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Unsteady 2-D flow field characteristics for
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Abstract. Wind tunnel experiments were conducted under highly turbulent and disturbed flow conditions
over a solid/perforated plate with a long splitter plate in its plane of symmetry. The effect of varied level
of perforation of the normal plate on fluctuating velocities and fluctuating pressures measured across and
along the separation bubble was studied. The different perforation levels of the normal plate; that is 0%,
10%, 20%, 30%, 40% and 50% are studied. The Reynolds number based on step height was varied from
4×103 to 1.2×104. The shape and size of the bubble vary with different perforation level of the normal
plate that is to say the bubble is reduced both in height and length up to 30% perforation level. For
higher perforation of the normal plate, bubble is completely swept out. The peak turbulence value
occurs around 0.7 to 0.8 times the reattachment length. The turbulence intensity values are highest for the
case of solid normal plate (bleed air is absent) and are lowest for the case of 50% perforation of the
normal plate (bleed air is maximum in the present study). From the analysis of data it is observed that

, (the ratio of RMS velocity fluctuation to maximum RMS velocity fluctuation), is uniquely

related with dimensionless distance , (the ratio of distance normal to splitter plate to the distance
where RMS velocity fluctuation is half its maximum value) for all the perforated normal plates. It is
interesting to note that for 50% perforation of the normal plate, the RMS pressure fluctuation in the flow
field gets reduced to around 60% as compared to that for solid normal plate. Analysis of the results show
that the ratio [ / ], where  is the maximum coefficient of fluctuating pressure,
Cpb is the coefficient of base pressure and η is the perforation level (ratio of open to total area), for
surface RMS pressure fluctuation levels seems to be constant and has value of about 0.22. Similar
analysis show that the ratio [ / ] for flow field RMS pressure fluctuation levels seems
to be constant and has a value of about 0.32.

Keywords: RMS fluctuating pressures; two dimensional perforated plates; normal plate; bluff body;
splitter plate; shear layer; flow separation; reattachment; wind tunnel testing.

1. Introduction

Pressure fluctuations are of common occurrence in unsteady fluid flows. Static pressure
fluctuations in interior and exterior flows, away from flow boundaries, are important in aero-
acoustics. Although not recognized widely, but of great technical significance, is the fact that
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pressure fluctuations away from flow boundaries can differ substantially from wall measured values.
A need to measure these has been long recognized, with reference to aerodynamic applications like
jet noise, aircraft cabin noise etc. A knowledge of pressure fluctuation characteristics is essential for
understanding complex flows.

Basically, two types of pressure fluctuation measurements in turbulent flows have been attempted
in the past, namely, at the surface and within the flow. From two review articles on the subject by
Willmarth (1975), and George, et al. (1984), one can understand that pressure fluctuation
measurements pose experimental difficulties, particularly for measurements within the flow.

Govinda Ram and Arakeri (1990), first attempted to measure both surface pressure fluctuations
and pressure fluctuations within the flow in the region of separation and reattachment. They used
isosceles triangular nose models of different included angle (2θ ), in which the fore body becomes a
normal plate when 2θ equals 180o. One of their important findings was that except for the 2θ =180o

model, the maximum RMS pressure fluctuation levels in the shear layer are almost equal to the
maximum surface RMS pressure fluctuation levels. This finding highlights the importance for
measurement of pressure fluctuation level in the shear layer for the 2θ =180o model.

Recently Tsai and Yang (1993), measured pressure fluctuations in the turbulent wake flow behind
a two-dimensional V-gutter by use of static pressure probe like the one used by Govinda Ram and
Arakeri (1990).

The backward-facing step and the blunt rectangular plate have been investigated in considerable
detail, and references may be found in George, et al. (1984) and Jenkins (1987). Disturbed flow
over a bluff plate with a long splitter plate has received less attention, although it is an attractive
case of re-circulating flow. Ruderich and Fernholz (1986), have reported a fairly detailed
investigation of such a flow configuration using hot wire and pulsed-wire anemometry. Castro and
Haque (1987), made a comprehensive set of measurements throughout the separated shear layer and
compared their data with that of two-dimensional plane mixing layer. Gupta and Ranga Raju
(1987), have put forth a method for predicting the mean velocity field downstream of solid and
porous fences.

