
Process of duct 
sizing



Duct systems are designed to properly

distribute air throughout the building.

Conduits that are no well design result in

discomfort, high energy cost, poor air quality

and increased noise levels.

Choosing the right conduit is essential to

maintain adequate air flow in the system



The ducts can be classified according to the purposes as 
follows

Supply air duct

Return air duct

Fresh air duct

Exhaust air duct



Basically materials are used for ducting, 

They are,


Galvanized iron

Pre insulated sheet.

Galvanized steel

Aluminum



Pre insulated duct and Gi ducts

Pre insulated ducts are used for fresh air and 
Exhaust air ducts lines sites. 

No Need to insulate again for these type 
ducts. 

Nowadays usage of GI ducts is minimum 
because Of glass wool. The glass wool which 
can cause the cancers is very harmful to 
humans.



Duct accessories and tools

 PVC invisible flange joint

 PVC Tee connector flange 
joint

 PVC H bayonet

 Zinc coated steel angle  
bracket

 Zinc coated steel shaped disk 
(Al Disk)

 PVC covering angle (PVC 
corner)

 PVC chair section bar

Aluminum Reinforced section bar

PVC U section bar

Aluminum adhesive tape

PVC F section bar 

Special glue

Silicone

45 angle cutter 

Straight cutter

GI Corner



PVC Conner

Invisible flange

H-Bayonets

Aluminium tape

Duct sheets 



Fabricated

duct



Duct shapes



Rectangular duct Off set Concentric Reducer

r - ductRadiused elbowEccentric Reducer

Y - Duct



Before duct design
 Designing a duct system is important but there are a few critical 

steps that come first.

 The weight of air- The first thing you need to know is that air has 

weight.

 The physics of air flow- That's the basic principle you have to 

work with in duct design. I've written previously about the two 

factors involved in reducing air flow in ducts. One is friction. As 

the air moves through a duct, it interacts with the surfaces. The 

smoother that  inner surface is, the better it is for air flow. The 

rougher the surface, the more it slows down the air

https://www.energyvanguard.com/blog/www.energyvanguard.com/blog-building-science-HERS-BPI/bid/74831/The-2-Primary-Causes-of-Reduced-Air-Flow-in-Ducts


Commonly used duct design methods

Principle of velocity method 

Principle of equal friction method 

Principle of static regain method 



General rules for duct design:

 1. Air should be conveyed as directly as possible to save space, power and

 material

 2. Sudden changes in directions should be avoided. When not possible to

 avoid sudden changes, turning vanes should be used to reduce pressure

 loss

 3. Diverging sections should be gradual. Angle of divergence ≤ 20o

 4. Aspect ratio should be as close to 1.0 as possible. Normally, it should not

 exceed 4

 5. Air velocities should be within permissible limits to reduce noise and

 vibration

 6. Duct material should be as smooth as possible to reduce frictional losses



Duct Sizing Methods

 There is no single duct sizing method that will

inherently give the ‘best’ duct design. Whilst most

people are aware of the constant pressure gradient,

constant velocity and static regain methods, there

is a further method known as the balanced pressure

drop method and yet another more recent method

known as the T-Method Optimization.



Sizing of duct-works in ventilation systems 

can be done by the

Constant Velocity Method

Constant Pressure Loss Method (or Equal 

Friction Method)

Static Pressure Recovery Method (constant 

pressure gradient )



The Velocity Method

 Proper air flow velocities for the application considering the 
environment are selected.

In this method the duct designed in such away that the velocity 
decreases as flow proceeds.

The pressure drops are calculated for this velocities for respective 
branches main duct. 

 Sizes of ducts are then given by the continuity equation like:

A = q / v (1)

where

 A = duct cross sectional area (m2)

 q = air flow rate (m3/s)

 v= air speed (m/s)



The Velocity Method

Alternatively in Imperial units

Ai = 144 qi / vi (1b)

where

A = duct cross sectional area (sq.in.)

q = air flow rate (cfm)

v= air speed (fpm)



A proper velocity depends on application and 

environment. The table below indicate 

commonly used velocities





The Constant Pressure Loss Method (or Equal 

Friction Loss Method)

 Most common Method 

 A proper speed is selected in the main duct close 
to the fan.

 low pressure systems supply

 The pressure loss in the main duct are then used 
as a template for the rest of the system. 



The Constant Pressure Loss Method (or 

Equal Friction Loss Method)
The pressure (or friction) loss is kept at a 

constant level throughout the system.

Friction loss per length of duct is 

determined to be a constant value. 

Ex: 0.1” of wc per 100’ of duct 



The Constant Pressure Loss Method (or 

Equal Friction Loss Method)

system losses of ductwork 

= (total equivalent duct system length ) * (friction loss) 

Equivalent length 

= all straight duct + equivalent lengths of elbow, 

fittings, etc. 



