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Abstract

In this thesis, a novel method for obtaining drag reduction in turbulent flows is introduced
and characterized. In the method, the large scales of turbulent flows are modified by
the introduction of moving shear free surfaces (SFSes) into the flow, due to which drag
reduction takes place. These moving surfaces are taken in the form of very thin plates
having negligible thickness and with a very small mass. Turbulent flows are usually
characterized by large transport of momentum. The present technique of drag reduction
works by attenuating the lateral transport of momentum. This technique is passive
and works only for turbulent flows. Numerical simulations have been performed using
ANSYS CFX 15.0. The simulations have been performed by using SFSes placed at fixed
locations and updating their velocities per iteration/time step based on the force acting
on the SFSes. The interaction between the plates and the fluid is two way, i.e. due to
the action of fluid forces, the velocity of the plate is changing and due to the motion
of the plate the flow field around the plate is also changing. Use of both moving as
well as stationary meshes has been made and it has been shown that when the flow
becomes fully developed the results given by both moving and stationary meshes are
equivalent. For improved accuracy and ease of implementation, it was decided to make
use of stationary meshes with SFSes at fixed locations and their velocities updated. In
the first part of the thesis, Reynolds Averaged Navier-Stokes (RANS) simulations have
been presented which study the optimization of the implementation, in the second part,
results of Large Eddy Simulations (LES) simulations are discussed to understand the
physics of the phenomenon. The 2-D and 3-D RANS simulations were performed using

Shear Stress Transport (SST) turbulence model for a turbulent channel flow and these

v



simulations are used to optimize the shape, size, placement and the number of SFSes.
The drag calculations are done with the total pressure drop across the ends of the channel
and thus also involve any drag due to the SFSes themselves. Thus there is no additional
penalty to be considered either in the simulations or in the actual situations. It has been
found that the amount of drag reduction strongly depends upon the number, shape, size
and location of the SFSes. Using multiple number of plates was also found to increase the
drag reduction significantly. Solidity ratios of SFSes of less than unity are optimal in the
lateral direction, while reducing the solidity ratio to even 50% in the flow direction does
not significantly affect the drag reduction. The phenomenon is confirmed to be governed
by a ‘slow’ turbulent time scale. Further, the efficacy of the method is seen to depend on
the ratio of two time scales - an advection time-scale indicating the ‘resident time’ near
an SFS and the turbulent time-scale. Also, it is observed that the SFSes placed in the
region of maximum kinetic energy production have the greatest effect, while SFSes placed
along the axis have little effect. Large eddy simulations (LES) simulations have also been
performed for the same flow using the dynamic Smagorinsky model. LES data has been
post processed and the terms of the turbulent kinetic energy and Reynolds stresses
budgets have been analysed. The balances are used to understand the observations from
the RANS simulations and experiments. The effect of the SFSes on the balance of terms
is quantified. Turbulence production is almost completely suppressed near the SFSes
placed in the regions of maximum production, and this reduces the turbulence overall
in the flow, leading to drag reduction. The time scales of imposition and relaxation of
the phenomenon are analysed and found to be the ’slow’ turbulent time scales. A simple
stability analysis shows that the SF'S moving parallel to the flow is stable. Implications

of the simulations to practical implementations of the phenomenon are discussed.
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