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Small circular, square, and thin-strip cross-sectional elements are used to suppress vortex shedding from a square

cylinder at Reynolds numbers in the range of 1:12 � 104–1:02 � 105. The axes of the element and cylinder are

parallel. The element’s size, position, and angle of attack are varied. Measurements of the fluctuating surface

pressures and wake velocities, together with smoke flow visualization, show that vortex shedding from both sides of

the cylinder is suppressed and themeandrag andfluctuating lift on the cylinder is reduced if the element is installed in

an effective zone downstream of the cylinder. The effective zone of the circular element is shown to be much smaller

than those of the other elements. The effects of Reynolds number and blockage ratio are investigated. A phenomenon

of monoside vortex shedding is observed. The role of the element’s bluffness is investigated and the suppression

mechanism is discussed.

Nomenclature

B = side width of the cylinder
b = width of the strip element, side width of the square

element, or diameter of the circular element
CD = mean drag coefficient of the cylinder based on B as the

reference length
C0d = rms value of fluctuating drag coefficient of the cylinder

based on B as the reference length
CL = mean lift coefficient of the cylinder based on B as the

reference length
C0l = rms value of fluctuating lift coefficient of the cylinder

based on B as the reference length
CP = mean pressure coefficient based on V1 as the reference

velocity
C0p = rms value of fluctuating pressure coefficient based on

V1 as the reference velocity
f = frequency of fluctuation of pressure or flow velocity
Re = Reynolds number, V1B=�
u0 = streamwise component of fluctuating velocity
V1 = mean velocity of oncoming flow
X, Y = streamwise and lateral coordinates
� = angle of attack of the element
� = polar angle of the axis position of the element
� = distance between the axes of the cylinder and element
� = kinematical viscosity of the air

I. Introduction

I N THE past decades, great efforts have been devoted to the
control of bluff-body wakes, and a number of control methods

have been developed [1,2]. Among them is the method of control
through an additional small element, which can be classified into two
categories: the first category is placing the element upstream of the
bluff body, which has been studied by many authors, and the second
category is placing the element downstream of the bluff body, which
originates in the work of Strykowski and Sreenivasan [3]. In

Strykowski and Sreenivasan’s study, a much smaller circular
element was set parallel to the main circular cylinder. Vortex
shedding from both sides of the main body can be suppressed if the
circular element is set in a certain region, called the effective zone.
Unfortunately, their results show that the effective zone shrinks as
the Reynolds number increases. Vortex shedding cannot be
suppressed if the Reynolds number is greater than the order of 102. It
is claimed in Strykowski and Sreenivasan that the circular element
can also suppress vortex shedding from a bluff plate at lowReynolds
numbers, but no detailed information is provided.

In our recentwork [4–6], a thin strip, rather than a circular element,
was set downstream of the main circular cylinder to improve the
suppression. Vortex shedding from a circular cylinder can be
suppressed atmuch higher Reynolds numbers if the strip is applied in
a region quite similar to the effective zone shown in Strykowski and
Sreenivasan [3].

Two questions arise here: Why does the cross-sectional shape of
the element have such an important influence on the suppression?
Can the improved element method be used to suppress vortex
shedding from bodies of sharp edges at high Reynolds numbers?

To answer these questions, small circular, square, and thin-strip
cross-sectional elements will be used, and their effects on a square
cylinder wake will be compared in the present paper.

II. Experimental Setup

Two wind tunnels were used in the experiment: tunnel 1 for the
fluctuating surface pressure and wake velocity measurements and
tunnel 2 for flow visualization. The test section of tunnel 1 was
11.0 m long, 1.0 m high, and 1.2 m wide. It can supply a uniform
freestream of speeds 1:0–30 m=s with turbulence intensity of 1.0–
1.2%.A square cylinder of 1.0-m length and side widthBwas placed
at the center of tunnel 1 and spanned the height of the test section.
Three square cylinders of B� 40, 80, and 120 mm were tested.
Three kinds of elements of 1.0-m length were used: that is, circular
cross-sectional elements of diameter b� 19 and 14.5 mm; square
cross-sectional elements of side widths b� 10, 12.5, 14.5, and
19mm; and thin-strip cross-sectional elements ofwidthsb� 9:6, 19,
and 29 mm and thicknesses of 0.5, 1.0, and 4 mm. The cylinder was
made out of Plexiglas square tube of 4-mm thickness. The square,
circular, and strip elements were made out of dried pine-tree wood,
stainless steel tube, and aluminum plates, respectively. The front
surface of the cylinder was at right angles to the oncoming stream.
The axes of the element and cylinder were parallel. As shown in
Fig. 1, the axis position of the element was determined by Cartesian
coordinates X and Y or polar coordinates � and �.
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Two groups of tests were conducted. In the first group, the angle of
attack of the square or strip element � is a dependent variable, which
changes with the change of polar angle �with relation �� �. In the
second group, both the angle of attack � and the axis position of the
element are independent variables.