The Constant Pressure Loss Method (or 

Equal Friction Loss Method)

 The method gives an automatic velocity reduction 

throughout the system.

 The method may add more duct cross-sectional changes 

and can increase the number of components in the system 

compared to other methods





The Static Pressure Recovery Method

 the static pressure recovery method the secondary 

and branch ducts are selected to achieve more or 

less the same static pressure in front of all outlets 

or inlets. 

 Complicated design for systems with high pressure 

and high velocity systems Typically supply only 



The Static Pressure Recovery Method

 For the perfect balancing of the air layout system, the 

pressure at all outlets must be made same.

 This can be done by equalizing the pressure losses in 

various branches

 Unfortunate the method is complicated to use and 

therefore seldom used.



The Static Pressure Recovery Method

Advantages

 The major advantage of the method are more 

common conditions for outlets and inlets. 

 It is possible to design long run as well as short 

run for complete regain.

 It is sufficient to design for main duct.



 Why we need a friction chart for duct system
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Filters

 A particulate air filter is a device 
composed of fibrous materials which 
removes solid particulates such as dust, 
pollen grains, mold, and bacteria from 
the air.

 Air filers are used in applications where 
air quality is important.



Different types of air conditioning filters

Many indoor air quality problems can be solved or 
avoided by cleaning or replacing the air filter in 
the home or office.

The Filters efficiency is measured by the following 
three factors.
• The amount of dirt the filter can hold.
• The size of the smallest particle that can be 
removed.
• A degree of discoloration on the exhaust side of 
the filter being tested.



Types of Filters
Washable  filters

 It has  MERV ratings of 10 or greater.

 Washable filters can be removed and cleaned 

as directed, dried and then reinstalled.

Disposable filter

 These filters are made of a cardboard frame and 

filter material.

 As their name implies, disposable filters are 

meant to be discarded when they become dirty



HEPA Filters
 HEPA or “high-efficiency particular air filter” removes 

a high percentage of particles in the air as the air 

passes through an air purifier. 

 To qualify as an HEPA filter under US government 

standards, it must capture 99.97% of airborne 

particles. 

 HEPA filters perform significantly better than an ionic 

process in electrostatic air cleaners. 

 HEPA filters are most often used in medical facilities 

and for homeowners who suffer from severe allergies.



Plastic mesh filters

Plastic mesh filters are commonly installed 

at the return air of most indoor unit of room 

or window air conditioner. 

They trapped bigger particles of dust and 

should be cleaned every two weeks and more 

frequent if the space being conditioned is 

polluted.



Carbon and Adhesive filters

 Carbon type is made of activated 

carbon that is effective in removing 

odor causing gases and bacteria. 

 Adhesive type is made of cotton and 

fiber glass material coated with 

adhesive oil or liquid which trapped 

the particles.



Electronic air filters

The most expensive among air filters 

is the electronic air filter. 

It is also the most effective filter in 

trapping dust and debris in the air. 

Electricity is used to attract smaller 

molecules such as smoke, mold and 

pet odors. 



Ultra Violet light

 Ultraviolet light or UV light is a light bulb that is usually 
inserted into the heating and cooling system and can 
eliminate up to 99.9% of the microorganisms and destroy 
viruses, bacteria, and fungi in the air. 

 The type of microorganisms and quantity killed depends 
on the length of exposure and the output of the lamps. 

 Nowadays there are more advanced UV lights like the air 
scrubber that can even kill viruses and bacteria from 
surfaces and the air.



MERV RATING 

 Minimum efficiency reporting 

value (MERV) is a standard that 

rates the overall effectiveness 

of air filters.

 Higher value MERV rating 

equates to finer filtration , 

meaning fewer dust particles 

and other air born 

contaminants can pass through 

the filter



Air conditioner filters are also classified by categories 
through their MERV ratings. 

 MERV 1-4: These are common standard filters that provide a 
basic level of filtration at low cost.

 MERV 6-8: These filters provide good filtration and are 
commonly used in residential settings. They’re often made of 
pleated cloth or paper to provide more surfaces for capturing 
particles.

 MERV 9-12: Mid-range filters like these are of relatively high 
quality and can capture very small particles of 1 micron or 
larger.

 MERV 13-16: These high-efficiency filters are the best standard 
filters available. They can remove very small particulates of 0.3 
microns or larger.



Dampers

Dampers are the final control devices for 

almost all airflow in HVAC systems. 

Actuators are the interface between the 

control system and the mechanical system 

and are critical to accurate control.



Control Dampers.

 control dampers regulate the flow of air in the 

same manner as a balancing damper, but they can 

also be used as a positive shutoff or automatic 

control.



 Control dampers have two different configurations in 

terms of the blade orientation.

