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] o H Passive control of three-dimensional wake flow
behind a surface-mounted low-aspect-ratio cylinder

It is a well-known fact that the flows around a wall-mounted finite length cylinder
(WMFLC) exhibit strongly three-dimensional complex structures, especially for a
low-aspect-ratio cylinder. Many important engineering applications meet frequently this
simple geometry, such as high-speed rail pantographs, aircraft landing gear, control surfaces
on aircraft and underwater vehicles, buildings, cooling towers, chimney stacks, automobile,
offshore (breakwater) structures and so on. WMFLC wakes are also often a source of
unwanted flow-induced noise. It is also important to understand the flow dynamics of
WMFLC in aerodynamic design and optimisation.

So far the 3D-dimensional vortical structures of a low-aspect-ratio cylinder wake, which
are mainly consist of arch vortex, base vortices, horse shoe vortices and tip-vortices, have
been clarified. The vortex shedding from the surface of free end interacts with the vortices
occurring from the cylinder side before it reaches to the ground, and the arch-type vortex is
formed in the near wake. The base vortices are the opposite direction to the tip vortices and
cause an upwash flow departing from the wall. The downwash flow influences the whole
wake at the case of the lower aspect ratio. However, few researches on controlling the wake
vortices of a short cylinder is found, which becomes a high spot of the present study.

To control and reduce the rear separation region of short WMFLC and the vortex on the
free-end surface, the present study proposed three passive control methods: (1) a rear inclined
hole passing from the free-end surface to the side of the rear surface (RIH); (2) a horizontal
hole passing from the front side surface to the rear surface (HH); (3) a front inclined hole
passing from the front side surface to the free end surface (FIH). Then the controlling and
non-controlling wake structures of the low-aspect-ratio WMFLC were measured by 2DPIV
and 3D high-resolution tomographic PIV in the range of Reynolds number 7000 — 14000 in a
circulation water tunnel. The mean streamlines, mean velocity components, mean vorticity,
Reynolds shear stresses, turbulent kinetic energy, the Q criterion, the instantaneous flow
structures and spectral analysis were examined and compared between the controlling and
non-controlling cylinders. Furthermore, 3D orthogonal wavelet multiresolution technique and
3D POD analysis are used to analyze high-resolution Tomo-PIV data. The 3D multi-scale
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flow structures and energetic coherent structures around the control and non-control
low-aspect-ratio WMFLCs are extracted.

The above research contents consist of fourteen chapters to be written in this paper.

Chapter 1 states the research background of WMFLC wake, flow control and wavelet
transform, and proposes the purpose of this paper.

Chapter 2 introduces the basic theory of multi-dimensional orthogonal wavelet
transform.

Chapter 3 reviews the application of 31 Proper Orthogonal Decomposition (POD) on
fluid mechanics.

Chapter 4 describes the experimental controlling and non-controlling WMFLC models,
2DPIV measurement setup and experimental conditions.

Chapter 5 states the experimental apparatus, methods, and conditions in 31D tomographic
PIV measurement.

Chapter 6 provides that 3D flow structures behind a controlling WMFLC are
characterized by Reynolds number, aspect ratio, hole diameter ratio, and hole type and
position based on the governing equations of WMFLC wake. 2DPIV experiment indicates that
the flow structures of standard, RIH, HH and FIH cylinders do not vary with the Reynolds
number in the range of this experiment, and the optimal hole diameter of RIH, HH and FIH
cylinders is d = 10 mm (d/D = 0.14) for controlling the WMFLC wake structures.

Chapter 7 discusses the 2DPIV experimental results of RIH cylinder wakes. It is found
that the rear recirculation zone of RIH cylinder with /= 0.71D becomes evident smaller than
that of the standard cylinder. The RIH cylinders with £ = 0.29D and 0.5D effectively reduce
the separation region of the free end surface. The concentration of vorticity, the Reynolds
shear stresses and the turbulent kinetic energy are evidently suppressed by the suction flow of
the RIH, which results in the reduction of the drag force the cylinder.

Chapter 8 states the 2DPIV experimental resuits of HH cylinder wakes. The issuing flow
from a horizontal hole leads to suppress the vortex formation and to reduce the rear separation
region, the vorticity concentration, Reynolds shear stresses and TKE, which is related to the
decrease of drag. Here the reduction of separation zone for the HH with #/D = 0.5 is more
evident.

Chapter 9 describes the 2DPIV experimental results of FIH cylinder wakes. It is revealed
that the FIH cylinders increase the rear separation region and result in the increase of drag
although it reduces the size of separation region on the free end surface. The proposed passive
control methods in this study may be used to the following practical applications: the RIH and
HH cylinders may be adopted as a purpose for increasing thermofluid system efficiency by
the drag reduction, while the FIH cylinder may be applied to control the offshore (breakwater)

structures for reducing wave and Tsunami energies.
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Chapter 10 discusses that 3D multi-scale flow structures behind a WMFLC based on
tomographic PIV, 3D orthogonal wavelet transform and POD. It is first found a 3D W-type
arch vortex behind the short cylinder, which is originated by the interaction between upwash
and downwash flows. The head shape of arch vortex structure depends on the aspect ratio of
the cylinder. Furthermore, the W-type head shape arch vortex was extracted in the time-mean
intermediate-scale structure, and an M shape arch vortex was found in the time-mean
large-scale structure.

Chapter 11 describes the Tomographic PIV results of 3D flow structures behind a
wall-mounted RIH cylinder. It is found that the vorticity of RIH cylinders at the “shoulders™
of the 3D W-type arch vortex is smaller than that of the standard cylinder. Several parts of 3D
W-type arch vortex vortices break down more slowly than that of standard cylinder due to the
effect of the hole.

Chapter 12 descripts the Tomographic PIV results of 3D flow structures behind a
wall-mounted HH cylinder. It is observed that the inclination of the 3D W-type arch vortex is
larger than that of the standard cylinder, and the W-type arch structures of HH cylinders
become weaker. The 3D large-scale streamwise vortices of the HH cylinders are smalier than
that of the standard cylinder, and becomes more evident as increasing the hole height.

Chapter 13 discusses the Tomographic PIV results of 3D flow structures behind a
wall-mounted FIH cylinder. It is revealed that the width of 31D W-type arch vortex becomes
larger than that of the standard cylinder, and decreases with the hole height since the effect of
the blowing flow from the hole causes large downwash. The W-type head shape arch
structures and a pair of vortices are clearly observed in the intermediate-scale structures of
FIH cylinder wake.

Chapter 14 summarizes the conclusions of this study.
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