41

1.ISOO
1st International Symposium on Ultrasonic Doppler Methods
for Fluid Mechanics and Fluid Engineering
September 9-11, 1996
Paul Scherrer Institut, 5232 Villigen PSI, Switzerland

ON THE STRUCTURE OF THE CYLINDER WAKE

1. Peschard CD , P. Le Gal CD and Y.Takeda@
<Dlnstitut de Recherche sur les Phenomenes Hors Equilibre
UM 138, eNRS - Universites d'Aix-Marseille I & II
12, Avenue General Leclerc,13003 Marseille, France
@Laboratory for Spallation Neutron Source
Paul Scherrer Institut
CH-5232 Vil1igen PSI, Switzerland
ABSTRACT
The wake of a single and short aspect ratio cylinder placed in a uniform flow is
experimentally investigated Using an ultrasound anemometry technique, the critical behavior
of the spatial shape of the transversal velocity of the Benard-Von Karman streets is studied.
It is shown that the envelop of the velocity fluctuations which is called the global mode of the
wake, follows universal scaling laws given by the theory of phase transitions. In a second set
of experiments, the behavior of the longitudinal velocity fluctuations is also investigated. The
presence several diameter behind the cylinder of a special point playing the role of a wave
maker, is discovered.

1. Experimental arrangement
Our experimental facility consists of a water loop and is fully described in [1]. A
single cylinder having a diameter d equal to 4 rom, is positionned on one of the horizontal
walls of the channel. Its length being 20

mIll,

it is in close contact with the other horizontal

wall. The shape of the Benard-Von Karman wake of this confined flow is studied by
ultrasound anemometry whose operation principle is also presented in [1].
We proceeded to two sets of experiments. In the first, the ultrasound probe is placed in
a groove machined in the middle plane of the side-wall of the channel. The complete
transversal velocity profile can be measured along lines crossing the main flow in the y
direction.

The transversal velocity profiles are recorded every 69.8 ms, in 128 space

positions separated by 0.74 mm. 1024 instantanneous profiles are then digitized and recorded
for several Reynolds numbers R. In the second set of experiments, the ultrasound probe is
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positionned inside the water flow, 10 em downstream of the cylinder and 2 mm on its side

(y/d= 0.5). In this manner,

longitudinal velocity profiles are obtained with the same

configuration of the acquisition channel.
2. Results and discussion
Modelling the Benard-Von Karman instability in terms of global modes, needs to
represent the velocity wake fluctuations by the product of two independent functions linked to
the temporal and spatial evolutions of the velocity field. It has then been proved that the
temporal behavior of the vortex shedding can be modelled by a Landau equation [2] which
represents the growth and the non linear saturation of a periodic disturbance which has the
same frequency every where in space. On the contrary, the spatial behavior of this periodic
disturbance is much more difficult to study because traditionnal anemometry techniques (hot
wire or laser anemometry) need heavy mappings of the flow. The ultrasound profile monitor
presents in this context a new and interesting alternative.
2.1 Transversal velocity profiles

The first experimental studies of the envelop of the fluctuations in a wake [3] have
.shown that these fluctuations possess a maximum whose position is clearly defined and varies
with the Reynolds number. More recently, experimental [4] and numerical [5] studies have
shown that the wakes of triangular bodies present a critical behavior at small Reynolds
numbers. "In particular, it is shown that the amplitude and the position of the maxima of the
transversal velocity oscillations obey power laws of the Reynolds number.
As explained in the introduction, we measure the complete profiles of the transversal

velocity in 8 different positions downstream the cylinder and for several Reynolds numbers.
Figure 1 presents such a space time diagram, where we recognize the periodic oscillation of
the transversal velocity due to the vortex shedding.

Figure 1: Space time diagraDlofthe transversal velocity fluctuations (x/d= 7, R=142)
Then, taking the temporal Fast Fourier Transform in each of the 128 space points, it
is possible to compute the profiles of the squared amplitude of the fundamental mode. These
profiles are then gathered on the same diagram and give a three-dimensionnal view of the
global mode of the circular cylinder wake.

43

jA2

I

ir'

J

\_

~'~"4 ~'-.- - . ~~V~t
6

X/-J
.. 7U

~:------;r;;---1

Y

~

Z"-'c--3'\,'<-

_

4. \ , - - - - - - - /

5

'r----\,--

7

~

9

9

12 ' - . - - - - - - - -

12

\,------~

Figure 2: Three-dimensionnal representation of the energy of the
transversal velocity oscillations (R=170 and R=185).
Plotting the amplitudes taken by these profiles along the x axis, in the direction of the
fluid flow, we can observe the deformation of the global mode with the Reynolds number.
On Figure 3, we observe a rapid increase of the amplitude of oscillation up to a maximum
whose position varies between 5 and 9, when decreasing the Reynolds number. Then, the
decrease of these envelops far away from the cylinder can be interpreted as a viscous
relaxation of the far wake.
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Figure 3: Amplitude of the transversal velocity oscillations downward the cylinder (y/d=O).
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Figure 4: Amplitude (a) and position (b) of the maximum of the transversal velocity
oscillations as a function of the Reynolds number.
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It is then easy to compute the evolution of the position and level of the maximum of

the mode as a function of the Reynolds number. The logarithmic representations of figure 4
show the critical behavior of the envelops as already observed in [4] and [5]. Moreover, we
confirm the exponent of the power laws (1/2 and -1/2) observed in [5] contrary to what was
measured in [4].

2.2 Longitudinal velocity profiles
In the second set of experiments, the probe is placed inside the water channel, aligned
with the x axis in order to measure the longitudinal velocity fluctuations. Because this mode is
odd, its amplitude is null along the x axis, and we placed the probe at the transversal position y =
0.5d. Figure 5 gives a space time diagram obtained by the ultrasound monitor. As it can be
observed, waves. representing the alternate vortex shedding are generated from a point
positionned at x/d=6 downstream of the cylinder. Thus some waves propagate in the
downstream direction, but also others in the upstream direction. This experimental observation
confirms the existence in the cylinder wake of a region of the flow where the instability is of
"absolute type"[6].

"'-L....,~u.JLL~,"":.Ly ......·..., longitudinal

velocity component (R=142, y/d=0.5)
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