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V3 = velocity of standard air in the outlet duct, feet per
minute.

A; = ares of the inlet duct, square feet.

A, = area of the outlet duct, square feet.

Cy = loss coefficient based on area 4, .

C; = loss coefficient based on area A, .

For a gradual ical enl t. Equation 8
to

Ho=C, (V' = V‘) - (m) - c,c.( ®

where
H,, = pressure lass due to gradual enlargement, inches of
water.
C, = coefficient of loss, as ratio of loss to loss for abrupt
expaosion, dependent upon the total angle included
- between the sides of the duct.
The loss for a sudden symmetrical contraction can be ex-
pressed as

L3 V. \* V., \t
H=0 4(!15) -C (4—0?5) = C, 4005) 10)

where

H, = pressure loss due to sudden contraction (Fig. 10b).
C, = loss coefficient based or orifice area 4, .
V. = velocity of air through orifice, feet per minute.

The loss for a dual sy tion can be
similarly expressed as

He= G ( -~ an

where the coefficient of loss C, depends on the included angle
of the gides of the duct and the sharpness of the edges at the
junction of taper to following duct section.

DUCT DESIGN

The following discussion mfers to ducts for commercml
and industrial heating, ilating, and air
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but t.lsi‘e, éncluded angle of convergence should not be greater
eg.

4. Where the test air carrying capacity per square foot of
xhee: metal is 5 = xicspecungulu d‘zmudmf“ws}he mgdedln?
nea.ry as possible. t ratios (ratio of wi to dep!

rsamx 8 to 1 should be avoided. Where possible, a ratio
of4wloxlessshou1dbemmmmn

5. Ducts should be constructed of smooth material, such as
steel or aluminum sheet metal. For ducts made from other
g::wrin[s, proper allowance for the change in roughness should

6. Through the design procedures which follow, a reasonably

recise estimate of the flow resistances offered by the system

can be obtained. However, it should be meoguned that in actual

may vary bly from the cal-

culated values because of vanauon in the smoothness of ma-

terials, types of joinis used, and the sbility of workmen to

fabricate the system in accordance with the design. Fans and

motors should therefore be selected to provide ai least a slight

factor of safety, and dampers should be instailed in each branch
outlet for halancing the system.

Procedure for Duct Design
The general procedure is as follows:

1. Study the plan of the building and arrange the positions
of the supply outleis to provide proper distribution of air
within each space. Select outlet sizes from manufacturers’ eata-
log data.

2. Draw a sketch of the most convenient system of ductwork,
eonnecting the supply outlets and return intakes with the cen-
tral station taking of the building con-
struction, nvmc[mg all obst.ructxons in steel work and equipment,
and at the same time maintaining a simple design.

3. Calculate the sizes of all main and branch ducts by one of
the procedures given m the following sect.lou

4 De ine the to of the supply
and return duct systgms Alt.hough the loss in total pressure of
each duct run connecting the fan and each supply outlet. (ur
return intake) should be caleulated and mada e same for all
runs, ordinanily only the pressure loss of the duet run apparently
having the greatest ce is referred to as the pressure loas
of the duct system. Dampers are relied upon for balancing the
system.

Design Velocities
It 1s not pessible to gnvp spemﬁc rules for selecting duct

tems of the central station type. The design proced

pven yield the static pressure required to overcome the re-
of the d ding the supply outlets and

return intakes. The fan selected for the duct system must

not only produce this pressure byt Also the s,ddmona.l prea-

but the vel glven in Table 6 bave been
found to give sahsfact.ory results m designing convenaomsl
systems. Since the fan b appr
as the square of the velocity, a.nd noise generation mcresses
with static pressure, velocities should be kept low for quiet
and ical operstion. Op the other hand, as evident

sure required by the central p t such as or
spray chambers, heating or eoo!mg coils, and filters. Pressure
losses of these d be obtained from the
manufacturers’ catalogs

Special duct d«xi@ prooedures for heating duets used in
residences can be found in Chapter 18 Warm Air Heating
Systems. The design of duchs in industrial exhaust systems
is discussed in Chapter 52

Geperal rules which should be followed in the design of
ducts are:

1. The air should be conveyed as directly as poesible at the
permizsible velocities to obtain the desired results with mini-
mum noise and greatest economy of power, material, and space.

2. Sudden ch in the direction or velocity of the air
should be avoided. When sudden changes are necessary at bends,
turning vanes should be used to minimire the pressure loss.

3. Diverging trapsition pieces should be made a3 gradual as
pmcucuble Ag dxown in the section on area changes, losses in
abrupt enlargements are high and therefore such transitions
should be avoided. The mclu ed angle of divergence for enlarge-
ment should not exceed 20 deg. Losses in contractions are low

from Equation 3, at a given flow rate the duct size increases
with decreasing velocity. For multistory buildings, it is some-
times possible to reduce the hexght. between floors by usmg
very small ducts, thereby eff a derable red
in building investment cost. The various space-saving sys-
tems which sre becoming increasingly numerous are discussed
in the section High-Velocity Systems in Chapter 19 Central
Systews for Air Conditioning. The design of ).ugh‘velocxty
ducts is discussed briefly in a later section, Design of High-
Velocity Ducts, in this chapter.

