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Role of Splitter Plates in Modifying Cylinder Wake Flows

M. A.Z. Hasan* and M. O. Budair*
King Fahd University of Petroleum & Minerals, Dhahran 31261, Saudi Arabia

The effects of a splitter plate as well as the gap g between the splitter plate and the trailing edge of a cylinder on
the frequency characteristics of the cylinder were investigated over a Reynolds number Rey, range of 1.2 X 10% to
2.4 x 10% A splitter plate attached at the trailing edge of the cylinder decreased the frequency of the peak
observed in the velocity spectrum compared with the global shedding frequency of the wake for the cylinder
alone. For g/D < 3, the frequency of dominant spectral peak remained less than the global shedding frequency,
presumably controlled by the local shear layer instability frequency, whereas for g/D > 3, the frequency increased
to the global shedding frequency. It has been shown that the detailed pressure distribution around the cylinder
can be used to predict the increase or decrease of the frequency. For the first time, a coupling between the local
shear layer instability and the wake instability on the frequency characteristics of such a flow has been suggested.

Nomenclature
C, =pressure cocfficient, 2(P —P..) / (pU i)

D = cylinder diameter or side of the square cylinder
D, =maximum width of the cylinder normal to flow
[ =frequency, Hz

g = gap between the cylinder and the splitter plaie
L =length of the splitter plate

! =length of the cylinders

P = pressure at any point

P,, = freestream pressure

Rep = Reynolds number, U D/v

Stp = Strouhal numbers, fD/U.,

U,, = freestream longitudinal mean velocity

x = downstream distance from the trailing edge of the cylinder
y = transverse distance from the x axis

o = angle of incidence

v = kinematic viscosity of air

p =density of air

I. Introduction

T has been demonstrated by a number of experimental studies

that a splitter plate mounted rigidly behind a circular cylinder
can significantly modify the wake flow characteristics. Roshko'?
was the first to study the effect of splitter plates in the wake of a
circular cylinder at a Rep, of 1.45 x 10*. He showed that a splitter
plate of length L = 5D in contact with the cylinder suppressed the
periodic vortex formation and reduced the pressure drag by ap-
proximately 63% of the value for the cylinder alone. For a splitter
plate with L/D = 1.14, the vortex formation was not suppressed,
but the vortex-shedding frequency was reduced and the base pres-
sure was increased. Bearman® used a model with a long stream-
lined upstream section that terminated abruptly at a rearward-fac-
ing plane surface, to which splitter plates of different lengths were
attached. Bearman found that the Sz, based on the frequency of the
dominant peak in the velocity spectrum varied with Rep,. Apelt et
al.* studied circular cylinder wake flows with splitter plate length
L/D =2 for Rep = 10* to 5 x 10*. Maximum change in the base
pressure drag coefficient and the wake width was observed for L/D
= 1. Later, Apelt and West’ extended the study of Apelt et al.* with
splitter plates of 2 < L/D < 7. They found that for L/D > 5 vortex
shedding from the cylinder was eliminated and there was no fur-
ther change in the flow characteristics.

In a recent study, Mansingh and Qosthuizen® used a rectangular
cylinder as a bluff body along with three splitter plates of L = D,
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2D, and 3D. In addition to the effect of splitter plate length on the
flow characteristics, they studied the effect of the gap g (i.e., the
distance between the trailing edge of the cylinder and the leading
edge of the splitter plate). In general, with increasing L/D the min-
imum Stp, value decreased. They also observed that for L/D = 3
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Fig. 1a Schematic of the test setup. The dimensions are not to scale.
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there was no shedding frequency for 2 < g/D < 5 when Rep was
greater than 8 x 102, Cimbala and Garg’ observed that, when al-
lowed to rotate freely, a splitter plate shorter than five cylinder di-
ameters does not align itself with the freestream. Instead, it mi-
grates to a stable position on one side of the wake or the other. The
splitter plate angle is a strong function of the splitter plate length
but independent of the Reynolds number range tested.

