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Abstract

In the present study, effects of free-stream turbulence and surface trip wire on the flow past a sphere at Re = 0.4 x 10°~ 2.8 x 10° are
investigated through wind tunnel experiments. Various types of grids are instalied upstream of the sphere in order to change the
free-stream turbulence intensity. In the case of surface trip wire, 0.5mm and 2mm trip wires are attached from 20° ~ 90° at 10° interval
along the streamwise direction. To investigate the flow around a sphere, drag measurement using a load cell, surface-pressure
measurement, surface visualization using oil-flow pattern and near-wall velocity measurement using an I-type hot-wire probe are
conducted. In the variation of free-stream turbulence, the critical Reynolds number decreases and drag crisis occurs earlier with
increasing turbulence intensity. With increasing Reynolds number, the laminar separation point moves downstream, but the
reattachment point after laminar separation and the main separation point are fixed, resulting in constant drag coefficient at each
free-stream turbulence intensity. At the supercritical regime, as Reynolds number is further increased, the separation bubble is
regressed but the reattachment and the main separation points are fixed. In the case of surface trip wire directly disturbing the boundary
layer flow, the critical Reynolds number decreases further with trip wire located more downstream. However, the drag coefficient after
drag crisis remains constant irrespective of the trip location.
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Fig. 1. Schematic diagram of the experimental set up
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Fig. 2. Turbulence intensity variation along the centerline of the
test section and the specifics of the grids
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Fig. 3. Variations of the drag coefficient
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Re = 1.5x 168

Re = 1.0x 10° Re =2.0x 10F

Fig. 4. Variation of the separation angle and constant reattachment
angle when secondary separation bubble exists. At Re= 2.5 x 10°
there is no secondary separation bubble. The flow is from bottom
to top.
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Fig. 5. Profiles of the time-averaged streamwise velocity (e) and
rms streamwise velocity fluctuations (©) measured at angles
between 70° ~ 120° with 6% free-stream turbulence intensity.
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