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Table 5....RmioofPrmelosfoBr9£@Vgloc§fyPrwe

1965 Guide And -Data Book
Generalmle!wblchsh.ouldbefoﬂowedmthedeagnof

1. The air should be conv as direct] ibie at
velocities to obhel.ynedthe deaueti mn.h mlfhem_
mum noise aud greatest ewnomy of power, material, and epace.
2. Budden (:hani;_uh the direction or velocity of the air
should be avoided. en sudden changes are necessary at bends,
vanes should be used (0 minimize the pressure lasa.
3. Diverging tnmmon&xcwea should be msdc 23 gradual sy
e scction on area cha.::ges, losses'in.
t enlargementa are high, and therefore su: mnsxhons
sho d be avoided. The included angle of divergence for enlarge-
ment should not exceed 20 deg. Losses in contractions are low,

e - ducts are:
+, Rafio of Velocity in Branch o Velocily in Main Duct
Take-off Angle : .
04 106 108 [30 |15 |20 30
00-deg 6.5°13.1 |20 [1:5.]0.95]|0.74|0.62
60-deg ' | 5.0} 2213 |0.77:(0.47 | 0.47 | 0.58
4b-deg .| 3.5 | 1.3 | 0.64 [ 0.43] 0.40 | 0.45 | 0.54
where

H..-mmlmduewmmulenlugmnenc mc.hsuf

C = eoe.ﬂimmt of loss, as ratio of ldss to loss Ior abrupt
. expansion, dependent upon the total angle included
between the sides of the duct.
:The loss for a:sudden sy ical contrs
pressed as:

H,=C

can be ex-

=G (4005 =G (3'}70:5)’ a0
here ™ C

) o}
.:+,H, = pressure loss due to sudden’ contraction (Fig. 11)
C. = loss coefficient based on orifice area A, .  _.r
= velocity of air through onﬁce, feet per minute.

The loss for a gradual symmemcal contraction ¢an be
sxmxla.dy expressed as:

Hy =G ( P an

where the coefficient of loss C; d ds on the incl Angle
of the sides of the duct and the slmrpnm of the edgm at the
juncuou of taper to the followmg duet sect.mn.

DUCT DESIGN

The following discussion refers to ducts for commercial
and industrial heating, ventilating, and air-conditioning sys-
tems of the central station type. The design;methods given
yield the static pressure required .to overcome the resistance
of the ductwork, including-the supply outlets and-return in-
takes. The fan selected for the duct system must not oply
produce this pressure but also the additional pressure’ requm:d
by the central equi such as washers or spray ch:
hamng or coolmg coils, and filters. Pressure loses of thwe
eomponent.s should be obtained from the
catalogs.

Special duct design procedures for heating ducts used in
residences can be found in Chapter 7, Warm Air Heating
Systems, of the 1964 GuIDE AND Data Boox The design of
duets in i is di d in Chapter 35
of the 964 Gume Anp Dara Book.

Lo

Fig. 11.... Air Hlow at Abrupt Enfargement or - -~
L. Contraction oiAir§§egr_x_:

al.l:nﬂ‘ledmcluded angle of convergence should not be greater

4. Wbere the test air carrying capacity uare foot of
sheet metal is desired, rectangulsr ducts should ol !L a3
nwly uare a: posmble gc! rnuos (ratio of width to depﬂ:)
8 to 1 should avoided. Where possible, a ratip
uf4bo1urlemshouldbema.mtamed

5. Ducts should be constructed of emooth material, such as
steel or aluminum sheet metal. For ducts made from other
E;nm proper allownnce for the change in ronghnn should

6. Through the design procedures which follow, a reu.wnabl
precme estimate of the flow resistances offered b; sylmnn
can be obtained. However, it should be reoogmzed timt, in actual
installations, resistances may vary considerably from the cal-
culated values because of variation in the smoothness of ma-
terials, ty'ﬁ of joints used, and the ability of workmen to

gystem in in accordance with the d . Fans and
motors should therefore be selected to pmvnde &t least a slight
factor of safety, and dampers should be installed in each branch
outlet for balancing the system.

