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- -appreciable, as in elbows of good design, it is customary to include the

dynamie loss with the friction loss, thereby facilitating design calculations,
PRESSURE LOSSES IN ELBOWS

It is convenient to express the combined dynamic and friction losses due
to an elbow as equivalent to the loss in a length L of similar straight duct.
A recent A.S.H.V.E. survey® of available data has indicated that this
method of expressing the loss is justified for design purposes, owing to the
relation of the loss to the corresponding friction factor, f. o

Fig. 5 gives the additional equivalent length of duct in terms of widths W
for elbows in rectangular ducts; Fig. 6 gives the equivalent length in terms
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Fig. 5. Loss 1n 90-Dec ELeows or RecraNGuLar Cross-SECTION

of diameters D for round ducts. When these eurves for additional equiva-
lent length are used, the straight lengths of duct between elbows should be
measured to the intersection of their center lines. The data of Figs. 5 and
6 may be readily converted® to the loss as a percentage of the velocity head.

Ezample 8: (Use of Fig. 5 for the calculation of elbow losses.)

Given the portion of a duct system shown in Fig. 7, it is required to determine the
pressure loss between points A and D. Air at standard conditions is bemg'supplled
at the rate of 2000 ¢fm in a 6 by 24 in. galvanized duct of average construction. -
bows No. 1 and 2 have centerline radii of 18 and 9 in., respectively.

Solution: For elbow No. 1 the radius ratio is B, = g = 0.75 and the aspect ratio

Wi
i8 IW{:’ = 2% = 0.25. The additional equivalent length for elbow No. 1 in terms of W
1 : . .
is obtained from Fig. 5: (L/W), = 11.5. Thus L, = 11.5 X 24/12 = 23 additional

equ.i'valent feet. Similarly for elbow No. 2, the ratio radius is u—;’ =5 = 1.5 and
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N s
the aspect ratio is W_:: 5= 4.0; Fig. 5 gives (L/W);: = 6,80 Ly = 6 X 6/12 = 3 addi-
tional equivalent feet. o

The total length of the straight runs from A to D'is ' = las + lpc + lep =
7+ 20 + 5 = 32 ft and the additional equivalent length due to the elbows is L =
In+ L = 23+ 3 = 28 ft. Thus the equivalent length of the system from A to D
isl+L =32+ 26 = 58{t of 6 by 24 in. duct.. .

The diameter of -a circular duct, e%\:ivalent in friction and capacity to this rec-
tangular duct, is 12.4 in. as given'by the table of circular equivalents, Table 2. At
a delivery rate of 2000 ¢fm, the A.S.H.V.E, Friction Chart, Fig. 2, gives a loss of 0.6
in. of water per 100 ft of 12.4 in. diameter duct. Thus the loss from A to
D is 0.6 X 58/100 = 0.348 in. of water. :

‘The use of elbows of radius ratio, B/W = 1.5, is considered good practice
with respect to both installation and operation. In a given rectangular

. duet 6 by 24 in., for example, the additional equivalent length L necessary -

to represent the elbow loss will generally be greater for a flat bend where the
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aspect ratio, H/W = 1/4, than if the bend of the same radius ratio had
He/e;/lvll;aie in the plane of thq narrow 'dhnension giving an aspec_t ratio,
Data presently available for losses in compound bends,!*- ' where two or
E{{I‘e elbows are close together, do not warrant refinement of design calcu-
théo‘nsd bf;yond use of the sum of the additional equivalent lengths L for
coun]tl,l 1vidual elbows. Where angles of other than 90-deg bend are en-
¥ e(;ed, the lo;e.ls may be con§1dered_as directly proportional to the angle
Bigh nd. Losses for elbows discharging air directly into a large space are
gt elr2 than those indicated in Figs. 5 and 6 for elbows within duct systems.
Aaé ?{ for losses at ‘bra:nch t.ake:offs are at present quite meager. An
. .V.E. cooperative investigation is underway for the purpose of obtain-
ng more data on losses in typical take-off fittings.
du’(I:‘(;l?};mg vanes may be advantageously employed in elbows, both to re-
dOWnste pressure loss and to provide a more uniform veloeity distribution
ren ream from the bgnd. Vanes and concentric splitters are particularly
ommended where miter elbows are used, because even the simplest vane