To fix the element in the first group, a circular cylinder of 65.0-mm
diameter was nested symmetrically inside the square cylinder. As
shown in Fig. 1, steel rods of 5-mm diameter were distributed on a
meridian and perpendicularly connected to the surface of the nested
circular cylinder. Two rods were used to support the square or
circular element, and the distance between the rodswas 960mm. The
rods perpendicularly penetrated the square element at midwidth of a
side surface, and they perpendicularly and symmetrically penetrated
the circular element. Four rods were used to fix the strip element, and
the distance between neighboring rods was 320 mm. The long
margins of the strip and the axis of the cylinder were parallel and
coplanar. Horizontal slots of 6-mm width were made on the square
cylinder to allow every rod to move when turning the nested circular
cylinder around its axis to adjust the polar angle �. The slots were
sealed by very thin adhesive tape.

No supporter was used in fixing the element in the test of the
second group. The ends of the element were in direct contact with the
walls of the tunnel. The strip used for independent change of angle �
was of 4-mm thickness. As shown in Fig. 1c, the cross section of the
strip was trapezoidal, the two sloping sides were of the same length,
and the slope angle was 40 deg. The longer parallel side of the
trapezoidal section was set facing the oncoming flow. The vibrations

of the strip and the other elements were negligibly small when the
wind speeds were no larger than 5 and 12 m=s, respectively.

As shown in Fig. 1a, eight pressure holes of 1.2-mmdiameter were
set on each of the side surfaces of the square cylinder at the section of
midspan. The distance between neighboring holes was 9.3 mm and
the distance from the corner of the square cylinder to the nearest hole
was 7.5 mm. PVC tubes of 0.8 mm in inner diameter and 800 mm in
length were set inside the square cylinder to connect the pressure
holes to a ZOC 33 electronic pressure-scanning module. The
pressures were recorded using a Scanivalve electronic scanner
system Hyscan 2000. Each tube was fitted with a restrictor 35 cm
from the pressure hole to improve its high-frequency response.
Calibration was carried out before each test. The scanning time of
one rotation from the first pressure hole to the last one was 1.6 ms.
The sampling frequency and sampling time at each hole were 312Hz
and 48 s, respectively.

The streamwise component offluctuating velocity in thewakewas
measured by a 55P11 sensor of a DANTEC Streamline hot-wire
anemometer. The flow unit 90H02 and calibration module 90H01
were used to determine the voltage-velocity relation. The
temperature compensation system was applied during the measure-
ment, and the uncertainty of the measured velocity was less than
0.5%. Measurements were carried out at downstream stations
X=B� 5:0, 10.0, and 15.0, respectively, on the plane of midspan.
Points at each stationweremeasured fromY=B��2:62 to 2.62 at an
interval of��Y=B� � 0:435. The sampling frequency and sampling
time were 400 Hz and 60 s, respectively. Test results show that the
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Fig. 1 Sketch of the square cylinder, control element, and coordinate system.

Fig. 2 Suppression effects of a square element at different �=B distances. b=B� 0:18, �� �� 50deg, and Re� 1:12 � 104, and the blockage ratio is

11.8%.
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power spectra of fluctuating velocities at any of the stations can
provide sufficient information to indicate whether vortex shedding
exists in the wake. The results of measurements at station X=B�
10:0 were used in the following discussion.

