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An Experimental Study on Swirling Flow in a 90 Degree
Circular Section Tube

Tae-Hyun Chang' - Hae Soo Lee™

Abstract. The study of swirl flow has been of technical and scientific interest because it has an internal
recirculation field and its tangential velocity is related to the curvature of the streamline. The fluid flow
for ducts or elbows of an internal engine has been much studied through numerical methods and exper-
iments, but studies about swirl flow has been insufficient. Using the PIV (Particle Image Velocimetry)
method, this study found the time-mean velocity distribution, time-mean turbulent intensity, with swirl and
without swirl flow for Re=10,000, 15,000, 20,000, and 25,000 along longitudinal sections and the results
appear to be physically reasonable. In addition, axial velocity distribution is compared with that of
Jeong’s, Kodadadi’s and Murakami’s. It was found that the highest velocity of swirl and non-swirl flow
occurs in the opposite position at the center of a round tube, ¢=45°
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Nomenclature

C, : Cross correction coefficients

D : Diameter of the test tube(mm)

fi . Gray levels of the pixels within the correlation
region at first image

f; . mean Gray levels of the pixels within the
correlation region at first image

gi : Gray levels of the pixels within the correlation
region at second image

g; : mean Gray levels of the pixels within the
correlation region at second image

R : Radius of curvature(mm)

Re : Reynolds number

t : Time(s)
T : Measuring time(s)
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v : Axial velocity fluctuation (m/s)

u : Mean axial velocity fluctuation (m/s)

U : Local mean axial velocity(m/s)

U : Mean axial velocity(m/s)

v : Local radial velocity(m/s)

v’ Local radial velocity fluctuation(m/s)

v : Mean local radial velocity fluctuation(m/s)

X : The length of the swirl generator in the swirl
chamber(mm)

y : Radial distance from the tube wall(mm)

Greek Letter

<D

: Angle of 90° bend( °)
p : Density of water(kg/m®)
. Reynolds Shear Stress(N/m?)
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Fig. 1. Schematic diagram of the experimental apparatus.

Fig. 2. A-A section views through the swirl generator.
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Re=20,000 with swirl along the test tube.
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Fig. 30. Time mean turbulence intensity profile for
Re=25,000 with swirl along the test tube.
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