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Percent Swirl Decay = L

- x 100 (7)
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where Oup and edoun are the measured swirl angles upstream and downstream of
the pressu.e taps, respectively. Decay rates were determined for all flows
and swirl angles. The values of the angular momentum fluxes were also calcu-
lated using Equation (3) and the decay parameter B was evaluated using ¥qua-
tion (5). As B is a function of Re and KO/MD, curves were obtained for B
versus R with xq/nn approximately constant and B versus KO/HD with Re ap-
proximately constant, An average K value (Kav) was obtained from Equation
(5) as Kav - % fz K dx, and Kav was used to denote the average swirl level
over the pipe length of L (L = 9d for frictior. measurements). e‘v was de-
rived from Kav using Equation (4). This enabled the plotting of percentage
increase in friction loss due to swirl versus eav curves, for constant Rey-
noids numbers. These curves may be used by designers to predict approximately
the frictional losses for pipes with swirling flows, if the approximate swirl
angles and the frictional losses for non-swirling flow at the Reynolds number
of interest are known.

RESULTS

As shown in Figure 2, a fully d>:):veloped velccity profile was obtained up-
stream of the swirl generator bv »roper flow straightening devices. No re-
sidual swirl was indicated by the vortimeter for a zero setting on the

swirl generator.

The results of the orifice meter calibration are shown in Figure 3, in which
the angles set at the swir! geaerator (Oa‘t) are indicated to denote the

swirl level, At the largest swirl angle tested, © = 40°, the presence of

set
2wirl increased the discharge coefficient by approximately 5% for all flow-
rates tested. The effect of smaller swirl angles was progressively less, as

shown in Figure 3.

In order to verify the operation of the swirl generator, vortimeter readings
were taken at the upstream location and transformed into indicated swirl an-
gles using Equation (2). The indicated 6 values (91) were then compared to



to the set readings (9..t) on the generator. As shown in Figure 4, for set
swirl angles less than approximately 15°, the indicated swirl angle is less
than the set swirl and for larger set swirl angles, the indicated swirl was
seen to be slightly greater than the set swirl. This fact could be caused
by adverse flow patterns past the swirl generator involving flow separation

at the vanes.

Because of the swirl decay, the pressure gradient in a pipe with svirliag flow
might not be linear. However, in this investigation ove - the nine pipe dia-
meter length, the gradient was assumed to be linear since the non-linearity
could not be accurately defined due to experimental limitations (piezometric
heads could be measured only to an accuracy of +0.005 ft). Eguation (6) was

used to cclculate an equivalent friction factor f.

Results of the effect of swirl on the friction factc. are shown in Figure 5.
As shown in the figure, the friction factor ircreases substantially with set
vane angle. The impact that these results would have on calculating pipe fric-
tion losses can Le seen more clearly in Figure 6. In thie figurs, the per-
centage increase in the friction losses for a particular average swirl angle,
eav‘ compared to zero degree swirl, is plotted against the average swirl an-
gle for the region or no Re dependence (i.e., Re > 2.0 x 105). At the swirl
angles of interest for the Seabrook sump (eav up to 5 degrees), an i £
of up to 10% in the friction losses over that for non-swirling f.ow car .

expected,

Figure 7 presents data for swirl decay over 17 pipe diameters. As seen in
the figure, there is a higher decay rate for small swirl angles and a lesser
decay, 20%, for larger swirl angles. Thus, in the range of interest (up to
20 degrees), more than 60% of the swirl could be expected to decay in 17 pipe
diameters. Dependence of decay rates on swirl intensity and Reynolds number

was also observed by cther researchers (5, 6).
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Figure B shows the variation of the decay parameter, £, with the pipe Rey-
nolds number for various set swirl generator angles. £ is more or less
independent of R. for R' greater than 2 x 105 and swirl angles greater than
25°, B increas=s with decreasing Re for a particular set swirl generator

vane angle (6 ). Also given in Figure 8 is a comparison of the range of

set
(KO/Hd) for a given set swirl generator angle., This Reynolds number depen-

dence of B is consistent with the results in references (5, 6).
CONCLUSIONS
The following conclusions can be drawn from this study:

1. Swirling flow hac an effect on the performance of an orifice meter.
At the highest swirl angle of 40 degrees (swirl generator vane set-
ting) used in this study, the orifice meter discharge coeffivient
increased by about 5 percent compared to the same flowrate with no
swirl. For smali indicated swirl angles (less than 10 degrees), the
effect of swirl on orifice meter performance was found to be negli-

gible (less than 1 percent).

2, The effect of swirling flow on the friction loss is dependent on
swirl intensity. For an average indicated swirl angle of 5 degrees
(nurmal ly encounterec in suction pipes due to inlet rotational flow),
the in-rease in the frictional loss « ull be approximatcly 15% com-
pared to that for non-swirling flow at Lhn same Reynolds nu . er. Fc

a higher swirl angle, the increase in friction factor would'ue greate .

3. Swirl decay with distance is a function of Reynolds number as well
as initial swi.'l angle. However, for Re greater than 2 x 105. swirl
decay is more or less only dependent on the initial swirl level for
the larger swiri levels tested. The decay parameter, 8, decreased

from 0.056 to 0.014 for increasing swirl generator vane angles of 20

to 40 degrees (or for K/Md values from 0.10 to 0.37) for Re greater
5
than 2 x 10°.
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a) Upstream of Pressure Taps

b) Downstream of Pressure Taps

Photograph 1 Experimental Set-Up



Photograph 2 Swirl Generator

Photograph 3 Typical Pressure Gradient
10 . Re 2.15 x 10

sel



Photograph 4 Vortimeter Used for Swirl Measurements
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RATIO OF COEFFICIENT OF DISCHARGES, Cy/C
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EQUIVALENT DARCY-WEISBACH FRICTICN FACTOR, f
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