The purpose of this paper is to study experimentally the effect of varying perforation of the
normal plate on fluctuating velocities and fluctuating pressures within the separating and reattaching
flows, and to ascertain the possible correlations.

2. Experimental setup and methods

2.1. Facility

The facility used for the present experimental study is a suction-type low-speed wind tunnel
driven by a four-bladed fan connected to a 15 HP slip-ring induction motor. Speed control of the 15
HP slip-ring induction motor over a wide range is achieved by using a combination of stator voltage
control and rotor resistance control. The cross-sectional area of the test section is 610 mm× 610 mm
and its length is 2100 mm. The tunnel contraction ration is 9:1. Several screens and a honeycomb
are provided in the upstream settling chamber with a fine mull cloth cover at the bell mouth entry.
A velocity survey in the test section showed that it was uniform within 2% of the centerline
velocity except for the boundary layer regions. The centre-line turbulence level  was
measured to be 0.3% within the present experimental velocity range of 5-15 m/s.

u′rms U∞⁄( )
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2.2. Model details

The solid/perforated plate is of steel. The fence height ‘h’ above the splitter plate (of perspex, 10 mm
thick and 650 mm long) is h=12 mm for all the cases except 50% perforated normal plate, for which it
is h=14 mm. The configuration spanned the tunnel width. The perspex splitter plate has surface pressure
tappings of hypodermic needles (0.7 mm inner diameter) every 10 mm centre to centre, connected by
rubber tubing, details of which are shown in Fig. 1. Suitable number of 3 mm circular holes were
drilled in stainless steel plates to result in different level of perforation. Six stainless steel plates
having 0%, 10%, 20%, 30%, 40% and 50% perforation levels were used in the present experiments.
Fig. 2 shows the normal plates of varied perforation levels (0%, 10%, 20%, 30%, 40% and 50% from
top to bottom respectively). Table 1 gives the details of the models used in the present study.

2.3. Flow visualization

Reattachment length was obtained by a flow-visualization technique. A mixture of titanium oxide,

Fig. 2 Normal plates of varied perforation levels (0%, 10%, 20%, 30%, 40% and 50% from top to bottom
respectively)

Fig. 1 Experimental configuration
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a little oil and soap solution was prepared and a thin coating of this paint was applied on the splitter
plate behind the bluff body. Smooth brush and sponge were used for applying the paint evenly on
the surface. When the tunnel was started, the mixture moved over the surface, leaving white trails
of bigger accumulation indicating the reattachment region. The location of the reattachment point
behind the obstructions was in this way found to be within an uncertainty of 5 mm. The reattachment
point thus obtained is denoted as XR.

2.4. Fluctuating pressure measurements

Experiments of Kiya and Sasaki (1985) have shown that the surface pressure fluctuation can be
measured by placing the static pressure probe 1 mm from the surface. A similar arrangement was
used in the present measurements. A few preliminary investigations carried out agree well with the
measurements of Kiya and Sasaki.

The static pressure probe shown in Fig. 3, is a thin round tube 1.3 mm in diameter, bent into an
L-shape at a position 37 mm from one end, the other end closed by solder and shaped into a
hemispherical form. Four pressure taps 0.5 mm in diameter were drilled onto the tube at a position
9 mm from the hemispherical edge, the other end was directly connected to a Kulite high-sensitive
miniature pressure transducer.

