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Abstract. Widely recognized for its simplicity, the splitter plateais effective device for drag reduction in bluff bodies. It
consists of a flat plate, which is placed in the center line akey in stream wise direction, and it works by changing the
way the shear layers interact with one another. The articlalgzes the sensitivity the drag force exhibits with respec
the length and position of that simple device. The main pgegs to find out values of those dimensions that lead to a
minimum of the time—averaged drag coefficient. The resoléiren the literature, to the effect that the extrema depend
on the Reynolds number. Moreover, they show that minimumabafigurations may also be characterized by expressive
reductions in the amplitude of drag and lift oscillations.
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1. INTRODUCTION

Long flexible risers are an essential component of drilliegidks in deep water oil extraction. Their usually bluff
cross—sections lead to extensive regions of separated Alswa result, they shed vortical wakes and are prone to vortex
induced vibrations, at all but the lowest Reynolds numbadsl to it the fact that far—field flow conditions are ultimatel
determined by the swell and ocean tides, thereby remaireggrizl any possibility of control.

Under such circumstances, a deep understanding of thegshofdhis class of flows is clearly of utmost importance to
the oil industry. It has made it a most prolific research toMach attention has also been devoted to means of congyollin
bluff body flows. The possibilities range from active measuisuch as forced oscillations [Meneghini, 1993, Meneghin
and Bearman, 1995, Meneghini, 2002, Bearman and Currie9, F&hg, 1968], to passive devices such as trip—wires,
vortex generators and splitter—plates.

Its easy assembly and operation gives the splitter platenporitant advantage over many other flow control devices.
In principle, it works by extending the length over which tieear layers on each side of a cylinder are separated. It
delays the interaction between them, which has the effeadifcing the from drag significantly. In a seminal article on
the problem, Igarashi [Igarashi, 1982] classifies thetsplfilates according to the way they are assembled, retative
cylinder. There are configurations where it is attachedeccthinder, and others where there is a gap between the two.

The contribution of the present work is to investigate baikes, with and without gap, in a systematic attempt at
finding configurations that yield minimum form drag. The etgkory tests have been performed by means of humerical
flow simulations, only. Incidentally, it may be useful totseion the definitions of the dimensionless parameters early
on. The Reynold$Re) and Strouhal.St) numbers, the pressu(€’,), lift (C;) and drag(C};) coefficients are defined as,
respectively,

Re = U=k Cp =15

_IL —
St = T Cl = QoL (1)
CIoo:%pooUgo CquH%

For the sake of completeness:is the fluid kinematic viscosityy., andU,, are free—stream density and velocity, re-
spectively. The symbaof represents a frequency, which is taken here to be the vanekding frequencyl/ is another
velocity scale, which is often taken to be,, itself, andL is a length scale that depends on the context.

2. LITERATURE SURVEY

For all their relevance in nature and engineering, sepaiféte/s are the object of extensive research and a prolific
literature, in the realm of fluid mechanics. An inherent cterjy has favored the experimental approach in the early
years. More recently, though, the development of robushatt of numerical simulation has given rise to an ever—
growing field in CFD that is entirely devoted to the topic. IBurvey attempts to follow the chronology.

In two of the earlier studies on the topic, Roshko has mademg-senpirical analysis of the flow around bluff bodies
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[Roshko, 1954a, Roshko, 1954b]. The reports did includmdgls with splitter plates, with and without gaps between
them (Re = 1.45 x 10*). Amongst their most relevant findings, the first one shows tta splitter plate changes the
C,, distribution all over the cylinder surface, as opposed fectiihg only the separated region. Whereas the second one
shows that the dimensionless frequency of vortex sheddinydecreases as the gap grows, up until a critical value is
reached. Then th8t jumps back up to a value that is close to that of the isolatéiddsr. The cylinder base pressure
(Cpp) exhibits a similar behavior, with the only difference thagriows a bit, just before the gap reaches the critical value,
only to decrease afterwards. The critical size of the gagestified as the point where the vortex formation region rsove
from the trailing edge of the plate to the gap, itself.

From 1965, an experimental study on bodies with blunt trgikkdges and splitter plates [Bearman, 1965] presents
results forC,,, St and velocity fluctuations in the wake, fdte in the range:1.4 x 10° < Re < 2.56 x 10°. Among
many important results, he has found that the value ©f,; is inversely proportional to the so—calledrtex formation
length(l;)— which was then defined as thecoordinate of the closest point on the wake axis, whererttes of velocity
fluctuations peaks.

