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A Study on the Development of a Three-dimensional Measurement
System for Flow-Structure Interaction Using Digital Image Processing
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ABSTRACT: A simultaneous measurement system that can analyze the flow-structure interaction has been developed. This system consists of four
CCD cameras, two for capturing instantaneous flow fields and two for tracking a solid body. The three-dimensional vector fields around a cylinder
are measured, while the motion of the cylinder forced by the flow field is measured, simultaneously, with the constructed system. The cylinder is
suspended in the working fluid of a water channel, and the surface of the working fluid is forced sinusoidally to make the cylinder bounced. Reynolds
number for the mean main stream is about 3500. The interaction between the flow fields and the cylinder motion is examined quantitatively.
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Fig. 1 Overall measurement system
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Fig. 2 Picture of calibrator for four cameras

Table 1 Hydraulic condition of the cylinder

Draft 0.05m
Center of Gravity 0.035m
Weight 0.030kgf
wacking target

0.04M e

0.23M

| s |

(a) Configuration of cylinder (b) Picture of cylinder
Fig. 3 Configuration of vertical floating cylinder
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Fig. 4 Camera parameters on the absolute and the
photographical coordinates
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Fig. 7 Images used for the measurements of flow field
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Fig. 8 Temporal motions of the four targets under the wave
generator frequency 1 Hz
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Fig. 9 Temporal motions of the four targets under the wave
generator frequency 1.33 Hz
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Fig. 10 Temporal motions of the four targets under the
wave generator frequency 1.67 Hz
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Fig. 12 Three-dimensional vector field around the cylinder
at (t = t1)

Fig. 13 Three-dimensional vector field around the cylinder
at (t = t1 + 9/60 sec)

Fig. 14 Three-dimensional grid vector field around the
cylinder at (t = t1)

Fig. 15 Three-dimensional grid vector field around the
cylinder at (t = t1 + 9/60 sec)
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Fig. 16 Temporal evolutions of 3D vectors measured by
3D-PIV at x, y, z = (-20, -170, 0)
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