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ABSTRACT

A number of studies havereferred to the existence of avortex cell withinan
urban street canyon. The understanding of vortex dynamics or vorticity
distribution is a such configuration is of great interest. This configuration
was simulated by the interaction between a boundary layer and a cavity.
Experimental characterization of the vortex structuresevol ution was devel -
oped by the technique of measure Particle Image Velocimetry (PIV). Inthis
paper, we have studied and characterized experimentally by the technique
of measure Laser Doppler Velocimetry (LDV) the vortex escape frequen-
cies. Measurementswere performed for different cavity shaperatio and for
different mean velocities. Where the ratio between the shear instability
process and the mechanisms of frequency selection which depend of the
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size of the cavity.

INTRODUCTION

In urban environment, the dynami c spatio-tempo-
ra of thefluid movementsistherevery complex, he
occurred of movementsof vortex, of very variablescae.
Theturbulencethat occurred can have severd reasons.
Indeed, the presence of the obstacles, their geometry
andtheir orientation areasmany thefactorsthat modify
thedynamicsandthelevel of theturbulence. Thepres-
enceof buildingsto the neighborhood of the urban set-
ting, modify congderably thelevel of theturbulenceand
thereforethe structure of theflow insidethe street can-
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yon. Thedynamic comportment of theflow insidea
cavity wasthesubject of abig number of experimental
studiesduring thelast forty years.

Thevortex, asthewakesthat developed insidea
cavity, arethe seat of instabilitiesand detachment phe-
nomenon. Theseinstabilitieshave consequencesdis-
played onthestructure of theflow; theamplification of
the mixture playsavery important rolein thethermal
and masstrangfer’s phenomena. The possibility of moni-
toring thisinstability becomesatopic of nowadaysa
topicof actudity. Among thetechniquesutilized arethose
of activecontrolsof theingtabilities. Indeed, theforma:
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tion of thevortex structure, emerging fromtheinterac-
tion between aboundary layer and acavity, isbroken
downintotwo distinct phases; thefirst one corresponds
to aprocess of amplification-convection of small dis-
turbancesintheflow initialy existing near the cavity
downstream corner, Infact, themixing layer aredevel -
oping aboveacavity presenting avel ocity profile hav-
ing aninflection point which makesit unstable accord-
ing tothe hydrodynamic theory!. Consequently, within
themixing layer, theKdvin-Hemholtzingtability ampli-
fiestheinitia disturbanceswhich continueto grow in
gzeuntil they formalargevortex structurethat escapes
towardsthe upstream which characterizesthe vortex
escape frequencies. The second phaseisrelatedto a
retroaction to adistance generated by theinteraction of
the vortex with the upstream corner which has created
new disturbances near the downstream corner.

Theexploitation of thedisplay imagesin thelatter
zone highlightsthe vortex passage. Theselatter have
been identified asit they were on atranslation move
defined by a velocity more or less equal to Uool?2l,
Kevin-Helmholtzingtabilitieshavebeen madevisble
inthecutting layer by therolling up of thecurrent lines.
Thebigvortex structuresthat escapestoward theflow
getting round therecircul ation created by the upstream
edge of the cavity®. The data processing by thetech-
nique of measure laser doppler vel ocimetry, in cavity
upstream, has proved the existence of awell defined
vortex escapefreguency.

We are presenting in this paper the study of this
frequency variation using the cavity upstreamaswell as
itsvariation according to the cavity shaperatio. These
results analysisreveal sthe existence of many modes
within theflow which characterizesevery cavity.

EXPERIMENTAL

The experimental configuration is presented in
figure 1. Thecavity characteristicdimensionsareindi-
catedinmetersinTABLES 1and 2wereH istheheight,
L thelengthand | thewidth of the cavity.

