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ABSTRACT
Earlier the use of air conditioning for comfort purpose was considered to be

expensive, but now-a-days, 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) are used. The
central AC’s systems are installed away from building called central plant where
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water or air is to be cooled. This cooled air is 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.
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INTRODUCTION

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
negatively.

human  comfort positively or

Researchers suggest that, human body is used to be
comfortable at a temperature of 22°C to 25°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.
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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 fan is lower.

Classification of ducts

a) Supply air duct

b) Return air duct

c) Fresh air duct

d) Low pressure duct

e) Medium pressure duct

f)  High pressure duct

g) Low velocity duct

h)  High velocity duct
Duct Material

The ducts are wusually 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 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.

Various shapes of duct

a) Circular/round duct:
b) Rectangular duct:

c) Flat oval duct:

d) Flexible duct:

Round duct w/ spiral seam

S

Rectangular duct

Flat oval duct

Flexible duct |

Figure 1: Various shapes of duct

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.
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", . & )"""n >
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| Coil head support

Figure 2: Fan coil unit
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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.
Air handling components

a) Filters

b) Heating or cooling elements

c) Humidifier

d) Blower orfan

High-efficiency Supply
filters i

Exhaust  If

compartment

air

return air fan

Figure 3: Air Handling Unit
PROCEDURE
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.

General rules for duct design

a) Air should be conveyed as directly as
possible to economize on power, material
and shape.

b) Sudden change in direction should be
avoided.

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

d) 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.

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

Duct Design Criteria
Many factors are considered when designing a duct
system. They are as follows
a) Space availability
b) Installation cost
c) Airfriction loss
d) Noise level
e) Duct heat transfer and airflow leakage
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.
Static Pressure (Ps)
Velocity Pressure (Pv)
Total Pressure (Pt)
Total Pressure (Pt)
It is the algebraic sum of the static
pressure and dynamic pressure.
P,_Ps,+ P,
P.= Total pressure, Pa
P, = static pressure, Pa (measured by any pressure
measuring instrument)
Py = velocity pressure

pV? .
- (for air p=1.024kg/m3)
0.602V°
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V = fluid mean velocity, m/s

A
. 3
Where, Q = air flow rate, m”/sec

A = cross sectional area, m’
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.
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.

fLpgV?
2Dp

Where
Py=pressure loss due to friction in N/m?

Pf=

L = length of the duct in meters

f = friction factor depending upon the surface of the
duct

P,= density of air in kg/ m3

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

Dy, = hydraulic diameter in m
_ cross sectional area of the fuct (A)

Permeter of the duct (p)

= %for circulation cross section, D is a diameter of
ab
2(a+b)
Where a and b is a side of rectangle.

duct =

The value of friction factor (f) for different Reynolds
numbers and different roughness factor find
directly from the Moody chart as shown in Figure.

‘ ““m—l
! e ! |
"

w

Figure 4. Moody Chart

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 Apd 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).

(%)
AP; = KP,=K|—
2
Where V=downstream velocity.
The losses in elbows, fittings etc. are also expressed
in items of an equivalent length L, of the duct, so
that

AP, = KP, = (—4f Lep")

D

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 this chart, the vertical
ordinate represent volume flow rate of air in m3/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
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
Table: 1 Recommended Velocities in (m/min)

Designation | Residences | School theatres and Public | Industrial Building
Outdoor air

intake 150 150 150
Filters 75 95 105
Cooling coil 135 150 180
Air washer 150 150 150
Fan outlet 300-480 400- 480-725
Grills 40-60 60-80 80-100
Main duct 210-300 300-400 360-540
Branch duct 180 180-270 240-300
Branch riser 150 180-210 240
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- 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 flass duct,rigid Medium Smooth 0.9
Flexible duct metallic Rough 12-21
£ Aluminum Smooth 0.04-0.06
E Concrete Medium 1.2
£ Concrete Smooth 0.3
= Commercial steel pipe Smooth 0.045
Equivalent Duct Diameter
In order to find the equivalent diameter of
a circular duct for a rectangular duct for the same
i ';?;ﬂ;m":’; oxeem) pressure loss per unit length, Huebscher developed

Friction Loss (inches H,O per 100 feet)

a relationship between rectangular and round duct.

Figure: 5 Duct Friction Chart According to this,

Duct Material Roughness 1.30(ab)®625

Duct material roughness refers to the ¢~ (a+ b)0250
inside surface of the duct material the rougher the Where, De = equivalent circular diameter of
surface, higher the friction loss. The recommended rectangular duct for equal length, mm
roughness for different material pipes or ducts are a = length one side of duct, mm
Table: 2 The recommended roughness for different b = length adjacent side of duct, mm
material pipes or ducts material Equivalent round duct diameter can also be

determined by using which is based on the above
equation.
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Figure: 6 Equivalent round duct diameters
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Duct Design Method
There are mainly three methods of duct design.
These are:
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:
a) This method is the easiest among all
methods in sizing the duct diameters.
b) The velocities can be adjusted to avoid
noise.
c) Thisis adopted only for simple system.
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.