A paper by Gerrard [Gerrard, 1966] investigated the physfdle vortex formation region behind bluff bodies. He
suggested the key mechanism in vortex formation to be theaftihteraction between the two shear layers, which arise
from boundary layer separation on each side of the cylingerthermore, he proposed that vortex shedding takes place
because of fluid entrainment from one layer into the othes,sutheme that is best depicted by his classic sketch— which
we took the liberty of reproducing below (fig. 1-left), foadiy.
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X

Figure 1. Left, the mechanism of vortex formation behindrauar cylinder, in an excerpt from Gerrard [Gerrard, 1966]
Rolling—up of the shear layers is indicated by filament ljresd the arrows show the fluid path. Right, a numerical
simulation of the same problem, which effectively showsvbeex wake behind the cylindéRe = 200).

As is well-known, the fluid on each shear layer bears voytaibpposite sign. Under this condition, the filament lines
show the shear layers rolling up and the arrows indicate thé flath afterwards. Part of it is entrained by the growing
vortex (a). Another part(b) is entrained by the upper shear layer and, on bearing oppasiticity, it helps to cut the
forming vortex off. A third part(c) flows toward the formation region, where it feeds into thedowortex formation.
The formation lengtli; is defined here as the point at which the fluid from outside takenfirst crosses its axis.

In [Gerrard, 1966], the author performed experiments oimdgrs with splitter plates, with and without gaps, and has
also reproduced some of Roshko experiméits = 2 x 10*). On doing so, he was able to verify and explain some of
Roshko’s claims, such as the discontinuitySiithat happens ds moves from the plate trailing edge to within the gap.

In [Apelt et al., 1973], the authors run a set of experimemgsliving splitter plates fixed to the basis of the cylinder,
for Re in the range10* < Re < 5 x 10*. The lengthl/d = 1 was set as a limit, to differentiate between long and short
splitter plates. They found that short plates diminish théthvof the wake, and stabilize the boundary layer separatio
points on the cylinder, thus causing the vortices to fornsetdo the plate trailing edge. Whereas long plates inhikit th
interaction between shear layers, thus causing vorticksno farther away from the plate. A sequence to their researc
was published in [Apelt et al., 1975].

A paper by Igarashi, from 1982 [Igarashi, 1982], reportsxiersive experimental research into cylinders with sglitt
plates. The sizes of the plates and gaps varies within tigesar29 < [/d < 1.76 and0 < g/d < 4, respectively. While
the Reynolds number is kept within the interval:3 x 10* < Re < 5.8 x 10%. The results show the variations of
shedding frequencysSt), base pressuré’,;,) and drag(C,) with respect to gap and plate sizes. Special emphasis is
placed upon the discontinuity that happens as the vorterdtion moves from the plate trailing edge to within the gap,
itself. He also classifies previous works on the topic int@e¢hgroups, according to their motivations. A first group

Lacronym for root mean square
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is primarily concerned with the universal dimensionleggjfrenciegSt) of vortex shedding [Roshko, 1954a, Roshko,

1954b, Gerrard, 1966]. A second group is concerned with the the plate affects the flow field and, hence, with its

effects on lift and drag [Bearman, 1965, Apelt et al., 1978el et al., 1975]. Finally, a third group focuses on the

heat transfer characteristics of the turbulent separadedriégion behind the cylinder, as is the case of a later work of
his [Igarashi, 1984].

Two articles by Unal and Rockwell on the topic were published988 [Unal and Rockwell, 1988a, Unal and Rock-
well, 1988b]. The first one explores the hydrodynamic in$iteds that appear in the flow around a cylinder at lower
Reynolds(440 < Re < 5040). Whereas the second one analyzes the case of a very longrspléte,L /D = 24, at
various gaps) < g/d < 15. With regard to the frequencies of velocity fluctuationshe tvake, their results have been
interpreted as indicative of the thesis that the splittatglnhibits the vortex shedding, but it does not inhibit shear
layers instability.

In [Kawai, 1990], the author performed numerical simulati@f cylinders with splitter plates of various lengths and
gaps. He made use of the discrete vortex method, and higgesdibit the same characteristics as those from Roshko
and Apelt. Only, his numerical values are different— in jgautar, the critical gap is about half of the corresponding
experimental value. However, the differences have beeib@titd to differences in the Reynolds number that had been
prescribed for the simulations.