Velocity profilesin the boundary layer were ob-
tained by hot wire measurements. Theinteractionre-
gion between theboundary layer and thecavity and the
vortex burst fromthe cavity were characterized by La-
ser doppler velocimetry measurements.
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Figure 2: Flow inside cavity, light sheet in the plane of
symmetry

Figure3: Smokevisualizationsof vortex releasefromthe
cavity (h,/L=1)

TABLE 1: Characteristic dimension of the cavitieshaving
congtant L

Cavity 1/2h,  Cavity 1h, Cavity 2h,
h, (M) 0.05 0.1 0.2
L (m) 0.1 0.1 0.1

TABLE 2: Characteristic dimension of the cavitieshaving
constant h.

Cavity 1L Cavity 3L4 Cavity 1L.2
h, (m) 0.5 0.5 0.5
L (m) 0.1 0.75 0.5

Measurementswere performed for different cavity
shaperatio and for different mean velocity. The differ-
ent shaperatio was obtained by changing the height of
the cavity h, and keeping thelength L constant and by
changingthelength L of thecavity and kegpingtheheght
h, constant.

RESULTS

Toimprovethe characterization of thevortex struc-
tureswereperformed by PIV Anexampleof visudiza-
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Figure4: (a) Vortex frequencyLanéafunction of U/ h, for
different cavitiesshaperatioh,/L (L =congtant), (b) Vortex
frequency asafunction of U/L for different cavitiesshape
ratioh,/L (h,=congtant)

tionispresentedinfigure2.

Two counter rotation vortex are observed with ed-
diesof smaller dimensionsturning around them. The
vortex hasadiameter equal to the height of the cavity

Measurements make after the cavities showed that
the boundary layer was no longer laminar. A spectra
frequency analysisof thehot wiresignalswasredized
which showed that thefrequencieswereintheflow fre-
guency domain (200Hz). This perturbation of the
boundary layer wasdueto theexist of thevortex struc-
turesfromthe cavity. Theflow visudization (Figure3)
confirmstheperturbation of thelaminar boundary layer.

Vortex frequency for different cavitiesshaperatio

Measurementswere performed for different cavity
shaperatiofor different mean velocities. Thedifferent
shaperatio wasobtained by changing the height of the
cavity h, and keepingthelength L constant and by chang-
ing thelength of the cavity and keeping the height h,
constant. Theresults of the vortex escape frequency
corresponding to theses cases are presented in figure
4(a) and figure 4(b) asafunction of theadimensional
factors U/h, and U/L respectively.

Thevortex escape depends on the manner that the
ratio was obtained, by changing theh or the L cavity
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Figure5: Linear adjustment of thefrequenciesaccording
tothevelocity for thethreecavities

characteristic dimensions. For theshaperatioh /L (h,=
constant) and h,/L (L=constant) equal to 0.5 and for
thesameve ocitiesthereisno difference between the
vortex escapefrequencies. Wenoticethat for theshape
ratioh,/L (h,= constant) equal to 1 thereisno vortex
escape for amean velocity lessthan 3m/s. T hefre-
quenciesperformedinthiscasearesensbly greater then
those obtained for the same shape factor h,/L
(L=constant). For the case of a shape ratio h,/L
(L=constant) equal to 2 thereisno vortex escapefor a
mean vel ocity more than 4m/s. M easurements made
for h /L (h,=constant) equal to 2 showed that thereis
no vortex escgpeat al for any mean velocity value.
Comparing the vortex escape frequenciesfor the
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Figure6: Power spectral densty of energy from horizon-
tal velocity component by LDV upstream flow rate
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Figure7: Variation of frequency against Uco and for every
modefor thecavity 1L

samevelocitiesfor different h,/L (L= constant) vauewe
noticethat thisshapefactor hasnot asignificant influ-
ence on the vortex escape behavior. On the contrary,
andyzingtheresultsobtained for theh,/L (h,= constant)
case we concludethat the length L of the cavity isa
characteristic dimension which playsanimportant role
inthevortex escape phenomenon.