1. parallel blade - which requires the damper blades to rotate 

in the same direction, parallel to one another. Parallel blade 

orientation is typically used when the damper operates in two 

positions, open or closed.



2. Adjacent damper blades rotate opposite one another 

under opposed blade configuration. Opposed blade 

configuration is typically used on dampers that modulate 

airflow.



Control Dampers Application

Air Handling Units (AHU)

Mixing Boxes

Fresh Air (FA)

Return Air (RA)

Backdraft Dampers

Zone Mixing Dampers



Variable symmetric Blade Design.

 uses two principles to increase damper performance. 

First, all damper blades are symmetric about their axis. 

Second, any combination of 4, 5, 6, and 7 in. (102, 127, 

152, and 178mm) blade widths are used in a single 

damper.



Damper performance Testing Criteria.

 Pressure drop testing was conducted in accordance with AMCA 

Standard 500-D using the three configurations shown. All data 

has been corrected to represent standard air at a density of 

1.2 kg/m3 .



 Three common code energy standards that pertain to dampers 

are:

 ASHRAE Standard 90.1 - Energy Standard for Buildings except Low-

Rise Residential Buildings.

 IECC - International Energy Conservation Code

 ASHRAE Standard 90.1 - (2010 edition) states that maximum damper 

leakage at 1 in. wg for a :

• Non-motorized damper is 20 cfm/ft2 or 

• Motorized damper is 4 cfm/ft2 . ( See Table 6.4.3.4.3 from 

ASHRAE Standard 90.1)



Fire/Smoke Dampers.

 They have manual and motorized type.Duct Fire damper,also

called smoke damper, usually installed in the pipe of HVAC Duct 

and mechanical exhaust system.

 when the internal temperature in smoke exhaust pipe reaches 70 

degrees, 150 degrees, 280 degrees (available setting) is closed, 

and meet the leakage amount of smoke and fire integrity 

requirements within a certain period of time,



 Types:

1. normally open type Fire Damper;

2. normally closed Fire Damper;

3. Remote control type Fire Damper;

4. Automatic reset type Fire Damper;



Butterfly Dampers.

 Energy Efficient Butterfly Duct Dampers are installed in round

ductwork to prevent backdraft damper protection from air

leakage. They are used as fan dampers, heating dampers,

furnace dampers, air intake dampers, fresh air dampers, and

kitchen fan dampers.



VAV controller Dampers.

 VAV controllers of the VARYCONTROL type are the functional 

equivalent of the box units when it comes to control. They are 

designed without an integral silencer, however, and cannot be 

used for applications with more stringent acoustic requirements 

without additional attenuation.



Summery..



Dampers digital controlling and monitoring..

 Every single damper must be connected to the automation 

system by means of an electrical cable. In addition to the supply 

voltage for the damper actuator, cables are also routed for the 

damper ‘open’ and ‘closed’ position checkback.

 Dampers can network as an two types.

1. Star-shaped line topology.

2.Bus-Network topology.



1. Star-shaped line topology.



2.Bus-Network topology.



FANS



What is the purpose of FAN of Air Conditioning and 
Ventilation system….

 They are an integral part of the air handling systems that 
bring or draw fresh air into buildings

 This type of ventilation is known as mechanical ventilation

Also used for cooling purposes

 can be mounted 

 exterior wall (ventilation unit) or 

 above the ceiling (plenum fan)

 part of a ducted system (duct fan)



Types of Fans used for Air Conditioning and Ventilation System…

Centrifugal Fan Axial Fan Special design
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Centrifugal Fans
Typ

e
Impeller Design Performance Characteristics Applications

• Highest efficiency than 

other centrifugal fan 

designs.

•10-16 curved blades 

away from the direction 

of rotation.

• Highest efficiencies occur at 

50-60% of wide open volume.

• Power reaches maximum near 

peak efficiency and becomes 

lower or self limiting toward 

free delivery.

• Above 20 000cfm AHU’s 

providing the main  air 

supply to the plant.

• Low, Medium or High 

pressure applications of 

large systems.

•Efficiency only less 

than air foil.

•10-16 curved and 

inclined blades away 

from the direction of 

rotation.

• Similar to air foil fan, expect 

peak efficiency slightly lower.

• Heating, Ventilating and 

air conditioning 

applications as air foil.

• Used in some industrial 

application where 

environment may corrode 

or erode air foil blade.
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• High pressure 

characteristics than 

air foil, backward 

curved fans.

• Power rises

continually to free

delivery.

• Pressure can drop suddenly 

at left of peak pressure.( But 

this usually causes no 

problems.)

• Primarily used in 

particulates exhaust 

applications such as saw 

dust, sand etc.

• High pressure industrial 

applications.

• Not common for HVAC 

applications.

• Lower efficiency than 

the air foil, Backward 

inclined and curved.

• Power rises 

continually toward 

free delivery.