A more recent paper by Kwon and Choi [Kwon and Choi, 1996]sen¢és numerical simulations at lower Reynolds
numbers(80 < Re < 160). They only considered cases where the splitter plate isriastto the cylinder. The paper
analyzes the behavior of the Strouhal num{#er) with changingRe and different plate lengths. Their results are similar
to those obtained by Gerrard and Apelt, despite the factttiet simulations have been run at much lower Reynolds
numbers.

From the same year, a paper by Nakamura [Nakamura, 1998j}zasathe vortex shedding mechanism for various
kinds of bluff bodies, all with splitter plates fastened eir bases. To that end, the author has run experimentidor
between 300 and 500, and has made use of long plates. Therpapéis on a gradual transition between two distinct
modes of vortex shedding, as the plate length grows. Theitiam is from the usual mode, which involves mutual
interaction between the shear layers, and a mode that isrggvéy the so—called impinging—shear—layer instability.

It is worth noting that, in all of the above references, thkttep plate has been placed on the axis of the wake. It
lies in the same direction of the incoming flow. In effect, wheer that alignment fails, flow and vortex shedding alike
change drastically. As a result, it degenerates the dewddenmance as a means of reducing drag. That is indeed one of
the major drawbacks of the device. Fortunately, there isyatovaircumvent it. For the splitter plate may be hinged on
the cylinder, so as to be able to align itself with the incognflow. Two recent works delve into the subject [Assi et al.,
2009, Shukla et al., 2009].

3. RESULTS

The idea that the drag decreases for certain arrangemethiss iblitter plate is fully consistent with most of the above
references. As has been verified by experiment, it happaraibe the plate can extend the formation length of the wake,
depending on its size and position relative to the cylintreprinciple, if there is no gap between cylinder and plates o
could attempt to enhance the effect by increasing the leofgte latter. It is clear, though, that the penalty of a grayvi
viscous drag on the plate would eventually offset the bengfiessence, then, the gap is an attempt at heaping up the
benefits of an increased formation length, without incrtime penalty of higher friction drag on the plate.

On the other hand, most references point out that, as thexgagds a critical value, which corresponds to minimum
drag, the vortex formation region moves within it— it getslesed between cylinder and plate. That, in turn, causes the
drag to increase abruptly, which thus limits the benefithisf particular device.

One of the references that is directly related to our objesti[lgarashi, 1982] presents a large collection of expent
tal results for the flow around cylinders with splitter pat®©n following in that author’s footsteps, a series of nuoar
experiments have been performed. The idea was to reprodsiesperiments to some extent, if not completely, and to
ascertain how much of the flow physics could be captured bgithalations.

Owing to limitations of the numerical method, the valuediefwere set in a range lower than higl0 < Re < 300.
Various lengths of splitter platg) relative to the cylinder diametéd) were set in the rangé:.5 < (I/d) < 1.5. Whereas
the relative size of the gafg/d), ranged fronD to 4, whereg measures the distance from the base of the cylinder to the
leading edge of the splitter plate.

All simulations have been performed with the software NEIRTAvhich is based on the spectral element method,
with Galerkin weighed residuals. The tests have made uselgfipmials of 7th order for base functions, and a 2nd order
scheme for time stepping. The mesh Had elements, with origin at the center of the cylinder. It exted from—55 x d
to 52 x d in the stream—wise directiorn €Coordinate), and from-60 x d to 60 x d in the normal directiony coordinate).
These arrangements were defined on the basis of a recernt [@pmon and Meneghini, 2010], in which the authors had
run a thorough investigation on grid—independence andlaiion accuracy, with the same code and for the same class of
flows.
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No-slip boundary conditions have been imposed on the agttimdll, while the splitter plate was only imposed the
conditionu - n = 0. Hence, the tests do not account for viscous stresses onattee por do they consider the viscous
drag thereof. Although the forces on the cylinder are fullgaunted for. The set—up is fairly general practice in th®CF
community, regarding this class of flows. For it allows a vsignificant reduction in computational costs. However, it
does make for an important difference between numericakapdrimental results.