7. Avoid obstructing ducts with piping, conduits, or structural
members. Unavoidable duct obstructions must be streamlined
with an easement or a t , the length of which should be u
luatﬂxmhmatbethxch:aofbhc tear-drop.

Procedure for Duct Design
The general procedure is as follows:

L. Study the plan of the building and e the ns
of the supply outlets to provide proper djsmb&mn of a;rpo?mhm
each space. Select outlet -sizes from manufacturers’ catalog

2 Draw & sketch of the most convenient duct xyxmm, con-

necting the supply outlets and return intakes with the central ~

station taking of the building construe-
tion, avoxcﬁng all obﬂ:ucuons in steel work and equipment, and
at the game time mmnmnmnﬁn simple design

3. Calculate the sizes of all main and bnmch duets by onpe of
the methoda pve'l‘-lhl: !.h&lfollowmg section.

of the supply
a.nd remm duct systems. Although the loss in total presssure of
each duct run connecting the fan and each supply outlet (or
return intake) should be calculated and madetgesame for all
runs, ordinarily only the pressure loss of the duct run apparently
baving the greatest resistance is referred to as the pressure loss
of the duct system. Dampers ere relied upon for balancing the
system.

5. However, the more seli-balancing the duct system is, the
less expexmvfe in the longdrun is '.he overall sysfzm from ‘thns

ct

balucm&:f the duct system.

ducts are of recommended construction and are air-

ﬁ%it, one can assume that approximately 75 percent of the
uenoe betwmn the mmal md final velocity heads will be

This applies to duct
ods described in this

des:.gnedbyunyofthet.ﬁreeme

Des:gn Velodities

It is not pessible to give specific rules for selecting duct
velocities, but the veloclh- listed & in’ Tnble '8 have given satis-

factory results in desi con Since the
fan h pproxi ly as the square of the
velocity, nnd noise ion i with static p:

velocities should be kept low for quiet and economical opera-
tion. On the other hand, as evident from Equation 3, at &

Air Duct Design
.. Reco and Maoxit Duct Velocities
Tuble. 6 for Conventional Sy_stems
Racommanded Velocities, Fpea
Desigaation N Theotors, | Industriol
' Residences Public Buildings
Bulldings
e 500 500 500
guutdoor Air Intaki o % %
Coilse* 450
Hc;hu:‘é Coils* 450 500 600
500 500 500 -
ﬁm oo 1000-1600 | 1300-2000 | 1600-2400
in Ducte® 700900 | 1000-1300 | 1200-1800
Hoaoe: Ducte> ™ %00 | 600900 | . 800-1000
Branch Risers® 500 600-700 800
) Moximues Velocitles, Fpa
i 800 900 1200
e | B | 8|8
ing Coilse-> :
gouolti‘:: Coilss -+ 450 500 |- 600
?;rnvg)uueta 1700° | 1500-2200 | 1700-2800
- - | 800-1200 | 1100-1600 { 1300-2200 .
M D e . T | 7o0-1000 | 800-1300 | 1000-1800"
- Branch Risers® | es0-800 | 800-1200 | 1000-1600

‘Tb.vdmmmlwwﬂlmmmthmfmm dth-rvdvumu
!m

mxy For n%nmmh:mww ity
m mChtmaBd mcm-m ata Boox.

given ﬂow raee the duct size mcmssee with_ decreasing ve-
loclty For- mulustory buildings, it is sometimes possible to
reditce the height bet&een ﬂoors by usmg very_ smnll dueta,
thereby effecti ting 8 building invest-
ment cost. The vnnous spa.ce—savmg systams whxch are be-

coming
2,3, and 4 of the 1964 Guibe Amz DATA BooE. The dmgn
of high-veloeity duct.s is discussed briefly in & later aechun,
Deszgn of High-Velocity Ducts, in this chapter. .

