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JERZY ŚłvlRynczuIt1

The destabilisation of vortices interacting v/ith srnall flat plates
in the air strearłr

The interaction of vorŁices with small flat plates placed on their way has been stufied experimentally
in the air stream. The effects of tlre vortex destabilisation were examincd with the aid of the Fomier
transformation applied to velocity signals recorded downstream of the plates. The exmined interaction
most often led to the srrppression of the velocity signals resulting from the destabilisation of vortex
cores. Apart from that, for some plate locaŁions significant mplification of the velocity fluctuatiom was
recorded, due to the generation of strong secondary r.ortices.
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vortex generator climension in tlre
direction parallel to the flow,
plate c}rord lerrgtlr,
distance between two neiglrbou-ing
street vortices constituting one l,ow,
vortex shedding frequency,
piate thickness,

energy spectrum,
voltex generator dimension in the
direction perpendicular to the flow,
distmce between vortex generator
and plate cross-section centtes,
free-strem velocity,
vortex strength.

1. Introduction

Experimental studies of vortices interacting with blade-shaped bodies have
been carried out for about twenty yeals. I1re extremely extensive development
o{ these studies was obselyed in the early 80's, which was connected with some
theories pointing at tlre genelation of vortices and their further interaction with
blades as a possible source of noise recolded, in some circumstances, in helicop-
ter rotor motion. It was aiso well lrnown that the voltices flowing past a blade
decrease the efiiciency and reliability of its operation. Tire general goal of early
experiments on the blade-vortex interaction was to recognize the nature of this
phenomenon, (quaiitative visualization strrdies [1-4]), as well as to obtain ceT-

tain quantitative data about possible langes of blade load fluctuations [5-6] and
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other flow parameters,lilie velocity and vorticity distributions [7-8]. Tlre data col-
lected in tlrese experiments nade it possible to take the next step, quite obviorrs
in this circumstarrces, narnely to try to gei tlre intcractiorr process under control
in order to obtain certain final results. Perlraps tlre ear]iest realizatiorr of this iclea
were the ttrBU (Large llddy Breair Up) clevices, tlre flrst reports of which were
publishecl in 1984 |9], They had a foln of snrall and thin flat piates which, when
located at a selected place in the bouncla,ry layer of an examined body, suspen-
ded the laminar-turbrLlent transition of t}re layer. The LtrBU experiments lrave
proved tlrat flat and relatively small aerodynamic boclies can be used effectively
for breaking up vortex structures, rvith simu].tarreous little ol- no efi'ect on the
main flow. ITowever, clue to exirenel.v clifficult mea,srrrilrg conclitions in tlre fully
developed bourrdary layer tlrey brought little infolrnation on the physics of the
phenomenon. To understarrd better tlre operation of tłre LtrBU devices, (Swiryd-
czuk et al. [10]) examirred tlre interactiorr of relatively big free-stream, vortices
rvitlr flat plates, the chord length of lvlriclr was comparable witlr vortex core radii.
Tlre experiment was carried out in a water stleam tlre mea,n velocity of which was
equal to 72.5 cmf s. Urrlike the najorit]i of the earlier expelirnents, in which the
blade-vortex interaction, especia,l1y irr tlre case o{ heacl-on col1isiorrs, led directly
to the complete break up of the vortex, here tlre plate imposed only an initial,
reiativeiy weak impulse to tlre vortex core. 'Iłte role of tlris irrrpuls€ was to de-
stabilize slightiy the inner structure of the col,e, thus initiating its spontaneous
break up. The results obtainecl in this experiment have proved that the use of
smal1 ancl Ilat devices for blea,king up colrerent vołtices is pclssible , but the final
result depends strongly on tire dirnen,siotl of the plate irr relation to tlre vortex
core radius. Tlris, together lvith tlre fact tlrzrl; tlre experimellt was carr-iecl out ilł
rvatet arrd at relatively small velocities, tr,utornaticallv raised the question horv
far these results are valid in otlrer media, arrd otlrer I1ow conclitions. Tlre goal
of the experiment reportecl irr tlre pl]esel}t papel was to provide data helpful in
answering this cluestion.

