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Time-Resolved Two-Phase PIV Measurements of Freely Rising Bubble
Flows with an Image Separation Method

Jaeyong Sung, Sang Min Park and Jung Yul Yoo

Abstract. A time-resolved two-phase PIV system using a single camera has been developed, which intro-
duces a method of image separation into respective phase images, and is applied to freely rising single
bubble. Gas bubble, tracer particle and background have different gray intensity ranges on the same image
frame when reflection and dispersion in the phase interface are intrinsically eliminated by optical filters
and fluorescent particles. Further, the signals of the two phases do not interfere with each other. Gas phase
velocities are obtained from the separated bubble image by applying the two-frame PTV. On the other
hand, liquid phase velocities are obtained from the tracer particle image by applying the cross-correlation
algorithm. As a result, the bubble rises rectilinearly just after it is released from an injector and then has
a zigzag motion in the far field. From the trajectory of the bubble, it is found that the period of the zigzag
motion is closely related to the vortex shedding although the wavelength of it varies along its movement.
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Fig. 1. Fundamental problem of the two-phase PIV:
serious reflection and dispersion occur at the phase
boundary due to refractive index difference.
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Fig. 2. Schematic of experimental set-up with flat test-section.
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Fig. 3. (a) Two-phase PIV image and (b) the gray value
distribution along the horizontal yellow line
indicated in (a).
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Fig. 4. Pre-processing of an image to calculate bubble velocity: (a) original image, (b) bubble image after median-
filtering, (c) binarization, (d) dilation process, (e) erosion process, and (f) bubble edge image.
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Fig. 5. Simultaneous measurement of liquid and bubble
phase velocities.
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(a) (b
Fig. 6. Vorticity fileds near the injector (a) just after a
single bubble is released and (b) after the bubble
has passed the field of view. The bubble rises
rectilinearly and induces symmetric voritcity fileds.
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Fig. 7. Evolution of the vorticity fields far from the
injector of a freely rising single bubble.
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Fig. 8. Trajectory of a freely rising smgle bubble.
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