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Abstract: The flow where vortexes are shed meet several applications in many Engineering fields,
like aerodynamics and hydrodynamics. The present work studies, numerically and experimentally,
the vortexes generation and the shedding phenomenon in a flow around prismatic bodies having
trapezoidal cross section. The experimental tests were obtained in a low turbulence vertical
hydrodynamic tunnel for Reynolds number up to 500. The vortexes trail images were gathered
employing the dye wash technique. The trail velocity measurements, that were probed by hot film
anemometry, allowed to evaluate the vortexes shedding frequency. The numerical solution of
Navier-Sokes equations, with no turbulence modeling, was evaluated employing the volume finite
technigue with orthogonal non-structured grid. The comparison between experimental and
numerical results has shown fairly good agreement.

Keywords: Flow visualization, hot film anemometry, numerical simulation, bluff bodies, Srouhal
number.

1. INTRODUCTION

The flow around bluff bodies generates, in most of the time, vortexes due the boundary layer
separation. In some conditions, the vortexes are shed alternately, in both sides of the body,
producing the well known von Karmén vortex street. The vortexes shedding frequency (f ) is
directly related to the free stream velocity (V) and the characteristic body diameter (D), and is
represented by anon-dimensional parameter known as Strouhal number, that is defined by:
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Nowadays, many studies based on theoretical and experimental analysis are performed, showing
the close relation among the Strouhal number, the geometry of the body, and the flow regime, as
some examples, one can cite Okajima(1982), who studied Square base cylinders with several shape
factors in aerodynamic and hydrodynamic tunnels, exploring a wide range of the Reynolds number;
Kawakita & Silvares (1993), employed ten different prismatic bodies geometry, having high
blockage ratio (around 30%); Vieiraet al. (1997a,b), who studied elliptic and circular cylinders, and
Mansur et al. (1996), who studied rectangular cylinders.

The primary idea of build a vortex meter based on the Strouhal number variation due the
Reynolds number (Re) is from Anatol Roshko (1953) who, in 1953 studied the vortex shedding
phenomenon on circular cylinder and established the relation between (S) and (Re) with accuracity
enough to be used as air speed measurement system - Ower & Pankhurst (1977). Roshko stated
that, supported by a huge number of observations, for a circular cylinder placed orthogonally in the
main stream, the following relation:
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where (C) has the value 21,2 or 12,7 for Reynolds between 50—150 and 300- 2000,
respectively.

The equation (2) can be changed in order to express the free stream velocity (V) and the vortex
shedding fregquency (f ).
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Accordingly with Roshko(1953), these results can be used to measure the flow velocity
employing the following procedure: a circular cylinder is placed inside the flow and the vortex
shedding frequency (f ) is evaluated by different experimental methods, like those discussed by
Goncalves & Vieira(1999). The velocity (V) can be obtained by equation (3), since the Reynolds
number still within the range specified by Roshko, i.e.,50- 150 or 300- 2000.

Nowadays the vortex flowmeters, are used in many industrial, commercial, and aeronautical
applications and have been, for about two decades, proved to be reliable and precise devices.
Actualy, vortex flowmeters have very simple configuration, high accuracy, wide range, weak
dependence on fluid viscosity, and no moving parts exposed to wear so, they are very reliable -
Yokoi & Kamemoto (1994) and Unal & Rockwell (1988).

Due this advantages, a better understanding of the influences caused by the severa different
cylinder bodies geometry on the vortexes shedding are highly desirable. Os vortex flowmeters are
excellent devices for volumetric and/or mass flow rate measurements, but their design is quite
complex due the many different characteristics that might influence the vortex shedding
phenomenon. Obviously, the main factor is the vortex generator geometry of the shedder, because
the continuous and discrete vortex shedding capability has strong dependence of the geometry
employed - Pankanin & Krystkowicz (1995). Different prismatic bodies of different cross section
geometry are tested by the flowmeters manufacturers, aiming stable frequency curves.

In this work, two trapezoidal cross section bodies were tested, for Reynolds number up to 500
employing both numerical and experimental methods, focusing on vortex meters application.



