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manner described for the velocity-reduction method. The
pressure available at each branch is divided by its equivalent
length, in hundreds of feet, to obtain a design friction los
value for use with Fig. 2 or Fig. 3 in conjunction with the
branch flow rate. The braneh ducts are therefore sized as
nearly as possible to dissipate all of the available pressure.
‘When using this modified method, care should be exercised
that the velocities in short branches do not become excessive
from a noise standpoint. This is easily guarded against
during the design pracess, because the velocity can be read
direetly from the friction chart. If it is excessive, move hori-
zontally to the left on the ehart and select a diameter which
yields & reasonable velocity. The damper for this run will
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Table 7 .. .. Tabulation of Resuhs {Example 6)

Section | Fiow Rate | Friction per| Duct Dia. | Velocity | Rectampudar

100 #t Duct

Cfm tn. B0 I Fper n.
A 2500 0.2 7.0 1600 20 X 12
B 1750 0.2 14.8 1480 15 X 12
[ 1000 0.2 12.0 1290 15X 8
D 750 0.2 10.7 1190 12X 8
E 750 0.2 10.7 1190 12X 8.

e total equivalent length of Section D
5) = 35, and the friction loss per 100
0.10 in. of water is 0.10 X (100/35) = 0.29.

havetodxmpawtheexm Since ductwork at-
tenuates noise to some extent, the damper should be located
as close to the main as possible. Sound treatmnent far this
branch should also be considered. An alternative solution
may be to revise the duct layout to increase the resistance
of the run, for example, by relocating the branch take-off so
that the total duct length is increased.

Ezample 8: (Equal-Friction Method). A duct layout is shown
in Fig. 12. Qutlets Nos. 1 and 2 deliver 750 cfm each and outlet
No. 3 delivers 1000 ofm. Selecting a velocity of 1600 cfm in
Section A, size the duct systers and determine its stati

With this unit friction loss and a flow rate of 750 cfm, Fig. 2
yields a diameter of 100 in. and a velocity of 1380 fpm.
Section £ is sized in a similar manner. The pressure available
is 0.26 minus the friction loss in Sections A and B; hence, 0.20.
With the outlet pressure loss of 0.12 deducted, the available
ductwork pressure loss is 008 in. Assuming the branch
Ls.ke-oﬂ loss is equivalent to 10 ft of duct, the total equivalent
length is 20 ft. ’ghe required friction loss is 008 X (100/20) =
040. With this unit friction loss and a flow rate of 750 cfm,
Fig. 2 yields » diameter of 94 in. and a velocity of 1580 fpm.
Anequjvnlentrechngula:m'zeia9 X 8 in.
these results with those in Table 7, it is evident

reqmremenL

Solution: The total cfm to be handled is 2500 ¢fm. From Fig.
3, with 2500 efm and 1600  fpm velocity, read a diameter of 17 in.
and a friction loss of 0.2 in. of water per 100 ft. By subtraction,
the flow rate in Section- B is 1750 cfm. Along the 82 friction line
in Fig. 3, all of the ducts can be sized immediately bemuse the
flow rates are known. Resulta are presented in Table

The rectangular equivalents were selected from Table 2 with
the ob;emve of hxwuxg the same duct depth for all three branch

'l‘he duct run to outlet No. 3 has the highest apparent re-
sistance. It is decided to fabricate the elbow in Section € with
a radius ratio of 12; hence, from Fig. 8 with H/W = 19,
L/W = 8. Since W =125 it (15 in.), the additional equivalent
le due to the elbow L is 10 ft. The total equivalent length
of the run is therefore (20 + 10 + 15 + 10+ 15) 70 ft. There-
fon:, at 02 per 100 {t the duct resistance is 02 X 0.70 = 0.14 in.
of water. Adding to this the outlet pressure of 0.12 in, the
static-pressure n:quxrement of the duct system is 026 in. of
water. The is now complete, and dampers will be relied
upon for ad]usung the outlets to the design flow rates.

