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PROJECT ABSTRACT

Goals:

We wish to achieve a better understanding of the underlying physical
mechanisms that make bluff body flows expected to be characterized by two-
dimensionalitv exhibit three-dimensional effects. Further we hope to be able to
aisociate these effects which are characterized by vortex splitting and vortex
looping to various properties of the flow such as drag, base pressure, shedding
frequency, wake formation length and possibly to the global instability of the tow.

Objectives:

In order to attain our goal of understanding the three-dimensionalitv in the
near wake region, we examine the flow around two bluff bodies with mild three-
dimensional disturbances imposed by their geometry, a wavy-trailing edge blunt
base section body (BB) and a circular cylinder with periodic splitter plates affixed
(CC) respectively.

Approach:

The approach of the research is primarily experimental. Fluctuating
velocities and pressures are measured in low turbulence wind tunnels at both
institutions using hot-wire anemometr, and pressure transducers mounted inside
the models respectively. Flow visualization has been carried out in a water channel
using electrolytic precipitation technique as well as in the wind tunnels with stroke.

Tasks Completed:

For BB models with periodic spanwise disturbances:
- Spectra of velocity and pressure signals were measured as well as base

pressures and spanwise pressure correlations.



" Successful flow visualization has lead to the observation of varicose and
oblique modes of shedding.

" For future experiments a new model was designed and built so as to
permit geometrical modifications and high frequency pressure
measurements to be made and an existing traverse gear was
comprehensively refurbished.

For the CC models with periodic splitter plates:
" Mean pressures were measured as well as spanwise base pressures.
" Formation lengths were measured at peaks and valleys and correlated to

base pressure measurements and drag calculations.
" Smoke and naphthalene flow visualization each provided the details of

the three-dimensional character of the near wake flow.
" A new CC model was designed to permit the simultaneous measurement

of eight pressure signals along the span in the base region.

Results:

Results of the experimental investigation of the effects of imposed three -
d1 Tisionalitv on the flow characteristics about both bluff bodies have indicated
t! .many similarities exist for the two models as well as some differences which
have yet to be fully understood.

We find that for both bodies the drag is reduced as the steepness of the
geometrically imposed disturbances is increased. For the BB model the drag is
found to be higher at the valleys than at the peaks whereas for the CC model the
opposite is observed. In both cases however the drag at the valley is still lower than
that measured for an equivalent two-dimensional body for the BB model or for an
equivalent straight splitter plate for the CC model.

Velocity spectra at the peaks show the presence of two shedding
requencies, the strength of the lower one falling as we move towards the valley.
These results indicate that the strongest th.ee-dimensional effects are present at the
peaks. Flow visualization for the BB body confirmed the above, with vortex
splitting occurring at a peak quite regularly. Flow visualization for the CC body
indicated strong flow movement from the valleys to the peaks and support the
evidence found for the BB body. In both cases base pressure signals indicated large
instantaneous spanwise pressure gradients are present.

The formation lengths for both models are larger at the valleys than at the
peaks. In the case of the CC model the the formation length appears to reach a
maximum at a point where the drag reaches a minimum i. e., the point at which the
valley length is equal to the length of the straight splitter plate for which drag is
minimum.

Accomplishments:

1. Observed two modes of vortex shedding and two shedding frequencies at peaks.
2. Demonstrated that three-dimensional disturbances increase base pressure.
3. Measured formation lengths are larger at the valleys than at the peaks.
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