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Why duct design is important

* The efficiency of air distribution systems
has been found to be 60-75% or less in
many houses because of insufficient
and/or poorly installed duct insulation
and leaks in the duct system. Properly
designed and installed duct systems can
have efficiencies of 80% or more for little
or no additional cost.
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* Duct systems that are undersized, are
pinched, or have numerous bends and
turns may lead to low air flow rates and
high air velocities.

* Low air flow rates cause the heating and
cooling equipment to operate inefficiently.

e High air velocities increase noise.
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Duct Design Objective

* The objectives of good duct design are
occupant comfort, proper air distribution,
economical heating and cooling system
operation, and economical duct
installation.

* The outcome of the duct design process
will be a duct system (supply and return
plenums, ducts, fittings, boots, grilles, and
registers) that provides conditioned air to
meet all room heating and cooling loads.
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¢ Sheet metals
e (Glass fibers

Duct materials

¢ Flexible nonmetallic
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Supply Duct Systems
o Supply ducts deliver air to the spaces that are to
be conditioned. The two most common supply
duct systems for residences are the trunk and
branch system and the radial system because of

their versatility, performance, and economy.

* The spider and perimeter loop systems are other
options.

SUPPLY DUCT CONFIGURATIONS

Trunk and Branch
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The trunk and branch system

* A large main supply trunk is connected directly
to the air handler or its supply plenum and

serves as a supply plenum or an extension to the
supply plenum.

e Smaller branch ducts and runouts are connected
to the trunk.

* The trunk and branch system is adaptable to
most houses, but it has more places where leaks
can occur. It provides air flows that are easily

balanced and can be easily designed to be

located inside the conditioned space of the
house.
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* The principal design limitation of the extended
Plenum system is the length of single-size trunk
duct To maintain reasonably uniform air

Pressures in the air-distribution system, the

length of a single-size trunk duct should be

limited to about 24 feet. When this length is

exceeded. pressure tends to build up toward the
end of the duct, resulting in too much airflow in
branches near the ends. And insufficient airflow

in branches closer to the equipment.
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Fig. 41. Extended plenum duct system, equipment centrally located
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Fig. 60 Typical section of reducing trunk system
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* A spider system is a more distinct
variation of the trunk and branch system.
Large supply trunks (usually large-
diameter flexible ducts) connect remote
mixing boxes to a small, central supply
plenum. Smaller branch ducts or runouts
take air from the remote mixing boxes to
the individual supply outlets. This system
is difficult to locate within the conditioned
space of the house.
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0 main supply trunk; branch ducts or runouts
that deliver conditioned air to individual supply
outlets are essentially connected directly to the
air handler, usually using a small supply plenum
The short, direct duct runs maximize air flow.
The radial system is most adaptable to single-
story homes. This system is normally associated
with an air handler that is centrally located so
that ducts are arranged in a radial pattern.
However, symmetry is not mandatory, and
designs using parallel runouts can be designed sc
that duct runs remain in the conditioned space
(e.g., installed above a dropped ceiling).
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PERIMETER LOOP SYSTEM

* A perimeter loop system uses a perimeter
duct fed from a central supply plenum
using several feeder ducts. This system is
typically limited to houses built on slab in
cold climates and is more difficult to
design and install.
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RETURN DUCT SYSTEMS

* Return ducts réemove room air and deliver it
back to the heating and cooling equipment
for filtering and reconditioning. Return duct
systems are generally classified as either
central or multiple-room return.

Jumper duct

RETURN AIR TECHNIQUES . ﬁ
. . . i 1
Closed interior doors create a return-air
blockage in systems with only one or two § ¥
returns. Grilles through doors or walls or N | grie
jumper ducts can reduce house pressures
and improve circulation.
‘ g&fg Supply|air
F_- .
Transfer grille Door undercut =
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RETURN SYSTEM

» Return air from each room supplied with
conditioned air, especially those that can be
isolated from the rest of the house (except
bathrooms and perhaps kitchens and mechanical
rooms). The ultimate return duct system ensures
that air flow is returned from all rooms (even
with doors closed), minimizes pressure
imbalances, improves privacy, and is quiet.
However, design and installation costs of a multi-
room return system are generally higher than
costs for a central return system, and higher
friction losses can increase blower requirements.
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CENTRAL RETURN SYSTEM

* Consists of one ormore large grilleslocated in central
areas of the house (e.g., hallway, under stairway) and
often close to the air handler. To ensure proper air flow
from all rooms, especially when doors are closed,
transfer grilles or jumper ducts must be installed in
each room.

o Transter grilles are through-the-wall vents that are
often located above the interior door frames, although
they can be installed in a full wall cavity to reduce noise
transmission. The wall cavity must be well sealed to
prevent air leakage. Jumper ducts are short ducts
routed through the ceiling to minimize noise transfer.
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%éritral return - Advantages

* Ductwork minimal:usually onelarge duct
witha relatively short run

Allows for sufficient air flow with a minimum
of air friction loss, thus minimizing blower
requirements

e Easy to install

e Often preferred with an open plan Permits
convenient air-filter servicing if a filtergrille is
used, especially if equipment is in an attic or
crawl space

e Generally less costly
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Central return - Disadvantages

* Generally noisier unless special acoustical
pro-Doors to individual rooms must be
undercut to Large duct may require a
special chase Large grille can be
unattractive visions Doors to individual
rooms must be undercut are made

e Doors to individual rooms must be
undercut to permit proper airflow

e Large duct may require a special chase
e Large grille can be unattractive
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Prelerred

Radiused throat promotes
smooth air flow

Angular throat causes
turbulent air flow

Monpreferred

Butted straight duct causes
most turbulence

Fig. 63. Effect of fitting design on air flow
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Fig. 64. Air flow in central returns
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A. Rounded Throat and Rounded Back.
B. Rounded Throat and Back and 2 Splitters.
C. Square Throat and Back and Turning Vanes.

Figure 3-4 OUTLET VELOCITY AND AIR DIRECTION DIAGRAMS FOR
STACK HEADS WITH EXPANDING QUTLETS
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Figure 5-14 TURBULENCE CAUSED BY
IMPROPER MOUNTING AND USE OF
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Figure 5-15 PROPER INSTALLATION OF

TUR

NING VANES

{Vanes do not have "trailing edges,” but have been moved
in the vane runner to remain tangent to the airstream.)
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Individual Returms

Advantages Disadvantages
¢ Good sound attenuation inherent to system of * Requires a second duct system, usually trunk
branch ductwork; quieter operation and branch similar to supply system
® Facilitates good air flow within individual ¢ Installation more complex usually requiring a
rooms. even with doors closed separate layout
¢ Provides better privacy, especiallyin bedmnms e Usually more costly to install

since doors need not be undercut

¢ Small branch ductwork easily concealed within
joist and stud spaces

¢ Small grilles less conspicuous
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Classification of duct systems

e Low pressure systems: Velocity <10 m/s,
static pressure <5 cmH,O(g)

* Medium pressure systems: Velocity <10 m/s,
static pressure < 15 cm H,O (g)

e High pressure systems: Velocity > 10 m/s,
static pressure 15<p < 25 cmH,O(g)
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e Recommended air velocities depend mainly on
the application and the noise criteria. Typical
recommended velocities are:
— Residences: 3 m/s to 5 m/s
— Theatres: 4 to 6.5 m/s
— Restaurants: 7.5 m/s to 10 m/s

e High velocities in the ducts results in:

— Smaller ducts and hence, lower initial cost and lower
space requirement

— Higher pressure drop and hence larger fan power
consumption

— Increased noise and hence a need for noise
attenuation
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L1m1t Noise Creation..
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Aerodynami f*—\\\\f’ s < f
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* f T Use Turning Vanes To
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e If nothing is specified, then a velocity of 5
to 8 m/s is used for main ducts and a
velocity of 4 to 6 m/s is used for the
branches. The allowable air velocities can
be as high as 30 m/s in ships and aircrafts
to reduce the space requirement.
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Bernoulli Eqg.

