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In this article bubbly flow under the specified axial pressure gradient in a curved channel is studied 
numerically. To do so, a second order parallelized front-tracking/finite-difference method based on the 
projection algorithm is implemented to solve the governing equations including the full Navier-Stokes 
and continuity equations in the cylindrical coordinates system using a uniform staggered grid well-fitted 
to the geometry concerned. In the absence of gravity the mid-plane parallel to the curved duct plane, 
which is the symmetry plane in the single fluid flow inside the curved duct, separates the bubbly flow 
into two different flow regions not interacting with each other. Twelve bubbles with diameters of 0.125 
wall units are distributed in  equally spaced distances from each other. The numerical results obtained 
indicate that for the cases studied here, the bubbles reach the statistical steady state with an almost 
constant final orbital motion path due to the strong secondary field. Furthermore, the effects of different 
physical parameters such as Reynolds number, and curvature ratio on the flow field at the no-slip 
boundary conditions, are investigated in detail. 
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Fig. 1 Geometry of the physical domain 
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Fig. 2 Staggered grid points and the front position. 
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Fig. 5 Comparison of Unverdi [1] and present simulation.  
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Fig. 6  Reynolds numbers versus time for bubble rising in a 
vertical channel[8] 
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1   
Table  Parameters used in the simulation 
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Fig.8  secondary flow (left) and axial main flow velocity (right) 
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Fig.9  3D stream line with bubbles (left) and secondary flow 
field (right) in R-Z  plane of the duct 
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Fig. 7 initial bubble distribution in three different curved 
duct  
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Fig. 10 Steady state bubble trajectory project on the cross-
section of the curved duct in R-Z plane 
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Fig. 11 Statistical steady state bubble trajectory in the curved 
duct (inner wall view)  
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Fig. 12 Statistical steady state bubble trajectory in the curved 
duct (top wall view)  
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Fig.13  Development of bubble motion projected to the curved 
duct cross-section to its steady state orbit  
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Fig.14  R & Z Spiral motion of bubble inside the curved duct 
by indicating the r and z coordinates of bubble centroid versus 
time for = 1   

14 R Z 
= 1/3  

 .

 .

17  

  
Fig.15  R & Z Spiral motion of bubble inside the curved duct 
by indicating the r and z coordinates of bubble centroid versus 
time for  = 1/3  

15 R Z 
= 1/3  

  
Fig.16 R & Z Spiral motion of bubble inside the curved duct by 
indicating the r and z coordinates of bubble centroid versus 
time for = 1/6 
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Fig.17 axial velocity contour for channels  
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