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Fig. 12... . Duct Layout for Example 6

The principal limitation of the equal-friction method .is
that it does not differentiate between runs having several
transitions, elbows, etc., and runs having noe. Only ‘the
actual length of duct is considered; this and the fiow: rate
fix the duct size. Moreover, when computing the system re-
sistance, the designer must.be sure that the pressure losses of
transitions, elbows,” ete., are included and added to- the

straight pipe losses. .
If the ilable for the d k is known, as'it
is for packaged equi i can be divided' by

this
the total equivalent length of the run apparently having the
highest rezistance, to obtain a design friction lusvalue per

1965 Guide And Data Book

- Table7....Tabuk

of Results (Example 6)

Section | Flow Rate | Friction per| Duct Dia. | Velodly | eckenguior
100 Dt
Cfm n HO. [ Fom tn
A 2500 0.2 17.0 1600 2 X 12
B 1750 02 | 148 1480 |15 X 12
c 1000 [ 0.2 12.0 1290 |15X% 8
D 750 0.2 10.7 1% [12x 8
E 750 0.2 10.7 1% {12X 8-

Ezample 6: (Equal-Friction Method). A duct layout is shown
in Fig. 12. Outlets Noa. 1 and 2 deliver 750 efm each and outlet
No. 3 delivers 1000 cfm. Having selected a velocity of 1600 cfm in

ion A, size the duct system and determine its static-pressure 3
ent.

Solution: The total cfm to be handled ia 2500 cfm. From Fig.
3, with 2500 cfm and 1600 fpm velocity, read a diameter of 17 in.
and a friction loss of 0.2 in. of water per 100 it. By subtraction,
the flow rate in Section B is 1750 cfm. Along the 0.2 friction line
in Fig. 3, all of the ducts can be sized immed.iatelly;bmuse the
flow rates are known. Results are presented in Table 7. N

The recta: equivalents were selected from Table 2 with
the objective of having the same duct depth for all branch runs.

The duct run to outlet No. 3 has the highest apparent re-
sistance. It is decided to fabritate the elbow in Section C with
a radius ratio of 1.2; hence, Fig. 8 with H/W = 19,
L/W = 8. Since W = 1.25 ft (15 in ), the additional equivalent
length due to the elbow L is 10 £t The total equivalent length
of the run is therefore (20 + 10 + 15 + 10 + 15) = 70 ft. There-
fare, at 0.2 per 100 ft, the duct resistance is 0.2 X 0.70 = 0.14 in.
of water. Including the outlet pressure of 0.12 in., the static-

foot, for use with Fig. 2 or 3. Hence, for these
it is not necessary to select an initial velocity. However, the
weakness of this method is that the resistances of fittings must

req of the duct system is 0.26 in. of water. The
design is now complete, and dampers will be relied upon for
adjusting the outlets to the design flow rates. U
u

be expressed in terms of equivalent length. Since tra 4
elbows, etc, have predominantly dynamic., losses, - the

equivalent length of a particular. fitting ‘varies di

i is y, the modified method can be applied
{0 Sections D aad E. First, the static pressures available at the
junctions with the main of the Section D and E branch ducts
are obtai

with its actual size. Note that, for example, the values for el
bows in Fig. 7, Chapter 7 of the 1964 Guipe Anp Darta Boox
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 should -therefore.be compared with
the initial estimate, and if there is a considerable difference,
a recalculation should be made using the calculated size. . @

Less dampering is required if the method is modified.so0
that only the main duct is sized by the equal-friction method.
The fan is selected for-this total duct resistance in the manner
described for: the oelocity-reduction - method.- The pressure
available at each branch is divided by its equivalent length
" in hundreds of feet, to obtain a design friction loss value. for
use with Fig. 2 or Fig.-3; in conjunction:with the branch flow
rate. The branch ducts are sized as nearly as possible to dissi-

patehﬂo!tﬁeavaﬂablepxmrq.:, - e
When this method is: used-care should be ised to
locities in short branches from b

d. For Bection D, it is the system re of 0.26
minus the friction pressure.logs in Section 4. I'ge Iatter is 0.20
X (20/100) = 0.04; hence, the pressure at the entrance of
Section B is 0.22 in. of water. The pressure available for the duct:
work i§ 0.22-0.12, or 0.10, Assume the equivalent, lengths of the
branch take-off and the elbow to be 10 ft each. The total gmvw—
ltlengthofSecﬁonDislhm(lﬁ+!0+lo+5) = 35, and
the friction loss per 100 ft required to dissipate 0.10 in. of water
is 0.10 X (100/35) = 0.29. With this unit friction loss and a flow
ramof7f50cfm, Fig. 2 yields a diameter of 10.0 in and a velocity

of 1380 fpm. .~ . .