These studies clearly indicate that our understanding of the cyl-
inder wake flows in the presence of a splitter plate is far from com-
plete. A number of important questions remain unanswered, spe-
cially the suppression of vortex formation under certain
conditions. Also, the studies of Cimbala and Garg’ and of Hasan®
show the importance of the angle of freestream flow ¢ to the cylin-
der wake development. The role of o on cylinder-splitter plate
flows has not been addressed.

In the present study, primary emphasis has been to study the ef-
fects of L/D and g/D on the reduction of vortex formation fre-
quency for a square cylinder. A limited amount of data was taken
with a circular cylinder to facilitate the comparison of our data
with the easily available circular cylinder data in the literature. The
phenomenon of inhibition of vortex shedding at certain L/D and
g/D values was also addressed.

II. Experimental Procedures

The experiment was performed in the subsonic wind tunnel at
King Fahd University of Petroleum & Minerals (KFUPM). The
cross section of the test section is 1.1 m x 0.8 m, the length being
3 m. The freestream turbulence intensity in the test section was
less than 0.1%. For most of the experiments, a square Plexiglas
cylinder of 3.2 cm X 3.2 cm was used. A circular cylinder model of
diameter 3.8 cm was also used. The models spanned the 80-cm test
sections, giving an //D ratio of at least 21. The flow was found to
be two dimensional at the midspan of the cylinder. The blockage
ratio was less than 3%, and therefore no correction was applied to
the pressure data.

The schematic of the experimental setup along with the various
parameters are shown in Fig. 1a. Three splitter plates of lengths L
=2.9, 6.3, and 16 cm were used. The thickness of the splitter plates
was 1.5 mm.

A mechanism at the base of the cylinder was used to set the cyl-
inder at any desired angle of incidence with respect to the
freestream velocity. Figure 1b shows the relative position of the
splitter plates for various o. The surface pressure was measured
with 0.5-mm holes drilled around the cylinders. These holes were
connected to the manometer via plastic tubes. The resolution of the
pressure measurement manometer was 0.01 mbar.

The velocity data were measured with the DISA 55MO1 hot-
wire anemometer system. The anemometer was operated in the
constant temperature mode with 50% overheat ratio. The spectral
analysis of the velocity signal was performed with a Briiel & Kjaer
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Fig.3 Stp vs Rep, for square cylinder at various o and g/D values.

2033 high-resolution signal analyzer with 400 lines. Each spec-
trum represents the average of at least 64 instantaneous spectra.

After a number of trials, the best location for the probe was
found to be at x = 4D and y = 2D for all cylinder orientations. The
experiments were performed over a U,, range of 6-12 m/s; the cor-
responding Rep, range, based on the square cylinder side, was 1.27
% 10* t0 2.54 x 10*.

The experimental uncertainty in velocity measurement was
found to be less than 1%. The maximum uncertainty in the static
pressure measurements was no more than +5% at the lowest veloc-
ity (6 m/s) used, whereas the same dropped below 2% at the max-
imum velocity (12 m/s) used.

ITII. Results and Discussion
A. Strouhal Number

Figure 2 shows the St variation with g/D for the square cylinder
at o = 0 for splitter plate lengths of L/D = 1 and 2, respectively.
Also shown in Fig. 2 are the St;, values in the absence of a splitter
plate (NSP).

The St; values remain independent of Rep for a fixed L/D.
Without any splitter plate, the S, value is about 0.134. The corre-
sponding values for a rectangular cylinder® and a circular cylinder*
are about 0.16 and 0.20, respectively. Note that the St value drops
when the splitter plate is attached to the trailing edge of the cylin-
der, i.e., g/D = 0. For L/D = 1 and 2, the St;, value drops to 0.116
and 0.071, respectively, compared with 0.134 for the cylinder
alone. For L/D =5, the corresponding value drops from 0.134 to
0.10. For L/D =1, as g/D is increased from zero, Stp monotoni-
cally increases and reaches the asymptotic value of St;; = 0.134 for
the cylinder alone. For L/D = 2, Stj shows an intermediate peak at
g/D = 1 before reaching the asymptotic value.

