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Interaction between Two Horseshoe Vortices in a Turbulent Boundary Layer
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Toyohashi University of Technology

ABSTRACT

Interaction phenomena between adjacent horseshoe vortices were experimentally investigated in a fully developed turbulent boundary layer. A
pair of horseshoe vortices was artificially induced by injecting small swirling jets. To observe vortex structure, coherent velocity and vorticity
components were obtained by conditional hot-wire measurement. A stronger sweep was induced by inside legs of two horseshoe vortices than by
single horseshoe vortex in the symmetrical vertical plane. When two horseshoe vortices were induced simultaneously, they merged with each
other at X=700mm and each inside leg of horseshoe vortices was separated. The separated legs might change to streaks. The merged horseshoe
vortices grew to a single larger horseshoe structure in the downstream region. On the other hand, two horseshoe vortices induced with time delay
of 20msec didn’t connected between them. Separation of their inside legs was not observed apparently. Peak values of normal vorticity of trailing
horseshoe vortex was smaller than that of leading horseshoe vortex at X=700mm, Y/6=1.0.
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Fig.2 Coherent velocity vector maps around a single horseshoe vortex

at X=700mm, (a)Z=25mm, (b)Z=0mm, (c)Y/ § =0.7.
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Fig. 3 Contour maps of Reynolds stress -u,y, around a
smgle horseshoe vortex at X=700mm. Isolines spaclng is
UeVo/Us X 10%=1.
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Fig. 4 Coherent velocity vector maps (a), (c) and
contour maps of Reynolds stress -uyv, (b), (d) around
00mm . Z=Omm

the horseshoe ,vortex at X=3 . Isolines
spacing is uv/U x 104=1.
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Fig. 5 Coherent velocity vector maps and contour maps

of Reynolds stress -uy, at X=700mm, Z=Omm for

Case2. Isolines spacing is —ucv /U2, x 104=1.
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Fig. 6 contour maps of Reynolds stress around a

interacted horseshoe vortex at X=700mm for Case2.

Broken and solid lines represent negative and positive

values, respectively. Isolines spacing is -uyv,/U, x10%=1.
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Fig. 7 Contour maps of Reynolds stress —<u,v, > at X=700mm.Z=25mm for

Casel. Broken and solid lines represent negatlve and posn:lve
values, respectively. Isolines spacing is -<u,v>/U%, x 104=1.
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