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Abstract. Some initial results of a numerical investigation of the fidvout a two-dimensional blunt-trailing-edged body
are presented. The ultimate objective of this research igsndertake a systematic study of the geometry in question,
considering attached and detached splitter plates aligwétl the undisturbed flow, detached splitter plates norroal t
the direction of the undisturbed flow, base bleed, among datiieences. We shall try to investigate and compare many
aspects that are, in a way, scattered in the literature. A ONBect Numerical Simulation) code, a modern computing
tool that incorporates most of the state-of-the-art stygéts, is applied in the calculations. A series of experirmavdre
performed in order to assess the many interesting fluid-em@ichl phenomena that happen to be present in this kind of
physical situation. The Reynolds numhkRe, based on the body base height, ranges from subcriticalegalyp to about
1000, but most of the data here presented corresponds to a val2@dofThe contents of this article are related only to
the initial case of the body fitted with attached splittertpla and we begin the process of physical analysis of the flow,
especially in the wake region. Particular attention is pdye some aspects of the shedding mechanism as well as to the
dynamics of the vortices. In this later case we shall dedh Wit mean and the instantaneous fields of flow, in a trial to
understand some of the main physical mechanisms that avbveu.
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1. Introduction

The study of the flow in the wake of a blunt body is one of the mapics of research in fluid mechanics. And the
reason is directly connected to the attempt of undestaratidgontrolling the lift and drag mechanisms. The peridgici
of the normal force might shorten the structure’s life, ama\tortex shedding increases the mixing action behind tdg.bo
Many authors have dedicated their efforts in the undestanali this topic. There is a miriad of studies in the literatur
both experimental and theoretical, and we shall not attéonjgt them here. There are lists of works that can be acdesse
by the reader — see, for example, a good sample of articléeipaper by Kwon and Choi (1996) (see also Ortega et al.,
2005). Most of the time the geometry of the body is a circujdinder of constant radius, mounted such that the direction
of its axis is located normal to the undisturbed velocityteec

The aim of the present study is the numerical investigaticth@flow behind a two-dimensional model with a blunt-
trailing edge. An example of a treatment of this geometrgfgesented by the classical experimental works of Berman
(1965, 1967) who studied extensively the shedding mechani@nsidering as control devices splitter plates and base
bleed. The same case will be considered here and some resalige to the body fitted with splitter plates will be
presented in this paper. A blunt-trailing edge is very intaorbecause it is representative, in practice, of manyscase
for example, buses, trucks, cars, and so on. It is true thagahlife the three-dimensionality of the flow is decisivet b
we shall start with the two-dimensional configuration inertb gain insight and experience. Besides, two-dimensiona
studies of other geometries can be easily found in the titeeaand they will, sometimes, serve the important purpése o
comparison references.

The ultimate objective of this research is to undertake gegyatic study of the geometry in question (see Fig. 1),
considering attached and detached splitter plates aligitedhe undisturbed flow, detached splitter plates normhé
direction of the undisturbed flow, base bleed, among othreénces. We shall try to investigate and compare many
aspects that are, in a way, scattered in the literature.X@mple, Bearman (1965) has attempted to correlate thexesrte
formation region to the longitudinal distribution of veltcfluctuation, while Roshko (1954) did the same but consde
the longitudinal pressure distribution. We shall try to solidate studies like these, and others, in only one sdnati
corresponding to a unique geometry. The numerical tool iN& Dode, whose main characteristics will be presented in
the sequel. Numerical studies have the advantage of prayitle researcher with a complete set of data along all the flow
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Figure 1. Geometry of flow with main dimensions of the caltoladomain.

domain, what guarantees the possibility of a complete aigal\fhis is not always possible in experimental studiet tha
are most of the time limited by the size of models and prob#kjence of the probes or measurement techniques upon
the flow topology, and so on.

This paper is organized as follows. Initially the body andvfipeometry are presented, followed by the main char-
acteristics of the numerical code. Results are then predentd discussed for the case of the body fitted with attached
splitter plates. In this particular paper we shall concaetmainly on the shedding mechanism as well as on the dysamic
of the vortices. In this later case we shall deal with the ma@hthe instantaneous fields of flow, in a trial to understand
some of the main physical mechanisms that are involved.

2. Numerical method

Details of the model and computational domain are showngn Ei The model cross-section consists of an ellliptic
nose section, with semi-major and minor axes & and1/12 respectivelly, followed by a parallel-sided section ofgén
1/6. The base heightl, is equal tal /6. All of these are dimensionless figures and the referenegghiéa the chord of the
body. Observe thdtindicates the splitter length. The body is fixed to the Caatesystem of coordinates, withdenoting
the streamwise angl the crosswise directions, respectively. Most of the casarg wn considering the following main
dimensionsa = 36d, b = 14.4d, ¢ = 12d, ande = 7.2d, wherec ande mark the position of the chord central point. In
general, each grid unit was divided180 equal intervals.