The drop in the S, value due to the splitter plate is attributed to
the change in the vortex formation length behind the cylinder.
Gerrard® was first to suggest this explanation and was verified by
Bearman,’ among others.
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Table 1 Sty values for a square cylinder at various L/D and o values

Stp =fD/U.,

L/D g/D o =0deg a=225deg 0o.=45deg

2 0 0.072 0.118 —_—
2.5 0.083 0.093 0.125
6.0 0.133 —_— 0.17
.5 0 0.10 0.1042 0.137
2.5 e 0.045 —_
6.0 0.127 0.128 0.157
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Fig. 4 C, variation around square cylinder for o = 0 deg.

Note that Mansingh and Qosthuizen® found the St value to be
the minimum for 3 < g/D <5 for both L/D = 1 and 2, unlike g/D =
0 for our cases. It should be pointed out that the maximum Rep
used by Mansingh and Oosthuizen was about 1.2 x 103, which is
significantly lower than the maximum Rep, of 2.5 x 10* used in our
experiment. They also reported no shedding frequency for L/D =3
as Rep exceeded 800. We observed no such inhibition of vortex
shedding for the whole range of Reynolds number. It suggests that
the Rep, is not the proper nondimensional variable to identify the
range over which the shedding frequency will be present for a cyl-
inder with the splitter plate.

B. Effect of 0. on St

It has been shown by Hasan,? Lee, ! and Vickery,!! that the Sz,
value for a square cylinder without splitter plate changes with a
change in the angle of attack o from O deg. This led us to investi-
gate the effect of o on St;, values of the square cylinder with vari-
ous L/D and g/D ratios.

Based on Hasan’s® data, three values of o (viz., o = 0, 22.5, and
45 deg) were selected to study the effect of o on Stp. Figures 3a
and 3b show the data for L/D =2 and 5, respectively. For a fixed o,
the splitter plate was moved between two and three g/D positions
to measure the corresponding Sty values. This is why the data have
been presented in Stp, vs Rep coordinates instead of St vs g/D co-
ordinates. The results of Figs. 3a and 3b are summarized in Table
1. It can be concluded that, for any g/D value, the St value is the
maximum for a = 45 deg. It also shows that, at o0 = 22.5 deg, the
Stp value drops to a minimum for g/D = 2.5. The minimum value
of Stp at o = 22.5 deg is significantly lower for L/D = 5 (Fig. 3b)
compared with that for L/D = 2 (Fig. 3a). Note that for L/D = 2 the
Stp value changes from 0.072 to 0.118 as o changes from 0 to 22.5
deg for g/D = 0 (Fig. 3a). The corresponding change in the St
value between o, = 0 and 22.5 deg is insignificant for L/D = 5 (Fig.
- 3b). Hasan® showed that for a square cylinder the vortex formation

length and the downstream distance at which the vortices from
both sides of the cylinder merge are reduced significantly as o, is
changed from O to 22.5 deg. A splitter plate of L/D = 2 has mini-
mal effect on the interaction of vortices from both sides of the cyl-
inder. This will explain the change in the Sz, value from o = 0 to
22.5 deg for L/D = 2. For a relatively longer splitter plate, i.e., L/D
=5 (Fig. 3b), the interaction of the vortices between the two sides
of the cylinder is prevented for both o = 0 and 22.5 deg. Thus, very
little change in St;, values is observed between these two positions
of the cylinder.

The vortex-shedding characteristic of a cylinder affects the pres-
sure distribution around the cylinder, which in turn affects the drag
of the cylinder. Also, the detailed pressure distribution around the
cylinder is important in understanding the flow phenomenon itself.
Very few studies in the literature report pressure distribution
around noncircular cylinders. These led us to document the pres-
sure distribution around the square cylinder for various g/D, L/D,
and o values at Rep, = 1.27 x 10* and 2.54 x 10%. A few cases of
these measurements are reported in the following section.

