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Experimental Investigation on Double Helical Vortex

Structures of the Wake and Internal Waves

Zhang Dieli
(Institute of Mechanics, Academia Sinica, China)

Abstracs

From the middle sixties, the flow round the body in a density stratified fluid has been in-
tensively studied by experiments. In 1967, Mowbray and Rarity published three schlierem
photographs, In these photographs, the vortx structure is invisible. In that period many in-
vestigators studied internal waves produced by a horizontally moving body. In 1377, Pao and
Kao first reported the closed-end double helical structure of the vortex tube in the wake of a
sphere in homogeneous fluid, The phenomenon was revealed by means of a weak stratification
for small Richardson number (Ri=(.215) and Reynolds numbers Re = 4 x 10* — 2 x 104. By opti-
cal technique Merzkirch and his student obtained clear photographs of wave pattern of inter-
nal wave field. Recently, new progresses in studies on the streamsurface bifurcation and
vortex skeletons in the three~-dimensional separation flow have be made, In order to clarify
the vortex structure, the relation between internal waves and vortex in the wake and the me-
chanism of internal waves, we have built a stratification tank equipment in 1383. Inthe ex~
periments we detected that for relatively low Reynolds numbers Re =102 in the flow round a
circular cylinder in a stratified fluid the vortices in the wake have a double-helical structure,
and two branches of the double helix unwind continuously in an opposite sense from the for-
mation region., This phenomenon is similar to the vortex structure in the wake of the horizon-
tal motion of a sphere, published by Pao and Kao, In case of existence of an inclination, the
vortex tube deforms in the motion,

We believe that the experimental results may be helpful in studying the phenomena in
sheared flow and in understanding the mechanism of production, development and attenuation
of turbulence correctly,

The cylindrical model used in the experiments was made of stainless steel, 20mm in diame-
ter and 70mm in length, which was hung horizontally to the frame of the stratification tank,
The cylinder was set in motion upwards and downwards under the inclination of 45° and 90°.

1/2
For Re=VD/v=200, N= [* (g/p} %} / =0.718 (N is the Vaisdld frequency), and Ri=
N2D*/V3=2.062.
As indicated by Daily and Harleman, there exist molecule diffusion and mass transport in
the nonhomogeneous fluids. We shall neglect the end effects. According to our observations
and analysis, A density stratified fluid in the wake region may be considered as a mixture of

different constituents with different densities, In this way, in the wake region of: the
stratified fluid, besides the mass transport caused by the local velocity of the mixture-
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fluid, there exists additional mass transport caused by the relative velocity of different
constituents, Due to the buoyancy effect, the fluid particles tend to return to their original

- equilibrium positions. It may be clearly seen in the experiment that the fluid particles in the
wake region are set into oscillations. The oscillations accelerate the dissipation, As the
cylinder moves forwards with constant velocity, -in the region close to the cylinder, new
helical vortices are continuously generated, and the unwound closed end of the vortex tube
becomes looser and looser and is continuously dissipated to have a sawtooth boundary, which
sets the fluid particles nearby in oscillations affecting the crests and troughs. The propaga~
tion of internal waves must satisfy certain dispersion relation which determines the spatial
change of the phase. The wave pattern can be experimentally visualized by means of optical
technique and theoretically calculated by use of the method of asymptotic expansion. The
comparison of the theoretical and experimentalresults was published, The mathematical so-~
lution of internal waves in the stretified flow will be published separately.

—190 —