Inorder to confirmthislast result we haveredized
velocity measuresin the escape zonefor different cavi-
tiescharacterized by different ratioswiththeformh,/L

Freguency variation accordingtothevelocity with
h constant

Thevd ocity measuresinthe detachment zonehave
realized for three cavities characterized with different
ratioh/L; Thedifferent value of theshaperatio have
obtained by keepingtheheight h, of the cavity constant
(h,=50mm) and giving thelength L of the cavity the
values 100mm, 750mm and 50mm. The studied cavi-
tieswill respectively benamed cavity 1L, cavity 3L4
and cavity 1L 2. Onfigure5, we have drawn curves of
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the dominating frequenciesvariation according tothe
velocity for thethree cavities. For each of these curves,
wenoticealinear increase of thefrequency according
tothevelocity.

Theadjustment of thecurvesby lineswiththeform
f=aUco+f  givessdopeswith positivevaues. Theinter-
section point of the adjustment linewith horizontal axe
of thevelocitiesletsusdefineacritica velocity U _rela-
ingtotheappearanceof theobserved profile. Thiscritica
velocity isnolonger constant, which leadsusto con-
cludethat thelength L isthemain dimens onwhich con-
trolsthevortex escape. Thisconfirmsthat previousre-
sultg359, Fromthecritica velocity, wedetermineacriti-
ca ReynoldscritiqueR _for every observed mode.

Variation of frequenciesaccordingto velocity for
alargecavity (1L)

1. Sudy of thelargecavity (L =100mm)

Wearegoingto study in thisparagraph, theeval u-
ation of spectral density of energy, for velocity going
from O to Sm/sand for cavity having shaperatio h /L
equal to 0.5( h, =50mm and L=100mm). Following
the devel opment of the frequency modeswith anin-
creasing flow rate, four main modes appear (Figure6).
Thelatest one (mode 3) correspondsto oscillationina
turbulent regimeflow. The mode 2 has beenidentified
with shear ingtability of themixing layer abovethecav-
ity?. For, Uco<1.4m/s, one observes three modes
(modes0; 1 and 2). For Uso<1.4m/s, themodes 0 and
1 disappear and the mode 2 persists until equal
Uoo<2.3m/s. Themode 3intensifiesquickly beyond a
velocity of 2 m/sand persistsintheturbulent domain™.

Theinfluenceof shaperatioon instability modes

Weareinterested inthisparagraphin studying and
comparing thefrequenciespecter variationsfor veloc-
ity between 0.2m/sand 5Sm/sand for different formra-
tiosof acavity. Thesefour ratiosare obtained by keep-
ing the height of the cavity constant (h,=50mm) and
giving to thelength L the value 100mm, 75mm, and
50mm. Theway of proceeding letsusanalyzetheef-
fect of the cavity length variation on the frequencies
specters. Thestudied cavitieswill be named respec-
tively 1L, 3L4, and 1L 2. Thisstudy have beenredlized
fromtherecording of 150stempora seriesobtained by
LDV, longitudina component of theve ocity, inapoint
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TABLE 3: Parameter sof thelinear adjustment for thethree
cavities

f UL
a(m?) foH2) UC=—;O(m/s) Re = \C,

Cavity

20 18798 -9.606 0.51 3406

C?‘Qty 18.807 -10.876 0.57 3853

C‘;‘Qty 15105 -7.561 05 3337

TABLE 4: Results of linear adjustment for the cavity 1L

a(n’) fo(H) Ug=—-2(m/9 Re,=-o

ModeO 6.56 -0.75 0.114 762
Model 741 1091 - -
Mode2 1213 -2.53 0.208 1391
Mode3 17.07 -5.61 0.328 2192
TABLE 5: Reaultsof linear adjustment for thecavity 1L 2
a(m?) fo(H2) Uc=—%°(m/s) Rec=U\fh
ModeO 3.043 1.035 - -
Model 6.662 4.229 - -
Mode2 12.436 -4.7182 0.379 2526
Mode3 22478 -15.785 0.702 4680