The pressure transducer used is a silicon sensing diaphragm (Kulite model, Kulite semiconductor
products, Inc., Ridgefield, NJ), 2.36 mm in diameter and 50.8 mm long, having high-frequency response
and high signal-to-noise ratio. The sensing diaphragm is located below a screen which protects the
transducer from particle contaminants. The amplifier gain was set to provide a sensitivity of 212 Pa/V
in the present experiments. The frequency response of the pitot static-pressure probe housing
miniature pressure transducer was studied by subjecting to a varied sound-pressure field over a
frequency range of 20 Hz− 16 KHz. The response of the probe was found to be flat over a
frequency range of 125 Hz to 3000 Hz. Jenkins (1987) has studied the effects of enclosing this type
of transducer with various tip housings to improve its response for mean and fluctuating pressure
measurements.

The output of the pressure transducer was fed to a 2210 signal conditioning amplifier, analogue to
digital converter and then to the data acquisition system. Data for each point of pressure measurement
consisted of 24000 samples, with the sampling interval of 500µs. Data were tested at each point for
repeatability. The uncertainty of pressure data were found to be less than 5%.

Table 1 Details of the models used in the study

Sl. No Model Model
Notation

Perforation level
of the model

(%)

Reattachment
length
(XR/h)

Aspect
ratio

Solid blockage
(%)

1

2
3
4
5
6
7

Normal plate
/ splitter plate combination

Right angle corner blunt
edge plate

NS-0

NS-10
NS-20
NS-30
NS-40
NS-50
RBP

0

10
20
30
40
50
100

25.2

24.0
23.2
23.2

−
−

4.8

51

51
51
51
51
44
61

5.6

5.6
5.6
5.6
5.6
6.2
1.6

″
″
″
″
″
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2.5. Mean and fluctuating velocity measurements

The mean velocity profiles are obtained from the measurements of single component hot-wire
anemometer. The output of the hot-wire anemometer is taken directly to the data acquisition system
via an analogue-to digital converter. The hot-wire data are acquired for all the models for different
perforation levels and for different free-stream velocities viz, 5.0, 7.5, 10.0, 12.5 and 15.0 m/s. It is

Fig. 3 Unsteady pressure measurement instrumentation system

Table 2 Gives the statement of experimental uncertainty

Parameter Estimated
Uncertainty Main source of error

X ±0.5 mm −
Y, h, D ±0.1 mm −
XR ±5 percent Locating the reattachment line from flow visualization studies.
U∞ ±1.5 percent Inaccuracies in reading the height of the meniscus in projection manometer

±5 percent Experimental day-to-day repeatability 
±6 percent Inaccuracies in reading from projection manometer and day-to-day repeatability
±5 percent Inaccuracy in the dynamic pressure and repeatability of pressure

U′rms

Cp

C′p
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seen that for all perforation levels reattachment length (where ever applicable) is independent of
Reynolds number in the present range of experiments. The hot-wire data are later processed to obtain
mean and RMS velocities from mean and RMS voltages.

3. Experimental results and discussions

3.1. Fluctuating velocities

Longitudinal fluctuating velocity components were measured along the central line of splitter plate
at 10 stations using a hot-wire anemometer. At each station, 18 measurements were made along the
vertical (y-direction). In the recirculating region and in the shear layer region the measurements
were made at closer intervals (3 mm) to get better resolution.

In Fig. 4 the maximum longitudinal fluctuating velocities , (height y above splitter is
different) are plotted against axial distance for various cases of perforation levels and these are the
maximum of the actual data points. In general the longitudinal turbulence intensity level increases
gradually to a maximum just before reattachment (varies depending on the perforation as shown in
Table 1) and there afterwards decreases as we move downstream from the point of separation. The
turbulence intensity values are highest for the case of solid normal plate. The turbulence intensity
values on the other hand are lowest for the case of 50% perforation of the normal plate, that is
increased rate of bleed air brings down the turbulence intensity values in general.

