create an objectionable noise. 

Therefore noise absorbing outlets must be provided. 

3.9.3 The Static Regain Method 

For the perfect balancing of the air duct layout system, the pressure at all outlets must be made 

same. This can be done by equalizing the pressure losses in the various branches. This is possible 

if the friction loss in each run is made equal to pressure gain due to reduction in velocity. The 

gain in pressure due to change in velocity is given by 
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                                    SPR = R (
g

vv

2

2

2

2

1 
)                                               ……………………. (3.8) 

Where, 

SPR = static pressure regain 

     R = static regain factor 

The advantages of this system are 

 It is possible to design long runs as well as short runs for complete regain. 

 It is sufficient to design the main duct for complete regain and use the same pressure at 

outlets of the branches. 

The disadvantages of this system are 

 This method allows for balancing but reducing velocity increases the duct size and it 

should not exceed the economic limit. 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

CHAPTER – 4 

DESIGN CALCULATION 

In the TIIR building there are total 18 rums, where cooling is required. The list of rooms in floor 

wise in the TIIR Building and where cooling load is required is given below: 

TIIR BUILDING 

GROUND FLOOR 

S.N. Room/ Hall Width (m) Length (m) 
Area 

Celling Ht (m) 
AC 

Requirement  (m
2
) 

1 120 seat Lecture room 14.17 8.67 122.85 3.40 122.85 

2 Direct TIIR 3.57 6.87 24.53 3.40 24.53 

3 Admin Office 5.27 6.87 36.20 3.35 36.20 

4 Placement office 2.97 6.87 20.40 3.40 20.40 

5 IPR Office 5.27 6.87 36.20 3.35 36.20 

6 Professor 3.57 6.87 24.53 3.40 24.53 

7 120 seat Lecture room 14.17 8.67 122.85 3.40 122.85 

8 Office room 12.27 6.97 85.52 3.40 85.52 

9 Meeting room 12.27 6.97 85.52 3.40 85.52 

10 Central Workshop 14.17 19.97 282.97     

11 Library 6.97 6.47 45.10 3.32 45.10 

12 Dining 9.67 6.97 67.40  3.32 67.40  

13 Alumini Relation 6.97 6.97 48.58 3.32 48.58 

14 Alumini Visitors 6.97 12.74 88.80 3.32 88.80 

15 Placement Cell 14.17 19.97 282.97 
    

 

FIRST FLOOR 

1 Common Facilities 14.04 20.09 282.06     

2 Interview Room 5.23 6.97 36.45 3.35 36.45 

3 Interview Room 9.07 6.97 63.22 3.35 63.22 

4 Working Modules 14.04 8.77 123.13     

5 Working Modules 12.53 6.97 87.33     

6 Seminar Room 12.53 6.97 87.33 3.35 87.33 

7 Placement Cell 14.04 20.08 281.92     

8 Working Modules 6.97 6.66 46.42     
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9 Working Modules 6.97 6.00 41.82     

10 Working Modules 6.97 6.97 48.58     

11 Working Modules 6.97 6.97 48.58     

12 Working Modules 6.97 6.97 48.58     

13 Working Modules 6.97 6.00 41.82     

14 Working Modules 6.97 6.66 46.42     

15 Central Design Office 14.17 20.09 284.68 3.32 284.68 

16 Auditorium 20.00 25.00 500.00 7.55 500.00 

 

SECOND FLOOR 

1 Working Modules 14.17 8.67 122.85     

2 Library Facilities 9.07 6.87 62.31 3.35 62.31 

3 Working Modules 9.07 6.87 62.31     

4 Working Modules 14.17 8.67 122.85     

5 Working Modules 12.27 6.97 85.52     

6 Working Modules 12.27 6.97 85.52     

7 Working Modules 14.17 19.97 282.97     

8 Working Modules 6.97 6.43 44.82     

9 Working Modules 6.97 6.00 41.82     

10 Working Modules 6.97 6.97 48.58     

11 Working Modules 7.20 6.97 50.18     

12 Working Modules 9.44 6.97 65.80     

13 Working Modules 6.97 6.00 41.82     

14 Working Modules 6.97 6.66 46.42     

15 Working Modules 14.17 19.97 282.97     

 

On the basis of cooling load required in a room, fan coil unit (FCU) or air handling unit (AHU) 

is used. In this work it is decided to use FCU where cooling load required up to 5 tons and to use 

AHU above 5 tons. As we know that, for FCU there is no duct is required.  So, we calculate the 

duct size only for those rooms where cooling load is required more than 5 tons or where AHU is 

used. For that purpose firstly calculate the air flow rate/dehumidified air. After that the 

calculation for duct dimension has to be done. 

