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Direct Numerical simulation Data (DNS) set of fully developed turbulent channel flow is utilized to study the Lagrange
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1. INTRODUCTION

Direct Numerical simulation Data (DNS) set of fully
developed turbulent channel flow is utilized to study the
Lagrange acceleration of fluid particle in shear flow [1]. Fluid
particles are strongly affected by the turbulent structures near the
wall, and their structures indicate the negative high-amplitude
pressure in the core region. In this report, the turbulent structures
associated with positive and negative High Amplitude Pressure
Peaks (HAPPKs) at different Reynolds number are studied.

Conditional average is conducted based on the wall pressure
extrema that exceed a certain threshold value. The results
indicate near-wall shear layer in the buffer zone, and the large-
scale streamwise velocity upstream the detection point together
contribute to average positive pressure. Upon splitting the total
pressure to its slow and rapid parts, the contribution from the
rapid part, that represents the effect of large-scale motion) is
dominant throughout the channel except close to the wall which
its comparable with slow part. Hence, positive HAPPKSs result
from both small- and large- scale structures. Negative peaks are
found to be associated with the core of the vortex structure. The
conditional averaged Q-value introduced an organized vortex
structure that scale with wall units with negative peak coincides
with its core, and hence negative peaks are generated from the
small-scale motion. The effect of Reynolds number appears only
in the positive peaks.

These small scale structures play an important role for the

statistics of fluid particle motions near the wall.

2. NUERICAL SIMULATION
The simulations reported in this study are DNSs of

incompressible turbulent flow between two parallel planes. The
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coordinate system is taken to be (x, y, z) that are representing the
streamwise, wall-normal, and spanwise coordinates, respectively
with u=(u,, u,, u;)=(u, v, w), i= 1, 2, 3 are the three components
of velocity in the same directions. For the pressure, p is used
to denote the total pressure. In streamwise (x) and spanwise
(z) directions, periodic boundary conditions are applied, and
no-slip/no-penetration boundary conditions are applied at the
wall. The mass flux through the channel remains constant by a
uniform streamwise pressure gradient that drives the flow field.
DNSs of the incompressible Navier—Stokes equation are
conducted by a hybrid Fourier spectral (x, z) and the second-
order central difference method (y) in direction, where aliasing
error in the streamwise and spanwise directions is removed by
the phase shift method. For time progress, third-order accuracy
Runge-Kutta method is applied to the convection term, Crank-
Nicolson method is applied to the viscosity term, and the Euler
implicit method is applied to the pressure term. The present
DNS conditions are shown in Table 1. The domain size is
relatively large to detect the large-scale structures exist around
the center of the channel. The time taken for a hypothesized
turbulent eddy to perform one complete 360° rotation and,

known as eddy turn over time 7", is given also in Table 1.

Table 1 Calculation conditions for DNS data set

Re Lo L Axt | Az | Ayt | Ayt | N, T
' h h v ¢ ’ Re,
180 | 12.8 | 64 | 120 | 72 | 03 | 38 | 192 | 124
400 | 12.8 | 64 | 133 | 67 | 017 | 43 | 384 | 104
1000 12.8 6.4 13.3 8.3 0.6 8.0 512 11.2
2000 16.0 6.4 16.0 8.3 0.6 8.0 1024 8
4000 16.0 6.4 15.6 8.3 0.6 8.0 2048 8
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Table 1 illustrates the computational domain size in
streamwise and spanwise directions (L,, L,), in addition to the
grid resolutions in the three directions (Ax", Ay”, Az"), where
Ay, represents the grid resolution at the wall, and Ay, is at the
center of the channel. Table 1 gives the number of grid points in

N, the wall-normal direction.

3. RESULTS AND DISCUSSION
3.1 Positive HAPPKs

Starting with the conditional averaging results of the positive
HAPPKs, Fig. 1 illustrates the averaged velocity field in the
conditional domain around the positive point at Re.=180. The
velocity patterns indicate the positive pressure is related to
strong shear layers in the buffer layer, as it is clearly noted
in the average field in x—y plane at y'=15. Both the high
streamwsie velocity region acompained with downward flow to
the vicinity of the wall in the upstream side (sweep events), and
the negative-u in conjunction with positive-v (ejection events)
downstream the detection poin, give rise to the formation of the
shear layer inclined with around 45° with respect to x. A near-
wall shear layer is formed due to the re-direction of the high-
speed fluid impacting the upstream face of the low-speed fluid.
This creates a quasi-stagnation zone which results in a positive
HAPPK. This agrees with results of Johansson et al. (1987)[2],
Johansson et al. (1991)[3] and Ghaemi and Scarano (2013)[4].
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Fig. 1 Velocity field in the mid x—y plane with the pressure contours
normalized with their local r.m.s value at Re=180
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Fig. 2 Iso-surfaces streamwise velocity (outer scaling), u'=1 (red)
and u"=-1(blue) at (a) Re, =180, (b) Re =400, (c) Re,=1000, (d)
Re.=2000 ,(e) Re=4000. The arrow indicates the direction of the
flow.
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The origin of the sweep events seems to be beyond the inner
layer as they exceed y'=100, while the ejection events appear to
be induced close to the wall for the contour field in x—y plane.
Unlike the streamwise velocity, wall-normal velocity contours
show slice decrease with Reynolds number in outer scaling.
Also, the iso-surface of the streamwise velocity around the

detection point shown in Fig. 2 illustrates this structure.

