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Summary The efficacy of linear effective viscosity models in predicting the multi-stage transition between the onset of drag reduction (DR)
and the maximum drag reduction (MDR) asymptote in wall-bounded turbulent flows has been examined. Our Reynolds stress model based
computations demonstrates the ability of this class of models to not only predict DR but also capture important characteristics of turbulent
drag reduced flows. MDR asymptote is achieved at relatively high simulated Re numbers, and the main DR affecting region is determined.

INTRODUCTION

The addition of few tens of parts per million of long-chain polymers to o wall bounded turbulent flows can lead to
dramatic friction drag reduction [1,2]. In spite of a large amount of experimental and simulation studies, the
fundamental drag reduction mechanism has remained under debate. Considering the extra stress tensor is due to the
polymer adding in Newtonian flow of the modified Navier-Stokes equation, and simplifying the effective form similar
to that of Newtonian flow. The viscosity profile growing linearly with the distance from the wall in the drag reduction
flows is derived from the viscoelastic equation [3], as shown in Fig. 1. In a recent theory of drag reduction in wall
turbulence, L’vov et al. [4] proposed that the polymer stretching gives rise to a self-consistent effective viscosity that
increases with the distance from the wall. Such a profile reduces the Reynolds stress (i.e., the momentum flux to the
wall) more than it increases the viscous drag; thus drag reduces.

144 e

yh
Fig. 1 The linear effective viscosity profiles

METHOD AND RESULTS

High Reynolds number flows can be simulated by Reynolds Stress Model (RSM), so with addition of the linear
effective viscosity profile model, different drag reduction levels have been obtained under high flow conditions (see Fig.
2, the saturation phenomenon of drag reduction increasing is also observed). It is shown that turbulence drag reduction
effect can be obtained from the model, and turbulence statistics, such as mean velocity and stress profiles, are consistent

Fig. 2 The relationship between DR% and parameter D (Re,,=2x10*)
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with the experimental data and direct numerical simulation results [5,6]. In some aspects it is reasonable for this linear
viscosity model to explain the turbulence drag reduction mechanism.

In order to find out the main affecting region of drag reduction, three regions has been built analogy to the original
effective viscosity model: viscous sublayer, effective viscous layer and core region. Decreasing the polymer effective
viscous region gradually as schematically illustrated in Fig. 3a, and investigating the drag reduction change. Simulation
results shows that in LDR (low drag reduction) regime the main drag reduction affecting region is small (within the
region of nondimensional wall distance y<100), while in HDR-MDR (high drag reduction — maximum drag reduction)
regime the main affecting region is large (y" close to about 200 as MDR approaching).
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Fig. 3 The main drag reduction affecting region determination in wall-bounded turbulent flow
(a) Manipulation of the effective viscosity profile in the channel; (b) The relationship between DR% and manipulated position ypr

SUMMARY AND DISCUSSION

The linear effective viscosity drag reduction models in wall bounded turbulent flows have been verified in combination
with Reynolds stress turbulence model (RSM), and our computations demonstrate the ability of this class of models to
not only predict drag reduction but also capture important characteristics of turbulent drag reduced flows.

The maximum drag reduction asymptote has been obtained in somewhat high bulk Reynolds number flows. The multi-
stage transition between the onset of drag reduction and the maximum drag reduction, and the saturation of the slope of
the effective viscosity model has been observed, implying the maximum drag reduction regime is the edge of turbulent
state which is in agreement with the theory proposed in [6,7].

The main drag reduction affecting region has been determined. In the low drag reduction (LDR) regime this region is
confined to 100 wall units from the wall, while in high drag reduction and maximum drag reduction regimes this region
is enlarged to 200 or more wall units. These can give some reasonable explanation for the Virk’s elastic sublayer and
energy containing eddy size enlargement in wall-bounded drag reduction flows.
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