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Experimental Investigation of Flow Strcuture
around a Standing Baffle in Rectangular
Open Channels by Ultrasound Doppler Velocimetry
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The spatial and temporal structure of flow around an intermediate standing baffle (step) in rectangular
open channels has been investigated experimentally in detail. Understanding flows over baffles and
steps is of great value due to their application in a large number of engineering configurations. Flow
over a baffle can be considered as an extreme combination of flows over backward- and forward-
facing steps. Thus although the geometry of a baffle is simple, the flow over it has diversified time-
dependent features and complex flow structures. Importantly streamlines are not parallel to the wall at
the separation point. Thus the impinging flow at immediate upstream of the baffle has two dimensional
characteristics. From another perspective, since performance of a settling tank is heavily dependent
on its flow field, provision of a baffle or deflector in a settling tank to modify the flow field and
consequently to improve the efficiency of it has been investigated by several researchers as a method
for flow control. Thus it is important to investigate hydrodynamics and structure of flow field in a
baffled tank in detail. Relatively few detailed measurements of flow field characteristics of such tanks
are available in the literature. Furthermore, most of them are lacking the concept that the flow has a
strongly spatio-temporal nature and only qualitative description of the flow field has been made.
Therefore, in the present study a comprehensive set of systematic experimental investigations of the
effect of a standing baffle on the structure of flow and spatio-temporal characteristics of flow around it
has been made in a quantitative manner.

A detailed investigation of velocity measurement obtained by a 3D ADV(Acoustic Doppler Velocime-
ter) in a primary rectangular sedimentation open channel with a rather low Reynolds number turbulent
flow revealed the existence of a clear peak structure in the smoothed space-averaged power spectra
of streamwise and vertical velocity components at upstream of the baffle. It was found that the baffle
effects the stream wise energy dissipation and not on the vertical energy dissipation by damping out
the peak structure of streamwise velocity component at downstream of it but not affecting the peak
structure of the vertical component.

Considering the importance of the problem and the strong spatio-tempral nature of flow, Ultrasonic
Velocity Profiler (UVP) has been successfully applied to investigate the flow structure over a baffle in
a set of systematic experiments.

Due to the capability of UVP in the non-invasive measurement of flow velocities along its measuring
line simultaneously, a single transducer, slightly inclined from the vertical direction and inserted into
the water near the free surface, was scanned along the channel to extract the spatio-temporal flow
structure and its characteristics at various Re numbers. Various spatial distributions such as on-axis
time-averaged velocity profiles and relative turbulent intensities at different streamwise measurement
sections indicate the flow structure of uprising flow at upstream of the baffle, vortex shedding and
flow separation, change of the effective cross-section just behind the baffle and recirculation flow
at its downstream. These phenomena are also reflected in the peak values of the relative turbulent
intensity profiles. Spatio-temporal on-axis velocity field of up- and downstream sections confirms



