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Abstract:

In this work, the prime objective is the evaluation of the performance
of vortex shedding meter utilizing the principle of closed tandem
bodies, which is believed to be the first in this field. This is
accomplished by performing various tests and experimental
arrangements of various configurations of flat plate with triangular
cylinder, under a wide range of Reynolds number. Consequently, it is
found that those meters performed better than those meters that utilize
single bodies for most of the arrangements tested. From the results, it
is concluded that closed tandem increases the flow range, especially
under low range of Reynolds numbers together with improved
linearity and decreased pressure losses across the meters for all flow
rates.
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Introduction:

The fluid flow around bluff circular, square,
rectangular, and triangular cross-sectional cylinders has
been investigated by researchers for centuries because of its
Importance in various engineering applications, such as
electronic cooling, heat exchanger systems, bridge piers,
high-rise buildings and flow dividers, sensors and probes
etc. [1,2,3,10.11]. Recent developments in flow meters’
design have focused on hydrodynamic instability, while
measuring the flow rate of different fluids. A flow meter
that uses the frequency of any suitable hydrodynamic
instability to infer flow velocity and hence the volumetric
flow rate is a vortex shedding flow meter.

Vortex shedding is a common fluid dynamic
phenomenon, which occurs when a bluff non-streamlined
body, is placed in a flowing fluid. Vortices are formed
behind the obstructing body; the frequency of shedding (f)

Is directly proportional to fluid velocity (v) over a wide
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range of Reynolds number (Re>2000) and inversely
proportional to the size of the obstructing body [4].
i.e. S=f.d/u............... (1)

S  Strouhal number

f shedding frequency (cycle/sec)

d diameter or height of triangular cylinder (mm)
u

air velocity (m/sec)

Vortex shedding is a two-dimensional flow
phenomenon, and is highly susceptible to small three-
dimensional disturbances, such as turbulence, and end-
effect bluff body misalignment [5]. This phenomenon was
first observed and recorded by Leonardo da Vinci as long
ago as 1513[6]. However, the first experimental
investigation of the phenomenon was made in 1878 by
Strouhal [7]. Von Karman, in 1911, presented a
theoretical representation of the vortex stress pattern.

The possibilities of flow measurement utilizing the
vortex shedding were pointed out by Roshko in 1953[7].
During the 1960's a large development effort was
expended on vortex meters using their potential for
linear:, digital output with no moving parts

The main aim of the present research is to study the

effect of tandem bodies on the strength, regularity and
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shedding frequency, in addition to the linearity,
repeatability, flow range and pressure drop on a vortex
shading meter, that employs a set of flat plate and
triangle in tandem as a bluff body in different
arrangements normal to the flow stream.
TEST RIG

Experimental tests were carried out in an open type
wind tunnel made from lengths of PVC pipe of 75.94 mm
internal diameter. The pipes were connected together by
means of suitable flanges, rubber gaskets and bolts.
Every precaution was taken to ensure its air tightness.

A centrifugal fan of 0.15m?%/s capacity (Manufacturer
type TEFC class E) was used to suck air through the wind
tunnel. The air flow rate required and hence the velocity,
are regulated by means of a 50 mm ball-valve installed at
the fan outlet. The air flow rate was measured using a
calibrated square-edged orifice plate designed and
manufactured according to B.S.,1042 part 1. The test
sections or meter body were made from PERSPEX pipes
of suitable dimensions, as presented in Fig. (1). The
velocity fluctuation due to vortex shedding was detected
by means of hot wire anemometer operating in a
constant temperature mode[8,9,11], located within the

oV
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bluff body. Frequency was measured using a digital
frequency meter by counting the periodic signal over 10,
100 and 1000 cycles per second depending on the velocity
of the flow, shown in Fig. (2).