For the purpose of comparison, for each case with a spliléée pa corresponding test was run without it, under the
same flow conditions. As an example, figure 1-right, showsotoa of vorticity of the flow around a cylinder without
splitter plate, atRe = 200. As an illustration of the effects the splitter plate has loa tiow, fig. 2 presents vorticity
contours for different lengths of splitter plates, all witéro gap(g/d = 0). It shows that the wake formation lengity)
grows with the plate length.
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Figure 2. Contours of vorticity of the flow around a cylindetiwsplitter plate. 2—-D flow solutions for different lengths
1/d, all of them with no gap between plate and cylindeRat= 200. From left to right: 1st//d = 0.88; 2nd,l/d = 1.32;
3rd,1/d = 1.76.

The effects of the gap are depicted in fig. 3. It presents aeseguof tests where the plate length has been kept
constant at/d = 0.88, while the gap was increased from 2 to 2.62. The first and second pictures, from left to right,
show similar behavior to the zero gap case, in thagrows with the spacing between the basis of the cylinder had t
plate trailing edge(g + 1) /d. Quite a different result is seen in third picture, thoughefe the gap has grown larger than
the formation region, which now lies within it.
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Figure 3. Contours of vorticity of the flow around a cylindeitiwsplitter plate. 2—D flow solutions for different gaps
g/d, all of them with the same lengitid = 0.88, at Re = 200. From top to bottom, left to right: 1sg/d = 1.12; 2nd,
g/d =2.22;3rd,g/d = 2.62.

The above changes in the wake structure clearly affect dnddifi forces alike. The unsteady nature of the flow
imparts oscillations to the forces— where the latter muselmero mean, owing to flow symmetry. Figure 4 illustrates
these effects in time domain, for the case whgre= 1, while g/d is increased frond.25 to 3, all at Re = 200.

In fig. 4-left, it is clear that’; oscillates with zero mean, as was expected. Furthermoeesees that not only
does the amplitude decrease as the gap grows, but so do@sdhberfcy. The trends persist up to a critical point, which
represents a minimum for both amplitude and frequency.dfgép grows beyond that point, then both parameters jump
back to the same orders of magnitude they exhibit for antisdleylinder. The same trends can be noticed in fig. 4-left,
which shows the&”; evolution. Only, in this case, time averages are clearlyzeom and one realizes the me@p also
reaches a minimum at the same critical valug 6f, beyond which it experiences large growth.

In an attempt to give a more systematic view of the resultsdffierent values ofRe, I/d and g/d, we picked
parameters that should be representative of the periodic flo that end, the drag coefficient has been time—averaged
over10 periods of regular oscillation€;). While the lift coefficient evolution is represented by thexinaum amplitude
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Figure 4. Time dependence @f(left) andc, (right) for differentg/d, at Re = 200, [/d = 1.0. Blue solid line, no splitter
plate. Magenta solid ling;/d = 2.30, which minimizes the time averagé,. Green dash—dot lines, intermediary values
of g/d. Red solid line, value of/d that exceeds formation length, thus allowing shear layeisteract within the gap.

of its oscillations over the same time—span. In additiorht,tthe Strouhall numbé€iSt) and formation lengtlil;) are
plotted against gafy/d), as part of the analysis.

Figure 5 compares an isolated cylinder to cylinders witittsplplates, but no gap, with respect to value€gfandC,
maximum amplitude. Various plate lengths are considerexicak be seen, the plate can reduce the time—averaged drag
up to17.5%, while it also diminishes thé’; amplitude by up t®0.6%.
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Figure 5. Time—-averagead,; andC; amplitude for the zero gap configuration as functibfas at Re = 200. Red dash—dot
lines, no splitter plate. Blue dash—dot lines, with spligiate. Left,C; x I/d; right, C; amplitudex!/d.

As it is pointed out by [Igarashi, 1982], experimental résshow the mean drag reaches a minimum at a certain plate
length. Beyond that, the value 6f; grows back, as a result of an increasing viscous drag on #te ipself, thus offsetting
its original benefit. In the above results, is shown to level off, instead. As was mentioned above, tihaber is owed
to the fact that the viscous drag on the plate has been nedlect

Figures 6-8 bring results f@r; and maximunC; amplitude in a set of tests, for three distinct plate lengthé = 0.5,
I/d = 1.0 andl/d = 1.5, respectively; all atRe = 200. These tests have focused on the dependencg; @nd C;
amplitude on the gap sizg/d, for a fixed Re.
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Figure 6. Maximum amplitude aof; andC,; versusg/d, at Re = 200 andl/d = 0.5. Red dash-dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&ff; right, C; maximum amplitude.

