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' Tabie 1. VALUES oF ROUGHNESS ¢ FOR DIFFERENT PrrEs

. DEGREE €
© Pt 0 T iop . RouGHENEas
Lt + RoueHNEss N Feer..

ﬁra&n!_rrubm%v.' i iiaeiinii. .| Very smooth 0.0000015
New Steel or Wrought Iron-Pipe. .. .. .......| Medium smooth 0.00015 ..
Galvanized Iron:....i.........~....... ...| Average .~ - -0.0005 -
Average Concrete.. . ... .:...................| Medium rough |- 0.003 .
Average Riveted Steel......................[ Very rough - 0.01. .

 2-Used in computing values for Fig. 5.

. CIRCULAR EQUIVALENTS OF RECTANGULAR DUCTS = .

" An air-handlif System is usually sized first for round ducts. *Then, if

rectangular duets are desired, their sizes are selected to provide flow rates
equivalent to those of the round ducts originally selected. 7

A comprehensive study at the ASHAT Research Laboratory proved that

“for most practical purposes rectangular ducts of aspect ratios not exceeding

8:1 will have the same friction :pressure loss for equal lengths and mean
velocities of flow as a circular duct of the same hydraulic diameter. - When
duct sizes are expressed in terms of hydraulic diameter, and when equations
for friction loss in round and rectangular ducts are equated for equal flow
rate and equal length, Equation 6 giving the circular equivalent of a
rectangular duct is obtained.® )
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where , )
a = length of oneAéidé,of rectangular duct; inches. - -
b ="length of adjacent side of rectangular_duct,— inches.

" d, = cireular equivalent of a rectangular duct for équal friction ind capacity),
inches. ~ = S ' o - T
.Table 2. gives. the circular equivalents of rectangular ducts for.equal
friction and flow rate for aspect ratios not-greater than 11.7:1 based .on
Equation 6.5 Note that the mean velocity in a rectangular duct will be
less than in its circular equivalent. . Do el
Multiplying or dividing the length of each side of a duct by a constant

is the same as multiplying or dividing the equivalent round size by the
same constant. Thus, if the circular equivalent of an 80- x 24-in. duct 1
required, it will be twice that of a 40- x 12-in. duct, or 2 x 23.0 = 46.0 0.

DYNAMIC LOSSES

Wherever eddying flow is present, brought about by sudden changes it
the direction or magnitude of the velocity of the air flowing, a greater 10s8
in pressure takes place than would occur in a steady flow through a simta
length of straight duct having a uniform cross section. The amouintt of
this loss, in excess of straight duct friction, is termed dynamic loss. A"
though dynamic losses may be assumed to be caused by changes in ared

actually occupied by the ajr flow, for convenience they are divided.into two . L f
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general classes: (1) those caused by changes in direciion of the duct and (2)

those caused by changes in cross-sectional area of the duct. ™ - -
Dynamic losses vary substantially as the square of the mean velocity of

the air, and are therefore conveniently expressed as a fraction of the

velocity head: _ ,
’ y V 2 - .5 ’ '. .
’?df"(m) L@
where oL ' '
Ha = dynamie pressure loss,.inéhgs of water.
V = mean velocity of air flow, feet per minute.
C = an experimentally determined constant (dynamic loss coefficient).
Where different, areas are involved, subseripts are used to denote. the area
to which the coefficient applies, as C: for-inlet area, C; for:outlet area, and
C, for orifice area. . : ‘ . . 7
The dynamic loss coefficient C' is dimensionless and répresents the num-
ber of velocity heads lost at the conduit transition or’bend. - Values of the
dynamic loss coefficient for elbows and other duct elements have been de-
termined experimentally and are given in Tables 3 and 4. ' It should be
noted, however, that absolutely reliable dynami¢ loss coefficients are not
yet available for all duct elements and that- the information available for
pressure losses due to area changes is generally. restricted to symmetrical
area changes. . S L ol
) Flg 7, which shows the relatipil of velocity pressure to velocity for stand-
ard air (V = 4005+/H,), can be conveniently used to find the total dynamic

" pressure loss for any duct element with known dynamic loss coefficient C.

PRESSURE LOSSES. IN ELBOWS

Dyna.mic-loss coefficients are nearly independent of the.air velocity and
are affected by the roughness of the duct walls only in ‘the case of bends,
for which the dynamic losses are often grouped with the friction losses to
'facghtate design calculations. An ASHAE survey® of available data has
indicated that the-method of expressing the combined dynamic and friction
i(;Ss@s due to an elbow as-equivalent to the loss in a length L of similar
) raight duct is justified for design purposes, owing to the relation of the
OSS_to the corresponding friction factor, f: . o .

Fig. 8 gives the additional equivalent length of duct in terms of widths W

- N R
ABLE 2. CrecuLAR EQUIVALENTS oF RECTANGULAR DUCTS FOR EqQuar Fricrion
. AND CapaciTy . . N

- Dimensions in Inches

GULAR lA)Nu-m- 40 4.5 50 55 8.0 8.5, 70 75 8.0 85 90 95 100
g-g 3.814.0/42(44|46]|48[49!5.1|52!/54]55]5.6(5.7
i 2.1 43146(4.8(/5.0/5.2]5.3[5.5!15.7[58/6.0}6.1]|86.3
45 4.4 46149151|53|55({5.7|59|6.116.3|6.4/6.6/6.8
5o 4.6 49152154156(5.9(6.116.3)6.5(67[6.9[7.0(7.2
5 5-!19 gz 5.5157(6.0(6.2/6416.7]69|7.1(7.37.4|7.6

RS B2 4]|5.716.0]/6.3|6.5|6.8|7.0/7.2|74[7.6(7.8]8.0