The direct numerical simulation of the flow in figure 1 was pemrfed by a multi-purpose code named Incompact3d.
This code has been already verified and validated, and sesoiitesponding to complex flows simulations and forces
calculations have been extensively published (LambadiaésSilvestrini, 2002, Lardau and Lamballais, 2002, Sthieis
and Lamballais, 2004, Ortega and Silvestrini, 2004). Thewroharacteristics of Incompact3d are as follows. (i) Selve
the two- and three-dimensional incompressible Naviek&@quations, and uses a “pressure-based type" strategty, w
means that a Poisson equation is associated to the cabeyléi) Advancement in time. Realized by means of an hybrid
Adams-Bashforth/Runge-Kutta strategy; (iii) Space dization. Spatial derivatives are approximated by corripaite-
difference schemes (Lele, 1992); (iv) Poisson equatiothdflongitudinal flow direction — the main direction of flow
— is periodic the equation is completely resolved in spécipace, otherwise, a mixed method is applied where part
of the equation is discretized in physical space and pampéttsal space (Lamballais, 1996); (v) Strategies of sofuti
DNS and LES; (vi) Boundary conditions at solid surfaces. Bated by means of the so called “virtual wall" (sometimes
also called “immersed boundary") technique (Goldstein.e1893). Enforcing no-slip boundary conditions in suctywa
permits the discretization on an uniform Cartesian gridpatstanding advantage.
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Figure 2. The time history of the y-component of velocityted transitional Reynolds number.

3. Reaultsand discussion
3.1 The Shedding Mechanism

In this section we will examine some aspects of the sheddiaghamism, considering as the leading parameter the
shedding frequency in its nondimensional form, i.e., th@®tal numberSt = fd/U (f is frequency and’ is the
undisturbed velocity). It is instructive to discuss theiposs of the “numerical anemometers". Here we have profited
from the experimental trials made by Bearman (1965). Baseliexperiments he proposes two rules: “first, the wire
should be placed just outside the wake, and, secondly, testreamwise position was downstream of the splitter plate
but not more than one base height beyond the end". Thereferéiave done the following. The crosswise position
of the anemometer(s) was always takeryas: 0.75d relative to the base centerline. In the streamwise direatie
have “installed" a certain number of anemometers, depgratirthe size of the splitter plate. Fhd = 0 and0.5, one
anemometer was positioned such thad = 1, wherez is considered here as the distance to the body base. Fdesplit
plates whose lengths were longer thah at least two anemometers were installed, one suchazthat= [/d and the
other withz/d = (I/d + 1). For longer splitter plates other anemometers were placpdsitions between the body base
and the plate tip. From these “measurements” it was an eskydabtain the frequency, considering that the velocity
oscilations (after an initial transient process) wereudty sine waves of constant frequency and practically tors
amplitude

First of all, it is necessary to discuss the question of titeat value of the Reynolds number for the present geometry
— here we speak of the plain body, that is, the body withouttsplplate. Until now we have run cases ranging from
Re = 60 up to Re = 500, whereRe is calculated taking as reference length the body base helghefinement was
undertaken at the lowest end of this interval and the tramsitas verified forRe = 95, or at least for a value betweé
and95. This can be verified by inspecting Fig. 2 where the time ei@iof the y-component of the velocity is shown for
Reynolds numbers equal 8 and95. The first5 units of dimensionless time (the transient régime) werdroum both
graphics in order to enhance the (small) variation of theupeter. But, it is obvious that the initial perturbation,igéh
is due to the fact that the body is set in motion instantaneatd = 0, is being damped foRe = 90 and amplified for
Re = 95.

Before leaving this topic an observation is due. For othassital shapes, circular cylinders and flat plates, for
example, the transition from steady flow to a shedding pafterealized for lower values of the Reynolds number. The
interval of Reynolds number is basicaB$ — 50 (Roshko, 1954, Schlichting, 1979). For the present caseawe found
the transition aiRe = 95. Two factors might explain this difference. The first is wiat could recognize as the “degree
of bluntness", that can be defined as the ratio between the walkh and the base height of the body. The plain body
of Fig. 1 has a much less degree of bluntness when comparkd titier shapes, what might eventually stabilize further
the twin vortices at the base of the body. The other factanéshistory of the boundary layer and its thickness at the
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Figure 3. Strouhal number as a function of the splitter gitigth.

e

>

Figure 4. Mean field of flow. Splitter plate lengtfd = 3.

separation station. But further studies are necessanydier ¢o fix the point, especially other experiments with bedié
different aspect ratios.