V& dP Where v =streamline (local) velocity , m/s
5T 7 + gz = const. (N*m/kg) p = absolute pressure , Pa N/mi

p =density, kg/m?

g = acceleration caused by gravity , m/s?

z =elevation, m

e For constant density

9 TR o, const
B-— | FRSSy * (N*m/kg)

0
e For Actual Duct

V2 V.2 g — (1
'012 +PR +9gp,2, —'0222 +P,+0p,Z, +Ap, .,

where V = average duct velocity m/s
A P, ., = total pressure loss caused by friction and dynamic losses

between sections 1 and 2 ,Pa
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On the left side of Equation (1), add and subtract P,; ; on the right
side,add and subtract P, , Where P,, and P,, are the values of
atmospheric air at heights z, and z, . Thus,

V2
p121 + Pl + ( P — pzl) +00.4;

,02\/22

+P, +(p,, = P,,) + 90,2, + AP, .,

Atmospheric pressure at any elevation ( p,; and p,, ) expressed in
terms of the atmospheric pressure p, at the same datum elevation is
given by

Pz1 = Pa — 8La%1
P22 = Pa = 8£a4 %
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\/.2 \/.2
APy, = (P, + pzl )—(p,, + "22 )+9(0, - p)Z, - 2,)
Apt,I-Z =Apt + Apse
Apt =Apt,1-2 + Apse """ (2)

where p,; =static pressure, gage at elevation z,, Pa
p,, = static pressure, gage at elevation z,, Pa

V, =average velocity at section 1, m/s
V, =average velocity at section 2 , m/s
0, =density of ambient air , kg/m?

0 = density of air or gas in duct, kg/m?

Ap,. =thermal gravity etfect, Pa

Ap, = total pressure change between sections 1 and 2, Pa

Ap, 1., = total pressure loss caused by friction and dynamic losses
between sections 1 and 2, Pa
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The total pressure change caused by friction , fittings,
equeipment, and net thermal-gravity-effect(stack-etfect)-for-each
section of a duct system is calculated by the following eqution :

m n A
Ap, =Ap; + ZApij + zApik 7 ZApseir
j=1 k=1 r=1

fori=12,....... , Nyt Ny,
where Ap, =net total pressure change for i-section , Pa
Apg; = pressure loss due to friction for i-section , Pa
Ap; = total pressure loss due to j-fittings, including fan system effect (FSE)
, for i-section , Pa
Ap; = pressure loss due to k-equipment for i-section , Pa
Aps.. = thermal gravity effect due to r-stacks for i-section, Pa
m = number of fittings within i-section
n =number of equipment within i-section
A =number of stacks within i-section
n,, = number of duct sections upstream of fan (exhaust/return air subsystems)

n,, = humber of duct sections downstream of fan (supply air subsystems)
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= Ap+Ap; +Ap,+ Ap, + Ap. + Ap,
¢ = Apy+Apy +Apy+ Apg + Apg+ Apg
, = Apy+Ap, +Ap,+ Ap, + Apg

¢ = Apy+Apy + Apg+ Apg+ Aps

¢ = Apy+Apy +Apg+ Ap, + Ap,

.= Ap,+Ap, +Apy + Apg
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Type of air duct

o Supply duct. Conditioned air is supplied to the
conditioned space.

* Return duct. Space air is returned (1) to the fan
room where the air-handling unit is installed or
to the packaged unit.

* Qutdoor air duct. Outdoor air is transported to
the air-handling unit, to the fan room, or to the
space directly.

o Exhaust duct. Space air or contaminated air is
exhausted from the space, equipment, fan room,
or localized area.
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@z24%% Pressure characteristics
of a fan duct system
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f"‘ %?2 x 6 A '? Various types ot air duct: (a)
T rectangular duct; (b) round duct
with spiral seam; (c) flat oval

duct; (d) tlexible duct.
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e For the space available between the structural
beam and the-ceiling-in-a-building;rectangular
ducts have the greatest cross-sectional area.
They are less rigid than round ducts and are
more easily fabricated on-site. Unsealed
rectangular ducts may have an air leakage from
15 to 20 percent of the supply volume flow rate.
Rectangular ducts are usually used in low-
pressure systems.

e For a specified cross-sectional area and mean air
velocity, a round duct has less fluid resistance
against airflow than rectangular and flat oval
ducts. Round ducts also have better rigidity and
strength.


http://www.nctu.edu.tw/

721&*%

m‘iotmef tiao Tung Uni

e Flat oval ducts have a cross-sectional shape between
rectangular and round. They share the advantages of both the
round and the rectangular duct with less large-scale air
turbulence and a small depth of space required during
installation. Flat oval ducts are quicker to install and have
lower air leakage because of the factory fabrication.

* Flexible ducts are often used to connect the main duct or the
diffusers to the terminal box. Their flexibility and ease of
removal allow allocation and relocation of the terminal devices.
Flexible ducts are usually made of multiple-ply polyester film
reinforced by a helical steel wire core or corrugated aluminum
spiral strips. The flexible duct should be as short as possible,
and its length should be fully extended to minimize flow
resistance.
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Noncircular Ducts
A momentum analysis can relate average wall shear stress to
pressure drop per unitlength.for fully developed.turbulent flow.in

a passage of arbitrary shape but uniform longitudinal cross-
sectional area. This analysis leads to the definition of hydraulic

diameter : D,=4A/P
where Dy =hydraulic diameter , mm
A =duct area , mm?
P = perimeter of cross section, mm

Rectangular Ducts. Huebscher(1948) developed the relationship
between rectangular and round ducts that is used to determine size
equivalency based on equal flow , resistance , and length .

_ 1.30(ab)®*®
e (a + b)0.250

where D, = circular equivalent of rectangular duct for equal
length , fluid resistance, and airflow , mm

a =length one side of duct, mm
b =length adjacent side of duct, mm
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Flat Oval Ducts. To convert round

Table 1 Duct Roughness Factors ducts to flat oval sizes, the circular
Duct Material T}ﬂ“ég::::f lej‘ghhsl?ez:ihﬂ equlvalent Of d flat Oval dUCt fOI‘
Ul e atbon s clean (Moody 134 Smooth 03 equal airflow, resistance, and length.
L s 2948
006 ) p025

Galvanized steel, longitudinal seams, 200 mm  Medium- 0.09
joints (Griggs et al. 1987) (0.0510 0.10 mm)  smooth

Galvanized steel, continuously rolled, spiral Where AR iS the CI‘OSS-SECtiOHal aread
seams, 3000 mm joints (Jones 1979)(0.06 to .

0.12 mm) of flat oval duct defined as
Galvanized steel, spiral seam with 1, 2, and 3 5

ibs, 3600 mm joints (Griggs et al. 1987 — -

U000ty AR=(na*/4)+(A-a)
Galvanized steel, longitudinal seams, 760 mm  Average 0.15 . .

foints (Wright 1945) (0.1 mm) and the perimeter P is calculated by
Galvanized steel, spiral, corrugated, 3600 mm  Medium- 0.9

joints (Kulkarni et al. 2009) (0.74 mm) rough B=N7tq + 2 ( A—a )

Fibrous glass duct, rigid

Fibrous glass duct liner, air side with facing
material (Swim 1978) (1.5 mm) where
Flexible duct, fabric and wire, fully extended )
Fibrous glass duct liner, air side spray coated Rough 3.0 P= perlmeter Of flat Oval du ct , mm

(Swim 1978) (4.6 mm)
Flexible duct, metallic (1.2 to 2.1 mm when

flly extended) A = major axis flat oval duct, mm
Concrete (Moody 1944) (1.3 to 3.0 mm)

a = minor axis of flat oval duct, mm
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[' Mz38 %% Eyaluation of frictional
pressure drop in ducts

The Darcy-Weisbach equation is one of the most commonly used
equations for estimating frictional pressure drops in internal flows.
This equation is given by: L pV?2 )

