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An Experimental Study on Swirling Flow in a Sudden Expansion Tube
using 3D PIV Technique

Tae-Hyun Chang? and Sang-Cheol Kilx*

Abstract :

The effect of swirl on the flow characteristics in a sudden expansion tube was

examined experimentally by using 3D PIV(particle image velocimetry) to capture the

velocity profiles.

The swirling flow of water through a sudden 1:2 axisymmetric

expansion has previously been studied experimentally within a horizontal round tube. A
kind of tangential slot is used as a swirl generator for swirling flow and a honey comb
is used for without swirl flow. The work with the swirl and without swirl results are
compared to each other at the same Reynolds number. Liquid crystal was employed to
measure temperature profiles and heating coil used for heat transfer with and
without swirl flow. And then the Nusselt number ratoes(Nu/Nudb) are calculated

along the test section.
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Table 1 Overview of experimental studies axisymmetric

sudden expansion swir flow

Step Swirl Swirl EXP.
Author EX. height ReD. method number technique
Yang and Yu 44 B
(1983) 2.7 (mm) 64000 0 LDA
Hallett and Swirl HWA, Smoke
Gunther(1984) 2.1 - 67000 chamber 1.1-2.06 Infrared gas
Khezzar et al _ _
(1984) 1.75 |18 120, 1000 LDA
Hallett and 1.25 varied 1-1.6x Tangential 3-0.66 Five holes
Toewg(1987) 1.63 10* Swirler s pitot tube
Durrett et al 4 _
(1988) 1.9 22.7 8.4x10 0 LDA
Drllenback et al [1.94 [23.86 | 20:000.60.000.1) Tangential = g ;93 |1pp
00,000 entry
Sommerfeld and Radial
Qiu(1991) 2.8 62 52400 Swirler 0.47 PDPA
Nejad and B Vortex
Ahmed(1992) 15 1254 Swirler 0.0.4 LDA
Dwvenport and B PWA,
Sutton(1993) 188 135 80000 0 HWA
Ahmed(1998) 1.5 |254 1.3x10° Vortex 0.04 LDA
Swirler
Cole and B
Glauser(1998) 3.0 76.2 40,000 0 HWA
Khezza(1998) 182 | - 15000 Radial 15 |LDA
Swirler
Hammad et al
(1999) 2.0 6.35 20,110,210 - 0 PIV
Zhou et al Tangential 1.0,1.5
(2000) 2.0 32 47600 Entry 91 PDPA
Furuichi et al . B
(2003) 1.8 10 500-15000 0 UvP
Wang et al 10000- Guide 0, 0.33
(2004) 1.94 1238 20000 vanes 0.43 LDA
Tnney et al _
(2006) 3 76 54000 0 FHWA
. LDA
Femandes et al 3.5-.8x Variable angle 5 .
(2006) 2.8 30 10* blade 0.5-1.5 \1:7)1.suahz.atlon
ressure
Mak et al Guide
(2007) 2.5 30 10000 Vanes 0.65 2D PIV
Chang T. H. Tangential
(2008) 2.0 20 1500 Entry 0.6 3D PIV
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Fig. 1 Schematic diagram of experiment apparatus
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Fig. 5 Tangential velocity without swirl along the

test section
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Fig. 6 Axial with  swirl

section

velocity along the test

Fig. 7 Tangential velocity with
section

swirl along the test
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Fig. 9 Mean temperature distribution along the test
tube using R. G. B. at 36.0°C without swirl
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