Fig. 5 depicts in total the consolidated results of RMS longitudinal velocity fluctuations in flow
field normalized with free-stream velocity for varied level of perforation of the normal plate (0%,
10%, 20%, 30%, 40% and 50%). It is seen from the Fig. 5 that the longitudinal velocity fluctuation
is maximum for the solid normal plate and is farthest from the splitter plate in y direction when

u′rms( )

Fig. 4 Variation of  in the axial direction for different levels of perforationu′max( )max



Unsteady 2-D flow field characteristics for perforated plates with a splitter 323

compared to other perforation levels.
It is interesting to observe that the point of maximum  is coming closer to the splitter plate

with increasing bleed air.
It is also clear from the above figure that as we go downstream of reattachment the values

become independent of the level of perforation very close to the splitter plate. The orderly spread of
the shear layer from the point of separation is illustrated in Fig. 5.

The elevation y at which is designated as Y* is made use of in Fig. 6. In Fig. 6

is plotted against y/Y* for the case of solid normal plate at = 10 m/s. The solid

line in this figure represents the empirical fit to the data points.
Fig. 7 shows the empirical fitted curves for various levels of perforations. The behavior of the

curves of 40% and 50% perforation level is quite different compared to other cases. It is observed
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Fig. 5 Consolidated picture of the variation of longitudinal fluctuating velocities with change in perforation
U∞=15.0 m/s
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that the turbulence intensity at a given location decreases with increase in perforation level of the
normal plate - a behavior which is consistent with the observation made in the study that the
velocity gradient at that location decreases with increase in perforation level.

A more rigorous analysis was attempted to get better collapse of the data. In order to do so, the

elevation y above the splitter plate at which  is designated as In Fig. 8,

 is plotted against y/  for the case of solid normal plate at =10 m/s. The

solid line in this figure represents the empirical fit of the data points. It is interesting to see that there is
better collapse of the data in the upper limb of the graph.

For all the models a similar behavior in the variation of  with non -

dimensionalized vertical distance y was observed. The upper limb of the plots behave like the wall
jet, showing very good collapse. However the non-dimensionalized velocity fluctuations in the
separated zone does show a marked difference.

Fig. 9 shows the empirically fitted curves for all the levels of perforation. As before the behavior
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Fig. 6 Similarity profile of longitudinal turbulence
intensity for solid normal plate

Fig. 7 Empirical fit similarity profiles for 0%, 10%,
20%, 30%, 40% and 50% perforated normal
plates
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of the curves of 40% and 50% perforation level of the normal plate is different compared to other
cases, but the scatter is relatively less. Further it is observed that the disturbance in the separated
zone is progressively decreasing with increase in the perforation level.

3.2. Fluctuating surface pressure

Suzuki and Kiya (1985) have conducted fluctuating surface pressure measurements for isosceles
triangular body. The present results of solid normal plate compare well with those of Suzuki and
Kiya [for the limiting case of 2θ =180o] as shown in Fig. 10. The experimental result shows similar
trend in the curve, that is the RMS values of surface fluctuating pressure increases gradually. It is
observed that the maximum RMS values of pressure fluctuation occurs around 0.9XR, along the
plate, and the fluctuating pressures in the separated region is low as compared to the fluctuating
pressures across the shear layer. The difference in the values at X / XR=1, is attributed to the
background noise in measurements. The location of the maximum  upstream of reattachment
was observed in several other studies including that of Mabey (1972), who considered several
geomentries of separated flows. Kiya and Sasaki (1983) investigated the separated flow over a blunt
flat plate and surmised that the maximum energy associated with the pressure fluctuations near the

C′p
C′p rms

Fig. 8 An improved similarity profile of longitudinal
turbulence intensity for solid normal plate

Fig. 9 Empirical fit similarity profiles for 0%, 10%,
20%, 30%, 40% and 50% perforated normal
plate
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reattachment region was due to the shedding of large scale vortices from the separation bubble. 
Table 3 shows comparison of peak values of fluctuating surface pressures for right- angle corner

body with other similar investigations. The body thickness D, the non-dimensional reattachment
length XR/D, upstream turbulence level (%), Reynolds number based on the body thickness,
pressure coefficient Cpb at separation and maximum pressure fluctuation are all tabulated.