DESIGN METHODS
ditet dystems, three methods are em-

n the

ployed: " (1) y—rad:wt:m, (2) .equalfriction, and. (3)
static-regain. The three hods and their refi 13 r
resent different design levels of and' o,
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the main at each branch duct. For the selected velocities
and known air-flow rates, the various duct diameters may be
read directly from Figs. 2 or 3, and the equivalent rectangular
sizes are obtained from Table 2. The pressu.re';:ss of u:’nl:n
ha apparently the highest resistance is determin v

ﬁul:estmghtplpe,elbow and transition losses; this
total value represents the fan static pressure requued for
the supply-duct system. The return-air system is sized simi-
larly, starting with the lowesf. velocxh& at the return intakes

and § sing them progressively in the direction of the fan
inlet. Dampers are relied upon for balancing the system.

reﬁnement of this method involves sizing the branch

ducts to dissipate the ilable at the entrance to
each. The p loss of the ductwork bet the fan and
first branch takeoff is subtsacted from the now known fan
static pressure to obtain the available pressure at each junc-
tion. By trial and error, a branch velocity is found that results
in the branch pressure loss being equnl w, or somewhm. less
than, that ble. The p d P d for each
branch. .

If the fan is speclﬁed 80 t.hat the static pressure avmhble

-for the ductwork is known; the method consists of finding,

by trial and error, the velocities in the main duct that will
msulemapmuelosequn]wthepmumavaﬂable The
branch ducts are then sized as previously explained.

The merits of the velocily-reduction method are: (1) duct
sizes are determined very easily, and (2) velocities can be
limited to those known to be safe from causing noise problems.
Its dlsadvnnugm are: (1) proper choice of velocities requires.
experience and judgment, and (2) the designer cannot always
determine by inspection which run may have the lughest
resistance.

Equal-Friction Method

The principle of this method is to make the pressure loss
per foot of length the same for the entire system. Little bal-
ancing is required for symmetrical layouts in which all runs
have about the same resistance. For layouts having both
short and long runs, the shortest run will req\uxe consxdemble
dampering,

A modxﬁcauon of this method would include demg;nmg the
longest run at two or more different friction rates. If, due to
space limitations, a relatively high friction rate must- be used
on the upstream side of the duct system, this rate can-be re-
duced when space conditions become less critical on the down-
stream of the system.

Usual prac:Z: is to select the veloclt.y in the main duct
near the fan to provide a satisfactory noise level for the par-
ticular application. Since the flow raté (cfm) is known, this

stablishes a value of friction loss per 100 ft of duct in Fig:

and they should ‘be selected to suit the application. Sxmple
duct systers may be des:gned a8 quickly and easily as possible.
For large msfallahons system stahc—pmne requirement
must be determi asp

It should be bome in mmd tlmt none of the three duct d& .

sign methods witl aut fly produce the most

duct system for all conditions. A careful evaluation. and
balancing of alt cost variables entering into design of a duct
gystem should be made with each design method.if maximum

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 Fig. 2 or 3-tq
the new flow rate value, and read the velocity and diameter.
Note that the velocity is reduced. An advantage of this
method is that it automatically reduces the duct velocities in
the direction of flow, thereby reducing noise problems. The
equivalent mcmngulm' gize of any diameter is obtauwd from

economy is to be achieved. The main variables affecting t.he Table 2. By i the dure, the d may site -
the owning cost of a.duct system ace: cost of the duetwork, gl secti luding branch ducts, from Figs. 2 snd 3atrthe .
duct insa don, fan b / 8pace req ts, and cost same friction loss per foot of actual length. -
of provigions sfor sound nttenuat.xon. : - st After sixing the system," the designer should’ ‘calculate the
A : pressure loss of the run.which apparently has the highest
elocity-Reduction Method . <. resistance. The pressure losses of all elbows and transitions
Thl.smEthod' ists of selecting the vel ",Btﬂ]ehn are included, and exp mtermsori 7 Wof
loanm]""' “for progressively lower vel ight pipe. - oo . - LR e