The results show the mean drag can be reduced by 2@.56 for I/d = 0.5, by 28.1% for I/d = 1.0 and by30.4%
fori/d = 1.5. Itis also clear that, in all cases, on increasing the gabjesond the point of minimurd', that coefficient
undergoes a sharp jump discontinuity, thus reaching vdahstsare close to that of the isolated cylinder. The jump is an
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Figure 7. Maximum amplitude af; andC, versusg/d, at Re = 200 andl/d = 1.0. Red dash—dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&y, right, C; maximum amplitude.
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Figure 8. Maximum amplitude of; andC, versusg/d, at Re = 200 andl//d = 1.5. Red dash—dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&y, right, C; maximum amplitude.

immediate result of the fact the vortex formation region hesved into the gap. As for the maximum amplitude(gf
oscillations, the device reduces it by upith5% in the first case$7.0% in the second anfi2.8% in the third.

It must also be noted that the valuesggtl that lead to minimunC, and minimumcC; amplitude for each case are
either coincident or very close to it. Moreover, the behaaibthe C; amplitude strongly resembles that ©f, in that
both grow rapidly beyond their minimum. These features arthér evidence that the vortex formation length virtually
controls the physics of this class of flows. In that senss,ribteworthy that the numerical simulations could captuohs
substantial part of the physics, despite the neglect obuisstresses on the plate.

The exact same trends are verified for other values of the ®&ymumber, such aBe = 100 and Re = 300. The
results are shown in the sets of figures. 9-11 and 12-14,ctbsgle.
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Figure 9. Maximum amplitude of; andC;; versusg/d, at Re = 100 andl/d = 0.5. Red dash-dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&ff; right, C; maximum amplitude.

Test results forRe = 100 show theC,; can be reduced by up @1% for I/d = 0.5, by 15.2% for I/d = 1.0
and by16.7% for I/d = 1.5, while the maximum amplitude af; oscillations decreases I62.8%, 84.4% and87.5%,
respectively. Although they are a bit smaller than the mmaevicase, the numbers are, nontheless, of the same order of
magnitude.

For the case withRe = 300, the reduction irCy is of about27.5% for I/d = 0.5, of 26.9% for I/d = 1.0 and of
24.1% for I /d = 1.5. While the maximum amplitude @, oscillations is diminished by abo@?.2%, 83.4% and88.9%,
respectively. Here again, the results are of the same ofaeagnitude as the previous cases.

On comparing results for the same plate length, at diffeR@mynolds numbers, one notices that the valug/af for
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Figure 10. Maximum amplitude af; andC; versusg/d, at Re = 100 andl/d = 1.0. Red dash—-dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&y, right, C; maximum amplitude.
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Figure 11. Maximum amplitude af; andC, versusg/d, at Re = 100 and//d = 1.5. Red dash—dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&y, right, C; maximum amplitude.
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Figure 12. Maximum amplitude af; andC, versusg/d, at Re = 300 and//d = 0.5. Red dash—dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&ff; right, C; maximum amplitude.
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Figure 13. Maximum amplitude af; andC, versusg/d, at Re = 300 andl/d = 1.0. Red dash—dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&ft; right, C; maximum amplitude.

minimum C,; diminishes with growingRe. In a sense, the trend is consistent with the case of an ésbiatiinder, for
which higher values of2e are known to lead to smaller formation lengths [Serson andéghkini, 2010]. A different
picture emerges on comparing gap sizes for diffef@dtat the samere. That comparison shows the valuegfd that
yields minimumC, grows with the relative length.

The effects of the gap size on the Strouhal num(sgy, for different Re, at a fixed plate length,/d = 0.5, are
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Figure 14. Maximum amplitude af; andC; versusg/d, at Re = 300 andl/d = 1.5. Red dash—dot lines, no splitter
plate. Blue dash—dot lines, with splitter plate. L&y, right, C; maximum amplitude.

depicted in fig. 15. It must be noted th$it has been defined here on the basis of the vortex sheddingefreguree—
stream velocity and cylinder diameter. A similar analysipliesented in fig. 16 for the case whéfé = 1.0.
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Figure 15. Strouhal numbeéit versus gap size/d, forl/d = 0.5. Left, Re = 100; center,Re = 200; right, Re = 300.
Red dash-dot lines, no splitter plate; blue dash—dot liwéh,splitter plate.
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Figure 16. Strouhal numbéit versus gap size/d, forl/d = 1.0. Left, Re = 100; center,Re = 200; right, Re = 300.
Red dash-dot lines, no splitter plate; blue dash—dot linéh,splitter plate.

