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Microbubble Drag Reduction in a Taylor-Couette System

K. Sugiyama ∗, E. Calzavarini∗ and D. Lohse∗

We investigate the effect of microbubbles on a Taylor-Couette system by means
of direct numerical simulations. In particular, the effect of axially rising bubbles on
the modulation of the highly organized vortices in the wavy vortex flow regime (i.e.
Re = 600− 2500) is addressed. We employ an Eulerian-Lagrangian algorithm with a
gas-fluid (two-way) coupling based on the point-force approximation1. Added mass,
steady drag, lift, and gravity are taken into account in the modeling of the motion of
the single bubble.

Our results show that microbubbles are responsible for a reduction of the torque
exerted by the system, and therefore of the drag. In figure 1 we show the behavior of
the normalized torque, as a function of Reynolds number, and a comparison with a
recent series of experimental data obtained by Murai et al.2

Our analysis suggests that the physical mechanism for the torque reduction is due
to the appearance of an axial flow, induced by rising bubbles, that is able to break
the highly dissipative Taylor wavy vortices in the system. This effect is in principle
similar to the one produced by an axial driving force applied to a single phase Taylor-
Couette flow. However, we demonstrate that the bubble addition is more efficient in
injecting energy into the flow. We finally show that the lift force acting on the bubble
is crucial in this process. When neglecting it, the bubbles accumulate preferentially
near the inner cylinder and the bulk flow is no longer modified.

∗Department of Applied Physics, University of Twente, 7500 AE Enschede, The Netherlands.
1Mazzitelli, Lohse and Toschi, J. Fluid Mech. 488, 283 (2003).
2Murai et al., Proc. of 2nd Int. Symp. on Seawater Drag Reduction (2005).
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Figure 1: Torque reduction ratio, defined as the torque reduction due to the bub-
ble addition normalized by the torque in the single phase flow, versus the Reynolds
number for the Taylor-Couette system. The symbol • shows the present DNS. The
symbol × shows the experimental data at the gas flow rate of 1.17 · 10 6m3/s in Ref.
2. The inner and outer cylinder radii are Ri = 60mm and Ro = 72mm, respectively.
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