the existence of periodic change of flow direction near the baffle’ s edge at downstream sections. The
existing flow phenomena were categorized by capturing four types of Phenomenological Zero Crossing
Points (PCP). Additionally, distribution of the space-dependent power spectra indicates the existence
of some peak structures concentrated near the baffle’ s edge for downstream sections whereas such peak
structures have not been observed for the upstream sections. Also for downstream sections mainly the
existence of peak values in the space distribution of two frequency modes could be confirmed which
can be attributed to the vortex shedding due to the existence of the baffle.
By aligning a transducer in the vertical direction spatio-temporal structure of vertical velocity field was
successfully captured and quantified using UVP. For the upstream of the baffle structure of uprising
flow was obtained. At its downstream vortex shedding, reverse flow region were captured. The most
significant feature of the relative turbulent intensity profiles was found to be the pronounced peak
- values (like a bump) near the baffle’ s edge. They can be mainly associated with the existence of
the vortex shedding behind the baffle. This effect was also reflected as local maxima (a kind of bump
with a value near zero and a high value of relative turbulent intensity) in the mean velocities profiles at
similar heights just above the baffle’ s edge which in tumn is a representative of the vortex shedding and
periodicity behind the baffle. The mean flow structure also provides a detailed picture on the spatial
velocity variations (or degree of spatiality) in quantitative manner. Such information is also very useful
when we look at the problem from the view point of sedimentation.
Behind the baffle development of time dependent vertical flow due to vortex shedding was quanti-
fied as periodicity in the spatio-temporal distributions of vertical velocities. Space-dependent power
spectra of vertical velocities reveals the existence of some peak structures over space and near the
baffle edge for downstream sections of the baffie whereas for the upstream ones such peak structures
have not been observed. Also the existence of dominant peak values mainly in the space distribution
of two frequency modes was observed downstream of the baffle and in the vicinity of baffle height.
The existence of peak structures in space-dependent power spectra and peak values in two frequency
modes downstream of the baffle are in agreement with the appearance of the peak values in the rela-
tive turbulence intensity profiles and the periodic behavior of spatio-temporal velocity distribution for
the corresponding sections near the baffle edge. As a result such peak structures can be attributed to
the vortex shedding due to the existence of the baffle. At the same time, the results corresponding to
vertical structure of flow confirm the findings of inclined experiments.
Additionally, by using two vertically positioned ultrasound transducers operating in the multiplexing
mode which were inserted into water near free surface flow field around the baffle was successfully
characterized based on the degree of correlation between vertical velocity fluctuations of flow at points
located at up- and downstream sections of the baffle. Contour maps of the peak of the absolute value
of the normalized cross-correlation coefficients between vertical velocity fluctuations at points located
on an upstream measuring line with those on a downstream measuring line were used to evaluate the
effect of the baffle on their degree of correlation. Existence of two regions with various characteristics
has been confirmed. In one region extended from the proximity of the baffle edge to the channel
bed the degree of correlation between vertical velocity fluctuations at baffle’ s up- and downstream
points is strongly damped out. Furthermore, the existence of a peak region inside the other region
which is extended from the free surface to baffie’ s edge has been confirmed. In this zone the degree
of correlation decreases gradually from the peak region to the proximity of the baffle edge which is
indicative of baffle’ s effect on the flow structure in its downstream. Also the decrease in the correlation
degree from the peak to the free surface was captured which may be attributed to the effect of free
surface.
As the next step, two UVP transducers inserted into the water near the free surface and were positioned
at optimized different angles (-30° , 30° ) against the flow direction. They were displaced by an ac-
curate traversing system to capture the vector velocity at various spatial points around the baffle. Thus
flow field could be constructed around the baffle by forming the velocity vectors at each crossing of
two measuring lines. Consequently, time-averaged velocity vector field around the baffle could be suc-
cessfully obtained. Profiles of the time-averaged velocity components, relative turbulent intensities as
well as Reynolds stresses indicate, quantitatively, the change of flow structure from up- to downstream
of the baffle. Uprising flow at upstream and indications of existence of vortex shedding at downstream
of baffle were found. At downstream of baffle development of flow pattern and a large recirculation
region could also be captured and position of the reattachment point could be determined. It was found
that at baffle’ s upstream the profiles of relative turbulent intensities are almost uniformly distributed
over channel’ s depth but at its downstream indications of high values of relative turbulent intensi-
ties could be observed which can be as a result of vortex shedding. In addition, the Reynolds stress



profiles were estimated. At downstream of the baffle indications of some non-uniformities could be
observed which can be as a result of the existence of the vortex shedding and separation at downstream
of the baffle. It was also found that the results concerning single line measurements are generally in
agreement with the vector measurements.

The study also shows promising applications for the measurement of particle-laden flow structure by
UVP as it is applicable to opaque liquids and thus the same methodology can be used. The under-
standing obtained from this study and its methodology is also expected to greatly benefit the design in
industrial applications specifically when the flow is opaque and has two-dimensional characteristics.
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5 3BILBNTRUDV ORBEBETHIEZE F v 77 —iEoEt (Ultrasound Velocity
Profiler, UVP) OFIBICH T > T, E DFHAIRE L FRIT DN T DERIEN 558 E > TV 5. UVP DOFf
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VA ORNOBEREELEBNICTHETESZ L ERBRTNWS. TOETIE UVP DFHIC
Ko T, Ny 7))V LIS OEFBRKIRREER S X, TOLA /IVAREELE L, TRAORE
BIOBHEIC OV TERRMAARLERL TWA. Eiz\y TV BORIE - 15BFICOWT,UVP
MNHEAT 2 ET 70X S0 BRI 5ZFOEREER BT 2 HEEZEBL TWA.
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DUERT V¥ v VIRBEBICOBEL TEMET X, &/, MESBRICH I 2NTFEHNOHEOBSTL,
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