Z. Experimental facility and apparatrrs

Tlre e,xperiment $ras carried out irr an open circrrit wilcl tunne1 in the Insti-
tute of Fluid-Florv fuIachinery, PASci. Tire rrreasuring sectiolr łrad a shape of a
rectangular 1rrism, witlr dimensiorrs 75 x 12 x 12cm. The veiocity l.al}ge of tlre
flolv generated in this section rvas łvitlrin tiie lirnits of 1 to 40 m/s. The mairr
experiment was proceeded by a series of prelirnina,ry experimental rvorks aimed
at selecting a techniclue of tlre vortex generation whicłr rvouici secur.e higl,L repeata-
bfity ancl regularity of genełated vortex structures. Genelall;,, tiris preliminary
stage makes ve]]y importarrt part of a,ll experinrents orr tlre vortex interaction, and
a great variety o1 published solutions shorł,s that the probiem lras not been, so
far, solved irr the way rvlłiclr carr be ciirectl_v appiied irr albitrary flow conditjons.
I\'{oreover, the variety of teclrrriqrres usecl suggests some infltrence of outer indivi-
clual conditiol,Ls in whicli the particular experinre]}ts wele carried out. This rnacle
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it purposeful to select a techniclue rrrost appropriate for the geometry and flow
conditions of tlre experinrerrt to carly orrt. A nurrrber of generators with regtrlar
cross-sections wele testecl: a triangle, even-almed ancl uneven-armed trapezoicls,
a circle and a serjes of rectarrgles. As a result. a vortex gerrerator witlr rectangrrlar
cross-section was selected as revealing tlre lolłrest frecluencies of vortex shedding
arrd relatively lriglr enelgv spectrum peaks corresponclirrg to tlrese freclrLencies.
Tlre length of the lorrger sicle, ń, of the generator was equa1 to 10 mm, and the
side length ratio, bf lt, rvas equal to 0.7.

The experimental stand is shown in Fig. 1, rvitlr rrrarkeci some elements of a,

measuring line usec1 for recorcling tire clata. Tlre basic elernents were: tlre vortex
generator 1 and a series of tlrin flat plates,2, the ro]e of rvlric}r lva,s to inrpose tlre
initial disturbance to the vortex cores. Drrrirrg tlre experiment tlre distanc.e be-
tween tiłe genera,tor arrcl plate cross-sectiorr centtes, l, was constant, and the ra,tio
lf h was equal to 7.0. According to Nakagawa, at a1. [11], this distance was long
enouglr to allow the vortices form r,ve11 deflnecl structures before tirey approached
l,he pla|e.

Fig. 1. Experimental facility ancl apparatus; 1 - vortex generator, 2 - plai:e, 3 - hot_wire probe, ,1 .-

bridge, 5 - analogrre-to-ciigita} analyser, 6 oscilloscope, 7 voltmeter,8 corrrputer.

Changeable palam€tels of t]re experimerrt rł,ere: t}Le relative height of piate
location with respect to the tunrrel centte, gf It,, the plate length, c, and the
free-strean velocity, t_l.

The heiglrt of the plate location was c}rarrged in srrch a Inannel as to lead to
different types of tlre vortex-plate interactiori. On the basis of the velocity ana-
lysis in the wake behind the generatol, given in cletail in the next chapter, three
iocations of the plate were selected:

25
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1. Outer location L ylh, - 1.5;
2. Cerrtral locatiolL li ylh = 0.9;
3. Inner lor:ation II ylll - 0.3;

Three plates usecl in the c.xperimetrt ha,c1 the following chord lengths:
1. plate B clll,:1.00;
2. plate AtI clh: 0.50;
3. plate S' clh: 0.25.
The leris-lilie shape of the plate cross-scctiorr, r,vitir slrarp leading arrd trailing

eciges, was clroserr a,fter Su,iryclczrL]i et al. [10] . Sucil a plate cloes trot generate muclr
distrrrbances irr tlre urrifolrn flor,v, ancl a,t tlre sa,lrre tirrre produces strong vorticity
from tlre learlirrg edge when interactirrg lvitlr the approaclring rzortex. Tire relative
thickrress of tlre plate, gf c,was wjthirL tlrelirrrits of 0.1 r 0.15 rvhiclr resulted from
teclrrroJ,ogica,] linlitations. In olcl.el, 1;o 1rrotect tlre plate agłl,inst bencling durirLg the
experirrtent, its nrorrrltilrg in thc t,utrtrel proclrrcecl small plelirninary terrsiorr.

