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PROJECT ABSm RACT

LONG TERM GOALS:

1. Mechanics of the development, modification and control of the near wake
behind a nominally two-dimensional bluff body.

2. Understanding the effects of controlled three-dimensional disturbance on the
region of absolute instability. Comparison of classical bluff body wake flow
entrainment mechanisms by Gerrard with instability concepts.

3. Implication of the imposed disturbances for cut-off blunt trailing edge (BB)
vis a vis a circular cylinder (CC).

4. Mechanics of uniform and nonuniform flow past a circular cylinder with a
free-end.
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IMMEDIATE OBJECTIVES IN FY'91:

1. Circular Cylinder with a splitter plate: We are focusing our attention on circular
cylinders with sinuous splitter plates. With sinuous splitter plates of varying
amplitude and wavelength three-dimensional disturbances are introduces into the
wake region. Flow visualization photos indicate a curious spanwise cellular flow
pattern along the separation line and a second reattachment line close to the splitter
plate as a result of the introduction of such disturbances into the wake region. In
the short period in FY'90 we have completed some base pressure and flow-
visualization studies. In the present year we are concentrating on hot-wire
investigations in the wake coupled with flow visualization and unsteady pressure
measurements.

2. Blunt-trailing edge body with periodic spanwise geometry: The BB results have
many of the same characteristics as those observed for the CC. However, a
stronger three-dimensional effect from geometric changes is observed then with the
sinuous splitter plate. Strong three-dimensional effects are felt by the base
pressure. Shedding is in cells across the span and under some conditions appears
to have an intermittent break down. Some interesting effects which will be
discussed below have been observed but are still quite far from a full explanation.
In the present year it is proposed to make unsteady pressure measurements along
the base which together with cross correlation measurements will help to provide a
more quantitative conformation for our observations.

TASKS COMPLETED IN FY'90 AND APPROACHES USED

I. Circular Cylinder with a splitter plate: Preliminary experiments on a circular
cylinder with splitter plates were performed in the 3' x 3' low speed wind tunnel at
Imperial College. The experiments were made on a two-inch cylinder (blockage
ratio 5.5%) for seven Reynolds numbers between 3.6 x 104 to 1.4 x 105. Three
types of splitter plates were employed, straight with L/D = 1/2 and 1, fluted with
L/D = 0.2 and sinuous with a wavelength ratio X/D = 3 for various maximum
amplitude ratios of a/D = 0.25, 0.5 and 1.

Results from mean base pressure measurements indicate that the base
pressure depends on the shape of the splitter plate but appears to be weak
dependence. The Cpb at the peak was always greater than the Cpb at the valley and
always smaller than that of a equivalent straight splitter plate.

Flow visualization using surface oil technique indicated a cellular flow
pattern along the separation line. The cell lengths curiously did not correlate with
the splitter plate wavelength or amplitude ratios used in the experiment. This needs
further systematic investigati: .-. _
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2. Blunt-trailing edge body with oeriodic soanwise geometry: A series of
preliminary experiments on a blunt-trailing edge body were completed since August
1990. The results can be summarized as follows:

i) Base pressure measurements were the same as those found for the sinuous
splitter plate. Base pressure coefficient Cpb was found to be larger (less negative)
at the peaks than at the valleys which led to an overall reduction of base drag by
10%.

ii) Shedding frequency measurements indicated that the wavy model appeared to
have two predominant shedding frequencies with Strouhal number of 0.238 (two-
dimensional body frequency) and 0.277. These are shown in the attached figure.

iii) Water tunnel flow visualization observation together with hot wire
measurements indicate that mode A, the sinuous mode is responsible for the .-igh
shedding frequency present along the whole wavelength whereas mode B, the
varicose mode is responsible for the presence of the low frequency in the region of
the peak.

WORK TO BE CONTINUED

Further experiments on the BB and CC models which include hot-wire
measurements, unsteady pressure measurements and flow visualization are
planned.



The frequency spectrum for the 2-D model a.ong
the span.

The grequency spectrum for the wavy model along
the gpan, Note how the high frequency rnagnitude
grows as we move towards the valley while the
low frequency mngnitude d8e3 o t.f



PUBLICATIONS FROM ONR SPONSORED WORK - FY89/FY90
Professor Albin A. Szewczyk

December 1990

90 - C "Effects of Three-Dimensional Disturbances Generated by Splitter Plates on
the Near-Wake Flow behind a Circular Cylinder." Presented at the Forty-Third
Annual Meeting of the Division of Fluid Dynamics. APS Bulletin, vol. 35, no. 10,
November, 1990.
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