Smoke-wire visualization was carried out in tunnel 2. The test
section was 5 m long, 0.6 m high, and 0.6 m wide. The test section
could supply a uniform freestream of speeds 1:0–25:0 m=s, with
turbulence intensity less than 0.2%. The side width of the cylinder
was 60 mm. The installations of the cylinder and control elements
were similar to those in tunnel 1, but six supporting rods, with a
neighboring distance of 115mm, were used in fixing a strip. A single
smoke wire was set in front of the cylinder, and the flow at the
midspan was visualized.

The uncertainty of the pressure measured by the PVC tube system
was investigated in freestream without a cylinder model. The orifice
at one end of each tube was directly facing the oncoming stream, and
the other end was connected to the ZOC 33 module. By comparing
the mean and fluctuating pressures measured by the tube system and
the mean and fluctuating pressures calculated from the mean and
fluctuating velocities of the oncoming stream measured by the hot-
wire anemometer, we can evaluate the uncertainties. The
uncertainties of mean and fluctuating pressures at different velocities
of stream are shown in Table 1. The differences among the lift (or
drag) coefficients calculated by Simpson, trapezoidal, and Fourier
integrations of the pressure distribution around the cylinder are less
than 2.1%.

So the uncertainties of mean and fluctuating lift (drag) coefficient
are less than 3.2 and 4.5%, respectively. The uncertainty of Reynolds
number, caused by the variations of temperature of the wind air
during the tests, was less than 2%.

III. Results

The influence of supporting rods on the flow at the section of
midspan was shown to be negligibly small. The variable parameters
are element size b=B, angle of attack �, and element position
characterized byX=B and Y=B or �=B and �. The ranges of �=B and

� tested in the first group were 0.8–2.3 and 0–90 deg, respectively,
and the ranges ofX=B andY=B tested in the second groupwere 0–2.5
and 0–2.5, respectively. The test Reynolds number range is
1:12 � 104–1:02 � 105.

A. Effect of the Square Element

Figure 2 shows the effect of distance �=B at �� �� 50 deg,
b=B� 0:18, and Re� 1:12 � 104. Vortex shedding naturally
occurs behind the cylinder without elements (Fig. 2a). Vortex
shedding cannot be suppressed if the square element is placed very
close to the cylinder (�=B < 0:98), but the vortex formation length
[7] increases and the wake width decreases as �=B increases.
Transition from vortex-shedding wake to suppressed wake happens
at �=B� 0:98–1:06. Large-scale vortex shedding from both sides is
suppressed and the wake is narrowed in the range of
1:06< �=B < 1:63. A phenomenon of monoside vortex shedding
occurs at �=B� 1:63–2:11. The shear layer on the upper side is
diffused and vortex shedding on the upper side is suppressed.
However, large-scale vortex shedding is still present on the lower
side.

Figure 3 examines the effect of angle �� � at b=B� 0:18,
�=B� 1:56, and Re� 3:36 � 104. At angles �� � � 35 deg, the
element is well inside the cylinder wake, and vortex shedding is not
suppressed. At �� �� 40 deg, vortex shedding is still not
suppressed, but the shear layer on the upper side is diffused as it
curves inward in generating vortex roll-up. Vortex shedding from
both sides is suppressed in the range �� �� 43–55 deg. However,
irregular vortices or waves still appear, due to the instability of the
separated shear layers [8]. The element is covered up by the cylinder
wake at �� �� 43–45 deg, but it is outside the wake at
45 deg<�� � < 55 deg. Monoside vortex shedding occurs in the
range 55< �� � � 90 deg. A small-scale vortex street appears
behind the element when 60 � �� � � 90 deg, but it smears and
then disappears after a short distance.

Figure 4 shows the effect of the size ratio of the square element at
�=B� 1:56 and �� �� 55 deg. Although the shear layer on the
upper side is diffused by both the elements, the suppression effect is
quite different. The larger b=B can suppress vortex shedding from
both sides; however, the smaller b=B cannot suppress vortex
shedding from either side.