Calculation for dehumidified air quantity 

Room Rise = (1 – by pass factor)*(Room temp - ADP) 
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Dehumidified Air = RSH / (20.44 * dehumidified rise) 

Where,  

ADP = apparatus due point 

RSH = room sensible heat 

Calculation for duct size/dimension: 

1. First find out the air flow rate i.e. dehumidified air and cooling load. 

2. Based on cooling load select AHU or FCU which is to be installed. For FCU there is no 

need to duct system. If AHU then calculate the duct dimension. 

3. Select initial velocity (from table 3.1) 

4. Duct area = 
             

        
 

5. Select duct size/dimension (From figure 3.3), also Equivalent duct diameter. 

6. Then initial friction rate is determined by using friction chart, on the basis of air quantity 

and equivalent duct diameter or velocity of air (figure 3.2). 

The ducts size room by room are calculated and given below: 

1. 120 seat lecture room 1 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 27078.65 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32  

Dehumidified Air = 27078.65 / (20.44 * 12.34) 

                              = 107.53 m
3
/min 

Safety factor (5%) = 5.37 m
3
/min  

Total dehumidified air = 112.90 m
3
/min ≈ 113 m

3
/min 

Cooling load = 12.39 tons 
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Initial velocity = 300 m/min 

Duct area = 
             

        
 

                 = 
300

113
 = 0.38 m

2
 = 4.09 ft

2
 

Duct size = 26 * 24 inch = 650 * 600 mm 

Equivalent duct diameter = 27.2 inch = 680 mm  

Friction rate = 0.0514 

2. Direct TIIR 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 5087.24 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32 

Dehumidified Air = 5087.24 / (20.44 * 12.32) 

                             = 20.20 m
3
/min 

Safety factor (5%) = 1.01 m
3
/min 

Total dehumidified air = 21.21 m
3
/min ≈ 21 m

3
/min 

Cooling load = 2.11 tons 

In direct TIIR cooling load is less than 5 tons. So, there is no need to design the duct. Here FCU 

is installed. 

3. Admin Office 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 10°C 
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RSH = 7133.79 W 

Room Rise = (1 – 0.12)*(296 - 283) 

                   = 11.44 

Dehumidified Air = 7133.79 / (20.44 * 11.44) 

                             = 30.50 m
3
/min 

Safety factor (5%) = 1.52 m
3
/min 

Total dehumidified air = 32.02 m
3
/min ≈ 32 m

3
/min 

Cooling load = 3.03 tons 

In admin office cooling load is less than 5 tons. So, there is no need to design the duct. Here 

FCU is installed.  

4. Placement office 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 5901.09 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.34 

Dehumidified Air = 5901.09 / (20.44 * 12.34) 

                             = 23.43 m
3
/min 

Safety factor (5%) = 1.17 m
3
/min 

Total dehumidified air = 24.6 m
3
/min ≈ 25 m

3
/min 

Cooling load = 2.27 tons 

In placement office cooling load is less than 5 tons. So there is no need to design the duct. Here 

FCU is installed.  
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5. IPR Office 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 10°C 

RSH = 7059.59 W 

Room Rise = (1 – 0.12)*(296 - 283) 

                   = 11.44 

Dehumidified Air = 7059.59 / (20.44 * 11.44) 

                             = 30.12 m
3
/min 

Safety factor (5%) = 1.5 m
3
/min 

Total dehumidified air = 31.62 m
3
/min ≈ 32 m

3
/min 

Cooling load = 2.93 tons 

In IPR office cooling load is less than 5 tons. So there is no need to design the duct. Here FCU is 

installed.  