C. Pressure Distribution
1. Square Cylinder

The pressure distribution around the cylinder is expressed in
terms of the pressure coefficient C,,. For a = 0, the effect of g/D on
the C, is shown in Fig. 4a for the square cylinder with L/D = 2 and
at a Reynolds number of 2.54 x 10* The corresponding data for
L/D =1 are shown in Fig. 4b. The front surface of the cylinder AD
shows positive C,, for all cases in Figs. 4a and 4b. This is expected,
because the stagnation point is on this surface. The effect of Re),
on C, is insignificant, and thus the data for Rep, = 1.27 x 10* are
not shown. The C,, values for the cylinder without any splitter plate
compare well with the data of Hasan 8

As the splitter plate is mounted behind the cylinder (i.e., g/D =
0), the average C,, value on the side and back surfaces of the cylin-
der changes from —1.40 to about —0.6 for L/D = 2 (Fig. 4a). The
value of C,, on the front surface remains almost constant irrespec-
tive of the splitter plate position. The C,, values on the side and
back surfaces remain around — 0.6 for g/D up to 2.5. For 4 < g/D <
10, the C,, value decreases to that for the cylinder alone. For 0 <
g/D < 2.5, the increase in C,, values on the surfaces BC, CD, and
BA represents a reduction in the cylinder drag.

Although it has been demonstrated that the shedding frequency
is inversely proportional to the vortex formation length>*" the
detailed pressure distribution around the cylinder suggests that the
vortex formation length behind the cylinder is a function of the ac-
celeration the fluid experiences as it flows around the cylinder. A
splitter plate at 0 < g/D < 3 increases the pressure on the side sur-
face of the cylinder, which means that the acceleration of the flow
along AB and DC is less than that for the cylinder alone. Hasan®
showed that as the acceleration of the flow around the cylinder de-
creases, the length of the vortex formation increases. This will ex-
plain the reduced Strouhal numbers in Figs. 3a and 3b for 0< g/D
<3.
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Fig. 5 C, variation around square cylinder for different o values at
g/D =25,



HASAN AND BUDAIR: SPLITTER PLATES IN WAKE FLOWS 1995

'S 5000
Re =1
g/D L/D %
1.0 & O o 168
%\ A 2 168
. N\
051 \\\D O 2 w2
N B 5 42
00| 0\ t, = 005
c \7 St =01
p
-05 /B:
j Lst =0.183
\
-H--m——n
-10 | o . [~ T
n - \i n--m
St, = 0.202
A5
0 30 60 90 120 150 180
a) 9 (Degrees|
g/D L/D Re, = 30000
O 0 168
vV 0 5(Refs)
0 2 42
® 5 168
M 5 .2
A - NSP Stz 0
v - NSP(ReM)[ St- 0178
05| \ g Fetgle o9
.&Ofo—o —O0L0—0—0—0
O/
0 » St=020
- 0.202
—15 1 i Il 1 L L 1
0 30 60 90 120 150 180
b) 8{Degrees|

Fig. 6. C,, variation around one-half of the circular cylinder.

The C, value on the back and side surfaces of the cylinder in-
creased from —1.35 for no splitter plate to —1.0 for a splitter plate
of L/D =1 at g/D = 0 (Fig. 4b). For L/D = 2, the corresponding
change in C,, value was from —1.40 to -0.6 (Fig. 4a). Comparing
the C,, data between L/D = 1 and 2 for g/D = 0, one can argue that
the acceleration experienced by the flow along AB and DC will be
higher for L/D = 1 than that for L/D = 2. Thus, the vortex forma-
tion length will be shorter and the St will be higher for L/D =1
compared with L/D = 2. The St;, data in Fig. 2 lend further support
to the explanation relating the vortex formation length to the accel-
eration of the flow.

The pressure distribution around a square cylinder for various o
was addressed by Hasan.® The effect of a splitter plate on such
pressure distribution is given later.