From Figs. 2 and 3 we may deduce that an effective zone of the
square-element position exists in which vortex shedding from both
sides of the cylinder is suppressed. Hot-wire measurements for all
element positions were performed at various points of Y=B in the
wake. In the first group, the tested element positions form a net with
intervals ��� 2:5–5 deg and ���=B� � 0:1–0:2 that covers the

Table 1 Uncertainties of pressures measured by tube system at

different oncoming velocities

Oncoming velocity V1 5:0 m=s 10:0 m=s 15:0 m=s
Uncertainty of mean pressure
coefficient

1.1% 0.9% 0.8%

Uncertainty of fluctuating
pressure coefficient

2.4% 1.8% 1.4%

a) αα = β  = 40 deg c) α = β  = 45 deg

d) α = β  = 70 degb) α = β  = 43 deg

Fig. 3 Suppression effects of a square element at different angles of �� �, b=B� 0:18, �=B� 1:56, and Re� 3:36 � 104, and the blockage ratio is

11.8%.
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area of 0 deg � � � 90 deg and 0:8 � �=B � 2:3. In the second
group, the net has intervals of��X=B� � 0:06 and��Y=B� � 0:03
that cover the area of 0 � X=B � 2:5 and 0 � Y=B � 2:5. As shown
in Fig. 5a, a sharp peak appears in each of the power spectra of
fluctuating velocities at Y=B��1:31– � 2:6 when no element is
applied. The frequency at the peak is fB=V1 � 0:13, close to the
Strouhal number measured by other authors [9,10]. On the other
hand, when vortex shedding is suppressed, the velocity fluctuations
at all points are weakened and no sharp peaks appear in the power
spectra (Fig. 5b). If we combine this criterion with the results of
visualization, we can determine the effective zone. Effective zones of
the square elements of different b=Bwidths are shown in Fig. 6. The
effective zone is very small for b=B� 0:125, but it enlarges rapidly
with the increase of b=B from 0.125 to 0.24.

The phenomenon of monoside vortex shedding is confirmed by
hot-wire measurements. The power spectra of fluctuating velocities
in a typicalwake are demonstrated in Fig. 7.No sharp peaks appear in
the spectra at points on the upper side (Y=B > 0) of the wake. On the
lower side (Y=B < 0), however, a sharp peak appears in each of the
spectra measured at Y=B��1:31– � 2:62. The peak frequency is
fB=V1 � 0:13, nearly the same as that without elements.

Fig. 4 Comparison of suppression effects between square elements of b=B� 0:125 and b=B� 0:18 at �=B� 1:56, �� �� 55deg, and

Re� 1:12 � 104, and the blockage ratio is 11.8%.
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Fig. 5 Power spectra of fluctuating velocities (u0=V1) at different Y=B points in wakes without an element and with a square element of b=B� 0:18 at
�=B� 1:56; �� �� 50deg, measured at station X=B� 10:0 on the plane of midspan; Re� 3:36 � 104; and the blockage ratio is 11.8%.
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The effect of a splitter plate set on the centerline of the wake is said
to separate the shear layers and prevent their interactions [3,8]. As
shown in Fig. 8, the square element has little function in blocking the
way of vortex roll-up and preventing interactions between the shear
layers when it is at angles of �� � not larger than 40 deg.

B. Comparisons with the Other Elements

As shown in Fig. 9a, vortex shedding is not markedly influenced
by the row of supporting rods. However, it is suppressed and the
wake is narrowed when a thin-strip element is applied and set in an
effective zone downstream of the cylinder. Figure 9b is a typical case
of suppression at b=B� 0:18, �=B� 1:56, �� �� 45 deg, and
Re� 1:12 � 104.

As shown in Fig. 10, vortex shedding cannot be suppressed by a
circular element of b=B� 0:18 at any point within the range tested.

The effective zones of the three elements of size ratio b=B� 0:24
are determined and shown in Fig. 11. Comparedwith the zones of the
other elements, the zone of the circular element is much smaller, with
its main part enclosed in the zone of the square element.

The “bluffness” of the element may play a role in the suppression.
In Roshko’s [11] definition, when two bodies have the same frontal
area, the bluffer one tends to diverge the flow more, create a broader
wake, experience a higher drag, and have a lower value of Strouhal
number. Table 2 lists the values of drag coefficientCDb and Strouhal
number of the three elements at different angles � over Reynolds
number Reb range of 2:6 � 103–8:0 � 103, where Reb,CDb, and Stb
are based on V1 and size b of the elements. Of the three elements of
the same b=B, the circular element experiences the lowest drag and
has the highest value of Strouhal number in the range of
�� �� 40–90 deg. The low bluffness of the circular element may
be the reason for its poor suppression effect. Of the four square
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Fig. 7 Power spectra offluctuating velocities (u0=V1) at differentY=Bpoints on theupper (Y=B > 0) and lower (Y=B< 0) sides of thewake controlled by

a square element of b=B� 0:18 at �=B� 1:62; �� �� 65deg, measured at station X=B� 10:0 on the plane of midspan; Re� 3:36 � 104; and the

blockage ratio is 4.13%.