Ap; = f D ( 2
where f is the dimensionless friction factor, L is the length of the
duct and D is the diameter in case of a circular duct and hydraulic
diameter in case of a non-circular duct. The friction factor is a
function of Reynolds number, Re, = p VD/u and the relative
surface roughness of the pipe or duct surface in contact with the
fluid. For turbulent flow, the friction factor can be evaluated
using the empirical correlation suggested by Colebrook and White
is used, the correlation is givenby: 1 £, 251 ,
NG 3.7D  (Rep)y T
where ¢ is the average surface roughness of inner duct expressed
in same units as the diameter D.
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e Reynolds identified two types of fluid flow in 1883 by
observing the behavior of a stream of dye in a water
flow: laminar flow and turbulent flow. He also
discovered that the ratio of inertial to viscous forces is
the criterion that distinguishes these two types of fluid
flow. This dimensionless parameter is now widely
known as Reynolds number Re, or

Re = pvL/u
where density of fluid, (kg /m?)
— v velocity of fluid, (m/s)

— L characteristic length, ft (m)
— p viscosity or absolute viscosity, 1b / ft s (N s/m?)
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T~ Laminar

flow

e For Laminar flow

— Parabolic profile

e For turbulent flow

v ( v )lﬂ
Vow O\ R
where v, = maximum air velocity on centerline of air duct, fpm (m/s)
R = radius of duct, ft (m)

The mean air velocity v, lies at a distance about 0.33R from the duct wall.
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IRD) AT Chitno Tung Un Galvanized Iron (Gl) sheet 0.00015
Concrete 0.0003 to 0.003
Riveted steel 0.0009 to 0.009

Cast Iron (CI) 0.00026

Commercial steel 0.00046

Average surface roughness of commonly used duct materials

* In general in air conditioning ducts, the fluid flow is turbulent. It
is seen from the above equation that when the flow is turbulent,
the friction factor is a function of Reynolds number, hydraulic
diameter and inner surface roughness of the duct material.

Table 2 shows absolute roughness values of some of the
materials commonly used in air conditioning.

o Of the different materials, the GI sheet material is very widely
used for air conditioning ducts. Taking GI as the reference
material and properties of air at 20°C and 1 atm. pressure, the
frictional pressure drop in a circular duct is given by:

0.022243Q%2%2L

alr

Ap; = D4973 (N/ m)
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Dynamic losses in ducts

* Dynamic pressure loss-takes-place-whenever-thereis-a-change
in either the velocity or direction of airflow due to the use of a
variety of bends and fittings in air conditioning ducts. Some of
the commonly used fittings are: enlargements, contractions,
elbows, branches, dampers etc.

 Normally these fittings and bends are rather short in length (<
1 m), the major pressure drop as air flows through these
fittings is not because of viscous drag (friction) but due to
momentum change.

e In turbulent flows, the dynamic loss is proportional to square

of velocity. Hence these are expressed as: Ap, = K pV*
2

* where K is the dynamic loss coefficient, which is normally
obtained from experiments
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Sometimes, an equivalent length L, is defined to
estimate the dynamic pressure loss through bends and
fittings. The dynamic pressure loss is obtained from the
equivalent length and the frictional pressure drop
equation or chart, i.e.,

pV° _ fLegy pV°
5 ) = (55 )

eq

Apd i K(

where f is the friction factor and L, is the equivalent
length
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Design Velocity

* Insupply main ducts v, .. usually does not
exceeds 3000 fpm (15 m/s). Airflow noise must be
checked at dampers, elbows, and branch takeoffs to
satisty the indoor NC range.

* In buildings with more demanding noise control
criteria, such as hotels, apartments, and hospital
wards, in supply main ducts usually v,,... 2000 to
2500 fpm (10 to 12.5 m/s), in return main ducts v, ..
1600 fpm (8 m/s), and in branch ducts v, .. 1200

fpm (6 m/s).
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Turns, bends or elbows:

* The most common-type-of-bends-used-in-air-conditioning
ducts are 90° turns shown in the Fig. A. Fig. B denotes
turning vane to reduce turning loss.

Fig. B, Use of turning vanes in a 90° bend (elbow)
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Branch take—offs & Branch entries
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Figure - A branch entry
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FITTING LOSS COEFFICIENTS

ROUND FITTINGS

CD3-9 Elbow, 5 Gore, 90 Degree, r/D=1.5

Domm 75 150 230 300 380 450 530 600 690 TS0 1500

C, 051 028 021 018 016 015 014 013 012 012 012

CD3-1 Elbow, Die Stamped, 90 Degree, r/iD = 1.5

CD3-10 Elbow, 7 Gore, 90 Degree, r/D =15

D, mm 75 150 130 300 380 450 690 1500

Cy 0.16 0.12 0.10 0.08 0.07 0.06 0.05 0.03

D, mm 75 100 125 150 180 200 230 250
o 0.30 0.21 0.16 0.14 0.12 0.11 0.11 0.11 _ri
o Q
CD3-3 Elbow, Die Stamped, 45 Degree, r/D = 1.5 [—— .
D, mm 75 100 125 150 180 200 230 250 45
C, 0.18 0.13 0.10 0.08 0.07 0.07 0.07 0.07 _17
Q
D —
A
_l—o
Jr
CD3-5 Elbow, Pleated, 90 Degree, riD = 1.5
D, mm 100 150 200 250 300 350 400
5 5 5
C, 0.57 0.43 034 0.28 0.26 0.25 0.25 ‘rf 90"
D L
[
L 1
CD3-7 Elbow, Pleated, 45 Degree, r/D =1.5 .
D, mm 100 150 200 250 300 350 400 45
Cy 0.34 0.26 021 0.17 016 015 0.15

CD3-12 Elbow, 3 Gore, 90 Degree, r/D =075 to 2.0
rD 0.75 L0 1.50 200
Ca 0.54 0.42 0.34 033

CD3-13 Elbow, 3 Gore, 60 Degree, r/D=1.5

Domm 75 150 230 300 380 450 530 600 690 70 1500

C, 040 021 0l 014 012 012 011 010 009 009 0.09

o

CD3-14 Elbow, 3 Gore, 45 Degree, r/D=1.5

Domm 75 150 230 300 380 450 530 600 690 750 1500

G, 031 017 013 011 011 009 008 008 007 007 0.07

©
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Sudde Enlargement/Contrac’uon
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ED4-1 Transition, Round te Round, Exhaust/Return Systems | 'D1-1 Duct Mounted in Wall V

C, Values N _ /

A 3 ® o ™ C, Values t - /

44, 0 3 5 10 15 20 30 45 60 90 120 150 180 LD I < — —
0063 0.0 0.8 0.18 020 029 038 0.60 0.84 088 088 088 088 0.88 tD 0.0 0002 0.01 005 040 020 030 050 100 a
0.10 00 020 0.8 020 027 038 0.59 076 080 083 084 083 0.83 000 050 057 068 080 08 092 097 100 100 Ao
0.167 00 0.8 0.7 018 025 033 048 066 077 074 073 073 0.72 002 050 051 052 055 060 066 069 072 0.72
025 0.0 020 017 016 021 030 046 061 068 064 063 06 062 005 050 030 050 050 050 050 050 050 050 = 3 SAASSSEASAASASE
050 00 015 013 011 0.13 019 032 033 033 032 031 030 030 1000 050 050 050 050 050 050 050 050  0.50 L— L—-//;
100 00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 000 0.00 / Lo
200 00 030 026 021 0.19 0.19 0.19 023 027 051 073 080 095 Z

400 00 160 114 075 070 070 070 090 100 278 429 563 653

600 00 389 302 173 L58 158 158 212 2.66 6.62 10.01 13.03 1512
1000 00 1180 930 530 500 500 500 645 7.90 19.00 28.50 36.70 4270 D1-3 Bellmouth, with Wall