Section K is sized in a similar manner. The pressure available
i3 0.26 minus the friction loss in Sections A and B, or 0.20. With
the outlet pressure loas of 0.12 deducted, the available ductwork
pressure loss i3 0.08 in. Assuming that the branch take-off loss is
%\ﬁvﬂm{. to 10 ft. of duct, the total equivalent length is 20 fi.

required friction loss is 0.08 X (100/20) =-0.40. With this
unit friction loss and a flow rate of 750 cfm, Fig. 2 yields a diame-
ter of 9.4 in-and a velocity of 1580 {pm. An equivalent rectangular
sizeis X8in. T . P

A comparison of these, resuits with those-in Table 7, shows
that the modified method has reduced the size of Section D
somewhat and that of Section E considerably. The reduced

p ming excessive;
to avoid noise. problems. This is easily prevented during the
design process, because the velocity can be read directly from
the friction chart. If velocity.is excessive, read horizontally, to
the left and select a diameter .which yields a lower velocity:
The:damper for this.run will have to. dissipate the excess
p Since d k att noise, to some extent,.the
damper should ‘be located as close. to the main as.possible.
Sound treatment for this branch should also be considered.
An alternative solution may be .to revise the duct layout to
increase. the ‘resistance of the:run,. e.g:,. by relocating the
branch take-off 0 that the total duct length is increased. ...

sizes more what would otherwise have
to be done with dampers. . R -

Static-Regain Method _ - P o
- Consider a straight run’ 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 length, the.velocity would became progres-
sively less in d. with Equation 3. When velocities
are reduced, s conversion of velocity préssire into-static
pressure: oceurs {as well as a loss in total pressure): The
principle of the static-regain method is:to size a duct run so

e e P 30P e s S i

long £ of duet, haviiig several take-offs $o, that essentially
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that the increase in statie pressure (regain) at each take-off vl)x_(L)n o
F tionjustoﬂsetstheprisumlom of the succeeding sec- 1005 4005

tionoftherun. . e L} Pl s .ih
' The method provides & convenient means of designing &

no dampering-is ordinarily required to balance the system.

711 the: distanie betweed, branch take%fla ip itk very

small ‘of ‘very greéat, it may, not be feasibls or economically

desitable to/design for thé same static pressure at each junc~

ﬁnmlnmchéasa,themethodmbeusedwm(et:xeﬁn;am

for either,a, ively lower static pressure :(net.statio-
Lher, a, progresst 7-_. 1 b (nst etatis-

4 ely, mgher p

of divided-flow. fittings. - X R
I no friction or dynamic losses occurred at the junction;’
there’ would be o loss in ‘totl pressire;, and the change in

ly converted into a re-
standard air, would,

«ta

P, = thearetical statio-pressure regain, inches of wnter D)
¥, = velocity in main upstream of branch, feet per mmu.u.
V1 = velocity is main downstream of branch, feet per min-
ute. R . . i

= .conversion factor of velocity: equivalent to 1 m.mm
premI L et dcrons
- * It'hins'been foudd by test’thit the regain coefficient across
a takeoff or an outlet will equal about 0.90 for yd.\-dez'l@ed
and constructed ducts with no reducing section immediately
after the outlet. However, for practical design, an-average
recovery of 0.75'is assumed. Hence the actual regain P, is:
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any duct section through which air is flowing-there is
a'éontimious loss of pressure due to friction. This pressure
loss may be expfeat"l as:’ .

oo () ()

4005

;= pressum loss, mc}}“ of water.
L + duct length, feet.. :
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