}Jasing on teclrnological abilities of tlre flow-generating mecharrisnr of the trrn-
rrel, three levels of tlre free-strearri ve locit.y \vele sclectecl in orcler to exarlrine its
influence on tlre coul,se of tlre vortexbrealt up. Th,ese velocities whiclr in the papeT
are leferrecl to tls rl1 .,u2, źIrrcl t.l3 tt,li€ equal, respectively. to 23.9, 31.8, arrcl 39.0 m/s.
Corresponcling Re values, corłprrtecl on the basis of tlie plate chord lengtlr ranged
frorn 4,103 for tlre slrortest plate ancl velocity ul,t,o2.6.1041bI the iongest piite
and velocity tl3.

The velocity flrrctuatiolls were nteasrrrecl using a h,ot-rłrile probe witlr on.e-wire
sensoT. Tlris choice r,vas dictated bv the neecl for ext.renrel.y lrigh resolution of the
locatiotl of the plobe sen,sol,, arrcl, srrrall nleasuring volrrme in botli, r arrcl 9 direc-
tions, The points in whiclr the veiocity fluctuations weLe lecorclecl rvere locaterl
alorrg a line palallel to y-a,xis, at a clista,rtc€ /, = 95nrnl dorvnstrearn of the vorte,{
generator cross-sectjon centrc. l'he probe 3 ,uvas nrovecl to a giverr rneasuring point
using a slreci;ul clevitlc rv}ric]l nracle it possiblc to measure tlre plobe clisplacenrent
witlr tr,n accllracy rrp to 0.01 mrl_. Tlre signal t,ecolclecl by the probe was trans-
mitted to tlrc llridge 4, ancl ort to tlre anił,logtLc-to-digital analyser 5. There the
sig:ra,l rvas savecl in the atralyser lnen]oly. Durillg th.e measrtlerrrent the signa,l was
rnonitored on t]Le oscilloscope scleen 6 ancl on the voltmeter 7. Ilre d,a,ta recorded
by tlre a,nalyser u,ere therL transmittec] to PC cornputer B ancl saved as a flle for
further processing.

Irr the flrst, prelirrrinary part of tlre clata plocessing tlre voltage signal r,vas
transformed into tlre veJoc.ity signa,l, basirrg on t,lre probe test curve. The rrext,
rnairr processin-g part btr,sed on t]re spectrurn arLalysis (for deflnitions, see, for
exarnple, [12], pp.51-52). This tec,lrniqrre is, generally, lrighly sensitive to outer
accidental clisturll;r.nces whic]r wolsell tlrc lepeatabilitv of the plrenomerrorr of in-
terest, tlru,s ma]iirrg tlle cliscu,ssiorr of tlre results extlernely diflicult. Tlre recorcling
proceclure wlrich was appiiecl in this pa,t,ticrtlar ca,se toolł this aspect irrto account,
mainly by selecting a suflicient rrunlbet ancl 1ocalJy refinecl distribrrtion of measu-
ring poirrts. Thus, the proceclure lrracle it possible not orrly to cleate a consistent
and reliable clistribution image of exanrinerl parameters, brLt also to recognize tire
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!-ange of deviation of results recorded at an individual point from their general
distribution observed at its rreiglrbourhoocl. Such an approach, r,vhen supported
rith standard averaging techniques! was especiaily useful in tlre regions inside
the r.ortex łvake, wlrere the velocitv flllr.tlrations \y€Ie extremely high.

3. undisturbed vortex wake

At the first stage of tlre experiment tlre vortex rvalie behirrd the generatot rvas
examined, rvit]rout the plate. A series of velocit}, signals r,vas recorded at eaclr
point located along the measuring iine defirred in the previous section. Tlrerr tlre
eaelgy spectra of all these signals wele computed using the Fourier trarrsforma-
tion. The basic length of the vełocity data section used for comprrting the Fourier
transformation was equal to 1024 values. In order to elimirrate random flrrctu-
ations, the spectrums at eąch measurirrg point were ayeraged over 20 periods. A
sample result of these computations, shorving the energy spectrum distribution
along g-axis is shorvn irr Fig. 2, for velocity o3. High correlation between tlre ne-
ighbouring culrres) ivhicli results from fine distributiorr of the measuring points,
is assumed to guarantee that the regultrrities observed in the set as a whole are
characteristic for the examined plrerromenon ancl rrot imposed by outer acciderrtal
agents. In the figure, y f h.valles ale the co-orclinates of the rneasuring point rvith
respect to the tunnel centre. I_rr tlris and srrbsecluent diagłams, the positive y/Ł
t'alues correspond to the area close to tlre 1orver turrnel rvall. Tł,o horizonta1 lilles
along y-axis mark the iocation of the vortex gerrerator in the tunne1.