6. 120 seat Lecture room 2 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 27078.65 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32  

Dehumidified Air = 27078.65 / (20.44 * 12.32) 

                              = 107.53 m
3
/min 

Safety factor (5%) = 5.38 m
3
/min  

Total dehumidified air = 112.91 m
3
/min ≈ 113 m

3
/min 
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Cooling load = 12.39 tons 

Initial velocity = 300 m/min 

Duct area = 
             

        
 

                 = 
300

113
 = 0.38 m

2
 = 4.09 ft

2
 

Duct size = 26 * 24 inch = 650 * 600 mm 

Equivalent duct diameter = 27.2 inch = 680 mm  

Friction rate = 0.0514 

7. Office room 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 16561.13 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32 

Dehumidified Air = 16561.13 / (20.44 * 12.32) 

                              = 65.76 m
3
/min 

Safety factor (5%) = 3.28 m
3
/min  

Total dehumidified air = 69.04 m
3
/min ≈ 69 m

3
/min 

Cooling load = 6.96 tons. 

Initial velocity = 300 m/min 

Duct area = 
300

69
 = 0.23 m

2
 = 2.48 ft

2
 

Duct size = 24 * 16 inch = 600 * 400 mm 

Equivalent duct diameter = 21.3 inch = 530 mm 
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Friction drop = 0.0466 

8. Meeting room 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 15923.21 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32 

Dehumidified Air = 15923.21 / (20.44 * 12.32) 

                              = 63.23 m
3
/min 

Safety factor (5%) = 3.16 m
3
/min  

Total dehumidified air = 66.39 m
3
/min ≈ 66 m

3
/min 

Cooling load = 6.77 tons 

Initial velocity = 300 m/min 

Duct area = 
300

66
 = 0.22 m

2
 = 2.37 ft

2
 

Duct size = 20 * 18 inch = 500 * 450 mm 

Equivalent duct diameter = 20.7 inch = 517.5 mm ≈ 520 mm 

Friction drop = 0.0744 

9. Library 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 10343.02 W 

Room Rise = (1 – 0.12)*(296 - 282) 
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                   = 12.32 

Dehumidified Air = 10343.02 / (20.44 * 12.32) 

                              = 41.07 m
3
/min 

Safety factor (5%) = 2.05 m
3
/min  

Total dehumidified air = 43.12 m
3
/min ≈ 43 m

3
/min 

Cooling load = 4.53 tons 

In library cooling load is less than 5 tons. So there is no need to design the duct. Here FCU is 

installed.  

10. Alumini Relation 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 11830.62 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32 

Dehumidified Air = 11830.62 / (20.44 * 12.32) 

                              = 46.98 m
3
/min 

Safety factor (5%) = 2.34 m
3
/min  

Total dehumidified air = 49.32 m
3
/min ≈ 49 m

3
/min 

Cooling load = 4.68 tons 

In Alumini relation cooling load is less than 5 tons. So there is no need to design the duct. Here 

FCU is installed.  

11. Dining Room 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 10°C 
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RSH = 13965.92 W 

Room Rise = (1 – 0.12)*(296 - 283) 

                   = 11.44 

Dehumidified Air = 13965.92 / (20.44 * 11.44) 

                              = 59.72 m
3
/min 

Safety factor (5%) = 2.98 m
3
/min  

Total dehumidified air = 62.7 m
3
/min ≈ 63 m

3
/min 

Cooling load = 5.85 tons 

Initial velocity = 300 m/min 

Duct area = 
300

63
 = 0.21 m

2
 = 2.26 ft

2
 

Duct size = 22 * 16 inch = 550 * 400 mm 

Equivalent duct diameter = 20.4 inch = 510 mm 

Friction drop = 0.058 

12. Alumini Visitors 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 10°C 

RSH = 16423.45 W 

Room Rise = (1 – 0.12)*(296 - 283) 

                   = 11.44 

Dehumidified Air = 16423.45 / (20.44 * 11.44) 

                              =  70.23 m
3
/min  

Safety factor (5%) = 3.51 m
3
/min 

Total dehumidified air = 73.74 m
3
/min ≈ 74  m

3
/min 
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Cooling load = 7.55 tons 

Initial velocity = 300 m/min 

Duct area = 
300

74
 = 0.25 m

2
 = 2.69 ft

2
 

Duct size = 22 * 20 inch = 550 * 500 mm 

Equivalent duct diameter = 22.9 inch = 572 mm ≈ 570 mm 

Friction drop = 0.058 

13. Interview Room 1 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 10°C 

RSH = 7003.83 W 

Room Rise = (1 – 0.12)*(296 - 283) 

                   = 11.44 

Dehumidified Air = 7003.83 / (20.44 * 11.44) 

                              = 29.95 m
3
/min 

Safety factor (5%) = 1.49 m
3
/min  

Total dehumidified air = 31.44 m
3
/min ≈ 31 m

3
/min 

Cooling load = 2.95 tons 

In interview room 1 cooling load is less than 5 tons. So there is no need to design the duct. Here 

FCU is installed.  