DESIGN METHODS

In the design of mr duct systems, three methods are em-
ployed: (1) velocity (2) equal-friction, and (3}
static-regain. The three hods and their refi ts rep-
resent different design levels of accuracy and complexity,
and they should be selected, therefore, to suit the application.
Simple duct systems may be designed as quickly and easily
ag possible, but for large installations the system static-
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Air Duct Design

Table &....R ded and Maxi Duct Vel
for Conventiona! Systems
Recommended Velacities, fpa
Designation Schooh,
N Thecters, Industyial
Residences | “popte | Buidings
Soitdings
Qutdoor Air Intakes* 500 500 500
Filters* 250 300 350
Heating Coils* 450 500 600
Air Washers 500 500 500
Fan Outlets 1000-1600 | 1300-2000 } 1600-2400
Main Ducts 700-900 | 1000-300 | 1200-1800
Branch Ducts 600 600-900 800-1000
Branch Risers 500 600-700 800
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be limited to those known to be safe from causing noise prob-
lems. Its weaknesses are: (1) proper choice of velocities re-
quires experience and j and (2) the desi| cannot
always determine by inspection which run probably has the
highest resistance.

Equal-Friction Method

The principle of this method is to make the pressure loss
per foot of length Lhe same for t.he entire system. Vﬁth this
method little bal is d for ical layouts
in which all runs have a.bout the same ress'.ance For lay-
outs havmg both short and long runs, the shortest run witi
require considerable dampering.

Usual practice is to select the veloeity in the main duct
near the fan from the standpoint of noise for the particular
application. Since the flow rate (efm) is known, this estab-
lishes & value of friction loss per 100 ft of duect in Figs. 2 or
3. This same friction loss value is maintained throughout the
design. For example, the flow rate in the main after the first
branch take-off is reduced by that handled by the branch.
Therefore, proceed vertically downward in Figs. 2 or 3 to
the new flow rate value, and read the velocity and diameter.
Note that the velacity is reduced by this procedure. An ad-
vantage of this method is that it automatically reduces the
duet velocities in the direction of flow, thereby insuring that
of noise will be oonsxdembly lwened The equivalent

Outdoor Air Intakes* 800 900 1200

Filterss 300 350

Heating Coils* 500 600 700

Air Washers 500 500 500

Fan Qutlets 1700 1500-2200 | 1700-2800 '
Main Ducts 800-1200 | 1100-1600 | 1300-2200 1
Branch Ducts 700-1000 | 300-1300 | 1000-1800

Branch Risera 650-800 800-1200 | 10001600

* These velocitien are for total face area, ot the et froe area; other velocities

in table are far oot free arca.

pressure requirement must be determined as precisely as
possible, the most accurate method being recommended. ..

Velocity-Reduction Method

Tlns method consists of selecting the velocity at. the fs.n
and d for y lower

!.he main at each branch duct. With the selected velomhes
and known air-flow rates, the various duct diameters are
read directly from Figs. 2 or 3, and the equivalent rectangular
sizes are obtained from Table 2. The pressure loss of the run
having apparently the highest resistance is determined by
adding the straight pipe, elbow, and transition logses; this
twtal value represents the fan stahc pressure xequn'ed for
the supply-duct system. The return-air system is sived simi-

-larly, starting with the lowest velocities at the return intakes

and increasing them progressively in the direction of the fan
inlet. Dampers are relied upon for balancmg e system.

A refinement of this method is to size the several bnmch
ducts to dissipate the ilable at the ent
each. The pressure loss of the ductiork between the fan nnd
first branch take-off is subtracted from the now known fan
static pressure to obtain the available pressure at each junc-
tion. By trial, a branch velocity is found that results in the
branch. pressure loss bemg equa.l 10, or somewbat less than,
that available. The ted for each branch.

If the fan is speclﬁed 80 \‘.hnt the static pressure available
for the ductwork is known, the method consists of ﬁnd.mg
by trial, the velocities in the main duet that will result in a
Dressure loss-equal to the pressure available. The branch
ducts are then sized as previously explained.

The merits of the velocity-reduction method are that (1)
duct sizes are determined very easxly, and (2) velocities can

meofany is obtained from Table 2. By

i including branch ducts,
are sized fmm ﬁgs 2 and 3 at the same friction loss per foot
of actual fength.

After sizing the system the pressure loss of the run having
apparently the highest resistance is calculated. In so doing,
the pressure losses of all elbows and transitions are included,
apd are expressed in terms of equivalent length of straight

pipe.

The principal limitation of the equal-friction method is
that it does not differentiate between runs having several
transitions, elbows, etc., and runs having none. Only the
actual length of duct is considered; this and the flow rate
fix the duct size. Moreaver, when computing the system re-
sistance, care must be exercised that the pressure losses of
transitions, elbows, etc, are ineluded and added to the
straight pipe losses.

1If the pmssure avmlnble for the ductwork i l.s known, as it
i for pack %, this p can be divided by
the total eq\uva.lent length of the run apparently having the
highest resistance to obtain a design friction loss value per
foot, for use with Fig. 2 or Fig. 3. Hence, for these applica-
tions, it is not necessary to select an initial velocity. However,
the method then has the weakness that the resistances of
fittings must be expressed in terms of equivalent length.
Since transitions, elbows, etc., have predominantly dynamic

losses, the equivalent length of a particular fitting varies con- ~~

sidersbly with its actual size. Note, for example, the values
for elbows in Fig. 7 of Chapter 18 are related to duct size, and
note also, that the elbow losses in Fig. 9 of this chapter are
given in terms of the number of diameters. Hence, when the
available pressure is known, the method requires that the
duct size be estimated in advance. The calculated duct size
Bhou]d therefore be compa.red with the initial estimate, and

bly d . 8 lation should be made using

the calculated size.

Less dampering is required if the method is modified so
that only the main duct is sized by the equal-friction method.
The fan is selected for this total duct resistance and the
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