In each curve, the energy peak can be observed tlrat corresponds to the frequ-
ency, /, approximately equał to 567 Hz. These peaks are recognized as the peaks
of velocity fluctuations generated liy tlre u.ake vortices passing the measuring
point. Apart from them, arrotlrer sequence of energy peaks corresponding to the
frequency twice as higlr is observed. Tlris seqnence, hołvevet, is muclr weaker than
the previous one and is limited to the cerrtral region of the tunnel, ylh ź 0,0,
These pealis are most likeĘ the result of corłbirred action of the both series of
vortices constituting tlre vortex street. Finally, in the same centlal region a num-
ber of relatively strong peaks are recorded in lolv fluctuations Tanges, which may
be tlre effect of high irregularity of the flow veiocity here.

To give some evidence for tlre correctness of the above interpretation, a sinri-
lar energy spectrum distribution was computed for a simplified theoretical model
of the von Karman vortex street irr rvlriclr tlre vorticity was evenly distributed
within a circular core of each vortex. Tlre geometrical and dynamic parameters
of this vortex stleet, determined on tlre basis of tlre free-stream velocity and
vortex-shedding frecluencies tecorded irr tłre examined flow, were the following
[13]:

ą1
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Fig. 2. Experimental (a} and tlreoretical (b: r,f h: 0.6) distribrrtiorr of tlre energy spectrum along the
measuring line.

average distance betrveerr two neighbouring vortices irr one
series of vortices lravirrg tlre sane rotation sign;
g-coordina,te of the cor.e centles of tlre two rows of vortices
constituting the vortex street;

n = żttr.6. 10-3m2s strengtlr of an individual street lloltex (sign neglected).
The results ale shown in Fig. 2b, for the assumed vortex coTe radius, r?, equal

to 6.0 mm. In the diagram, the hypothetical location of the street vortices in the
tunnel is nrarked as trvoline sections along theylh axis. Wlrat is noticeable here
is a relatively high simiłarity of the general irnage of t}re energy peak distribution
to tirat recorded in t}re experiment. First, the location ald y f h,-distribution of the
lrighest peaks, corr.esponding to tlre vortex shedding frequency, is close to that
from Fig. 2a. Then, the peaks recorded for tlre doubled frequency are eyen moTe
visible lrere. most likely because of tlre absence Óf irregular disturbances which
were iecorded in the experimerrt in this region. A1l this testifies that the previous
interpretation of teg,l'[6,1il'p" observed in the experimen,tal energy spectrum di_
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;tribution is true.
The y lltdistribution of relatirre heigirts of tlre enelgy spectrum peaks corre-

Tabie 1. Vortex-slreddirrg freqrrencies fol examinecl flow velocities.

Flow velocity,

[n/sl

,U Frequerrcy, / [Hz] Distance betrveen lvake
vortices, /, [m. 10-3]

ol : 23.9 34!] 68.7

tlz : 31.B 465 6B.4

us : 39.0 567 6B.3

,ponding to the vortex sheclding freqtrency, wirich li,om now on will be referred
,o as vortex 1i,equency peaks) will be usecl as a basic tool in furtlrer analysis of
1re vortex-plate interaction. Orr tlre basis of qualitative clranges observed in tlris
]istribution, celtain conclrrsions wi11 be ch,arvn about the possible coulse and Ie-
;ults of tlre examined irrteraction. Tlre sample vortex frequency peali distribution
ł,lrich has been lecor-cled in the unclisturbecl wake and tlrus can be considered as
1re reference clatum fbr further alralysg5, is sJrorvn in Fig. 3a. The peak values
;1rown in tlre diagran rvere ta1<err as a\relage Iion a flxed number of frecluency
rrtervals (4 at eaclr sicle) surrouncling tlre rl.aximun value frecluency, and not
lrrly from that point alone. This procedure 1ras smootlrirrg effect upon the data
lbtained, thtrs reclucirrg the influence of acciclental agents on tlre actual value and
ocation, of tlre vortex ll-ecluency pealr in eaclr distribution curve. Besides, since
lnly the relative values of tlre vortex frequency pealis, arrd not tlre absolute values,
łre of certain importance for the neecls of tlre analysis, tlre curves shown ha,ve a
lirnensionless folm7 as fra,ctions of the maxinrum pea,li value, Grno, recorded at
.he lelt loca1 maxirrrunr.