Figure 5 shows the pressure distribution around the square cyl-
inder when the splitter plate of length 2D is placed at g/D = 2.5 and
the cylinder is placed at different angle of attacks. The data are for
Rep = 1.27 x 10%. As mentioned earlier, the maximum change in
C, takes place for 0 < g/D < 3. Mansingh and Oosthuizen® ob-
served inhibition of vortex shedding at certain Re, and L/D values
when g/D was between 2 and 4. This led us to choose g/D = 2.5 for
the data presented in Fig. 5. For o = 0 deg, the average minimum
C,, value on the surfaces AB and BC is about —0.5 compared with
about —0.7 and —0.75 for a = 22.5 and 45 deg, respectively. For
the cylinder alone, Hasan® found the minimum C, value to be
around —1.5 and independent of o.. This shows that the drag reduc-
tion due to a splitter plate is also possible when the cylinder is
placed at an angle with respect to the freestream velocity U...

Note that the C,, curve is nearly symmetric about point B for o, =
45 deg. This is expected because the cylinder is symmetric about

BD line at this position. For o = 22.5 deg, the C,, curve oscillates
on the surface CD. This implies that as the flow turns around point
D toward point C, the flow separates on the surface DC before reat-
taching at point C. As explained earlier, the magnitude of the pres-
sure drop affects the frequency of vortex formation. Note that the
maximum drop in pressure coefficient is from 1.0 to—0.5 fora. =0
deg, from 1.0 to —0.7 for o0 = 22.5 deg, and from 1.0 to —0.75 for o
=45 deg. The maximum C, in all cases should be 1.0 at the stagna-
tion point, although this is not the case in Fig. 5 due to the resolu-
tion limitation. Thus, the S5 should be the maximum for o = 45
deg and the minimum for o = 0 deg. This is consistent with the Sty
values reported in Table 1 for g/D = 2.5 and L/D = 2.

2. Circular Cylinder

A limited amount of data were taken with a circular cylinder of
D =3.8 cm. Although C), data for a circular cylinder with or with-
out a splitter plate are available in the literature, the effect of split-
ter plate gap (i.e., g/D # 0) on C, data is not available. The varia-
tion of C, around one-half of the cylinder for different g/D values
is shown n Figs. 6a and 6b for Rep = 1.5 x 10* and 3 x 10%, respec-
tively. The lengths of the splitter plate used were 6.4 cm (i.e., L/D
= 1.684) and 16 cm (i.e., L/D = 4.21). Figure 6b includes the data
for the cylinder without a splitter plate. The St;, value correspond-
ing to each curve in Figs. 6a and 6b is also shown in the figures.
Note that the St;, value increases as the C,, minimum at the rear end
of the cylinder decreases. This further strengthens our explanation
regarding the relationship between St and the pressure distribu-
tion. In Fig. 6b, data for two cases [i.e., 1) no splitter plate and 2)
splitter plate with L/D = 1 and g/D = 0] from Apelt et al.* are also
included for comparison. The data without a splitter plate case
show excellent agreement with the corresponding data of the
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present experiments. The second case of Apelt et al* data repre-
sents the case for which the St was the minimum and the C,, value
at the rear end of the cylinder was the maximum. This shows good
agreement with our g/D = 2 and L/D = 4.21 case for which no dis-
cernible peak in the velocity spectra was observed and the negative
C, value was the maximum. The similarity of our data with those
of Apelt et al. underscores the importance of another length scale
in addition to the cylinder diameter in such flows.

D. ' Spectral Measurements
1. Square Cylinder

The understanding of the disappearance or inhibition of vortex
shedding in a cylinder-splitter plate flow remains incomplete in our
opinion. To enhance our understanding of this important aspect of
the cylinder-splitter plate flow, the longitudinal velocity spectra
were measured for various L/D, g/D, and o values, varying one pa-
rameter at a time, for both the square and the circular cylinders.