V.
riD 00 001 002 003 004 005 006 008 010 042 016 020 100 ,/;
C, 050 044 037 031 026 022 020 015 0.2 009 0.06 0.03 0.03 (

ED4-2 Transition, Round to R lar, Exhaust/Return Systems /\/ T

€, Values o L L | < o Fan Q D
] [ H. L Ao

Agidy 0 3 5 0 15 20 0 45 &0 90 120 150 180 l

0063 00 017 019 0.30 046 053 0.64 077 088 095 095 094 0.93

o1 00 p17 0.19 030 045 053 064 075 084 080 0890 089 (.88 t

0.167 00 018 019 030 044 053 063 072 078 079 079 079 079 \

025 00 016 0.18 0.25 036 045 052 0.58 062 064 064 064 0.64 L NN r

050 00 014 014 015 022 025 030 033 033 033 032 031 030 __a i 9 T N

Lon 00 gpo 0.00 0.00 000 0.00 0.00 0.00 oo 0.00 0.00 0.00 0.00 i"’ ? " L

200 00 030 027 0.26 028 025 019 023 027 052 075 091 0.5 \j\

400 00 160 114 084 085 086 076 090 109 278 430 565 655 D2-1 Conical Diffuser, Round to Plenum, Exhaust/Return Systems

600 00 389 3.04 184 177 178 LT3 218 267 6.67 1007 13.09 1518

11_{,00 0.0 1180 931 540 518 515 505 644 794 19.06 2855 3675 42.75 €, Values
LiD,
Ayd, 05 10 20 30 40 50 &0 80 10.0 120 14.0 aQ
) TO <
Lo 000 000 000 000 000 000 000 000 000 0.00 000 2 Hy x W,y FAN
ED5-1 Wye, 30 Degree, Converging L5 003 002 003 003 004 005 006 005 010 011 013

2.0 0.08 006 004 004 004 005 005 006 0.08 009 0.10
2.5 013 009 006 006 006 0.06 0.06 006 007 008 0.09

za)

D=0y (25 mm i or 300 i max) 30 017 012 009 007 007 006 006 007 007 008 008
D, D 40 023 017 012 010 009 0.08 008 008 008 0.08 0.08
a, I‘][ 60 030 022 016 013 012 010 010 009 009 009 0.08
r l: —= %— 80 034 026 018 015 013 012 011 010 0.09 009 0.09
o, 10.0 0.3 028 020 016 014 013 012 011 010 0.00 0.09
140 039 030 022 018 016 014 013 012 010 010 0.10
y 200 041 032 024 020 017 015 014 012 011 011 0.10
Y 1000.0 041 032 024 020 017 015 014 012 011 011 0.10

Optimum Angle 6, degrees
C, Values A4, 05 10 20 30 4D 50 60 &0 10.0 120 140
0,10, c o 0 o0 ©0 ©0 0 0 0 0 0 0
Agfd, Apid, 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 L5 17 m 65 45 35 28 22 L7 12 10 08
20 21 14 B3 62 50 43 38 30 23 20 16

01 0.1 1325 180 0.01 035 0.75 054 0.8 091 0.97

02 56,10 -10.12 280 063 0.19 053 069 075 0.78 25 25 16 10 74 60 54 48 40 35 30 25
03 —127.28 2381 731 244 .59 0.19 0.52 0.66 0.70 30 .27 17 11 &5 70 61 56 48 42 38 32
04 —226.84 4288 1355 480 —L61 0.2 038 0.62 0.68 40 29 20 13 98 80 72 66 58 52 48 44
05 35479 §734 2152 7.98 236 —0.69 024 061 0.70 60 31 21 14 11 94 82 T4 62 56 52 47
06 51113 9721 a1 _1L73 435 1 0.11 0.64 0.77 80 32 22 15 12 10 &8 80 66 58 354 S50
0.7 —695 87 —13247 4266 -16.13 —6.08 -1.84 0.00 071 0.89 13 33 15 12 11 94 84 70 6.2 55 52

. 23
0.8 —508.01 -173.14 —55.83 =21.17 —8.05 -2.51 -0.12 0.82 1.05 140 33 24 16 13 11 96 &7 73 63 56 54
0.9 —1151. -21920 —70.73 —26.87 -10.27 -3.25 -022 097 1.26

1.0 —1420. —270.66 —87.36 —33.21 —12.72 —4.05 031 1.15 1.51 20.0 34 ﬁ ig ig H g: gg ;; gg gg ;g
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Darcy-Weaisbach friction factor £

TIPS 3

iao Tung University

WO for water at 20°C (Vinmes, Oinom)

[1f= ] %] = (o] a8 O0= 1 & 4 [ 2 m =D 4 L] 1o 200 400 arE 110 210 4mEn B0 1oaea
L1 1 1 L1 1 1 S [N N (N [N IS N I N N E— I - SN I I E—
VD 1or atmosgpheric air at 20°C
2 4 a a o 40 Ba [=1] 1 ] =00 &an 1005 200 L[] 2000 10C=10 2000 40000 S0]00 1 =10
1|:|" ] 1 ] | ] 1 ] 1 ] 1 1 ] ] ] 1 1 1 ] | 1 1
T T L I | T \‘.I T T T 3F I T T T T LR I | T T T T LR I T T T 1] e
Laminar —x Crtical — | | Transfionzone | —k—| Complete urbukence, rough plpes, & = 35000 14 =114 -2 logr

9 o — 200E -'-"'-—-.-_.___ et \‘k e — . .

4 [Lr=—1L 1171 — . - o.08
-.__H___‘ A .
= h -

- - ol B ] o -{ 0.0
% Y 0.045
\-‘ | = 0.04
25, SN R R ~ 0.0
— $ 0.0z
i E— ""\-_‘-
— o 0.025
T ooz T
e 0.0175 E
s 001s
= .____.""'"'--.._, 0.0125 O
' Q oM E
23 - oo E
\“"-.\.__‘ .E
! 000 W
RS
B B [ e wigy
|- ! oo
1 agmE =
28 |
L1 matenal & {rnrm} I~ ﬁ
- aome 2
RAlwefed steal 0.B-8 a | =
Concrete 0.3-3 \_\% 0.004% g’.\
2 - wiood stave 0.18-0.8 ooy o
Casztiron 0.25 L |:|.u|:-:»a L
18 Galvanized Imn 015 | ’ =
Asphalted cast Iron 0,12 { 1] 0.0005 {g
| | 1] Gmertumea e, S o &
g : | AN = 2 logiR ) - 0.8
4 Fluid at 20°C v (m/a) )
0.0002
Hagen-Palszaulliz equation 1
Alr (101,325 kPa: 1'2119_032 R =220, 1 - I
“3..
12 rao. ] : - 0,000
Colkebrook equation, / 2 2300 [t
Latitude (WiES24 m's [ ! +
¢ ) gl 1A = -2 l0gir /A7 + 251R T — o o [
1|:|_2 | 0.0% Sea lays] B.7EOE 11 | N RN T
455 Standard  B.8066S Cortinuty equation, & = 4V T — {
gLl || s00" sealevel  sE3218 LA =a DM, ¥ =400z 0% A aREN Ze-0an
gl 1 | | I | 1 R N A | | 1 R -‘-‘-1-"""- 1 I ' 1005
678 4 B3 4 5 BTE 2 3 4 BsTE yzg 3 4 5 BETE 0 23 a4 5BTE
I _ ; ; ; 2 Metzger & Willard, Inc.
Meoody Diagram Reynolds numbar A = - (Vinms, Dinm, vinm®s) it v myetzzgeratard.cam
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0.09 mm)

1.2 kg/m3and &=

Friction Chart for Round Duct (p
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Natioral Chiao Tung University / SYSTEM CURVE

CALCULATED DUCT SYSTEM
CURVE WITH NO ALLOWANCE
FOR SYSTEM EFFECT

-

| —SYSTEM EFFECT LOSS
AT DESIGN VOLUME

i )