RMS value of fluctuating surface pressures normalized with dynamic pressure are plotted against
x/h for various levels of perforation in Fig. 11. The fluctuating surface pressure distribution trend
for all cases considered except the 50% perforated normal plate is the same, that is pressure
fluctuations increase from the point of separation and reach a maximum around the reattachment
region. The fluctuating surface pressure distribution for 50% perforated normal plate seems to be
oscillatory in nature with a local hump in pressure distribution. There is orderly decrease in
maximum fluctuating surface pressure with increase in level of perforation of the normal plate.
However for the case of 40% perforation, the maximum fluctuating surface pressure happens to be
more than that for 30% and 50% perforated normal plates. This could possibly be due to some sort
of far wake instability. It is likely that at 40% perforation level the bleed air is just sufficient to

Fig. 10 Distribution surface  for solid normal plate compared with results of similar measurementsC ′p

Table 3 Comparison of peak values of RMS fluctuating surface pressures for right angle corner body of
different blunt edge thickness

Reference D*

(mm) (%)
Reynolds
number −Cpb (%)

Hiller & Cherry (1981) 38.1 4.88 0.1 3.4 to 8×104 0.75 13
Kiya & Sasaki (1982) 20 4.7 0.3 2.6×104 0.65 15
Present results 10 4.8 0.3 0.4 to 1.2×104 0.65 12

*Thickness of the right-angle corner model nose

XR

D
------- 

  u′2 U∞⁄ p′2 q⁄
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introduce instability to the separated shear layer making it unstable and possibly starts to ‘flap’.
Eventually the flow field pressure fluctuations could be observed to be higher.

The point of maximum surface pressure fluctuation is farthest from the separation point for the
solid normal plate and progressively gets closer to the separation point with increase in perforation
level. There is a 4.5 step height shift if we compare 0% and 50% perforated normal plate maximum
fluctuating surface pressure values. The maximum fluctuating surface pressure is 11.5% of the
dynamic pressure corresponding to the case of solid normal plate and is 5.25% of the dynamic
pressure corresponding to 50% perforated normal plate.

The fluctuating surface pressures normalized with dynamic pressure are plotted for higher values
of x/h in Fig. 11 to study the effect further downstream of reattachment for varied level of
peroration. It is observed that for all cases downstream of reattachment the fluctuating surface
pressure is seen to decrease asymptotically. It is interesting to note that in the case of 40%
perforated normal plate after reattachment, fluctuating surface pressure value is less than that of
30% perforated normal plate, that is to say recovered fluctuating surface pressures are in order.

3.3. Shear layer pressure fluctuation

In the present study the shear layer static pressure fluctuation levels is measured by traversing the
static pressure probe across the shear layer at fixed axial location of x/h=3, 6, 9, 12, 15, 18, 21, 24,
26 and 28. The experiments were carried out for three free-stream velocities viz, 10.0 m/s, 12.5 m/s
and 15.0 m/s, to study the speed effects. It is found that the shear layer pressure are independent of
Reynolds number in the study range.

Normalized RMS values of pressure fluctuation in the separated bubble region, is shown in Fig.
12. This figure gives the overall qualitative and quantitative picture of the development of shear
layer subsequent to separation. The maximum value of shear layer pressure fluctuation is reached
upstream of reattachment at an axial location of x equal to about 0.76 XR. This is in contrast to the

Fig. 11 Distribution of surface  for various levels of perforationC ′p
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observed location of maximum surface pressure fluctuation levels which occurs at X /XR= 0.9. Next
possible peak was near the separation point. This peak value may not be only due to the pressure
fluctuation, since the pressure measurements were carried out with a finite size transducer probe
which leads to spatial averaging of the signal, in addition to unknown interaction of the probe in
very thin shear layer at the separation. It was also found for small angles of attack of the probe
tube, in the order of ±5 degrees, there was no appreciable change in the readings. Downstream of
separation, as the separated shear layer grows, the probe size becomes comparatively small with
respect to the eddy size. Consequently, the error involved in the measurement also reduces considerably.