14. Interview Room 2 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 10607.05 W 
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Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32 

Dehumidified Air = 10607.05 / (20.44 * 12.32) 

                              = 42.12 m
3
/min 

Safety factor (5%) = 2.10 m
3
/min  

Total dehumidified air = 44.22 m
3
/min ≈ 44 m

3
/min 

Cooling load = 4.69 tons 

In interview room 2 loads is less than 5 tons. So there is no need to design the duct. Here FCU is 

installed.  

15. Seminar room 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 16495.36 W 

Room Rise = (1 – 0.12)*(296 - 282) 

                   = 12.32 

Dehumidified Air = 16495.36 / (20.44 * 12.32) 

                              = 65.50 m
3
/min 

Safety factor (5%) = 3.27 m
3
/min  

Total dehumidified air = 68.77 m
3
/min ≈ 69 m

3
/min 

Cooling load = 7.16 tons 

Initial velocity = 300 m/min 

Duct area = 
300

69
 = 0.23 m

2
 = 2.47 ft

2
 

Duct size = 24 * 16 inch = 600 * 400 mm 

Equivalent duct diameter = 21.3 inch = 532.5 mm ≈ 530 mm 
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Friction drop = 0.0601 

16. Central design office 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 10°C 

RSH = 55041.21 W 

Room Rise = (1 – 0.12)*(296 - 283) 

                   = 11.44 

Dehumidified Air = 55041.21 / (20.44 * 11.44) 

                              = 235.38 m
3
/min 

Safety factor (5%) = 11.76 m
3
/min  

Total dehumidified air = 247.14 m
3
/min ≈ 247 m

3
/min 

Cooling load = 24.69 tons 

Initial velocity = 300 m/min 

Duct area = 
300

247
 = 0.82 m

2
 = 8.82 ft

2
 

Duct size = 38 * 36 inch = 950 * 900 mm 

Equivalent duct diameter = 40.4 inch = 1010 mm ≈ 1000 mm 

Friction drop = 0.0236 

17. Auditorium 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 101211.71 W 

Room Rise = (1 – 0.12)*(296 – 282) 
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                   = 12.32 

Dehumidified Air = 101211.71 / (20.44 * 12.32) 

                             = 401.91 m
3
/min 

Safety factor (5%) = 20.09 m
3
/min  

Total dehumidified air = 422 m
3
/min 

Cooling load = 50.14 tons 

Initial velocity = 300 m/min 

Duct area = 
300

422
 = 1.40 m

2
 = 15.06 ft

2
 

Duct size = 48 * 48 inch = 1200 * 1200 mm 

Equivalent duct diameter = 52.6 inch = 1315 mm ≈ 1300 mm 

Friction drop = 0.0318 

18. Library Facility 

By pass factor = 0.12 

Room temperature = 23°C 

ADP = 9°C 

RSH = 11554.81 W 

Room Rise = (1 – 0.12)*(296 – 282) 

                   = 12.32 

Dehumidified Air = 11554.81 / (20.44 * 12.32) 

                             = 45.88 m
3
/min 

Safety factor (5%) = 2.29 m
3
/min  

Total dehumidified air = 48.17 m
3
/min ≈ 48 m

3
/min  

Cooling load = 5.57 tons 

Initial velocity = 300 m/min 
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Duct area = 
300

48
 = 0.16 m

2
 = 1.72 ft

2
 

Duct size = 18 * 16 inch = 450 * 400 mm 

Equivalent duct diameter = 18.5 inch = 462.5 mm ≈ 460 mm 

Friction drop = 0.0318 
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CHAPTER – 5 

RESULT ANALYSIS 

The result analysis is based on the duct design of the TIIR building with hand calculation and 

duct design software like ductulator.  