AL_.._/
SYSTEM
EFFECT AT

£
@ |ACTUAL FLOW
@ FAN
g VOUME PRESSURE-VOLUME
}"/ BLAST AREA EES‘F“RGE - x
CUTOFF | —OUTLET AREA / %
i
[=]
2 | DEFICIENT 7
?/ = 1 PERFORMANCE
/ | ?’ [+— DESIGN VOLUME —

Deficient System Performance with System
ey Effect Ignored (1)

75%

FAN HOUSING
GENTRIFUGAL 100% EFFECTIVE DUCT LENGTH

H—=2 2 9
i

=D D B

(1 )Establishment of Uniform Velocity Profile
in Straight Fan Outlet Duct(Adapted by permission AMCA Publication201)

M,

Fitn %
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Flow Resistances
Connected in

Series

F AP -

= Apyp+Apsy

v

Ap, = Apyz + Apn + - - - + Ap,

=(R,+ Ry + -+ R)V=RV? (17.59)
where R .. Ry, . . . R, = flow resistances of duct sections 1, 2, . . . , s, in. WC/{cfm)* (Pa-s*/m°®)
Ap.. Aps,. - . ., Ap, = total pressure losses across Hlow resistances Ry, R, . . . (K, in. WC
(Pa)
Vs Vaao - . . .V, = volume flow rates of air flowing through resistances Ry,, Ry, . . . .

R_. cfm (m*/s)

The flow resistance of the duct system R, is equal to the sum of individual flow resistances of duct
sections connected in series, or

R =R,+Ry+---+R, (17.60)

fluhn
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Flow Resistances " =
COnIIECted in L’wffwf’cﬂ!"‘i’a -

Parallel -

Ap f.r’ ! _,,‘ELF
ya p"
2
Z4

)

v V", cfm
VeV, 4 Vot -4V,

Apya ,\jﬂPlz Apy,
= + + -+ '\ll— 17.61
’\j R, Rg R ( )

where Apy; = total pressure loss between planes 1 and 2, in. WC (Pa)
R, Ry ... .R, = flow resistance of duct sections A. B, . . . , n, in. WC/{cfm)?

As for the entire duct, V = YAp,/R,. Here R, represents the flow resistance of the entire duct
whose sections are in parallel connection. Then

P T (17.62)

YRy  Rg VR

1
VR,

P


http://www.nctu.edu.tw/

©) L EEES Velocity method

e Select suitable velocities in the main and branch ducts

* Find the diameters of main and branch ducts from airflow rates
and velocities for circular ducts. For rectangular ducts, find the
cross-sectional area from flow rate and velocity, and then by
fixing the aspect ratio, find the two sides of the rectangular duct

e From the velocities and duct dimensions obtained in the
previous step, find the frictional pressure drop for main and
branch ducts using friction chart or equation.

* From the duct layout, dimensions and airflow rates, find the
dynamic pressure losses for all the bends and fittings

e Select a fan that can provide sufficient FIP for the index run

e Balancing dampers have to be installed in each run. The damper
in the index run is left completely open, while the other
dampers are throttled to reduce the flow rate to the required
design values.
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e Using the following figure shows a typical
duct layout. Design-the-duct system-using

Velocity method,
2m’ls 1 mds
IR
fe—15 m—t= i m—--'D—IS r“—"F Jm
4 c ) e )
A Y
Fan B ;E
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a) Velocity method: Select a velocity of 5 m/s for the downstream and
branches. Then the dimensions of various duct runs are obtained as shown

below:

Segment A: Flow rate, Qa = 4 m°/s and velocity, Va =8 m/s

— cross-sectional area Ap = Qp/\Vp=4/8=0.5 m? = Dega =0.798 m (Ans.)

Segment B: Flow rate, Qg = 1 m>/s and velocity, Vg = 5 m/s

— cross-sectional area As = Qe/Vg = 1/5=02m* = Deqe = 0.505 m (Ans.)

Segment C: Flow rate, Qc = 3 m°/s and velocity, Ve =5 m/s

— cross-sectional area Ac = Qc/Ve =3/5=06 m’ = Deqa=0.874 m (Ans.)

Segment D: Flow rate, Qp = 2 m®/s and velocity, Vp =5 m/s

— cross-sectional area Ap = Qp/Vp=2/5=04 m’ = Deqp =0.714 m (Ans.)

Segments E&F: Flow rate, Qer = 1 m®/s and velocity, Ver = 5 m/s

— cross-sectional area Agr = Qe e/Vep=1/5=0.2 m? = Dega=0.505m (Ans.)
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Calculation of pressure drop:

Section A-B:

APpg = APps+ APy + APyp + APyt

where APar and APgf stand for frictional pressure drops in sections A and B,
respectively, AP, is the dynamic pressure drop from upstream to branch and
APeyit Is the dynamic pressure loss at the exit 1.

The frictional pressure drop is calculated using the equation:

0.022243 Qqir 2% L _ 0.022243x4"852x15

ﬁpAfI =13.35 Pa

£ 0.022243 Qg ®°2L  0.022243x1"852x6

AP f = D4.973 0.5054-973 =399 Pa
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The dynamic pressure drop from upstream to branch is given by:

V 2
APu.b = cuh[p 2“ ] 0.3{1'2;5 }:12 Pa

The dynamic pressure drop at the exit is given by:

2
V 1.2Xx5
ﬂpexlﬂ—cexlt{p 1 } 1-”[ > ]215 Pa

2
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~ Hence total pressure drop from the fan to the exit of 1 is given by:
APag = APpas+ APps+ APy + APgyir = 13.35+3.99+12+15 = 44.34 Pa
In a similar manner, the pressure drop from fan to 2 is obtained as:
APpcp=APps+ APcs+ APps+ APyp + APyg + APeyit
APa.c.p = 13.35+3.99+2.57+12+4.5+15 = 51.41 Pa
Pressure drop from fan to exit 3 is obtained as:
APp.cgr = APp s+APC s+APg s+ APE s+AP g c+APy.d e+ AP elbow AP exit
APac.eF = 13.35+3.99+11.97+3.99+4.5+4.5+12+15 = 69.3 Pa

Thus the run with maximum pressure drop is A-C-E-F is the index run. Hence th
FTP required is:

FTP = APac-er=69.3 Pa (Ans.)
Amount of dampering required at 1 = FTP - APag = 24.96 Pa (Ans.)

Amount of dampering required at2 = FTP - APa.c.p = 17.89 Pa (Ans.)
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* The velocity method is one of the simplest ways of
designing the duct system for both supply and
return air. However, the application of this method
requires selection of suitable velocities in different
duct runs, which requires experience. Wrong
selection of velocities can lead to very large ducts,
which, occupy large building space and increases
the cost, or very small ducts which lead to large
pressure drop and hence necessitates the selection
of a large fan leading to higher fan cost and
running cost. In addition, the method is not very
efficient as it requires partial closing of all the
dampers except the one in the index run, so that the
total pressure drop in each run will be same.
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Equal friction method

* In this method the frictional pressure drop
per unit length in the main and branch
ducts (Ap/L) are kept same, i.e.,

Ape . AR _ AP, _ AP,
(L)A_(L)B_(L)c_(L

), S
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e Equal friction method is simple and is most widely
used conventional method. This method usually
yields a better design than the velocity method as
most of the available pressure drop is dissipated as
friction in the duct runs, rather than in the balancing
dampers. This method is generally suitable when the
ducts are not too long, and it can be used for both
supply and return ducts. However, similar to
velocity method, the equal friction method also
requires partial closure of dampers in all but the
index run, which may generate noise. If the ducts are
too long then the total pressure drop will be high
and due to dampering, ducts near the fan get over-
pressurized.
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e For example, let the duct run A-C-G-H be the index

run and the total pressure drop in the index run

is 100

Pa. If the pressure drop in the shortest duct run (say

A-B) is 10 Pa, then the damper in this run has to

be

closed to provide an additional pressure drop ot 90 Pa,
so that the required airflow rate to the conditioned
zone 1 can be maintained. Similarly the dampers in

the other duct runs also have to be closed partial
that the total pressure drop with damper partiall

ly, so
Y

closed in each run will be equal to the pressure drop in

the index run with its damper left open fully.
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* Select a suitable frictional pressure drop per
unit length (Ap¢/L)-so-that.the.combined
initial and running costs are minimized.

