
LDA Measurements in the unsteadv wake of
a itttultiple Fins Oscillator

This paper presents experimental results from a multi-
ple fins oscillator, which has been employed to verti-
cally oscillate the fluid in a rectangular tankfilled with
weter. Thefins perform a combinedheaving andpitch-
ing oscillationwhile the whole oscillatingmachine is
stationary. The distance between two adjacentfins is
regarded as the oscillator characteristic length D with
D = 0,05 m. While applying a time-periodic forcing,
flow field measurements were caruied out using a hilo-
c o mp o n e nt las e r -D opple r an e mo me t e r. Th e m e as ur e d
v e lo c ity data hav e b e e n phas e - sy n chr o nis e d w ith th e

periodic excitationby sensing the position of the oscil-
latingfins with a Hall-probe. The wakes behindthe
oscillatingfins show time averagedvelocity profiles in
theform ofiets. Theflow pattern comprises back-flow
ar e as in -b e tw e e n th e fin s . C o nc e ntrat e d v o rtic ity r e -

gions originatingfrom the fins extend up to a

streamwise distance of approx.0.5D. Forlarger dis-
tances from the fins, the vortices become unstable and
they decay into small scale vortices. At x = ).5D the
turbulentfluidmotions are nearly homogeneous with a
turbulence intensity of Tu 

=25%o.

lntroduction
Stirred tanks are encountered in a variety of industrial applica-
tions (blending, dispersing liquids, chemical reactors, pre-
treatment stages of metal molded article coating, etc). Flow
control in tanks is currently attracting increased attention: flow
destabilization (eg, for better mixirg) or flow stabilisation (eg,

for eliminating unsteady loads) may be desired. The techniques
may be classified into two categories: passive control (by
altering the flow geometty) and active control (by applying a

time-dependent forcing to the flow). Active control may be
divided into open-loop (forcing is a prescribed function of time)
and closed-loop schemes (forcing is a function of real-time flow
response measurement)' .

Nomenclature
D distance between two fins (length scale)

T
Tu

u*

frequency
height of tank
length of tank
period of time
turbulence intensity
reference value for velocity

u velocity-component in x-direction
w velocity-component in z-direction
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W width of tank
x,!,2 co-ordinates
a rotation of the flow

Subscripts
o averaged value.at x/D - 2.5
y in y-direction
g total value

Mathematicalsymbols

t time averaged value of "a"
<a> mean value of "a" at constant phase

In this paper, we report on two-dimensional LDA experi-
ments in the outflow region of a multiple fins oscillator placed
in a water tank. An active flow control in an open-loop scheme
is investigated, which relies on directly generating instabilities
by applying a harmonic forcing to the flow. The purpose of this
study is to get an accurate knowledge of the basic fluid
mechanics induced by a multiple fins oscillator.

Previously, thrust-producing harmonically flapping foils
have been studied mainly to derive efficient propulsion-tech-
niques. A moving flapping foil produces thrust through the
flow formation downstream from the trailing edge, which, when
averaged overthe period of oscillation, has the form of ajet. This
jet flow is unstable, acting as a naffow-band amplifier of pertur-
bations. The harmonic motion of the foil causes unsteady
shedding of vorticity from the trailing edger-4. Stationary foils
have also been studied as vortex splitting devices in boundary-
layer control experimentss-7. The linear and nonlinear inviscid
theories of unsteady foil flow and thrust production have been
studieds'e.

The objective of the present study is to describe the time-
averaged and unsteady structure of the flow field in the close
vicinity of the oscillator fins for different driving frequencies.
The emphasis is on the charactenzatron of the developing flow
structure and turbulence intensity'0.

Fig. 1 illustrates the oscillating movement of a single fin,
induced by a heaving motion of the oscillator-frame. The fin
oscillates in a combined translational and rotational motion
which is due to its own elasticity.