1f refinement is deemed necessary, the modified method can
be applied to Sections D and E. First, the static pressures avail-
able at the junctions with the main of the Section D and E
branch ducts are obtained. For Bection D it is the system pres-
sure of 026 minus the friction pressure loss in Section 4. The
latter is 020 X (20/100) = 0.04; hence, the pressure at the en-
trance of Bection B is 0.22 in. of water. Deducting the outlet
pressure loss of 012, that available for the ductwork is 0.10.

Assume the eqmva.lent lengths of the branch take-offi and the
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t.bat the modified method has reduced the size of Section D
somewhat and that of Section E consi en‘sﬂ? The reduced
sizes accomplish mare economically what would otherwise have
to be done with dampers.

Static-Regain Method

Consider a straight nm of duct with several branch take-
offs attached. The flow rate of air along the run is progres-
sively reduced by the amount diverted into each successive
take-off. If, for example, the size of the run were the same
throughout its leng\‘.h, the velomty would become progres-
sively les in with E 3. When
are reduced, a conversion of velocity pnsure into static
pressure occurs (as well as a loss in total pressure). The
prineiple of the siatw—regam method is to size a duct run so
that the increase in static pressure (regain) at each t.skeoﬂ'

junction just offsets the p loss of the sec-
tion of the run. L.
The method provides a means of d a

lTong run of duct having several take-offs so that essentially
the same static pressure exists at the entrance to each branch.
If, instead of branch ducts, supply outlets are connected
directly to the run, then essentially the same static pressure
will exist behind each outlet. As & consequence, outlet selee-
tion and system balancing is simplified. The method is par-
ticularly suited to large installations having several long runs
of duet, with each run having many take-offs or supply out-
lets attached. For this type of application, little or no damp-
ering is ordinarily reqm.red bobalmcethesys'.em

The initial velocity in the main duct is selected from noise
and pressure loss considerations, and the branch ducts are
gized by the modified equal-friction method.

If the distance between branch take-ofis is cither very
small or very great,.it-may- not be feasible or- econumxcal.ly
desirable to design for the same static pressure at each junc-
tion. In such cases, the method can be used to size the main
for either a progressively lower static pressure (net static-
Ppressure loss) or a p ly higher p _(net static-
pressure gain).

If no friction or dynmmc losses occurred at the junctwn,
there would be no loss in total pressure, and the change in
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Air Duct Design

velocity pressure would be completely converted into a re-
gain (rise) in static pressure, which for standard air would
be:

iy 7y
o= () - (s @

Py = theoretical static-pressure regsin, inches of water. .

¥, = velocity in main upstream of branch, feet per minute,

¥y = velocity in main downstream of branch, feet per min-
ute.

Under the best practice, 0.7 to 0.8 of the change in veloeity

where

' pressure is actually recovered, but for practical design an

average recovery of 0.5 is assumed Hence, the actual regain

T @@ e

Design charts based on Equation 13 and rectangular ducts

having aspect ratios of 3 to 1 or less are presented in Figs. R

14 and 15. )

The duct length of any section should include the equiv-
alent length of any elbows or transitions within the section.
The charts apply to constructions where regain takes place
unaccompanied by radical change in direction; namely, to
straight-through sections of divided-flow fittings.
le 7: (Stauo—Repun Method). The duct shown in Fig.

m Determine the duct sizes in Section A,

\‘.hetm.a.l

13 h&ndf
B,C, D, E F,
012 In. water m t.he d'uct behind eath outlet. Find
pressure loas of the system.

Solution: The following nine steps indicate the solution:

1. Assume the velocity in Section A to be 1500 fpm. This
results io an injtial duct sizge of 48 x 16 in. The 16-in. duct dept.h
will be maintained throughout the system. .

2. The circular eqluvalent of a 48 x 16-in. duct is 29.2 in.
{from Table 2), and with 8000 ¢fm fowing in this duct, the
friction loss from Fig. 31 0,13 in. per 100 ft.

3. To size the braneh ducts, d the shortest eqt
length of duct up to the first outlet. Section B = 25 ft Secnun
F =10 + equivalent length of elbow. Assume the width of the
duct in Section # to be 15 in.; therefore H/W = 15/16 = 094,
Also the radius of the elbow should not be less than the width
(R/W = 108), resulting in an equivalent leng?,h L, from Fig.