The comparative magnitudes of pressure fluctuations are presented in Fig. 12 that occur as
consequence of varying perforation level. As discussed the maximum value of the shear layer
pressure fluctuation is reached upstream of reattachment (when it exists) at an axial location of x
equal to about 0.76XR in the case of 0%, 10%, 20% and 30% perforation. With the increase in the
level of perforation the point of maximum RMS pressure fluctuation in the flow field moves closer
to the splitter plate in a systematic manner. This is indicative that the shear layer gets altered
substantially for varied level of perforation.

However it is to be noted that maximum RMS levels except for the local maxima immediately
downstream of separation were observed at about X/XR= 0.7 to 0.8 for the case of 0%, 10%, 20%
and 30% perforation and it is interesting to note that for 50% perforation, the RMS pressure

Fig. 12 The comparative magnitudes of pressure fluctuations in the flow field as a consequence of varying
perforation level of the normal plate
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fluctuation in the flow field gets reduced to around 60% as compared to solid normal plate.
It was observed as discussed in section 3.2 that the distribution of fluctuating surface pressures,

for the 40% perforated normal plate was not in order, the same trend is also seen in the distribution
of fluctuating pressures in flow field. After x/h = 18 the distribution is in order.

In Fig. 13 the magnitude of RMS values of pressure fluctuations measured in the separated shear
layer is compared with that obtained in the case of surface pressure fluctuation measurements for
varied perforation. It is clear that flow field fluctuating pressures are substantially higher than the
surface pressure fluctuations for the cases considered in the present study. As discussed earlier both
the surface and flow field fluctuating pressures decrease with increase in the level of perforation.
The difference between the surface and flow field maximum pressure fluctuations is highest for
solid normal plate (5.4%) and lowest for 50% perforation of the normal plate (2.8%).

It is observed from Table 4, that   varies from 0.200 to 0.238. Analysis of the
results seems to indicate a correlation between the maximum of normalized surface RMS pressure
fluctuation levels with the Cpb(1−η). Taking into account the uncertainties in the measurements, the
ratio  seems to be relatively constant and has a value of around 0.22.

[ C′p max Cpb– 1 η–( )]⁄

[ C′p max Cpb– 1 η–( )]⁄

Fig. 13 Peak RMS values of pressure fluctuation in the separated bubble region and on the surface of the
splitter plate for different levels of perforation

Table 4 Ratios of maximum fluctuating surface RMS pressure levels to base pressure coefficient

Sl. No Model notation −CPb

1 NS-0 0.109 0.540 0.200
2  NS-10 0.106 0.533 0.220
3  NS-20 0.081 0.495 0.205
4  NS-30 0.060 0.370 0.231
5  NS-40 0.064 0.485 0.220
6  NS-50 0.050 0.420 0.238

C′P max
C ′p max

Cpb 1 η–( )–
----------------------------
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It is observed from Table 5, that  varies from 0.310 to 0.335. Similar
analysis of the results indicate a correlation between the maximum of normalized flow field
pressure fluctuation levels with the Cpb(1−η) value. Taking into account the uncertainties in
measurements, this ratio seems to be constant and has a value about 0.32.

In Table 6 a comparison between pressure fluctuations and velocity fluctuations are made for the
solid normal plate. From this table it can be observed that the maximum fluctuation levels for both
the velocity and pressure occur at about the same axial location. However, there is a small
difference in its vertical location. Also the pressure fluctuation profiles were relatively flat in the
maximum region, whereas the velocity profiles show a much sharper peak. This could be associated
with the pressure probe being much larger than the hot-wire probe. 

The ratio of the two normalized (pressure maximum and velocity maximum) values show the
trend of increase in the downstream direction from separation to reattachment. It is interesting to see
that the maximum value of quantity  being 0.64 is close to the value of
0.73 predicted by Arndt and Nilsen (1971), for a round jet on the basis of a theory due to
Kraichman (1956). If one looks for a correlation of the type , the
values of k obtained are shown in Table 7. Arndt and Nilsen (1971), have suggested that k is
approximately equal to 1.4 for isotropic turbulent flow; whereas its value should exceed 1.4 for
shear flows and present experiments shows this confirmation.