Experimental Setup
Flowfacility
The flow facility is shown in Fig. 2.Therectangular tank is240
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Fig 1: Oscillating
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m ultiple fins oscillator
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Fig 2: Sideview of rectangular water tank, (D = 0,05)

cm long (L) and 60 cm wide (W) and is

filled with quiescent water up to a

level (H) of 53 cm. At the top level
there is a free surface. One of the long
walls of the tank is equipped with a

glass window.
A four-fins oscillator was mounted

in the vicinity of one of the short walls
of the tank, with a bottom clearance
BC (distance from the lowest fin to the

tank bottom) equal to 28 cm and a top
clearance TC (distance from the top
fin to the free water surface) equal to
10 cm. The fins are25 cm long, 5.5 cm
wide and 0.08 cm thick. The distance

from the laser beam and to split each color into two beams with
a40 MHz frequency difference. Here the 514.5 nm and 488 nm
color lines have been used. Two Burst Spectrum Analyzers
(BSA) process the signals from the photo-multipliers. The
BSA's are interfaced to a microcomputerby GPIB interface and

BSA Flow software. The measured LDA data have been phase-

synchronized with the periodic actuator movement by sensing
the position of the fins with a Hall-probe mounted on the frame
of the oscillator. The beginning of every cycle, as detected by
the Hall-probe, was time-stamped by u TTL impulse and in-
serted into the series of arrival time records of the validated LDA
datar".

Dataacquisition
A measurement grid (Fig. 5) was defined in the vertical plane
(perpendicularto the fins) horizontally placed on the center line
of the set-up. A Cartesian co-ordinate system is used with the
origin (O) at the midpoint between the two lower fins. The (x, z)

axes are directed streamwise (horizontal and

vertical, respectively). The component of the
velocity vector in x-direction is defined as u-

, tn z-direction as w-component.
The probe was mounted on a 2D traverse

system for accurate positioning of the mea-
suring volume on the measurement grid. The
traversing system was computer-controlled
by a microcomputer linked with the BSA com-
puter through a serial interface. BSA Flow
software communicated with the traverse sys-

:il.:trough 
a custom-made interface soft-

The grid spacing in both directions is Ax =
Lz - 0. 1D (546 measurement points).

between two adjacent fins is regarded as the oscillator charac-
teristic length, D = 5 cm. The fins oscillate in a combined
translational (heave) motion (forced by the vibrating motor) and
rotational (pitch) motion due to their own elasticity. Fig 3

illustrates the multiple fins oscillator used for these experi-
ments.

LDAset-up
The optics of the 2D LDA set-up consists of a 500 mW Ar-ion
laser, a transmitter box, a 2D probe based on the colour sepa-

ration method and two photo-multipliers. The 2D probe and the

transmitter box are linked by glass fibers. The transmitter
contains a colour separator and a frequency shifting Bragg cell.
Its primary function is to extract two mono-frequency colors

vibrating motor

vibration frame

coil spring

multiple fins

Fig.3: Front and sideview of a four step fins oscillator
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Fig.4: Sideview of the oscillator and look at
the four laser beams of the 2D LDA-optics

Fig.5: Measuring

incorporated into The SA

Geometrical variables are normaltzed with the oscillator
characteristic lengthD, velocity-values with the mean streamwise

velocity uii , calculated by an integration of the u-component

over the z-co-ordin ate at x/D - 2.5. Samples 1500 - 8000 have
been acquired per measurement position, depending on the
location of the measuring volume on the grid.

Results and Discussion
As the flow pattern in the tank depends closely on the type of
stirrer, detailed knowledge of the hydrodynamics close to the

oscillator is important. The flow field has been measured at37 Hz,
40Hz and 43 Hz motor driving frequencies. The next chapter
summarizes characteristic results at a forcing frequency of 40 Hz.

grid within the stirred tank
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Fig. 6: Time averaged flow velocity, induced by the multiple fins oscillator ull;+O = 0,55 m/s

Flow field at4DHz motor driving frequency

The structure of the mean flow is shown in Fig. 6. In this Fig the

u-signed absolute mean velocitY

The flow pattern comprises three back-flow regions (above

the upper fin, below the lower fin and inbetween the fins),

extending in x direction up to a distance of approx. 0.5 D. Further

downstream there exists no back-flow. The main flow is directed

horizontally. At x/D - 2.5 the velocity profile shows nearly no

velocity gradient in z-dtection.
As already reported in literaturer, the wake behind an oscil-

lating foil has an aver age velocity profile with the form of a jet.