Figure. (1): Experimental Test
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Experimental Arrangements, Results and Discussion

The effect of the flat plate in front and behind the
base of the triangular cylinder, i.e. arrangements A, and
B respectively, was studied. An additional study was
performed for the plate in front and behind the apex of
the triangular cylinder, i.e. arrangements C and D, as
depicted in Fig. (3).

The following sections present the experimental
results of the fore-mentioned arrangements with 1.2 x 10+
< Rp <6 x 10% and a gap ranging from 0.0 mm to 4.064

mm. (Ro  Reynold number)

Figure. (3): Flat plate and Triangular cylinder Arrangements

1. Arrangement A

In this arrangement, the plate is placed in front of the
base of the triangular cylinder and normal to the flow
stream. The test results are shown in Figures (4,5). The
vortex shedding frequency for this arrangement was

0.9
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stable and strong over most of the gaps tested. The Euler
number had under gone reduction by 20.5%, while the
Strouhal number increased by 2.7%. However, the
linearity seemed to decrease at low flow ranges for large
gaps, when compared with the results for the triangular

cylinder only.
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Figure. (4): Strouhal number variation with Reynolds number Arrangement
A

2. Arrangement B
In this arrangement, the flat plate is placed behind the
triangular cylinder, whose base was facing the flow

stream. The results are displayed in Figures (6, 7).

o\
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Figure. (5):

Euler number variation with Reynolds number Arrangement A

The vortex shedding frequency was highly modulated at

Zero gap over the flow range tested, resulting in bad

linearity and repeatability. When the gap is increased,

the vortex shedding frequency gradually improved and

the modulation decreasing. The best gap in this

arrangement for strong vortex frequency with minimum

modulation and good linearity for Rp > 1x10* was 4.064.
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Figure. (6): Strouhal number variation with Reynolds number Arrangement
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Figure. (7): Euler number variation with Reynolds number Arrangement B

3. Arrangement C

In this arrangement, the flat plate is placed normal

to the flow stream, and in front of the apex of the
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triangular cylinder. The test results are exhibited in
Figures. (8 ,9). The vortex shedding frequency for this
arrangement had improved over the whole range of the
gap tested, so was the repeatability. The best results were
obtained for gap range from 1.905 to 2.159mm. and
Reynolds number from 9x103 up to 5.9x10* The linearity
for the meter at these gaps was better than +0.24%,
the repeatability was better than + 0.1%, and the
pressure loss was lower by 12.9%. These results are
considered in comparison with results of a meter utilizing

single body results.
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Figure. (8): Strouhal number variation with Reynolds number Arrangement
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Figure. (9): Euler number variation with Reynolds number Arrangement C
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4. Arrangement D

The apex of the triangular cylinder was normal to the
flow stream, while the flat plate is placed behind the cylinder
base. The test results are shown in Figures. (10, 11). For
most gaps, tested at low flow range, the vortex shedding
frequency in general (except the zero gap) was unstable and
had undergone modulation. At zero gap. the shedding
frequency had improved, likewise, the linearity and the
repeatability. This is attributed to increase in

Cylinder thickness.

Figure. (10): Strouhal number variation with Reynolds number Arrangement
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Figure. (11): Euler number variation with Reynolds number Arrangement D

CONCLUSIONS

Experimental results for vortex shedding meters
utilizing close tandem bodies have shown better
performance, i.e. linearity, repeatability, shedding
frequency, lower flow range and lower pressure drop across
the meter than for the meters utilizing single bodies.
Furthermore, the meter performance indicated dependence
on the shape of the bodies, arrangement, position of the
cylinder, and gap size. For most arrangements tested, there
IS an optimum gap size (or optimum G/d) at which the best
performance can be achieved, and this occurs always above
a critical value of G/d ratio. (G/d gape ratio)

Further work is needed to study the effect of different
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combination of cylinder shapes and plates, also flow
visualization, together  with  pressure distribution
measurement, are recommended to provide a physical

understanding of flow around tandem bodies combinations.
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