a) /B = 1.70 and   = 0 degλλ β b) /B = 2.05 and   = 40 degλ β
Fig. 8 Effect of a square element of b=B� 0:18 at angles �� � � 40deg, Re� 1:12 � 104, and the blockage ratio is 11.8%.

a) Cylinder with solely rods, αα = β = 45 deg          b) Cylinder with a strip element of  b/B = 0.18,
placed at λ/B = 1.56, α = β = 45 deg

Fig. 9 Effect of a strip element at Re� 1:12 � 104, and the blockage ratio is 11.8%.
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elements, the one with the largest b=B has the greatest bluffness and
best suppression effect (Figs. 4 and 6). The main part of the effective
zone of the strip element is ahead of that of the square element. This
may be attributed to the increase in bluffness of the strip element with
the increase of� from 0 to 90 deg and the decrease in bluffness of the
square element with the increase of �� � from 45 to 77 deg.

Figure 12 shows the effect of angle � of a strip of trapezoidal cross
section. Vortex shedding on both sides of the cylinder cannot be
suppressed when� � 30 deg. At�� 45 deg, vortex shedding on the
upper side is suppressed, but it cannot be suppressed on the lower
side. At �� 60–9 deg, large-scale regular vortex shedding on both
sides is suppressed, and there appear only small-scale or irregular
vortices in the wake.

The effective zone of a strip of trapezoidal cross section at a fixed
angle � was also studied at Re� 3:36 � 104. The effective zones at

�� 35, 45, 60, and 90 deg are shown in Fig. 13. The zone of
�� 90 deg is slightly broader than the zone of strip shown in Fig. 11.
The zone shrinks rapidly with the decrease of � from 90 to 35 deg. It
is interesting to note that the zone is split into two small regions when
� is reduced below a critical value between 45 and 60 deg.

The downstream region of the zone at �� 35–45 deg is enclosed
in the zone at larger �. However, the upstream region of the zone at
�� 35–45 deg is closer to the cylinder than the zone at larger �. Test
results show that the effective zone does not exist for � � 30 deg.

For a square element, the suppression effect also changes with a
change of angle �, but it is not as sensitive as that of a strip element.

C. Blockage Ratio Effect

The influence of the blockage ratio of the model and element on
the effective zone of a square element at fixed angle of attack
�� 90 deg was studied in tunnel 1. Three square cylinders of side
width B� 40, 80, and 120 mm were tested, respectively. As shown
in Fig. 14, the effective zone moves upstream and inward with the
increase of blockage ratio.

D. Effect of Reynolds Number

The influence of Reynolds number on the effective zone of a
square element of b=B� 0:24 at �� 90 deg was also studied. The
Reynolds number cannot be increased by solely increasing the
velocity of wind stream, because a high stream velocity
(V1 � 15 m=s) may induce strong vibrations of the element. Two
square cylinder models of width B� 40 and 120 mm were tested,
and the results are shown in Figs. 15a and 15b respectively. From
Fig. 15 we know that the effective zone slightly enlarges with an
increase of Reynolds number.

E. Effects on Fluctuating Pressures

Figure 16a shows the power spectra of fluctuating pressure
coefficients measured at different points on the side surfaces of the
cylinder without elements. A sharp peak appears in each of the
spectra, indicating the presence of vortex shedding. The peak
frequency fB=V1 � 0:13 is the same as the Strouhal number
obtained from measurements of fluctuating velocities in the wake.