Two jets generated by the two fins can be noticed in Fig. 6 and

Fig. 7. Consequently, the mean velocity profiles in Fig. 7 for x

< I D are characterised by two positive peaks. There exists an

offset between peak positions (positions of the jet origin) and

the position of the trailing edges of the fins while the vibrating

machine is off. Under operation, the vibration shafts are slightly
pushed backward (their working position is slightly deviated

from the vertical one) also causing a change in the fins position.

With increasing x, the peaks decrease in amplitude and are

getting broader. For x > 1.5 D the profiles approach a constant

value which slightly decreases with increasing x.

The fins oscillations induce an unsteady flow. The hermonic

motions of the trailing edges produce periodical velocity varia-

tions within the fluid, which are resolvable with the phase

locked LDA technique"'. To discuss the flow dynamics one

Fig.7: Development of velocity profiles; uii,oo = 0,55 m/s

period of the fins oscillations have

been resolved into 10 time steps. The

periodically repeated process with a

duration of T - 0.025 seconds is thus

represented by a frame sequence in

which neighboring frames represent

mean values of the represented flow
quantity at constant phase with a tem-

poral shift of At - 2.5 ms. Fig 8 repre-

sents the fluid vorticity crly around the

y-axis of the co-ordinate system. The

brackets symbolise mean values at

constant phase:

/__ \ _ a(') a(*)
\-v/- a= - ex

Fig 8 clarifies that the fins oscilla-

tions induce within one period or 0.025 seconds one clockwise
(grey, rrl positive) and one counter clockwise (black, o negative)

rotating vortex structure. The vortex structures are shifted

approx. 0.5 D downstream in x-direction which colresponds

with a mean transport velocity of 1.0 m/s. Interactions between

the counter rotating regions induce instabilities resulting into

decomposition processes of the large scale vortices. Down-

stream of x = I D small scale vortices with a diameter of approx.

0.zDcould be identified. With increasing x-co-ordinate < I ty
I t d..reases.

Fig 9 displays the arithmetic mean of both measured turbulent

velocity components u' and w', normalised with the reference

velocity uJ. Tr* represents the along the z-co-ordinate aver-

aged turbulence intensity. Obvionsly Tu* reaches a maximum

value of 807o at x = 0.5 D. At this position the decay processes

of the large scale vortices start. Between 0.5 Z x/D Z 1.0 Tu"

decreases with a steep slope. In the region x > 1.0 D, where small

scale vortices dominante the flow, the slope becomes less steep.

At x/D =2.5 the mean turbulence intensity is 247o.

Influence of motor drivingfrequency on the flowfield
characteristics
Measurements have been performed at two more oscillator

frequencies, at f = 3J Hz and f = 43 Hz. Table I shows the

dependence of the reference velocity uij : uii : Increases with the

increasing frequency of the multiple fins oscillator.

The developing flow features in the form of fluid jets, large

scale vortices, and the decay process are very similar and show

no remarkable frequency dependence. Fig 10 illustrates the time
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Fig. 9: Variation of the turbulence intensity Tun along the x co-ordinate
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turbulence characteristics: in
normalising the mean of the turbulent
velocity components u' and w' with
the frequency dependent reference

velocity, a nearly identical distribu-
tion of Tu., results. At x/D - 2.5 for all
three frequencies Tu_o reaches a con-

stant value of 257o + 37o.

Conclusions
The objective of the present report
was the description of the time-aver-
aged and unsteady flow field close to

a multiple fins oscillator (up to a

streamwise distance of 2.5D) in terms

of mean velocity, mean values at con-

stant phases, and turbulence inten-
sity. The flow pattern comprises areas

of backward flow in-between the fins
(extending up to a streamwise distance

of 0.5D). The main flow is horizontally
directed. Turbulence intensity, and

spanwise vorticity have significant
values in the nearvicinity of the trailing
edges of the fins (up to a streamwise

distance of approx. 0. 5 D). Further down-

stream interaction processes between

clockwise and counter clockwise evi-
dent rotating large scale vortices which
induce instabilities leading to small

scale vortices. The overall features of
the flow field (flow structure, turbu-
lence intensity, vorticity) are nearly

independed from the exitation fre-

quency by scaling with uii .uil in-
creases with increasing driving fre-
quency (Tab. 1).
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