5.1. Duct size:  

To design the duct for TIIR building calculation of cooling load and air flow rate is done. By 

taking some suitable velocity (from Table 3.1), considering noise factor main duct area is 

calculated. Based on these duct area, the duct size is find out (from Fig. 3.3) for the rectangular 

duct as well as round duct. The cooling load, dehumidified air flow, duct size for all room is 

given in below: 

Table 5.1 – Cooling load and dehumidified air for respective room 

S.N. Room Name 
Cooling Load 

(tons) 

Dehumidified Air 

Flow (m
3
/min) 

Type of unit used 

(FCU/AHU) 

1 120 seat Lecture Room 1 12.39 113 AHU 

2 Direct TIIR 2.11 21 FCU 

3 Admin Office 3.03 32 FCU 

4 Placement Office 2.27 25 FCU 

5 IPR Office 2.93 32 FCU 

6 120 seat Lecture Room 2 12.39 113 AHU 

7 Office Room 6.96 69 AHU 

8 Meeting Room 6.77 66 AHU 

9 Library 4.53 43 FCU 

10 Dining 5.85 63 AHU 

11 Alumini Relation 4.68 49 FCU 

12 Alumini Visitor 7.55 74 AHU 

13 Interview Room 1 2.95 31 FCU 

14 Interview Room 2 4.69 44 FCU 

15 Seminar Room 7.16 69 AHU 

16 Central Design Office 24.69 247 AHU 

17 Auditorium 50.14 422 AHU 

18 Library Facility 5.57 48 AHU 
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Table 5.2 – duct size comparison between hand calculation and ductulator software 

S.N. Room Hand calculation  Using software (ductulator) 

  Rectangula

r duct 

(mm) 

Round 

duct 

(mm) 

Friction 

drop 

Rectangula

r duct 

(mm) 

Round 

duct 

(mm) 

Friction 

drop 

1 
120 seat 

lecture room 1 
650 * 600 680 0.0445 700 * 550 675 0.0487 

2 Direct TIIR FCU is used, no ducting is required 

3 Admin Office FCU is used, no ducting is required 

4 
Placement 

office 
FCU is used, no ducting is required 

5 IPR Office FCU is used, no ducting is required 

6 
120 seat 

lecture room 2 
650 * 600 680 0.0445 700 * 550 675 0.0487 

7 Office Room 600 * 400 530 0.0600 550 * 450 525 0.0655 

8 Meeting Room 500 * 450 520 0.0630 500 * 450 520 0.0674 

9 Library FCU is used, no ducting is required 

10 Dining 550 * 400 510 0.0663 500 * 450 500 0.0694 

11 
Alumini 

Relation 
FCU is used, no ducting is required 

12 
Alumini 

Visitor 
550 * 500 570 0.0603 550 * 450 550 0.0627 

13 
Interview 

Room 1 
FCU is used, no ducting is required 

14 
Interview 

Room 2 
FCU is used, no ducting is required 

15 Seminar Room 600 * 400 530 0.0623 550 * 450 530 0.0655 

16 
Central Design 

Office 
950 * 900 1000 0.0295 1000 * 850 1000 0.0303 

17 Auditorium 1200*1200 1300 0.0195 1250*1150 1300 0.0220 

18 
Library 

Facility 
450 * 400 460 0.0792 450 * 400 460 0.0822 

 

2. For calculating duct size equal friction method is used. Frictional pressure drop are different 

for all rooms (given in above table) as velocity kept constant.  

3. Ansys 13.0 is used to observe the friction loss in rectangular duct as well as circular duct. For 

analysis we select only small portion of duct (3 m), also it can be applied for all ducting in a 

building.  
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Fig. 5.1 – Pressure loss due to rectangular duct 

 

Fig. 5.2 – Pressure loss due to circular duct 

After studying Fig. 5.1 and fig. 5.2 the result comes that circular duct has minimum friction loss 

as compared to the rectangular duct.  
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CHAPTER – 6 

CONCLUSION 

The following conclusion summarizes the design work presented in this thesis:- 

1. The duct design for TIIR building is done, by using equal friction method. All values are 

comparable with duct software called ductulator. 

2. The calculated value of frictional is less or near as calculated by software. Due to less 

value of friction drop, duct diameter is increased but loss in total pressure (i.e. static 

pressure, velocity pressure) can be avoided.  

3. Due to increased duct diameter the use of damper may be decreased. 

4. Also the circular duct can carry more air in less space, because of that, less duct material, 

less duct surface friction and less insulation is required.  

5. Pressure loss in duct fitting can be minimized by proper design the elbow shape. 

6. Ansys 13.0 software is used to analyze the pressure loss in circular and rectangular duct. 

After analysis we conclude that the circular duct has minimum friction loss, so it is better 

shape for ducting. 
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