2. EXPERIMENTAL APPARATUS AND PROCEDURES
2.1. Hydrodynamic Tunnel

The tests were performed in alow turbulence hydrodynamic tunnel driven only by gravitational
effects, having test section of 146" 146" 500 mm, schematically depicted in Fig. 1 and detailed by

Vieira (1997a.,b).
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Figure 1. Low turbulence hydrodynamic tunnel

The vortex shedding frequency was evaluated from spectral analysis, utilizing the Fast Fourier
Transform (FFT) on velocity signal, probed at a pre-established point in the vortex shedding street,
by a 3-channels Dantec Streamline 90N10 constant temperature anemometry system with digital
data acquisition. A 2mm hot-film 55R11 probe were used at constant temperature of 150°C and the
acquisition data frequency up to 30kHz.

2.2. Test Bodies

The Fig. 2 shows, schematically, the test bodies geometry used. The two tested models were
tooled in aeronautic aluminum polished, with sharp edges, and controlled dimensional deviation.
The Table 1 represents their dimensions.

Figure 2: Test bodies sketch.



Table 1. test bodies dimensions

TB1 8 4 146 8

TB2 8 6 146 8

2.3 —Flow Visualization

The vortex shedding street visualization was obtained using the dye wash technique. The dye -
amixture of PVA pigments, alcohol ethylic, and water - was injected upstream the body helped by
a 0,7mm OD long hypodermic needle. For further details of this technique, please see
Lindquist (2000).

The images were captured using a Nikon F4s SLR photographic camera that takes 5,7 photos
per second and has a 60 mm f.1:2.8 macro objective. The film was a color Kodak Ultra 1SO 400 and
the illumination was supplied by eight 150W Photo Flood GE incandescent bulbs.

3.NUMERICAL MODELING

A unsteady, incompressible and isothermal flow of Newtonian fluid around cylindrical bodies
can be fairly good represented by the numerical solutions of the Navier-Stokes Equations in
association with the Continuity equation. In this work, the equations have been solved considering,
additionally, a two dimensional flow of constant properties. The momentum equations were
discretized by the volume finite technique. Furthermore, pressure-velocity coupling agorithm was
the SIMPLEC (Patankar & Spalding —1972), and the advective terms was the QUICK scheme
(Leonard -1979). No turbulence modeling was employed due the fairly low Reynolds number of
the current simulation. The Fig. 4 depicts the computational non-uniform orthogonal mesh, with
finer grids near the side wall and the downstream the body, as shownin Fig. 5.
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Figure 5. Numerical mesh



In every ssimulations, the following boundary conditions had been set: uniform velocity profile
inlet the domain, U = 1 and V = 0; von Neumann outlet the domain, i.e., completely developed
flow; symmetry for the up and bottom boundaries, V = U/ly = 0. Furthermore, the cylinder walls
were considered as non-porous non-slip conditions, that impliesU =V = 0. The fully implicit time
discretization was used set with atime step of 0,01, wheret hasthe relation with the real timet, by:

t=t.Uy/B (4)

The simulation were performed until a statistically developed flow regime, characterized by a
periodically variation of the flow mean propertiesin the cylinder wake.

4-RESULTSAND DISCUSSION
4.1 — Signal probed on thewake
The Fig. 6 shows the comparison between the signal probed experimentally and obtained

numericaly, for Reynolds number equal to 100. The signal obtained experimentaly is not
calibrated, since vortex shedding frequency evaluated by a FFT, thisis dispensable.
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Figure 6. Numerical and experimental signals processed.

4.2 —Strouhal number

The Fig. 7 depicts the Strouhal vs Reynolds number curves of the studied cases. For the
experimental case, the Strouhal number was evaluated from the non-calibrated signal probed in the
wake. For the numerical one, the signal registered was the (y) velocity component. Both signals
were pos-processed via FFT by a Matlab® software, in order to obtain the main vortex shedding

frequency (f) .
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Figure 7. Strouhal © Reynolds Curves
4.3 —Images of the wake
The Fig. 8 depicts the wake visualization at Reynolds from 100 to 500 for both tested bodies.
5—-CONCLUSION

The use of vortex flowmeters has significantly increasing during the last 30 years due theirs high
applicability, reliability, and accuracy. These advantages coupled with the resources of the modern
electronics, this kind of meter has high cost-effective characteristics when compared with another
devices. Even though, the manufacturers greatest challenge is to design a shedder with a geometry
that could keep a wake shedding discrete and regular vortexes at the lowest Reynolds number as
possible. In thiswork the relationship between the non-dimensional Reynolds and Strouhal numbers
was evaluated using both experimental and numerical techniques. The numerical and experimental
results seemed good agreement between them.