The curves slrown in tlre cliagrarn are relativel,y regular and reveal, generally,
ro visible dependence on veloc.ity chan,ges, Eaclr of tlrem has two local maximum
loints located approximately at ylh = 1.2 + 1.5. Again, for correct interpreta-
,iorr of tlrese mańmrrrn poirrts, a sinrilar diagranr of the theoretical distribution
lf the vortex freqrrency pealis wa,s plepar-ed basing on tire vortex street model
lescribed above. Tlre resu]ts are sholvlr in Fig. 3b 1br four versions of the vortex
:ore radius. The ]r:cation and extent of each vortex core is marked by one of four
rorizontal lines close to tlre upper part of tire frame. It can be seen that for eacir
:ore radius the location of tlre local nraximurn closely corresponcls to the outer
loundary poilrt of tlre core. That mearrs tlrat in the lea.l flow tlre lrighest velocity
1uctuations indicate the location of the outer bounclary of tlre vortex core. This
:onclusion rvas usecl, for selecting tlre loca,tions of tlre plate for its interaction witlr
,.ortices in the further stages of tlre expelinent. As it was said before, three plate
,ocations were selected:

1. Outer 1ocation L y lł, = 1.5. The plate is located outsicle, or at most, touches
the vorticity area occLrpied by tlLe voTtex core. The vortex-plate interaction
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does not affect directly the voltex cole whose inner structtrre remains ini-
tially undisturbed.

2. Centrai]ocatiorr I{ ylh = 0.9. Here the head-on vołtex-plate collision takes
place. Tlre plate destroys irnmecliately and totally the inner structure of the
Vo}tex CoIe.

3. Inner location II yllt = 0.3. The plate is locatecl in the area where tlre
doublecl fi:ecluency of vortex sheclding is recorded and it interacts witlr the
both series of vortices constituting the vortex street.

4. The interaction of vortices with plates

4.L. Central location K, y/h = 0.9

The basic location of tlre plates in tlre turrrrel was that clenoted by ylh, :
0.9, which was, apploximately, tlre asstrmed locatiorr of vortex centres in the
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tlreoretical vortex street, described in the previous section. Such aplate location
slroirid ]ead to its interaction witlr tlre orrcoming vortices rvhich is described in
tlre 1iterature as the head-on collisiorr. During tlris interaction the cores of the
r-ortices alel genel,ally, split apa,rt ll,v the plate. Fig. 4 slłows the vortex frequerrcy
pealr distributiorr being tlre result of the of tlre yortex lread-on collision rvith all
three plates examined. Apart fronr the nrarliings arrd notations from Fig. 3, here
a slrort vertical line crossing the upper frame stands for tlre y-coordinate of the
plate location irr the trrrrtrel. The peak distribution recorded for the undisturbed
rvake is also shown as the reference data, In the diagram, the curve recorded for
tlre longest plate, B, slror,vs the most significant changes. First, it has its right
maxinrurn visibly displacecl, approximately to ulh = 0.0, and its value is equal
to about 50% o{ that in tlre curve tbr tire undisttrrbed florv. lVloreover, the left
rorv of rvake rrortices is also afi'ected in tlris ca,se, and its maximum peak value is
redtrced as much as tlre riglrt orre. Looliirrg at the s}rape of the peak fistribution
curve in the vicinity of the plate location, anc1 bearing irr mind the course of
tlre similar interactiorr describecl irr [10], one nray irrterpret it as the result of the
creatiorr of secondary vortices, witlr tlre rotation sign opposite to that represented
by tlre prinrary rvalie vortices, If so, the reductiorr of the left maximum would be
tlre possible eIl'ect of the inieractiorr of tlre two vottex rorvs: the right row of the
seconclary vol,tices and tlre left row of theoreticallr, undisturbed primary vortices.

1.00

n7Ą

0.50

0.25

0,00 _4 _2.o 0.0
ylh

Fig. 4. Vortex freqrren,cy pealr distribution for head-on r.ortex-plate collision: ł - uldisturbed rvake, p
- plate B; A plate NI; D plate S.