The same trends are seen in all cases, in that there is a preetdecrease it with growing g/d. As the gap is
increased beyond the point of minimum, the Strouhal numbawsg) steeply, only to reach values that are closer to that
of the isolated cylinder. However, the most remarkableuieadf these results lies in the fact that the point of minimum
vortex shedding frequency coincides with the point of muimmean drag’; and minimum amplitude af’; oscillations.

Figures 17 and 18 show the effects of the gap size on the viwteation length(;), for two sizes of splitter plate:
l/d = 0.5 andl/d = 1.0, respectively. The parametsr has been defined here as theoordinate of the first point on
wake axis(y = 0) where the time—averagedcomponent of the flow velocity goes through zero. The figuresmithe
parameter in dimensionless form, thatlisfd x g/d.

The above results corroborate the hypothesis that the f@mmi@ngth controls this class of flows. For they shigwid
grows withg/d up to a maximum, which corresponds to the minimum valueSfC; amplitude andst. In the ascent,
the flow physics is such thag /d > (g + [)/d. When the gap is increased beyond the point of maxinunit falls
to levels that are comparable to that of the isolated cylindtle essence, that implies the vortex formation region gets
contained within the gap; /d < g/d.

For completeness figs. 19 and 20 present the pressure ceffitithe base of the cylinder versus gap §iz€,;, x
g/d) forl/d = 0.5 andl/d = 1.0, respectively. Here, it is understood tt@, is based on a time—average of pressure
over a time—span of0 regular periods, and the base corresponds to the pojp) = (d/2,0), where the origin is at the
center of the cylinder and theaxis is oriented downstream.
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Figure 17. Dimensionless formation lendilyd versus gap size/d, fori/d = 0.5. Left, Re = 100; center,Re = 200;
right, Re = 300. Red dash—dot lines, no splitter plate; blue dash—dot,linék splitter plate.

Figure 18. Dimensionless formation lendtyd versus gap sizg/d, for [/d = 1.0. Left, Re = 100; center,Re = 200;
right, Re = 300. Red dash—dot lines, no splitter plate; blue dash—dot,livék splitter plate.
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Figure 19. Base Pressure Coefficient,;, versus gap sizg/d, for {/d = 0.5. Left, Re = 100; center,Re = 200; right,
Re = 300. Red dash—dot lines, no splitter plate; blue dash—dot,liwék splitter plate.
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Figure 20. Base Pressure Coefficient,, versus gap size/d, for/d = 1.0. Left, Re = 100; center,Re = 200; right,
Re = 300. Red dash-dot lines, no splitter plate; blue dash—dot,linéh splitter plate.

As is widely reported in the literature;C,,;, shows strong correlation with the corresponding form didg, The
results give further evidence of the accuracy of the nuraksienulations, which have been performed here.

4. CONCLUDING REMARKS

A systematic investigation has been performed into to thve eilmund a circular cylinder with a wake splitter plate. It
has involved a number of numerical simulations, and hasidered various plate lengths and gap sizes. The Reynolds
number has been set at values within the rariife< Re < 300, and the flow model was substantially simplified, in that
viscous stresses on the splitter plate have been neglected.

In spite of the simplification, the results have shown to gepisuch relevant aspects of the flow physics, as the
discontinuity the vortex formation length experiencesadanction of the gap size. That discontinuity is charaztati
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by a finite jump, which is owed to the transition of the vortexniation region from downstream of the plate to within
the gap, itself. The jump is preceded by the maximum formdBagth, and that same extremum is also associated with
minimum values for the time—averaged form—drag, amplitofiéft oscillations, and vortex shedding frequency. Yet,
our results suggest its dependence on the Reynolds numlydsersdronger in this range, than it had been anticipated in
previous works.

With regard to potential applications the device has in tihédustry, that extremum truly represents the optimum
configuration. However, its dependence on the Reynolds eumiompts the need for further analysis, and may entail
compromise solutions. After all, that parameter is natytayond control in oceanic systems.
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