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Abstract: Turbulent channel flows with consideration of the buoyancy effect of the bubble phase is investigated by means of the 
Direct Numerical Simulation (DNS). This two-phase system is solved by a two-way coupling Lagrangian-Eulerian approach. The 
Reynolds number based on the friction velocity and the half-width of the channel is 194, and the gravitational acceleration varies 
from 0.5 to 0.5, ranging from the upflow to the downflow cases. This study aims to reveal the influence of buoyancy on the 
turbulence behavior and the bubble motion. Some typical statistical quantities, including the averaged velocities and velocity 
fluctuations for the fluid and bubble phases, as well as the flow structures of the turbulence fluctuations, are analyzed.  
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Introduction 

Two-phase bubbly turbulent flows are widely 
found in various industrial applications, such as oil 
wells, boilers, nuclear reactors, and airlift pumps. In 
all these applications, the complex bubble motions 
have a great influence on overall heat, momentum and 
mass transfer, and play a crucial role in the efficiency 
and safety of these facilities. To better understand the 
dynamics of the turbulent bubbly flows, a number of 
investigations were carried out[1-5]. It is found that the 
buoyancy induced by the gravity combined with the 
lift force dominates the bubble dispersion in the wall 
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region for the turbulent bubbly upflows and down- 
flows[6-8]. 

The preferential bubble concentration is observed 
in turbulent channel flows laden with air bubbles, 
which indicates that bubbles are driven to the wall in 
the upward flow and away from the wall in the down- 
ward flow[7]. This mechanism of the preferential 
bubble distribution is related to the driving action of 
the quasi-streamwise vortices in the wall layer and the 
buoyancy induced by the gravity and lift force[8]. 
Several numerical simulations were performed to 
reveal quantitatively the role of the lift force acting on 
the bubbles and inducing their preferential distri- 
bution[6-8], but the influence of buoyancy of the bubble 
phase on the turbulence behavior and the resultant 
bubble motion, and their interactions remain not well 
studied, which motivates the present study of the 
buoyancy effect of the bubble phase in the turbulent 
bubbly upflows and downflows by the Direct 
Numerical Simulation (DNS). 

It is well established that the direct numerical  
 