* Then the equivalent diameter of the main
duct (A) is obtained from the selected value
of (Ap¢/L) and the airflow rate. As shown in
previous figure, airflow rate in the main
duct Q, is equal to the sum total of airflow
rates to all the conditioned zones, i.e.,

Q. =Q,+Q,+Q,+Q, +Q, = 2Q
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* From the a1rﬂow rate and (Ap¢/L) the equivalent
diameter of the main duct (D, 4) can be obtained
either from the friction chart or using the frictional
pressure drop equation, i.e.,

0.0222430Q), %%

Deq,A _( Apf
( L )A

* Since the frictional pressure drop per unit length is
same for all the duct runs, the equivalent diameters of
the other duct runs, B to I are obtained from the

)4973

equation: QLee? QL2 0852

(

D 4.973)A= (D 4.973)3 q (D 4.973)c=...

eq eq €q
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o [f the ducts are rectangular, then the two sides of the
rectangular duct of each run are obtained from the
equivalent diameter of that run and by tixing aspect
ratio as explained earlier. Thus the dimensions of the
all the duct runs can be obtained. The velocity of air
through each duct is obtained from the volumetric
flow rate and the cross-sectional area.

e Next from the dimensions of the ducts in each run, the
total frictional pressure drop of that run is obtained by
multiplying the frictional pressure drop per unit
length and the length, i.e.,

A Y
Iof) L, 4P, (Ef

AP, = ( )e-Le
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* Next the dynamic pressure losses in each duct
run are obtained based on the type of bends or
fittings used in that run.

* Next the total pressure drop in each duct run is
obtained by summing up the frictional and
dynamic losses of that run, i.e.,

AP =Apps+ Apga APp=App+ Ap,p

* Next the fan is selected to suit the index run with
the highest pressure loss. Dampers are installed
in all the duct runs to balance the total pressure
loss.
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Using the following figure shows a typical duct
layout. Design.the duct system using Equal
Friction method,

2mdls 1 mds
2 3
le—15 m—f——1p m—--"'D—l& r“—'-F Jm
4 c ) & )
A )|

Fan

1 mls 1)
N,
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b) Equal Friction Method:

The frictional pressure drop in segment A is given by:

AP A 0.022243Qqr %52 0.022243x4"852

4573 3 7954973 = 0.89 (Pa/m)

LA

The frictional pressure drops of B, C, D, E and F should be same as 0.89 Pa/m
for Equal Friction Method. Hence, as discussed before:

1.852 £ 1.852 1.852
Q Q Q

4,973 B 4,973 B 4,973
Deq Deq Deq

A B c
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[1.352)
Qg |\ 4.973
D =D — =0.4762m
eq,B eq,A(QAJ
{1.352)
Deg,c = qu[Q—C} Y~ 0.717m
1 L] QA
(1.352)
Qp 4973
D =D — =0.6164m
Eq,n Equ[QA]
[1.352)
Qg | 4.973
Deqe =Deqr =Deq,A[ﬂJ =0.4762m
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“‘f @ Calculation of total pressure drop:
) Noat

- From fan to 1:
APpg = APps+ APgs + APy + APeyit
APpg=13.35+534+151+18.9=52.69 Pa
From fan to 2:
APacp = APas+ APct+ APps+ APyqc + APyp + APeyit
APacp=13.35+10.68 + 5.34 + 9.94 + 21.55 + 26.9 = 87.76 Pa
From fan to exit 3:
APa.c.eF = APas+APc s+APE s+ APF #+APu.d,c*APu.d E¥APelbowtAPexit
APpcer=13.35+10.68 + 16.02 + 5.34 + 9.94 + 5.67 + 15.1 + 18.9 =95 Pa
As before, the Index run is from fan to exit 3. The required FTP is:
FTP = APacer=95Pa (Ans.)
Amount of dampering required at 1 = FTP - APag = 42.31 Pa (Ans.)

Amount of dampering required at 2 = FTP - APa.c.p = 7.24 Pa (Ans.)
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From the example, it is seen that the Velocity
method results in larger duct diameters due to
the velocities selected in branch and downstream.
However, the required FTP is lower in case of
velocity method due to larger ducts.

Equal Friction method results in smaller duct
diameters, but larger FIP. Compared to velocity
method, the required dampering is more at outlet
1 and less at outlet 2 in case of equal friction
method.
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Pertformance of duct systems

e For the duct system with air in turbulent flow,
the total pressure loss (Ap;) is proportional to the
square of flow rate; i.e.,

o Total pressure drop, AR « (Q)’
or , total pressure drop ,4P =C(Q)’

Apt

Variation of total pressure drop with flow rate for a given duct system
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* To overcome the ﬂuid friction and the resulting head, a fan is
required in air conditioning systems. When a fan is introduced
into the duct throughwhich-airis flowing, thenthe static-and
total pressures at the section where the fan is located. This rise is
called as Fan Total Pressure (FTP). Then the required power
input to the fan is given by: b Q FTP

air”

H tan

e The FTP should be such that it overcomes the pressure drop of
air as it flows through the duct and the air finally enters the
conditioned space with sufficient momentum so that a good air
distribution can be obtained in the conditioned space. Evaluation
of FTP is important in the selection of a suitable fan for a given
application. It can be easily shown that when applied between
any two sections 1 and 2 of the duct, in which the fan is located,

the FTP is given by: S AN e v

fan

+09(2, —2,) + pgH,
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Fan

e A fan is the prime'mover-of-an-airsystem-orventilation
system. It moves the air and provides continuous airflow
so that the conditioned air, space air, exhaust air, or
outdoor air can be transported from one location to another
through air ducts or other air passages.

e A fanis also a turbomachine in which air is usually
compressed at a compression ratio R, not greater than
1.07. The compression ratio, dimensionless, is defined as

Pdis

pE'LI.I.'.Z
* where P4, discharge pressure at outlet of compressor or
fan, Ibf/in.? abs. or psia (kPa abs.) P,,. suction pressure at
inlet of compressor or fan, psia (kPa abs.)

R =

COI
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Fan

e Fan Capacity or-Velume-Flow-Rate

* Fan Pressure

e Air Temperature Increase through Fan
e Fan Power and Fan Efficiency

1. Total pressure-volume flow Ap,-V

n . ) K

[ Fan Performance Curves Pp 2. Statlc.prﬁ:ssure volume flow Ap, 1-"".

ap, 3. Velocity pressure-volume flow p -V

in. WG An,

Shut ~~ Apy

off

M
1, R
.-',,” /
Py __.--"".‘

Free (Ielivery’/ V, cfm
wide-open


http://www.nctu.edu.tw/

:iyifCﬁma Tung University

Types of fans: (a) centrifugal; (b) axial; (¢) crosstlow

Impeller Outler
{fan wheel)

Impeller
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Aarfml Backward Radial Forward
Impeller
"‘-‘_\_\_‘_-‘_.

! /
1.0 Airfoil
s Blade

Radial

0.8

Sheet meial
7 backward
(.6

h4
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In a backward-curved or backward-inclined centrifugal fan, the
blade tip inclines away from the direction of rotation of the
impeller. The 2 angle of‘a’backward-curved centrifugal fanisless
than 90". The impeller of a backward-curved centrifugal fan
usually consists of 8 to 16 blades. For greater efficiency, the shape
of the blades is often streamlined to provide minimum flow
separation and, therefore, minimum energy losses. Backward-
curved centrifugal fans with such blades are called airfoil fans, as
distinguished from fans with sheet-metal blades. The blades in a
backward-curved fan are always longer than those of a forward-
curved fan. A volute or scroll casing is used.