Figure 16b shows the power spectra of fluctuating pressure
coefficients at different points on the side surfaces of the cylinder
with a square element of b=B� 0:24 at �=B� 1:31 and
�� �� 60 deg. There are no sharp peaks in any of the spectra.
This is a typical case demonstrating that regular vortex shedding is
effectively suppressed.

a)  X/B = 1.0 and Y/B = 0.75 c) X/B = 1.0 and Y/B = 1.31

b) X/B = 1.0 and Y/B =1.11 d) X/B = 1.0 and Y/B = 1.56
Fig. 10 Effect of a circular element of b=B� 0:18 at different positions, Re� 1:12 � 104, and the blockage ratio is 4.13%; visualized in tunnel 1.
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Fig. 11 Effective zones of the three elements of b=B� 0:24,
Re� 3:36 � 104, �� � at every position, and the blockage ratio is
8.27%.

Table 2 Values of drag and Strouhal number of the elements

Section of the element CDb Stb

Circular 1.05–1.1 0:21–0:20
Thin strip [12,13], �� 40–90 deg 1.2–2.0 0:19–0:13
Square [9,10], �� 45–77 deg and
�� 77–90 deg

2:2–1:6 and
1.6–2.0

0.13–0.16 and
0:16–0:14
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a) α  = 30 deg c) α  = 60 deg

d) α  = 60 degb) α  = 45 deg

Fig. 12 � angle effect of a strip of trapezoidal cross section at a fixed position X=B� 1:0, Y=B� 1:25, b=B� 0:24, and Re� 1:12 � 104, and the

blockage ratio is 4.13%; visualized in tunnel 1.
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Fig. 13 Effective zones of a strip of trapezoidal cross section at different

� angles, b=B� 0:24, Re� 3:36 � 104, and the blockage ratio is 8.27%.
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Fig. 14 Influence of blockage ratio on effective zones of a square

element at �� 90deg, b=B� 0:24, and Re� 3:36 � 104.
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Fig. 15 Influence of Reynolds number on the effective zone of the square element of b=B� 0:24 at �� 90deg and different blockage ratios.
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The angle �� � effects of the three elements of b=B� 0:24 on
the distribution of the rms value offluctuating pressure coefficientC0p
are shown in Figs. 17a–17c. Compared with the case without
elements, C0p is greatly reduced by the square element in 40 deg �
�� � � 70 deg and by the strip element in 40 deg � ��
� < 85 deg. However, if the circular element is applied, obvious
reduction of C0p happens only in a narrow range in the vicinity of
�� �� 50 deg.

F. Suppression of the Lift and Drag Fluctuations

The lift and drag on the cylinder are obtained by integrating the
surface pressures; Fig. 18a shows the angle �� � effect of a square
element of b=B� 0:24 on the power spectra of fluctuating lift and
drag coefficients. A high peak appears in the spectrum of fluctuating
lift without the presence of the element or in the spectrum at a small
angle of attack of the element. The peak value of the spectrum
reduces with the increase of �� � from 0 to 40 deg. The sharp peak
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Fig. 16 Power spectra of fluctuating pressures measured at different points on side surfaces of the cylinder without and with a control element,

Re� 5:6 � 104, and the blockage ratio is 8.27%.
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is removed in the effective range of angle �� �� 45–70 deg. The
sharp peak reappears in the range �� �� 75–90 deg, in which
monoside vortex shedding occurs; however, the peak value is lower
than that without element.

The strip element of b=B� 0:24 has a similar �� � effect on the
spectra of fluctuating lift (Fig. 18c), but the range of angle �� � for
elimination of the sharp peak is 55–85 deg. The sharp peak appears
again in the vicinity of �� �� 90 deg.

The suppression effect of the circular element of b=B� 0:24 is
poor. As shown in Fig. 18b, the sharp peak in the spectrum of
fluctuating lift can only be markedly reduced in a very narrow range
in the vicinity of �� �� 50 deg. Similar changes happen to the
spectrum of fluctuating drag with �� �, but the peak values of the
spectra with and without element are much smaller that those of
fluctuating lift.

The effects of angle �� � of the three elements of b=B� 0:24 on
the rms value of fluctuating lift coefficientsC0l are shown in Fig. 19a.

C0l is reduced by 83–93%when the square element is applied and set
in the range of �� �� 40–70 deg. It is reduced by 91% when the
strip element is used and set in �� �� 55–85 deg. However, the
reduction rate ofC0l ismuch smaller atmost of the�� � angleswhen
the circular element is applied.
C0d can be reduced at all �� � angles by the square or strip

element (Fig. 19b). It can be slightly reduced at �� �� 0–20 and
50–90 deg, but increased at �� �� 25–45 deg if the circular
element is used.

