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3D reconstruction and optimization of dense bubbly flow
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Abstract: In order to reconstruct the flow regime of dense bubbly flow and to measure flow
parameters, a 3D visual measurement system based on laser scanning was constructed. Laser sheet
combined with a rotating polygonal prism was employed for optical scanning of the flow field. The
slice images of field were recorded by a high-speed camera and the 3D structure was reconstructed by a
series of image preprocessing methods. Considering the multiple exposure in slices during the scanning
process, an optimization algorithm based on template convolution of second-order differential and
mean was proposed, which can effectively extract feature points of multiple exposure from slices and
simultaneously remove redundant and noise information. The experiment results demonstrated that
the 3D structure of dense bubbly flow with overlapped projection of bubbles can be perfectly
reconstructed by the proposed laser scanning method. The optimization algorithm based on second-
order differential can effectively reduce the distortion of reconstructed structure. The volume void

fraction of reconstructed field is less than 6% in relative error compared to the actual value. The non-
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intrusive measurement based on laser scanning can realize 3D reconstruction of the dense bubbly flow

with high accuracy, thus proving remarkable advantages in comparison with traditional methods.

Key words: optical three-dimensional measurement; laser scanning; dense bubbly flow; three-

dimensional reconstruction; template convolution; void fraction
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Fig. 2 Schematic of laser-scanning measurement system
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Fig. 6 Convolution of noise in multi-slice images
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Fig. 9 3D reconstruction of bubbly flow field

Pl A i A2 B DY R S A AR T 1 B Ak AR
WmE 10 Fros . W] RUE ORI RNR % = ) (3
E A DN NEE il e YR R N S I ) D S [ =
WO S FE BRAE = ] R i, 18 10(b)
Tk IS 22T E AL s 3 i = Bloxk U0y ik
T IB A0 B, W] DUAE — & 72 B R AR IR
TS5 1 (e A AHL ] Bof s 23 36 R 3 Hh KB 45 15
B ER . RIARSCHE A B i 24 45 1
24 PR W AR RO W TR AR B A5

o
-~ o'gs.. '.?:" Lo
T gt -
": o."v 3 -"ﬁ,
A-5E L
by ad
et A
.‘“ -u:" :\" ;‘
e g
.“hr H .' \Ia‘-
» g ®
% e
P .
(A QY2 =L 7
(a)Before optimization ~ (b) After morphology optimization
-v -
4'.‘:. t’}
. - -
bl
:7" e
:.-‘:"‘.;
S
o
e 020
~l 22
M
6
- 'a
. ae . .
r .
() A A 43 I7 i Ak

(c) After differential optimization
K10 H#ET m E A S A
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Tab.1 Void fractions for different gas flow rates
o ORRE WA Al d A
C/LeminhD RM/% KME/% BE/%
1 0.223 5.31 5.51 3.6
2 0. 206 5.06 5.14 1.6
3 0. 186 4.51 4.69 3.8
4 0.163 4.06 4. 28 5.1
5 0. 146 3. 60 3.78 4.8
6 0. 135 3.29 3.49 5.7
7 0.123 3.01 3.19 5.6
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