[ C′p max Cpb– 1 η–( )]⁄

C ′P max u ′rms U∞⁄[ ]max⁄

C′p k u′rms U∞⁄( )max{ }[ ]2=

Table 5 Ratios of maximum fluctuating flow field RMS pressure levels to base pressure coefficient

Sl. No Model notation −CPb

1 NS-0 0.168 0.540 0.311
2   NS-10 0.154 0.533 0.321
3   NS-20 0.123 0.495 0.310
4   NS-30 0.087 0.370 0.335
5   NS-40 0.095 0.485 0.327
6   NS-50 0.070 0.420 0.334

C′P max
C ′p max

Cpb 1 η–( )–
----------------------------

Table 6 Comparison between pressure fluctuation and velocity fluctuation measurements for solid normal plate

x/h
for for 

3 0.200 2.75 0.115 2.92 0.575 2.875
6 0.218 3.25 0.117 3.33 0.537 2.462
9 0.227 3.50 0.133 3.75 0.586 2.581

12 0.236 3.75 0.146 3.33 0.619 2.621
15 0.246 3.50 0.159 3.33 0.646 2.627
18 0.267 3.50 0.168 3.33 0.629 2.357
21 0.267 3.25 0.172 2.92 0.644 2.413
24 0.257 3.25 0.158 2.92 0.615 2.392
26 0.244 3.00 0.149 2.92 0.611 2.503
28 0.237 2.75 0.133 3.33 0.561 2.368
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4. Conclusions

There is substantial modification brought about in the velocity and pressure fields as a
consequence of change in perforation level of the normal plate, apart from the characteristics of the

approach flow itself. From the analysis of data it is observed that  is uniquely related

with the dimensionless distance  for all the perforated normal plates.
It is interesting to note that for 50% perforation, the RMS pressure fluctuation in the flow field

gets reduced to around 61.5% as compared to that of the solid normal plate. Analysis of the
results show that the ratio  for surface RMS pressure fluctuation levels
seems to be constant and has value of about 0.22. Similar analysis show that the ratio

 for flow field RMS pressure fluctuation levels seems to be constant and
has a value of about 0.32.
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Notation

Cpb base pressure coefficient, (Pb−P∞) /0.5ρU 2
∞

max maximum fluctuating pressure coefficient
D width of the two dimensional body 
η perforation of the normal plate (ratio of open to total area)
h step height
Pb mean base static pressure
P∞ free-stream pressure 

root mean square pressure fluctuation (
q dynamic head

u′2 u′2

 
 

max
⁄

y Y′⁄

[ C′p max Cpb– 1 η–( )]⁄
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C ′p

p′2 P′rms)

Table 7 Comparison between pressure fluctuation and velocity fluctuation measurements for different models studied

Model
for for 

NS-0 0.267 3.25 0.172 2.92 0.644 2.413
  NS-10 0.256 3.00 0.156 2.92 0.609 2.380
  NS-20 0.243 2.25 0.131 2.50 0.539 2.218
  NS-30 0.226 2.00 0.092 2.08 0.407 1.801
  NS-40 0.216 2.25 0.100 2.08 0.463 2.143
  NS-50 0.188 1.75 0.073 2.08 0.388 2.065
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Reh Reynolds number based on step height, U∞h/v
Red Reynolds number based on body width, U∞D/v
Tu turbulence intensity 
U∞ free-stream velocity 

fluctuating stream-wise velocity component

root mean square velocity fluctuation (

up stream turbulence intensity
x axial distance downstream of shoulder (point of separation)
XR reattachment length
y distance normal to surface of the splitter plate

Y* elevation y above splitter plate at which 

Y elevation y above splitter plate at which 
2θ included angle of the fore body
v kinematic viscosity of the fluid
ρ density of the fluid
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