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An Experimental Study on Swirl Fluctuation Velocity in
a Horizontal Circular Tube

Tae-Hyun Chang' and Hee-Young Kim*

Abstract. During the past five decades or so, the characteristics of turbulent swirling flow have been
studied extensively because of its great technological and scientific importance. It is well known that the
swirling flow improves heat transfer in duct flow. The reason for this is due to the effect of streamline
curvature associated with the tangential velocity component. Although many studies have been carried out
to investigate the characteristics of the swirling flow in a circular tube. The experimental methods for mea-
suring the velocity components are by hot-wire or LDV (Laser-Doppler-Velocimetry) measuring single
point velocity so far. The present study was aimed to analyse the flow characteristics of swirling flow
such as time-mean velocity vector, local velocity turbulence intensity and turbulence kinetic energy by
using PIV(Particle-Image Velocimetry). The experiment was carried out for four Reynold numbers 1.0 x
10%, 1.5% 10* 2.0 x 10* and 2.5 x 10* of the measuring area.

Key Words : turbulence intensity(dHF722), turbulence kinetic energy(d-F%ollLi=]), fluctuating
velocity((H5% %), recirculation zone(X}<=8F F)

Nomenclature T : Measuring time (s)
Cy,: Cross correction coefficients u' . Axial velocity fluctuation (m/s)
D : Diameter of the test tube (mm) u : Mean axial velocity (m/s)
fi - Gray levels of the pixels within the correlation U : Local mean axial velocity(m/s)
region in the first image U : Mean axial velocity (m/s)
}_‘,- : Mean gray levels of the pixels within the v : Local radial velocity (m/s)
correlation region in the first image v' ¢ Local radial velocity fluctuation (m/s)
gi : Gray levels of the pixels within the correlation v : Mean local radial velocity (m/s)
region in the second image X : Length of the swirl generator in the swirl
§,- : Mean Gray levels of the pixels within the chamber (mm)
correlation region in the second image y : Radial distance from the tube wall (mm)
R : Radius of curvature (mm)
Re : Reynolds number Greek Letter
¢t : Time (s) 8 : Angle of 90° bend (°)

p : Density of water (kg/m’)
T : Reynolds shear stress (N/m?)
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Fig. 2. Cross-sectional views through the swirl generator.
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Fig. 3. Schematic arrangement of the PIV system.
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Table 1. Experimental conditions

Items Specifications

Image Grabber | DT3155(640x480)

Light Source 500mW Ar-ion Laser

Particle Seed Nylon 12(50 um)

Working Fluid Distilled Water

Flow Regulator | RPM Controller

Host Computer | Pentium PC

Calculation Time| 3 min. (one frame)

Image Capture CCD Camera, Digital Record

PIV Algorithm Two-frame Grey-Level Cross

Correlation
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Fig. 4. Time-mean velocity distribution with swirl for
Re=10,000 at X/D=10.

Fig. 5. Time-mean velocity distribution with swirl for
Re=15,000 at X/D=10.

Fig. 6. Time-mean velocity distribution with swirl for
Re=20,000 at X/D=10.

Fig. 7. Time-mean velocity distribution with swirl for
Re=25,000 at X/D=10.
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Fig. 9. Axial velocity profile with swirl for Re=20,000
along the test tube.
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Fig. 10. Contours of turbulent intensity with non-
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Fig. 11. Contours of turbulent intensity with non-
swirling flow for Re=20,000 at X/D=30.
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Fig. 13. Contours of turbulent intensity with swirling
flow for Re=15,000 at X/D=10.

Fig. 14. Contours of turbulent intensity with swirling
flow for Re=20,000 at X/D=10.

Fig. 12. Contours of turbulent intensity with swirling
flow for Re=10,000 at X/D=10.

Fig. 15. Contours of turbulence intensity with swirling

flow for Re=25,000 at X/D=10.
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