3.2 Negative HAPPKs

The positive pressure is found to be asscoiated with the
shear layer with sweep events originate from the outer layer in
addition to the direct contribution from the outer layer. As stated
previously, negative HAPPKs were subjected to many conjectures
throughout the literature. Contrary to the positive pressure peaks
which observed to be surrounded with the vortex field (not
shown here), negative pressure shows loopy structures that is
overlapping the vortex structure. This is indicated in the snapshot
realization in Fig. 3 for the iso-surfaces of the vortex structures
computed by Q-critereon. Accordingly, it is suggested that there
is a correlation between the negative pressure cluctautions and the

vortex field highly populated in the vicinity of the wall.

Fig. 3 Instanteneous iso-surfaces of pressure (transparent blue) at
P/p,m=-2 and vortex struture (solid green) at 0"=0.02 at Re,=180.
The arrow indicates the direction of the flow.

From the instanteous realization, it can be inferred that
negative pressure is associated with different types of the
vortical structures. Figure 4 illustartes three different vortical
shapes that inhabit vicinity to the wall. Negative pressure is
clearly overlaps the head and the neck of the hairpin vortex
in Fig. (4-a), and the cores of the spanwise and the quasi-
streamwise vortices in Fig. (4-b) and (4-c), respectively. The
neagtive pressure is found to be connected to their cores.
Figure 5 indicates the iso-surfaces, normalized in wall units,
for the averaged vortex field around the negative HAPPKs and
visulaized in inner scaling coordinates. The negative HAPPKs
was found to be consistent with the core of the resultatnt vortex
structure that result from conditionally averaging over different
shapes of the vortex structures. The resultant vortex structure is
scaled with the wall units and doesn’t show Reynolds number
dependence. It is to be thought that negative pressure regions are

generated by the small scale vortex structure sacled with wall
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Fig. 4 Instanteneous iso-surfaces of pressure (transparent blue) p/p,,,,=-2
at and (a) hairpin vortex (solid green), (b) spanwise vortex (solid
green), and (c) quasi-streamwise vortex (solid green) at Q"=0.02
at Re=180. The arrow indicates the direction of the flow.

units. Accordingy, they may not be influenced by the large scale
structure appears at higher Reynolds number.

Unlike the results of Ghaemi and Scarano (2013) [4] who
obtained a clear hairpin vortex structure with a negative pressure
point within its head, the current study doesn‘t introduce
such organized structure, alternatively an ellepsoid structures
is extracted. This may be attributed to the different vortical
structures exist within the turbulent boundaty layer, with
quasi-streamwise vortices are the most inhabitants in the near-
wall layer. In addition, as the Reynolds number increases the
frequency of occurence of the hairpin vortex decreases. Ghaemi
and Scarano (2013) [4] may separate the different stuctures and
then conducted the conditional average, but their study doesn’t

refer to such separation.

4. SUMMARY

In this report, we analyzed coherent structures associated
with positive and negative HAPPKs from DNS data set covers a
wide range of Reynolds number from to Ret=180 to Ret=4000.
The main points are summarized as following. Positive HAPPKs
are found to result from both the near-wall shear layer in the
buffer zone, and from large-scale structures that are normalized
with the outer scaling. Also, these large scale-structures
contribute to the formation of the shear-layer via sweep events
upstream the positive detection point. Negative HAPPKs
result from the small-scale vortex structures in the near-wall
region. The averaged results introduce organized structures
from different vortex structures with the negative pressure
peaks coincide with the core of the vortex. These structures
may play an important role for fluid particle acceleration. They
are intermittent is space and time, and the statistical feature of

acceleration will be analyzed in the next step.
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(a-1)

Fig. 5 Isosurface of conditionally average pressure fluctuations p/p,,,=-3
(solid blue) and vortex organization Q'=0.002 (transparent
black). (i) Three-dimensional view, (ii) x—y plane, and (iii) x—
z at (a) Re=180, (b) Re=400, (c) Re=1000, (d) Re=2000, (e)
Re=4000. The arrow indicates the direction of the flow. In this
figure X=X, Y=Y, and Z=Z".
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