8, of 10 X (15/12) = 125 ft. Equivalent of Section # =

+ 125 = 25 ft. The:v.(ore, Section F
Sect.mn B, size Bection F first, \mn% the same friction rate as
mSechonA 0.13 in. perlooic ig. 2, with 2000 cfm and a
friction rate of 0.13 in.,, an equivalent diameter of 17 in. for

e rectangular equivalent of & 17-in. duct is 15 x 16
in. (from Tnble 2), resulting in 8 velocity of -1200 fpm.

1000 cFM(3)

SEC-G | I5-FT

1500 CF M
SEC-C
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N fig. 13 ... . Duct Layout for Example 7
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of Results {E le 7)
Roctan. Friction | Net
gudar | Dio |Per100 | prescurc
# | tou

Doct

in. In. | I HO | 1n. 1,0
X 16 29.2 | 0.13 | 0.05
x

X

X

X

15 — — 0.03
16 — — ]
6] — - 0
16 — —_ [

4500 | 15 1300
% 1040 128
1500 | 18 860 N6

Q| uQawh
g

2000 | 22.5 | 1200 |15 X 18 17 0.13 -03
1000 | 15 900 {10 X 16, — — Qo

* Includes 13 oquivalent ft for etbow {soc Step 7 in Bzomple 7).

N ote: The shorter equxva.lent Iength line i is siged first to pre-
vent in other b:
values.

4. Loes in Section P = 0.13 X 0.225 = 0.03 in. water.

5. Since the operating pressure of Qutlet 1 i3 to be the same
a3 that of Qutlet 8, the los in Section B must equal the loss in
Section F. Using the Static-Regain Chart, Fig. 15, size Section

B for a net loss of 0.03 in. water.

‘The procedure for using these charts is indicated by arrow-
heads and dashed lines on Fig. 15. Proceed as follows:

a. Locate the velocity of the preceding (upstream) duct
sechon along the velocity scale on the left margin (1500 fpm).
db )Prooeed horisontally to the air volume abscissa (6000

mj.

c. Proceed pa.ral.lel to the curved lines to intersect the di-
agonal base ling

d. Go vertumlly to the net. loss desired (003 net loss).

e. Go homont.u.lly to the air velocity base line.

§. Proceed parallel to the curved lines to intersect ordinate
for 25-ft duct length.

¢. Move horizontally to the air velocity scale and read the
velocity in the downstream section af duct (1500 (pm)

8. This procedure is repeated for Section C except that the
naamarlosshne xsusedmwevmuaswp d. Outlet No. 2 will
then have the same static pressure d it 23 Qutlet No. 1,
thus fulfilling the problem condition of the same operating pres-
sure for all outlets.

7. At this point, the mvalent length of the elbow in Section
D should be estimated, N width will be somewbat less than
that of Bection C. Asume W 26 in.; hence H/W = 16/26 =
06. With a typical radius ratio of 125 from Fxg 8, L/W =6,
therefore L = 6 X (26/12) = 13 ft, Addin,

length of Section D remlts in a total eqmvﬁmt Iength of 26 ft.

8. Using the no gain or loss line in Fig. 14, size Sectiona D,
E,and G. Remh.suelmwdm'l‘able

9. The total pressure loss of syswm the sum of the
losses in Sections A and B (or F) and the oul.let operating pres-
Sure:

Loes in Section A = 0.13 X 0.40 = 0.05

Loss in Section B (or F) - 0.03
Qutlet Operating Pressure = 0.12
Total Pressure Loss = 0.20 in.

DESIGN OF HIGH-VELOCITY DUCTS

“The transmission of air at high velocmee though common
in industrial exhaust systems for many years, has gained
wide acceptance in comfort air-conditioning and ventilation
systems in the past few years only. This aceeptance is due
partly to the use of improved fans and of special sound-
attenuation and control equipment, and partly to improved
design and installation methods based upon a better under-
standing of the general problems connected with the design