The curves obtainecl foł tlre remaining plates reveal the scale of reduction of
tlre riglrt maximum very close to that observed fbr by plate B, while the left ma-
ximum is reducecl visibly less, and for tlre slrortest plate, 5, it is almost identicai
as for the undistulbed walie. Tlris similar scale of reductiorr of the maximum velo-
city fluctuations. recorded lbr all plates examined independently of their length,
makes a distinguishing arrd impolta,nt featule of tlre examined phenomenon.
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4.2. T-rrer location H, yflr: 0,3

The inner location of the plate in tlre tunnel was close to tlre symmetry axis
of the flołv. In tlris location the plate was in tire slradow of tlre generator, irr tlre
region in which tl,Le energy spectrum irr Fig. 2a revealed pealis for the doubied
frequencies. Tlre vortex frecluency peak distribrrtiorrs, obtaineci, as in the previotts
case, for the fundamental frequencies of the vortex slredding, ale shown in }-ig. 5.
Two regular tendencies are observed in tlre sirape deformation of tlre culves,
namĄ strorrger reduction of the right peair tlran the lelt one, and stronger peak
reduction for lorrger piates. lMhat is irreguiar here is the locatiorr of tlre local
minimum point in tlre vicinity of the flow symmetry axis, For plate B, this poirrt
is fisplaced to the right, wlrile for plate X,I - to the left, ancl foł the smallest plate
the curve has its minimum appro,xirnately at tlre same point as for the undisturbed
flow. This tendency was observed in t]re curves obtained for all three exarnined
velocities, see Fig. 7a, and is unlilrely to be acciderrta1. Its explanation, howevet,
is impossible on the basis of tlre data ava,ilalile, as tlre florv in this regiorr lras very
complex and thus unpredictable nature rvlriclr lesults from the interaction of tlre
plate with the two rows of ł,ake vortices.
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Fig. 5. Vortex fi:equency peak clistribution for inlrer plate location: f mdisturbecl wake, p - plate B;
A plate M; tr - plate S.

4.3. Outer location L, y fh: t.5
The outer location of the plate in tlre tunnel has been deflnecl as the location,

irr which the plate does not come, generally, into clirect contact witlr tlre vortex
core. In Section 3 it rvas shown that the orrtel point o{ the vortex cote crosses the
measuring line at yf ll,:1.5. This coordinate was selectecl as the ołrter locatiorr of
the plate. The results obtainecl for this case a,Ie slrolvn in Fig, 6, for velocity ,u1, In
the region close to the plate, substa,ntiirl cleformatiol of the vołtex frequency peak
curve is observed, wlriclr is strongly ampliliec1 ot} one side (y lh < 1.5) ancl reduced
on the other side (E lh > 1.5). Tlrese clranges are strorrger for longer plates. Similar
tendency rvas observed at tlre central plate locatiolr a,nd it rvas irrterpreted as the
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result o1 tlre formatiorr of the seconclar1., vortices frorrr tlre vorticity generated
during the interaction. This effect is also recorcled lrele, brrt in a much more
clramatic form. tlrrlike the central location, howet et, u,lrele tlre total effects led to
the reduction of pea-li maxinrLnr values, lrere lłre can see their stlorrg amplificatiorr
to the va],ues rrruch higlrer tlra,n those lepresented b), the rrnclisturbed wake culrre,
Tlris tendencv to amplify tlie vortex pealis rvas recotded for ali examined plates
arrd velocity levels, altlrorrglr its scale rraried. Tlre amplification of the vortex
pealr values suggests tlre relative big strerrgth of the secondary vortices created
clowrrstream of the plate, and/or tireir higlr repeatabiiity.
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1 ĄEl,LJ

1.00

0.75
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0.25

0.00 *4.0 -2.o

Fig. 6. Vortex frequerrcv peak clistribrrtiorrfor outer plate location: f unclisturbedwake, p - plate B;
A - plate NI; D - platc S.

4.4. Tłre effect of tlre velocity clrange

As it was said earlier, tlre experimerrt was carried out at three velocity levels,
rangilrg fronr 2i].85 to 38.95 m/s, rvhiclr resrLlted fronr technical abjlities of the
tun,nel driving rnecha,nisnr. In t,his velocity rarrge the changes of the free-stream
velocity did not lezl,d, gerrerally, to visible qrra,litative changes irr the coul"se of tlre
vortex-plate interactiorr. Mtll,eover, fot ;l, majolity of combinations of tire plate
sizes ancl locations tlre quantita,tirle clrange§ wele also very small. Tlrree diagrams
in Fig. 7 shorv clranges in tlre general shape of t]re vortex frequerrcy peak clistribu-
tion recorded for plate B in its all three locations, The clranges obseryed for this
plate wer-e the biggest. Tlre curves shown in tlrese diagrams wele nolmalized with
respect to the peali nraximl7m, G.-,,,,, recorclecl for the left lorv of vortices. Such_
a norm,alization may seenr to be a bit risliv, a,s the results presentecl previously
reveal tlrat for some plate locłl,tions the left row o{'vortices is also affected by
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the interaction with tlre plate, but it is justified ż].s a comparison of the efects
Tecolded for tlłe same plate location. The results slrown here present, generally,
sulplising irrdependerrce of th€ free-strean velocity. Tłte curves shown in Fig. 7a
lrave been obtairrecl for the inner plate ]ocatioll 11 - this is the case irr which lecl to
the displacement of the locai minirrrum point, clescribec1 in the plevious section.
The only visible difference in t}Le culve shape is recorded in the vicinity of the
left maximum, 1br the theoretically less disturbed row of vortices. The locatiorr of
the maximrrrn points and general slra,pe of the crrrve for tlre riglrt row ale almost
identical.

