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Abstract: 
Direct numerical simulations (DNS) are  becoming a viable tool to understand finite 
Reynolds-number multiphase flows. The considerable numerical challenges include the 
extra complexity caused by the unsteady motion of a deforming phase boundary.  The 
front tracking approach for DNS is discussed in detail.  Recent results for buoyancy 
driven bubbly flows in vertical channels yield previously unexpected insight into the flow 
dynamics and into the importance of accurately accounting for bubble deformability. 
  Other examples discussed are simulations of boiling flows, of coalescence-driven 
regime transitions in channels, and of flows with chemical reactions.  Challenges 
presented by more complex flows are discussed. 
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