Splitter plates with lengths ranging frod5d to 5d were “installed" and the flow calculated for a Reynolds numbe
of 200. Fig. 3 shows the distribution dft as function ofl/d. One can see that the wake with the greatest frequency
is generated by the body without splitter plate, and theieatibn of the plates acts in the sense of slightly decregsin
the frequency. This is in contrast to the results obtaine@&grman (1965). The experimental distribution presents a
maximum forl/d aboutl .4, and, besides, the values$f are in general greater than those of Fig. 3 (mean experiinenta
values are aboui.27). These discrepancies are certainly related to the valusedReynolds number. Bearman ex-
perimented with two different Reynolds numbeRs, = 1.45 x 10° andRe = 2.45 x 10° while we have worked with
Re = 200. On the other hand, our results are consistent with thosenafrikand Choi (1996), who investigated the flow
about the circular cylinder with and without splitter plater a Reynolds number in the rang@— 160. These authors
recognized two regimes: fdte = 80 and100 the Strouhal number decreases systematically as the lenttk splitter
plates increases, while for a Reynolds number larger 1R8rthe Strouhal number passes by a maximum.

In our studies we have found that shedding ceased compfetedysplitter plate length somewhere betwéesd and
2.0d. The experimental range &0 — 2.5 (for Re = 1.45 x 10° andRe = 2.45 x 10°, Bearman, 1965). But most
interesting is the point made by Bearman about the sheddiimgjlinhibited forl /d = 2.5, considering that reattachment
of the flow had ocurred &.9d with the 3.0d splitter plate (experimental values). At the time, the authrote: “One
has to postulate, therefore, the flow forming a closed bubbj®nd the end of the plate". We have tried to clarify this



Procedings of COBEM 2005 18th International Congress of Mechanical Engineering
Copyright © 2005 by ABCM November 6-11, 2005, Ouro Preto, MG

Figure 5. Mean field of flow. Splitter plate lengtfd = 2.

Figure 6. Mean field of flow. Splitter plate lengtfd = 2.5.

point. Fig. 4 shows the mean flow about the body fddasplitter plate. There is no shedding and the reattachment
length is equal t®.5d (Re = 200), and therefore the plate has sufficient length to acconeotthat standing vortexes.
This is not the case for th25d and2d plates, as can be seen in figures 6 and 5. In these instanciesrthef both the
great structures plus the room occupied by the plate tip Bokimd of virtual step, what induces the appearance of other
smaller vortexes in front of the plate in order to accomodageflow topology. Due to the sign of the vorticity on both
sides of the plates, the two structures on each side ultiynften a great bubble. Therefore, the “postulate” advanced
by Bearman is absolutely justified by the numerical predictiThere are in fact two bubbles stretching beyond the plate
but inside each bubble there are two structures and not &gng, what might have been the intuition of that author at
that time. But what seems to be the most important physig@asdere is the anchoring effect provided by the plates.
This is clear by observing the sequences of figures 4, 6, aldssapparent that the big bubble that encapsulates the two
vortical structures (on each side) is being anchored by idieg and, with the shortening of the plate length, theile wi
be a time when this anchoring effect will not be sufficienttethdize the bubbles, and then, the structures get “lileefat
and shedding is established.

Another strategy to destabilize the vortexes pattern of Fig to raise the Reynolds number. We have run the same
case but withRe = 500. The result is shown on Fig. 7 for a dimensionless tim&b11 units. At exactly this same
instant of time, but folRe = 200, the flow topology corresponds to that of Fig. 5. Another viemgortant point that can
be observed in Fig. 7 is the appearance of a secondary vdrthg &p of the splitter plate. This structure, albeit being
secondary, has the same level of vorticity as the primarg.ofkerefore, it will interact with them and the result wié b
an increase in the Strouhal number (see also Kwon and Ch@&)1%Ve are now, at the moment of writing this article,
repeating all the calculations but with a Reynolds numbei00f This will allow the possibility of drawing a broader
perspective of the problem as a whole.

4, Conclusion

The flow about a blunt-trailing-edged body fitted with sglitplates has been numerically investigated. The transitio
Reynolds number for the plain geometry in question was faar betweeB0 and95. The shedding mechanism and its
control by means of splitter plates was investigated at aBlelg number 0200. The overall results agreed qualitatively
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Figure 7. Instantaneous vorticity field. Splitter plategén /d = 2. Re = 500.

well with the literature, and the main discrepancies aréagdy due to differences in the value of the Reynolds number
and the geometry investigated. Shedding was completeilgitedd for a length of the plate somewehre betwéenand

2. Besides, and most importantly, we have verified an impbdasertion made by Bearman (1965) about the topology
of the flow for lengths of the splitter plate close to, but &, the reattachment length. This paper representsitla in
efforts of a research program whose main aim is to investitha flow about the present geometry when subjected to a
variety of influences.
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