The next diagram, Fig. 7b, shows the vot,tex frequency peak curves obtainecl
for the central location. Here, what is rrot surprisirrg, the most signiflcant clranges
are obselved in the legion close to tlre plate locatiorr. T}ris can be explained by
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Fig. 7 continuerl. The effect of velocity change: c) outer.

the fact that this interaction leacls to immediate clistortion of the voTtex cole,
paTts of which may then interact with each otlrer arrcl with the secondary vorti-
city generated by the plate. In such a complex vorticity distribrrtion everr sliglrt
changes of irritial corrditions may errd up a,s incomparably different final results.

In the last diagranr, }'ig. 7c, the vortex frecluency peak distributions obtainecl
for the outer location are slrowtr. Tlre similarity of shapes of all tlrree curves is
very higlr. The comparison of tlrese curves rvitlr tlrose frorrr lrig. 6 shows that in
the whole examined velocity lange tlre vortex-plate interaction amplifies the ve-
locity fluctuations in the region of tlre riglrt rorv of vortices, reducing at the same
time those generatecl by tile left ror,v. The scale of anrpliflcation and redrrction is
obviously different for clifferent plates, and is tjre rrrinimrrm for plate M , but for
one and the same piate the range of anrplification of the {luctuations in the riglrt
row and their red,uction in the lefi one is very similar. This effect is explained as
the result of tlre secondary interaction of tlre vortices in the wal<e.

Althougir not imposirrg sigrrificant effects iir tlre generzll coulse of tlre vortex-pla-
te interaction, the change of velocity level lvorsens its repeatability. As it was
said earlier, the vortex frecluency pealrs shown in the diagranrs were cornputed
as average values from 9 sections neighborrrirrg tlre maximum point (the central
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Fig. 8. Vr:r.tex frecprcncy peak distribution for orrter plate location, one-point peal< representation: {
z1 (smootlred), V - zr ] Ą - uzi tr - ug.

section in rvhich tlre maxim[m was lecolded, and 4 sections on each side). Ha_

ving certain advantages col}nected rvitlr srrroothirrg accidental irregularities, tl-ris

plocedule, however, can obscure the image of the phenomenon lepeatability. To
mał<e tlris point mole clear, in Fig. 8 a set of peak culves is showrr for the three
velocity levels, as colltputed from one-poirrt peak values, without using the smo-

othing plocedure. lĄllrat can be observed here is significant difference in the leve1

of the right maximurn peak value for differerrt velocities. As a compatison, a Smo-

otlred curve obtained for velocity o1 is also slrorvrr - marked by crosses. As it was

sholvrr in Fig. 7c, tlris last curve is a]_most identical witlr those obtairred for t}re

two remainirrg velocities arrc1 can be rve1l used as a l,efelence for all rough cllrves
presented in Fig. 8, The decreasirrg differerrce in the peali values between the smo-

Óth"a and rorrgh culves, as recorded fol increasing velocity, can be explained as

x
(§

E
(,

(,



The destabilisation o,[ vortices interacting

lower repeatabiJity of tlre coutse of the vortex-plate interactiorr - lower one-point
peak distributions, as opposecl to very sirnilar total kinetic enelgy carried by the
orimary a,nd secondary vortex structrrres - a,lnrost iclerrtical shapes of the cuTves
,rbtained by integrating tlre r,vhole area under tlre frecluency peak in the energy
:pectrum"