The wake generated by the trapezoidal cross sectional area body of d=4 mm presented more
unstable, having less discrete vortexes and more difficult to be noted, and also, with suddenly
changes in shedding pattern, producing strong effects on the tridimensional component of the wake,
when compared to the d =6 mm body. This effects can explain, not al, the better agreement
between the experimental and numerical results observed in the Fig. 6 for thed = 6 mm body.
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Figure 8. Cylinder wake images

6. AKNOWLEDGEMENT

Thiswork was developed with Fundunesp, FAPESP, and Proex-Unesp funding.

7. REFERENCES

GONCALVES, H. C. & VIEIRA, E. D. V., 1999 ,“Strouhal Number Determination for Several
Regular Polygonon Cylinders for Reynolds Number up to 600", in: Anais (em CD-ROM) do
COBEM 99 — XV Congresso Brasileiro de Engenharia Mecanica, Aguas de Lindoia.

KAWAKITA, K. & SILVARES, O. M.,1993; “Estudo de Corpos de Perfil ndo Aerodinamicos
Visando a Aplicacdo em Medidores de Vazdo do Tipo Vortice”, Anais do COBEM 93 — XIlI
Congresso Brasileiro de Engenharia mecénica, Brasilia, pp.901-904

LINDQUIST, C. , 2000; “Estudo Experimental do Escoamento ao Redor de Cilindros de Base
Quadrada e Retangular”, Dissertacdo de Mestrado Unesp - Ilha Solteira.

LEONARD, B.P., 1979; “A Stable and Accurate Convective Modeling Procedure Based on
Quadratic Upstream Interpolation”. Comput. Methods Applied Mech. Eng., vol. 19, p. 59-98.

MANSUR, S. S;; VIEIRA, E. D. R.; SAITO, M. & ESPERANCA, G. A . S, 1996; “Visualizagdo
Experimental do Escoamento ao Redor de Cilindros de Base Quadrada Posicionados
Transversalmente ao Fluxo Livre’, Anais do LATCYM 96 VI Congresso Latinoamericano de
Transferénciade Calor Y Materia, Floriandpalis, vol.2, pp1103-1108.



OKAJMA, A., 1982; “Strouhal Numbers of Rectangular Cylinders’, Journal of Fluid Dynamics,
vol.123, pp. 379-398.

OWER, E. & PANKHURST, R. C., 1977, “The Measurement of Air Flow”, Pergamon Press,
Oxford.

PANKANIN, G. L. & KRYSTKOWICZ, G., 1995; “Influence of Sensor Design on Vortex Meter
Properties’, proceedings of the 2™ Brazilian Symposium on Flow Measurement, S&o Paulo,
pp.19-26.

PATANKAR, SV. & SPALDING, D.B., 1972; “A Caculation Procedure for Heat, Mass and
Momentum Transfer in Three-Dimensional Parabolic Flows’. Int. Journal of Heat and Mass
Transfer, vol. 15., pp. 1787-1806.

ROSHKO, A., 1953; “On the Development of Turbulent Wakes from Vortex Streets’, NACA,
Technical Notes, TN 2913.

VIEIRA, E. D. R;; LINDQUIST, C.; WOISKI, E.R. & MANSUR, S.S., 1997a; “Vortex Velocity
Measurement by Hydrodynamic Flow Visualization”. Proceedings (in CD-ROM) of the COBEM
/97 - X1V Congresso Brasileiro de Engenharia M ecanica, Bauru, paper code 059, 6pp.

VIEIRA, E. D. R,; DUARTE, J; MANSUR, S. S. & ZAPAROLI, E.L., 1997b; “Determinacao
Experimental da Freqliéncia de Emissdo de Vértices ao Redor de um Cilindro de Base Eliptica’.
Anais do ELAF 97 — VI Encontro Latinoamericano de Fluidomecénica, Itajubd, vol.1, pp. 182-
187.

UNAL, M. F. & ROCKWELL, D., 1998; “On vortex from acylinder. Part 1: The Initia Instability”,
Journal of Fluid Mechanics, vol.190, pp.491-512.

YOKOI, Y & KAMEMOTO, K., 1994, “Vortex Shedding from a Oscillating Circular Cylinder in a
Uniform Flow”. Experimental Thermal and Fluid Science, vol.8, pp.121-127.



