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The hydrodynamic characteristics of flow around a surface piercing cylinder is still important in the field of naval architecture
and ocean engineering, Various experimental and numerical studies have been conducted on simple structures to develop
engineering solutions for issues such as frictional and wave—making resistance, vortex—induced vibration (VIV), and noise
generation, In particular, splash phenomena and noise generated around masts, which are critical components requiring
specialized performance for military applications such as submarines, are directly related to the survivability of naval vessels,
Therefore, a thorough hydrodynamic understanding of these phenomena and the development of methods to reduce underwater
noise emissions are of paramount importance, This study provides an in—depth investigation of the flow characteristics occurring
in the submerged region beneath a cylinder, with a particular focus on elucidating the effects of the mast—shaped structure on
bubble generation and flow field variations, An OpenCV—based image processing technique was developed to quantitatively
evaluate the amount of bubble generation, distinguish between bubbles of different sizes, and track their trajectories,
Furthermore, the bubble generation patterns were analyzed under various flow velocity conditions;

Keywords : Circular cylinder(AI2IH), Bubbly flow(7 |2 R5), Flow visualization(R= 7tAIS), Computer vision(ZHE] H|F)
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Fig. 1 Experimental setup

Table 1 Test conditions

Full speed [knot] 3.0 4.0 5.0
Froude number 0.87 1.15 1.44

Flow speed [m/s] 0.54 0.72 0.90
Reynolds number | 2.2x10* | 2.9x10* | 3.6x10*

Fn Circular cylinder

Elliptic cylinder

Fig. 2 Instantaneous bubbly flow behind the cylinder
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Original OpenCV-Python - Prerequisites: RGB BG images w/o Bubble
High-speed Video Library = 10 steps of the digital image processing

3 I

Convert to Image VideoCaputre

L2 l
Subtraction RGB IMAGE_CHOPS
value of the pixel

¥

Convert RGB to
Gray-scaling

- Select ROI{reglon of Imerest)
« Read sach frame of the videa

« Image decompositions
+ Spedial effects & Algorithmic painting

« Color_BGR2GRAY

IMREAD.
+ Histogram Normalization for confrast

GRAYSCALE

« Enphance the contrast of an image
. ing the image in i form of

lighting

« Imags inversion for find bubble contours I

+ Ablurring method that smooths noise while
preserving edges.

. Bilateral Filter
Soveomn P

« Analyze the histogram to determine the
Thresholding THRESH_OTSU opilimal threshold and set pixel values
ling it to the maxi
¥ |
q + Detect edges using gradients
Detecting edge CANNY Fﬁl'l » Apply two threshokds for strong & weak edges |
¥
- " " « Expand bubble’s edges in the image
F'"'"% islmdmg E:féz « Fills gaps & smoothens edges
ubble . noise and close objects

= Count 2D array of white (bubble) pixels
« Calculate bubble density per image

L 2
Estimation &
| Visualization | »

Fig. 3 Bubble segmentation algorithm
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7|#Z9| AA= OpenCV EPOI‘Z'E1P—| Z skt CED (Canny
Edge Detection) L12|52 Soll AE3I¥ I (Sujatha et al.,
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HeSIACHFig. 5). 71Z2| A (dB)2
=

FESIL, o2 ool Hd

Result of OpenCV-Python = Preraquisites: Black & Whike pixel only
Segmentation Library = 4 sleps of the digital image processing
L 2
Outline Making draConours +  Exiracting and Filling bubble contours |
2 |
Convert BGR to HSV ~ Color_BGRZHSV
B&W to RGB(HSV) Set Range = Delecting Matrix Elements within a specific range
¥

Bubble size
Counting

Bubble Tracklng ﬁjéi::zepg;"
Estimation & . Coum 2D aray of each size of (bubbie) pixels
Visualizati * Get characteristic parameter

Fig. 5 Bubble size counting and tracking algorithm

Extract Color Pixel
COUNT_PIXEL

+ Assigning different colors by bubble size and
counting each RGB pixel

» Tracking bubble movemenis by detecling
positions frame by frame

(a) Original
Fig. 6 Bubble segmentation and counting at Fn=1

Table 2 Bubble color Classification by Diameter Ratio

Color Pink Yellow | Green Blue Orange

dg/Dc | 0.050 | 0.075 | 0.100 | 0.125 | 0.750

(b) Bubble segmentation
.44 (Circular cylinder)
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(c) Bubble size counting
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Fig. 8 Spatial Density (Volume fraction)

(b) 1.50 sec
Fig. 7 Bubble tracking at Fn=1.15 (Circular cylinder, dg/D. = 0.075)
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Fig. 9 Spatial Density by bubble size
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Fig. 10 Bubble’s trajectory for 10.05 sec at Fn=1.1
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Fig. 11 Comparison of the bubble number at different Froude numbers
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