Radial-Bladed Fans

The blades in a radial-bladed centrifugal fan are either straight or
curved at the blade inlet. The blade tip or blade outlet is always
radial; that is, 2 90, as shown. Usually, there are 6 to 10 blades in
a radial-bladed impeller. The construction of the radial blades is
comparatively simple.
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* Types of Axial Fans
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AL

AXIAL FANS

— For an axial fan, a parameter called the hub ratio is closely related to
its characteristics. Hub ratio R, ;, is defined as the ratio of hub diameter
Dy, In £t (m), to the tip-to-tip blade diameter or diameter of impeller
D, in ft (m),

+ Clearance 3

Wr

Hub-

Air flow

Direction
of rotation,
counter-clockwise

Cylindrical
tube

Adr flow
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* Propeller Fans. an impeller
having 3 to 6 blades is
mounted within a circularring
or an orifice plate. The blades
are generally made of steel or
molded plastic and sometimes
may increase in width at the

blade tip. If the impeller is

mounted inside an orifice plate,

the direction of airtflow at the
blade tip will not be parallel to
the axle. Eddies may form at
the blade tips. Propeller fans
are usually operated at very
low static pressure with large

volume flow. They often have
a hub ratio Ry, 0.15.

Wane-axial

Velocity
pressure
B

- b
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* Tube-Axial Fans. The impeller of a tube-axial fan usually
has 6 to 9 blades. It is mounted within a cylindrical
casing. The blades canbeairfoil bladesorcurved sheet
metal. Airfoil blades usually made of cast aluminum or
aluminum alloy. The hub ratio Ry, is generally less than
0.3, and the clearance between the blade tip and the
casing is significantly closer than in propeller fans.

e Vane-Axial Fans. The impeller of a vane-axial fan has 8
to 16 blades, usually airfoil blades. The hub ratio is
generally equal to or greater than 0.3 in order to increase
the fan total pressure. Another important characteristic
of vane-axial fans is the installation of fixed guide vanes
downstream from the impeller. These curved vanes are
designed to remove swirl from the air, straighten the
airflow, and convert a portion of the velocity pressure of
the rotating airflow to static pressure.
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Fan Laws
e Airflow rate, Q oc w y?
e Static pressure rise , 4P, OC'OT 2
e Fan power input , Wes Q(APS)+Q(%)

Law 1: Density of air ¢ remains constant and the speed w varies:
Qxw : AP, <w? and W o< @®

Law 2 : Airflow rate Q remains constant and the density o varies:
Q =CONST ;W ocp and AP °<p

Law 3 : Static pressure rise AP, remains constant and density o varies :

: 1 - 1
Qoc— ; AP=const ; woc—= and W x——

Vo P p
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Interaction between fan and duct system

Fan performance
[ Curve at o1 Duct performance

curve
,\f~H

x,x.___\x
Fan performance
Cu Weit:ﬂz
1

APes | w0 , W1 > M2

Apt;!
FTP

Aptz — — — — — — — — — — —

Fan and duct performance curves and balance points
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LENGTH
OF DUCT -~
(IN DIAM.}

|

—_—

S —

A7
Tl A

THE REDUCTION IN CAPACITY AND PRESSURE FOR

SYSTEM EFFECT CURVES THIS TYPE OF INLET CONDITION IS IMPOSSIBLE TO
. o 0 = TABULATE. THE MANY POSSIBLE VARIATIONS IN
WIDTH AND DEPTH OF THE DUCT INFLUENCE THE
o ouct buct puct REDUCTION IN PERFORMANCE TO VARYING DE-
0.75 Q-R S U GREES AND THEREFORE THIS INLET SHOULD BE
AVOIDED. CAPACITY LOSSES AS HIGH AS 45 PER-
1.0 R ST UV CENT HAVE BEEN OBSERVED. EXISTING INSTALLA-
2.0 R-S T U-v TIONS CAN BE IMPROVED WITH VANES OR THE
AVOID LOGATION OF SPLIT OR DUCT BRANCH 4.0 ST U " CONVERSION TO SQUARE OR MITERED ELBOWS
CLOSE TO FAN DISCHARGE. PROVIDE A STRAIGHT WITH VANES.
SEGTION OF DUCT TO ALLOW FOR AIR DIFFUSION. . .
(See Figure 6-2 for corrective calculations) Figure 6-9 NON-UNIFORM FLOW INTO A Figure 6-10 NON-UNIFORM FLOW
FAN INLET INDUCED BY A 90° ROUND INDUCED INTO FAN INLET BY A
Figure 6-6 BRANCHES LOCATED SECTION ELBOW—NO TURNING VANES (1) RECTANGULAR INLET DUCT (1)

TOO CLOSE TO FAN (1)
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Figure 6-13 EXAMPLE OF A FORCED INLET VORTEX (SPIN-SWIRL) (1)
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IMPELLER
ROTATION

ROTATING SWIRL

‘ L‘}[ﬁ\\
) |

— |IMPELLER
ROTATION

-—

COUNTER-ROTATING
SWIRL

Figure 6-14 INLET DUCT CONNECTIONS CAUSING INLET SPIN (1)

SPLITTER
VANES

IMPELLER
ROTATION

~

CORRECTED
ROTATING SWIRL

SPLITTER

VANES

I
| SPLITTER

e

Ir/_ A
/ !

IMPELLER
ROTATION

CORRECTED COUNTER-
ROTATING SWIRL

Figure 6~15 CORRECTIONS FOR INLET SPIN (1)
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Figure 6-18 ENCLOSURE INLET NOT Figure 6-19 FLOW CONDITION OF
SYMMETRICAL WITH FAN INLET, FIGURE 6-18 IMPROVED
PREROTATIONAL VORTEX INDUCED (1) WITH A SPLITTER SHEET (1)
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|® @z3dr Stack effect
When an air duct system has an elevation difference and
the air temperature inside the air duct is different from the

ambient air temperature, the stack etfect exists. It atfects
airflow at different elevations.

Form Equation (2) , the thermal gravity effect for each nonhorizontal
duct with a density other than that of ambient air is determined by
the following equation :

Ap se =3(/03'/0)(Zz_z1)

Where Ap,. =thermal gravity effect, Pa
z, and z, = elevation from datum in direction airflow , m
0, =density of ambient air, kg/m?
0 = density of air gas within duct, kg/m3
g = 9.81 = gravitational acceleration, m/s?
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Example 1. For Figure 1, calculate the thermal gravity effect for two cases:
(a) air cooled to —34°C, and (b) air heated to 540°C. Density of air at
34°C is 1.477 kg/m’ and at 540°C is 434 kg/m’. Density of ambient air

is 1.204 kg/m?. Stack height is 15 m.

Solution:
Apy=981(pg—p)
(a) For p = pg (Figure 14),
Ap=981(1.204 - 1.47T)15=40Pa

(b) For p < p, (Figure 1B),
Apy,=9.81(1.204 — 0.434)15=+113 Pa

s

CoLD

]

A p>py

Fig. 1 Thermal Gravity Effect for Example 1

&

HOT

J
i

Pa

B.p<p,
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HOT

Fig. 2 Multiple Stacks for Example 2

Example 2. Calculate the thermal gravity effect for the two-stack system
shown in Figure 2, where the air 15 120°C and stack heighis are 15 and
30 m. Density of 120°C air is 0.898 kg/m’; ambient air is 1.204 kg/m®.

Solution:

Ap,,=9.81(p, — p)za —z;) = 9.81(1.204 — 0.898)(30 — 15)=45Pa
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For the system shown in Figure 3, the
direction of air movement created by
the thermal gravity effect depends on
the initiating force (e.g., fans, wind, o :
opening and closing doors, turning
equipment on and off). If for any

=0 I

B < g
A AP =(pa—p) 2, >0

reason air starts to enter the left stack
(Figure 3A), it creates a buoyancy effect
in the right stack. On the other hand, if
flow starts to enter the right stack
(Figure 3B), it creates a buoyancy effect
in the left stack. In both cases, the ,
produced thermal gravity effect is
stable and depends on stack height and
magnitude of heating. The starting
direction of flow is important when R
using natural convection for ventilation.

