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Abstract Turbulent flows subject to temporal acceleration is considered in this study. Direct numerical simulations of accelerated
turbulent wall-bounded flow were performed to study the response of the turbulent structures to temporal acceleration. The simulations
were started with the fully-developed turbulent channel flow at an initial Re number, and then a constant temporal acceleration was
applied. During the acceleration, the Reynolds number of the channel flow, based on the half-height and the bulk-mean velocity,
increased linearly from Re = 3500 to 15000. The conditionally-averaged flow fields associated with changes in turbulent structures
were analysed. It is found that the temporal acceleration initially weakened the flow structures before new turbulence was generated
later in the near-wall region.

INTRODUCTION

Unsteady turbulent wall-bounded flows are frequently encountered in engineering applications such as turbo-machinery
and heat exchangers, and also in biomedical applications such as airflow in the human lungs and blood flows in large
arteries. In addition to the practical implications of achieving a better understanding of flows of this type, the study
of unsteady turbulent flows provides insight into the underlying physics of turbulent boundary layers. Most studies
have considered the periodic turbulent flow, where the pressure gradient (or the mass flow rate) changes periodically in
time. However, unsteady turbulent flows with temporal acceleration have received relatively little attention despite their
importance [1, 2, 3, 4, 5]. Numerical studies on the transient turbulent flow with temporal pressure gradient are particularly
scarce. Chung [3] performed a direct numerical simulation (DNS) of a decelerated turbulent channel flow subjected to
a sudden change of pressure gradient, and found that there are two different relaxations in the decelerated flow: a fast
relaxation at the early stage and a slow one at the later stage. In the present work, a series of DNS of an accelerated
turbulent flow were performed to study the response of the near-wall turbulence.

RESULTS AND DISCUSSION

In the present study, the simulations were started from a fully-developed turbulent channel flow at Re = 3500 (or Re, ~
210 based on the friction velocity, u,) [4, 5]. The acceleration parameter, f = 0.2, was kept constant throughout the
simulations, so the mass flow rate increased linearly to the final Reynolds number of Re = 15000 (or Re, ~ 800). All
statistics were obtained using plane and ensemble averaging. Simulation parameters used in the present DNS are shown
in Table 1. Wall units are calculated using w., at the final Re number.

L, xLy,xL, N, x N, x N, Azt Ayt Ayt Azt
12h x 2h x 4h 768 x 384 x 640 12.5 0.4 9.7 5.0

Table 1. Simulation parameters used in the present study based on the final Re number of Re, = 800.

Turbulent structures are displayed in Figure 1 with iso-surfaces of A5 [6]. It is clearly seen that turbulent structures become
weakened initially with temporal acceleration, and gradually disappear from a large area. The area with active turbulent
structures (based on \2) has been calculated, and is shown in Figure 2a. At Re = 12000, more than half of the channel
wall is devoid of active turbulent structures. The remaining old turbulent structures at this Re number have much weaker
(Wi,rms and wj rms) strength than in the steady flow (see Figure 2b). The generation of new turbulence is evident for
Re > 12000, and the process is almost completed at Re = 15000. This turbulence generation process appears to be much
faster (and stronger) than the destruction process. The strength of the new turbulent structures is almost the same as the
one from the steady flow (not shown here). The characteristics of the new turbulent structures are found to scale with the
local u,, while the old turbulent structures scale with the initial .

At the ETC14, the characteristics of the old and new turbulent structures will be presented in more detail using a condi-
tional averaging technique, in particular, the interaction between the new and old structures.
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Figure 1. Iso-surfaces of )\, at different stages of acceleration.
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Figure 2. a) Areas for active turbulent structures at different stages of acceleration, and b) conditionally averaged v;,,,s. Red is for
active vortices area, green is for non-active area, and symbols for the plane averaged.
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