5. conclusions and discussion

The paper preserrts the results of the interactiorr of wake vortices constitutin,g
a von Karman vr:rtex street wiih sma1l flat plates morttrted on their way. A series
of the plates, referrecl to as vortex plates, lrad the same prismatic cross-section
rvitlr one leading ancl orre trailing edge, l:ut different clrol,cl lengtlrs. The plates
\§ere mounted at tlrree cliffelerrt loczr,tiolrs witlr respect to the voltex trajectories,
namely th,e centra] , innet, artcl outer locatiotr. In tlre cen.tral, most spectacular
location, the plate came irrto cłirect contact with tlre vortex coles, splitting them
apart, A surprising effect recordeci in this case was a vety similar scale of reduc-
tion, for all tlrree exarninecl plates, of tlre velocity fluctuations in the area occupied
b1" the row of vortices talring part in tlre intera,ctiorr. Tlris result may testify to
higlr sensitivity of the central part of the vortex core to outer disturbances wlriclr,
tł,hen imposecl irrto tlris area, nralre tlre core destabilize in a fast and uncontrolled
t-ay. The increase of the plate lengtlr led only to tlre increase of tlre displacemerrt.
torvards th_e centre of tlre walie, of the maximunl poirrt in the energy peak distri-
bution corresponding to the frequency of tlre sheclcling vortices. N{oreover, longer
plates carrsed stronger reductiorr of tlre velocity flrrctuatiorrs irr tlre second, tlre-
oreticaliy unaffecterl row of tlre wa,iie vortices. In tlre central location, the plates
caused proportional recluctiotr of tlre vortex frequeircy peaks irr the both rows of
r-ortices, witlr some displa,cerłent of the centra,i local mininrum recorded for the
longest plate, Tlre orjgin of this regularity is not entirel.y clea,r due to a complex
nature of tire flow pattern irr this area,

Unlilie the tr,vo prcvious ca,ses, in tlre outer l,ocation of the piates their interac-
tion witir the vortices lecl to strorrg arnplific.a,tion of tlre vortex frequency peaks,
rvlriclr was especially drarrratic 1br the longest plate. This effect was accountecl for
the formation of stlong, arrd regular seconclary vortices trorn the vorticity gene-
rated at tlre plate leading arrd traiJing edges.

The effect of changes of the free-stlearłr velocity on tlre coulse of tlre plate-vortex
interaction was provecl to be very srrra]l in tlre examined velocity l-ange, worsenirrg
only tlre repeatability of the phenomenorr in lriglre,.. velocities.

As it was explairrecl irr Ilrtroductiotl, the origirr of the present study on the
vortex-plate intelaction was a sinrilar expcrinrent carliecl out irr rvater which had
dernonstrateti tltc possillilitv of colrtrollec] clestabiiisation of a vortex structule
executed by locating objects havirrg certain slrapes arrd dirrlensiorrs on its way.
Those lesrrlts, although plotnisirtg, raised qu,estions al;ou.t possibie application of
this method in other rneclia,, lilie air ancl, other, more louglr flow conditions. Fronr
tlris point of view, tbe resrrlts obtairred lrere answer this cluestion positively. Mo-
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reoveT, the data recorded fol the sirortest plate seem to be very promising for its
further use. First of a11, during t]re heac1-on collision r,vith tlre vortices this plate
revealed alrrrost identical reclucing potential as longer plates. Nloreover, when its
location was moved ofi tlre vortex trajectory the plate produced the smallest side
effects, as it clid not generate sccondary vortices wlren contacting with outer lay-
ers of the vortices. Tlris may lead to the conclrrsiorr tlrat fol any flow conditions
arr optinrtrm climensiorr of the vortex pła,te can be founcl which will be the most
effective in destroying the inner structure of vortex cores using the minimum
effort.

Manrrscript received in Jnly 1995.

Revised version in August 1996.
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Destabilizacja wirów oddziaływujących z płaskimi płytkami o
niewielkich wymiarach w strurrrieniu powietrza

streszczenie

Oddziaływanie wirólv z płaskimi płytkami o niełviel]<ich rvymimach, umieszczon;,,rni na ich trajektorii
bYlo badane eksperymenlalnie lv strumieniu powietrza. Przeanalizowano efekty destabilizacji wirów, pod-
,lając trmsforłnacji Fou,iera sygnały prędlrościowe rejestrowane w przeplywie za płytkarni. W najczęściej
qPotYkanYch Przypadliach badane odclziaływarrie rvirów z płytlrami prolvadziło do zmniejszeńa sygna_
lów prędkoŚciowyclr wskutek destabiłizacji rclzerri wirowych. Oprócz tego, dla określonych kolńguacji
rir-Płytka zmejestrowano silrre wzmocnienie fluktuacji sygnaiu prędkościowego, co było interpretowanre
jako efekt generacji silnych wirórv rvtórnych.