Abrupt changes inC0l andC
0
d are induced by the circular element at

�� �� 50 deg, but no abrupt changes are induced by the other
two elements.

G. Effects on Mean Forces

The effect of angle �� � of the three elements of b=B� 0:24 on
the mean drag and lift coefficients are shown in Figs. 20a and 20b,
respectively. The mean drag CD is reduced by 21–25% when the
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Fig. 18 Angle �� � effect of the three elements of b=B� 0:24 on power spectra of fluctuating lift and drag coefficients of the cylinder, �=B� 1:31,
Re� 5:6 � 104, and the blockage ratio is 8.27%.
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square or the strip element is applied in the range of
�� �� 40–70 deg. It is reduced by 17–20% when the circular
element is set in the range of �� �� 50–60 deg. The mean lift
coefficient CL is increased to 0.45 by the square or strip element at
�� �� 50–75 deg. CL is small at other �� � angles. The
maximum value of CL is only 0.2 when the circular element is
applied.

All of the preceding results indicate that the strip and square
elements are much more effective than the circular element in
suppression of vortex shedding, elimination of fluctuating forces,
reduction of mean drag, and increase of mean lift.

IV. Discussions

The mechanism of vortex-shedding suppression by a circular
element was discussed in Strykowski and Sreenivasan [3] based on
Gerrard’s [7] model of vortex generation. The model demonstrates
the main role of interaction between the separated shear layers in
vortex formation and shedding-frequency selection. The function of
the element is said to diffuse the vorticity in one shear layer [3]. The
circulation on the diffused side is then reduced below a threshold, so
that the mutual attraction between the opposing shear layers is too
weak to form the vortex roll-up on both sides. It is argued by Gerrard
[7] that a stronger attraction of the shear layers produces a higher
frequency of vortex shedding, and a weaker attraction results in a
lower frequency. However, the phenomenon of monoside vortex
shedding, as well as its shedding frequency (shown in Figs. 2, 3, and
7) runs counter to Gerrard’s model and Strykowski and
Sreenivasan’s [3] deduction.

The properties of bluff-body wakes have been investigated by
introducing the concepts of global instability and local absolute and
convective instability [14]. Stability analyses [15,16] have indicated
that there is a region in the near wake of a bluff body in which the
velocity profiles are absolutely unstable. Relations of the circular-
element suppression to local absolute instability, temporally growing
global modes, and vortex shedding have all been explored by
Strykowski and Sreenivasan [3], but have not yet been firmly
established. Later advances in stability theory of weakly nonparallel
flows [17,18] have shown that a sufficiently large region of absolute
instability is responsible for global instability and vortex generation.
Test results show that the velocity profiles in the nearwake are altered
locally by the presence of an element [6]. The local modifications of
the profiles may induce changes in their stability nature. We may
deduce that if the element is set in the effective zone, the absolute-
instability region in the wake can be eliminated or reduced to a
sufficiently small level so that large-scale vortex cannot generate in
the near wake. The velocity profiles in the near wake are alteredmore
by an element of larger bluffness and altered less by an element of

smaller bluffness. This may be the reason behind the differences in
size and location of the effective zone between different elements,
but it has to be proved by further study.

V. Conclusions

The control method of using a small circular element proposed by
Strykowski and Sreenivasan has a poor effect on suppression of
vortex shedding at Reynolds numbers higher than the order of 102. A
small square or a narrow strip element was introduced in the present
study to improve the suppression of vortex shedding from a square
cylinder at test Reynolds numbers in the range of
1:12 � 104–1:02 � 105. Experimental results show that vortex
shedding from both sides of the cylinder can be suppressed if the
element size is greater than a critical value, the angle of attack of the
element is in a certain range, and the position of the element is within
an effective zone. The bluffness of the element plays an important
role in the control. The larger the bluffness, the larger the effective
zone of element position. The effective zone moves upstream and
inward with the increase of blockage ratio from 4.13 to 12.40%. The
effective zone slightly enlarges with the increase of Reynolds
number in the range tested. A phenomenon of monoside vortex
shedding is observed that cannot be readily explained by Gerrard’s
[7] model of vortex generation. The control mechanism is briefly
discussed from a wake-stability point of view.
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