Figure 7 shows the u-spectra for the square cylinder with the
splitter plate of L/D = 5 for three different a (viz., o0 = 0, 22.5, and
45 deg) at Rep = 1.27 x 10*. For each o, the distance between the
splitter plate and the cylinder was increased in small steps to iden-
tify the range of g/D values for which the frequency peak in the
spectrum disappeared. Apelt and West® reported the disappearance
of shedding frequency for a circular cylinder at all velocities with a
splitter plate of L/D = 5 and g/D = 0, whereas Mansingh and
Oosthuizen® found the shedding frequency of a rectangular cylin-
der to disappear at Rep > 800 for L/D = 3. In Fig. 7, we observe no
such disappearance of the frequency peak at any g/D for all three o
values. A number of interesting facts can be observed in Fig. 7.
First, the value of the frequency peak drops to a lower value as g/D
is increased from 0; i.e., a gap is placed between the cylinder and
the splitter plate. Second, the frequency value jumps back to a
higher value at g/D = 2.8 for oo = 0 and 22.5 deg and at g/D =~ 4.0
for o = 45 deg. If the projected diameter D, (the maximum dimen-
sion of the cylinder perpendicular to the flow) of the cylinder for o
= 45 deg is used to normalize the gap, the corresponding g/D,
value turns out to be 2.87, which is close to the value for o = 0 and
22.5 deg. No significant change in St;, was observed for 0 < g/D <
2.8. Thus for o0 = 45 deg, g/D value started from 2.18.

It is clear that the St value jumps to a higher value between g/D
=2.5 and 3. Hasan® showed that, for a square cylinder at o0 = 22.5
deg, the shear layers on each side of the cylinder behave indepen-
dent of each other due to the asymmetry. We believe that this is the

L/D=076

5.53

L/D=168

reason for the multiple peaks present in the spectra up to g/D =
3.125 for o = 22.5 deg in Fig. 7. This led us to believe that the low-
frequency peaks observed for lower g/D values were due to the in-
teraction of the shear layer with the leading edge of the splitter
plate. In fact, a close inspection showed a slight decrease in the fre-
quency with increasing g (up to g/D =2.5 for o= 0 deg, g/D = 2.18
for o0 =22.5 deg, and g/D = 3.75 for o = 45 deg), which is reminis-
cent of the self-sustained oscillation phenomena,'>!> among oth-
ers. It is now a well-known fact that the self-sustained oscillation
phenomenon is a shear layer instability phenomenon, supported by
a feedback mechanism from the impinging edge to the upstream
separation point where the disturbance is reinforced due to the
phase matching. Note that the final St values of approximately
0.12 at high g/D values are due to the global mode of wake insta-
bility. We strongly believe that the low-frequency peaks for low
&/D values are associated with the shear layer instability frequency.
Careful observation shows that for low g/D values the lowest fre-
quency peaks in Fig. 7 are the one-third harmonics of the global
shedding frequency. This suggests that there is some form of cou-
pling between the shear layer frequency and the shedding fre-
quency of the wake for g/D < 3.

The coupling of two or more instability modes has been re-
ported previously for other types of flows.[%16 For g/D > 2.5, the
influence of the shear layer on the global shedding frequency dis-
appears. :

The data with the square cylinder, as shown in Fig. 7, clearly in-
dicate that the spectral peak is not completely inhibited for any
combinations of L/D and g/D. Although for some L/D it may ap-
pear that the frequency peak is inhibited completely for certain
splitter plate gaps, a closer inspection of the spectra merely reveals
a switch from shear layer instability peak to global mode of wake
instability. This contradicts the observation of Apelt and West,
who reported a complete inhibition of frequency peak in a circular
cylinder for L/D = 5. Mansingh and Oosthuzien® reported the vor-
tex inhibition in a rectangular cylinder for L/D = 3 and g/D = 2.5
for Rep greater than 800. These discrepancies led us to study the
velocity spectra for a circular cylinder as well.