= I

Fig. 3 Multiple Stack Analysis
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Example 3. For Figures 5A and 5C, calculate the thermal gravity effect and \[
fan total pressure required when the air = cooled to —34°C. The heat o
exchanger and ductwork (section | to 2) total pressure losses are 170 "S‘ 4
and 70 Pa respectively. The density of —34°C air is 1.477 kg/m®; ambient E
air is 1.204 kg/m®. Elevations are 21 and 3 m. & Ean DO
Solution: 1
(a) For Figure 3A {downward flow), z
"1"!-'".5-: = 9.81 (F'-', - p}{gi - ‘Tl:I GROUMD ELEVATION 1
= 0811204 - 14773 -21) A p>p,
= 48 Pa
@
Pr = 5"Pr,3-2 — AP, THERMAL GRAVITY EFFECT —\\
= (170 + 70) - (48) {FLOW RESISTED)
= 192 Pa
(b) For Figure 5C (upward flow), ,
z,

Ap.. = 98l(p, - plzy—2¢)
= 0811204 - 147721 - 3)
= _48 Pa

JF'Ir = ‘ﬁ'PI'J-E _"I:"PEE
= (170 +70) - (—48)
= 288 Pa

ELEVATION &

FAN OO

£

GROWND ELEVATION

C. p>pg

DOWNWAR

UPWARD
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Example 4. For Figures 5B and 5D, calculate the thermal gravity effect p
and fan total pressure required when air is heated to 120°C. Heat o
exchanger and ductwork (section | to 2) total pressure losses are 170 2
and 70 Pa respectively. Density of 120°C air is 0.898 kg/m®; ambient g
air is 1.204 kg/m?. Elevations are 21 and 3 m. o ean [(CXO)
Solution: +
(a) For Figure 5B (downward flow), 4
Ap., = 98l(p, - plzy-2)) GROUND ELEVATION
= 081(1.204 - 0.898)(3 - 21) B pepy
DOWNWARD FLOW
= -54 Pa
Fe = Apiya 8P THERMAL GRAVITY EFFECT
= (170 + 70) — (=543 (FLOW ASSISTED) _\\\
= 294 Pa
4
(b) For Figure 5D (upward flow),
[
Ap.. = 98lip, - plizy—2)) "
= 081(1.204 - 0.898)(21 - 3) § T
= 54 Pa $ O— =
| FAN

CO|

Z4

P, = Apria— AP,
{170+ 700 - (54)

186 Pa

GROUND ELEVATION

D. p=py
LUPWARD FLOW
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Example 5. Calculate the thermal gravity effect for each section of the
system shown in Figure 6, and the systems’ net thermal gravity effect.
Density of ambient air is 1.204 kg/m?, and the lengths are as follows:
z1=15m, z; =27 m, zy3 = 30 m, z; = 8 m, and zy = 60 m. Pressure
required at section 3 1s —25 Pa. Write the equation to determne the fan

total pressure requirement.

Solution: The following table summarizes the thermal gravity effect
tor each section of the system as calculated by Equation (14). The net

thermal gravity effect for the system is 118 Pa. To select a fan, use the

following equation:

'PI' = 25+ "I:I'PI',I—':" + ﬂP;ﬂ_g - "I:"-P.'.i'f =25+ "I:I'PI',I—':"
+Apgo-118=Ap, 1 +Ap,g,-93

Ap

Az AP s

Path Temp., P, (o — Iy Py~ Pe—rh Pa
(x—x") oC kg'm’ m kg/m® [Eq. (14)]
1-2 815 0324  (27-15)  +0.880 +104
34 540 0.434 ] +0.770 0
4-5 540 0.434 (8 —30) +0.770 —-166
6T 120 0.898 ] +0.306 0
8-9 120 0.898 (60 —0) +0.306 +180
Net Thermal Gravity Effect 118

+®
F 3
@x A Fyprra— +—1@® ,
O—— “
=
E &
4l 2, , BI5°C
d
ll.@@“ c
BOILER 5 e
Ay Lo 120°C FAN
L} r ¥ L} O T
' GROUND ELEVATION (Zy)
27 ami [~ ®
—

C = HEAT-ABSORBING SURFACE

Fig. 6 Triple Stack System for Example 5


http://www.nctu.edu.tw/

Static Regain Method

e This method is commonly used for high velocity
systems with long duct runs, especially in large
systems. In this method the static pressure is
maintained same before each terminal or branch.

e Static Regain method yields a more balanced
system and does not call for unnecessary
dampering. However, as velocity reduces in the
direction of airflow, the duct size may increase
in the airflow direction. Also the velocity at the
exit of the longer duct runs may become too
small for proper air distribution in the
conditioned space.
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The static pressure drop between s and ¢, APy, . 1is the Branch I
sum of the friction and dynamic pressure losses = d

AP =

b2 | T

]
- fL '
[#; (':. ¢ (E {3}
=
ATIC PRESSURE " STATIC PRESSURE
: : : GAIN Loss
To obtain the same static pressures at ¢ and ¢’, APy, I ’/i\ y
and APy _ are equated to give

r ‘

2 [V 2
l?’f:(f,-. e+ (L) ¢/ 4_Q+ R)— RV; =0 (3)

which can be solved for V.. (¥, 1s known since the Static
Regain method starts with a duct section with a chosen
velocity and then works towards the air terminals.)

The purpose of the Static Regain method is to create equal static pressures at
successive junctions which will presumably cause equal flows in branches that are
identical "a branch might lead to a dijuser or to an entire duct subsystem. When this
principle is applied to a main duct with identical branches leading to identical
diffusers equal air quantities will be delivered without the need to throttle the flow in
the upstream branches The same principle is utilized to provide equal pressures at

the take off points of a duct riser that serves several which means that the duct sizing
of each can be considered typical.
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* Velocity in the main duct leaving the fan is selected first.

* Velocities in each successive runs are reduced such that the gain
in static pressure due to reduction in velocity pressure equals the
frictional pressure drop in the next duct section. Thus the static
pressure before each terminal or branch is maintained constant.
For example, Figure shows a part of the duct run with two
sections 1 and 2 before two branch take-offs. The velocity at 1 is
greater than that at 2, such that the static pressure is same at 1
and 2. Then using the static regain factor, one can write:

Ap r+ Apy, =R(p, 1= Py )
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* where Ap;, and Ap,, are the frictional and
dynamic losses between 1 and 2, and p, ;
and p, , are the velocity pressures at 1 and
2 respectively.

| 2 y ———— —
—- | T
1 o | __"“'”"““-\\\‘
D ps,l = ps,z

Principle of static regain method
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e [f section 1 is the outlet of the fan, then its
dimensions are known from the flow rate and
velocity (initially selected), however, since both
the dimensions and velocity at section 2 are not
known, a trial-and-error method has to be
followed to solve the above equation, which
gives required dimensions of the section at 2.

* The procedure is followed in the direction of
airflow, and the dimensions of the downstream
ducts are obtained.

* As before, the total pressure drop is obtained
from the pressure drop in the longest run and a
fan is accordingly selected.
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10. The following figure shows a typical duct layout. Design the duct system
using a) Velocity method, and b) Equal friction method. Take the velocity of air in

2 mils 1 m’ls
Ny e
'@j \Q?f)
> F |

—-—18 M —————————= :_"3 M

—15 m—f———12 m—

c ) E ) |
A Y
B(J"‘"I

-

1mdls 1)
W,

Fan

the main duct (A) as 8 m/s for both the methods. Assume a dynamic loss
coefficient of 0.3 for upstream to downstream and 0.8 for upstream to branch and
for the elbow. The dynamic loss coefficients for the outlets may be taken as 1.0.
Find the FTP required for each case and the amount of dampering required.
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