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
VE-VE
SPR=R( —*=)
29
Where,

SPR = Static Pressure regain
R = Static regain factor
DESIGN CALCULATION

In the building there are total 18 rums,
where cooling is required. The list of few rooms
floor wise in the Building where cooling load is
required is given below:

Table:3 List of rooms

AC
S.No Room Width(m) [ Length(m)| Area(mz) | Celling HT(m) | Requirem
ent
1 |120Seat lecture room 1 14.17 8.67 122.85 34 122.85
2 |Seminar Room 12.53 6.97 87.33 3.35 87.33
3 |Central Design Office 14.17 20.09 284.68 3.32 284.68
4 |Auditorium 20 25 500 7.55 500
5 |Library Facility 9.07 6.87 62.31 3.35 62.31

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)

Dehumidified Air = RSH / (20.44 * dehumidified
rise)

Where,

ADP = apparatus due point

RSH = room sensible heat

Calculation for duct size/dimension:

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

b) 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.

c) Select initial velocity from table 1
Air flow rate
Duct Area = ——F—
Velocity

d) Select duct size/dimension from figure 6
also Equivalent duct diameter.

e) Then initial friction rate is determined by
using friction chart, on the basis of air
quantity and equivalent duct diameter or
velocity of air from figure 5.

Calculations for the list of rooms:
1. 120 seat lecture room

By pass factor = 0.12

Room temperature = 23°C

ADP =9°C

RSH =27078.65 W

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

Dehumidified Air = 27078.65 / (20.44 * 12.34)
=107.53 m3/min

Safety factor (5%) = 5.37 m3/min

Total dehumidified air = 112.90 m3/min = 113
m3/min

Cooling load = 12.39 tons

Initial Velocity=300m/min

air flow rate
Duct area=————F
velocity

=—2-0.38m?=4.09ft?

Duct size =26 * 24 inch = 650 * 600 mm
Equivalent duct diameter = 27.2 inch = 680 mm
Friction rate = 0.0514

2. 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 m3/min

Safety factor (5%) = 3.27 m3/min

Total dehumidified air = 68.77 m3/min = 69 m3/min
Cooling load = 7.16 tons

Initial velocity = 300 m/min

Duct area = = 0.23 m?= 2.47 ft? 300 69

Duct size =24 * 16 inch = 600 * 400 mm
Equivalent duct diameter = 21.3 inch = 532.5 mm =
530 mm

Friction drop = 0.0601

3 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 m3/min

Safety factor (5%) = 11.76 m3/min

Total dehumidified air = 247.14 m3/min = 247
m3/min

Cooling load = 24.69 tons

Initial velocity = 300 m/min

Duct area = %= 0.82 m? = 8.82 ft?

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

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

Friction drop = 0.0236

4 Auditorium.

By pass factor = 0.12

Room temperature = 23°C

ADP =9°C

RSH =101211.71 W

Room Rise = (1 —0.12)*(296 — 282)

=12.32

Dehumidified Air =101211.71 / (20.44 * 12.32)
=401.91 m3/min

Safety factor (5%) = 20.09 m3/min

Total dehumidified air = 422 m3/min

Cooling load = 50.14 tons

Initial velocity = 300 m/min

Duct area = 3->= 1.40 m? = 15.06 mft?

Duct size = 48 * 48 inch = 1200 * 1200 mm
Equivalent duct diameter = 52.6 inch = 1315 mm =
1300 mm

Friction drop = 0.0318

5. 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 m3/min

Safety factor (5%) = 2.29 m3/min

Total dehumidified air = 48.17 m?3/min = 48 m3/min
Cooling load = 5.57 tons

Initial velocity = 300 m/min

Duct area ==0.16 m?=1.72 ft?

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

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

Friction drop = 0.0318

RESULT ANALYSIS

The result analysis is based on the duct design of
the building with hand calculation and duct design
software like ductulator.

Duct size: To design the duct for building
calculation of cooling load and air flow rate is done.
By taking some suitable velocity considering noise
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factor main duct area is calculated. Based on these
duct area, the duct size is find out 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: 4 Cooling Load and dehumidified air for

respective room

SNo Room NAME Cooling Load (tons)| Dehumidified Air Flow (m/min) Type of unit used
(FCU/AHU)
1 1239 13 AHU
120Seat lecture room 1
2 7.16 69 AHU
Seminar Room
3 24.69 2647 AHU

Central Design Office

4 50.14 422 AHU
Auditorium

5 5.57 48 AHU
Library Facility

Table: 5 duct size comparison between hand
calculation and ductulator software

S.No

Room Hand calculation

Using software (ductulator)

1

120Seat lecture room 1|650%600 680]  0.0445|700*550 675

0.0487

2

Seminar Room 600*400 530]  0.0623|550*450 530]

0.0655

3

Central Design Office  |950*900 1000  0.0295/1000*850 1000

0.0303

4

Auditorium 1200*120 1300]  0.0195|1250*115¢ 1300

0.022

5

450*400 460|  0.0792(450*400 460

Library Facility

0.0822

1. 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.

2. Ansys 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.

pressure drop in rectangular duct
15.45

153 \

~.
~

2500

s ractangular duct

total pressure in pa

o 500 1000 1500 2000 3000 3500

duet length in mm

Figure: 7 Pressure drop in rectangular duct

pressure drop in circular duct

15.4

1539 =
- 1538 ~.
FELES) ~
= 15.
£ 1536 \\
7 1535 ~_
£ 1534 ~— s circular duct
F 1533
21532 ~.

: ~
1531
153
1] 500 1000 1500 2000 2500 3000 3500

duct length in mm

Figure:8 Pressure drop in rectangular duct
After studying the result (from Figure7 &
8) comes that circular duct has minimum friction
loss as compared to the rectangular duct.
CONCLUSION
e The following conclusion summarizes the
design work presented in this thesis:-
e The duct design for building is done, by using
All
software

equal friction method. values are

comparable with duct called
ductulator.

e 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.

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

e 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.

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

e Ansys 13.0 software is used to analyse 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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