• Pressure curve less steep 

than backward curved fans.

• Curve dips to left of peak 

pressure.

• Primary for low pressure 

applications.

Ex: Residential furnaces, 

Central station unites and 

packaged air 

conditioners.
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Axial Fans
Typ

e
Impeller Design Performance Characteristics

Applications

• Low efficiency.

• Energy transfer by 

velocity pressure.

• Usually low cost 

impeller have two or 

more blades attached 

to relatively small hub.

• High flow rate, but very low 

pressure capability.

• Maximum efficiency reached 

near free delivery.

• Circular type discharge 

pattern.

• For low pressure, high 

volume air moving 

applications.

Ex: Air circulation in a 

space or ventilation 

through a wall without 

duct.

• Makeup air applications.

•More useful static 

pressure than propeller 

fan.

•Usually has 4-8 blades.

•Hub is usually less than 

fan tip diameter.

• High flow rate, medium 

pressure capabilities.

• Discharge pattern circular 

and airstream rotates or 

swirls.

• Low and medium pressure 

applications where air 

distribution downstream is 

not critical.

• Used in industrial 

applications.

Ex: Drying ovens, paint 

spray booths, fume 

exhausts
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• Good blade design 

gives medium to high 

pressure capability at 

good efficiency.

• Most efficient have 

blade air foil blades.

• Blades have fixed, 

adjustable or 

controllable pitch.

• High pressure characteristics 

with medium volume flow 

capabilities.

• Guide vanes control circular 

motion imparted by wheel 

and improve pressure 

characteristics and 

efficiency of fan.

• HVAC systems in low 

medium and high pressure 

applications where straight 

through flow and compact 

installation are required.

• More compact than 

centrifugal fans for same 

duty.
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Special Designs
Typ

e
Impeller Design Performance Characteristics Applications

•Performance similar 

to backward curved 

fan except capacity & 

pressure are lower.

•Lower efficiency than 

backward curved fan.

• Low efficiency than 

backward curved fan 

because air turns 90⁰

• Performance curve of some 

designs is similar to axial 

flow fan and dips to left of 

peak pressure.

• Primarily for low pressure, 

return air systems in HVAC 

applications.

• Has straight through flow.
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•Provides positive 

exhaust ventilation, 

which is an 

advantage over 

gravity type exhaust 

unites.

•Centrifugal unites 

are slightly quitter 

than axial unites.

•Usually operated without 

ductwork  therefore 

operates at very low 

pressure and high volume.

•Only static pressure and 

static efficiency are shown 

for this fan.

• Low pressure exhaust 

systems.

Ex: general factory, 

kitchen,    warehouse 

and some commercial 

installations.

• Over gravity flow exhaust 

systems.

• Same as centrifugal 

one. Provides 

positive exhaust 

ventilation which is 

an advantage over 

gravity type exhaust 

unites.

•Operates at very low 

pressure and high volume.

•Static pressure and static 

efficiency are shown for this 

fan.

• Used in low pressure 

exhaust systems.

Ex: Kitchens, Warehouse, 

Factories.

• Low first cost and low 

operating cost give an 

advantage over gravity 

fkow exhaust systems.
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Arrangement considered when selecting a fan for an application 

Drive Types

• Direct drive - fans coupled directly to their driving motor. direct drives have no need for 
belts, sheaves or pulleys between the motor and the fan. It has a common shaft, or by a 
mechanical coupling.

Used for small fan application like condenser cooling fan

• Indirect drive – consist of an intermediary link between a driving motor and a driven fan. 
Usually use a belt

used for large fan application like in cooling towers, large AHU’s etc

Arrangement cosideration

• housed-type fans - most common fan used in the HVAC industry is the housed centrifugal 
fan. The fan housing controls the flow of air in a desired path,

• plenum-type fans - Another fan arrangement used in HVAC equipment is the plenum fan. 
Plenum fans are fans without housings that discharge freely into a plenum space. They 
discharge air in all directions rather than having flow directed as with a housed.

used for applications requiring a high degree of flexibility in the fan discharge connections
fan.



Plenum type fan Housed type fan

Direct drive fan

Indirect drive fan



Vents or Ventilation fans

 Centrifugal and Axial fans are use for this purpose.

 Axial fans are preferred for high volume, low pressure, non-

ducted systems.

 Centrifugal fans are preferred for high volume, high pressure, 

ducted systems.



Performance of a fan

There are three parameters which decide the performance of a fan.

 Air flow rate- the rate at which air moves within or between HVAC 
zones.

 Static pressure - the pressure at which an equal amount of air is 
supplied to and exhausted from a space.

 Air stream temperature - expressed as a range.

The diameter of the fan, or the diameter or maximum dimension of 
the blower outlet is also an important specification to consider when 
selecting HVAC fans