2. Circular Cylinder

Figure 8 shows the variation of the u-spectra with g/D for three
different L/D values at Rep = 1.5 X 10, For L/D = 0.76, the effect
of the splitter plate on u spectra is minimal, although a jump to a
higher frequency peak is clearly observed at g/D = 2.37. Also for
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Fig.8 The u-spectré for circular cylinder at Rep, = 1.5 x 104
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g/D < 2.37, the frequency of the spectral peak shows decrease with
increasing g/D, which is similar to that of the square cylinder. The
data at other L/D values (i.e., L/D = 1.68 and 4.21) are quitg similar
to their /D = 0.76 counterpart. For all three splitter plate lengths,
the jump of the frequency peak at a higher Strouhal number (Sij, =
0.18) at around g/D = 2.37 represents a switch from shear layer in-
stability controlled frequency to global mode of shedding fre-
quency of a wake.

In Fig. 8, a clear second peak is observed for L/D = 0.76 and g/D
< 1.84. The second peak represents the 2 f component. For a small
splitter plate, the interaction of the vortices from the two sides of
the cylinder are probably not interrupted and thus give rise to the 2f
component. The same is not true for the larger splitter plates of L/D
=1.68 and 4.21.

It should be pointed out that for L/D = 4.21 the frequency peak
is relatively small at g/D = 2, but it does not disappear completely
as reported by others.

The effect of Rep on the vortex formation characteristics was
explored further for L/D = 4.21 and is shown in Fig. 9. The sharp
narrow peak at 28.5 Hz for g/D = 0 represents the splitter plate vi-
bration, and it started at Rep, = 2.44 x 10*. The splitter plate vibra-
tion was verified by an accelerometer. Other than this, the shed-
ding frequency increased monotonically with increasing Rep. This
is also true for g/D = 5. But note that for g/D = 2 no spectral peak
is observed for Rep, > 1.5 x 10%. As the vortex formation character-
istic is strongly influenced by the self-sustained shear layer insta-
bility phenomenon, it appears that at Rep > 1.5 x 10%, the splitter
plate spacing of g/D = 2 prevents reinforcement of the disturbance
at the separation point, and thus inhibits vortex formation. Hussain
and Hasan!? have shown that a self-sustained oscillation tone is
not possible with a turbulent separation boundary layer unless a
resonator is present in the system. Mansingh and Oosthuizen® sug-
gested that a change in the upstream boundary-layer state is per-
haps responsible for the inhibition of vortex formation at certain
L/D and g/D combinations. The fact that the vortex formation, if at
all, disappears only over a very small range of g/D values for the
whole range of Re, appears to suggest that the phenomenon is not
strictly dependent on the state of the separation boundary layer.
We believe that the disappearance of the vortex formation at cer-
tain g/D values is due to the cancellation rather than reinforcement

of the upstream disturbance due to the feedback cycle. Detailed
phase measurements will be necessary to establish the proposed
hypothesis. Such phase measurements are outside the scope of the
present work. .

IV. Conclusions

The flow over different cylinders in the presence of splitter
plates of various lengths was experimentally studied over a Rep
range of 1.2 x 10* to 3 x 10*. Most of the data were taken for a
square cylinder, whereas a limited amount of data were taken for a
circular cylinder.

The St value due to the frequency representing the spectral
peak decreased when a splitter plate was placed behind the cylin-
der at g/D-< 3. This peak is probably associated with the shear
layer instability frequency. For g/D = 4, the frequency of the spec-
tral peak increased back to the original value of the global shed-
ding frequency. This suggests that the influence of the splitter plate
on the shedding characteristics of the cylinder disappears for g/D =
4. The detailed pressure distribution suggested that the amount of
pressure drop around the cylinder and thus the acceleration of the
flow can be used to predict the qualitative variation of the St, with
increasing gap between the cylinder and the splitter plate. The
qualitative variation of the Stp, with g/D remains unchanged with a
change in the direction of incidence flow.

Spectral measurements suggested for the first time that for a
small g/D the shear layer instability tone played a role in control-
ling the frequency characteristic of a cylinder flow. For large g/D,
the shear layer instability tone was not there, and only the wake in-
stability was present. A tentative explanation has been provided
for the inhibition of the vortex formation phenomenon as reported
by others.

Future studies should look into the downstream phase distribu-
tion as a function of L/D and g/D to establish the exact nature of
the feedback cycle at work and also to explain the inhibition of
vortex formation provided it is there.
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