TABLE 6: Resultsof linear adjustment for thecavity 1L 4

f U.h
a(m?) fo(Hz) U, =--2(m/s) Re, =—2

[ v

ModeO 1.6589 1.7507 - -

Model 2.7451 -4.0306 1.468 9788
Mode?2 6.5513 4.2649 - -
Mode3 810* 1410* - -

situated 15mm from the cavity edge and 15 mm from
thewall (Figurel)

1. Resultsrelativeto the cavity 1L

Theandysesof thefrequenciesspectersrelaiveto
thecavity 1L1, showsthe existence of four modes. On
figure 7, we have presented the evol ution of thefre-
guenciesaccordingto thevelocity for every mode, for
each of these curves, wehaverecorded alinear growth
of the observed frequencies. The curvesadjustment by
the lines gives the some of the results presented on
TABLEA4. Primary andysisof thegivenresultsinthis
TBALE, showsthat thevelocity critica of themode 2
istwiceasnear asvelocity critical of themode0 and
that theve ocity critica of themode 3isthetripleof the
velocity critical of themode 0. Notwithstanding, the
recorded frequencies for mode 1 does not present a
critical velocity and seemsto present another oscilla-
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Figure8: Variation of frequency againgt Uco and for every
modefor thecavity 1L 2
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Figure9: Variation of frequency againgt Uco and for every

modefor thecavity 1L 4

tory phenomenonthecritical velocity.
2. Resultsrelativeto the cavity 3L4

Onfigure8, we present thefrequenciesvariation
according totheve ocity obtained fromthe cavity 3L4.
The general appearance of these curvesaresimilar to
those obtained by the cavity 1L. The results are on
TABLE 5. Wenoticethat themode 1 doesnot aways
present critical vel ocity and that the coefficient and of
the adjustment of the frequencies curvesof thismode
havethe same orders asthe determined coefficient for
thecavityllL. Thisleadsusto believethat the mode 1
independent of the cavity length soitisindependent of
theformratio. We note that obtained critica velocity
for themode 2 isnear to that obtained for themode 3.

3. Resultsrelativeto the cavity 1L 2

Onfigure9, we present theresultsfrom the cavity
1L.2 who is characterized by four modes. The four
modes obtained have got apositive d ope.

OnTABLE 6, thecritica velocity relativeto this
cavity, are only obtained for themodes2 and 3. The
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critical velocity of mode 3isnot far from doubleof the
critical velocity of mode 2.

Thedifferent values of Steo gottenfor the different
cavitiesand thedifferent modes observed areregrouped
intheTABLE 7. Onfigure 10, werepresented dl modes
observedfor thedifferent cavities. Wenotice, for anum-
ber of Reynolds superior to 10%, that the analysis of
theseresultsdrivenwell to aregrouping for every mode,
permitting to really separate the mode the some of the
othert®, We al so notethat for asame cavity, the num-
ber of Strouhal increases 0.5 on average at thetime of
the passage of one modeto themodefollowing.

TABLE 7 : Valeurs de St., obtenuespour différentes cavites
S, Cavity St Cavity S, Cavity St,, Cavity

1L 3L4 1L2 1L4
Mode 1 0.656 0.48 - 0.068
Mode 2 1.213 1.096 0.621 -
Mode 3 1.707 1.49 1.123 -
CONCLUSION

Thestudy presentedin thispaper hasalowed usto
emphasissome characteristics of thevortex structures
origination theinteraction between boundary layer and
acavity. The experimental measures have been real -
ized by (LDV). Therecordingsandysisof thetempora
series of the component longitudinal of the upstream
velocity of the cavity reveal s the existence of many
modeswithin theflow. Thisstudy showsthat the ap-
pearance of thefrequenciesmodes dependsonthecavity
and hisshaperatios. Thestudy of thefrequencies spec-
tersaccording to the vel ocity reveal sthe exi stence of
thecritical velocity, the appearance characteristics of
every frequency mode. The evol ution of the system by

205

—== Qurrent Ressarch Pepser

thevariation of thenumber of Strouhd accordingtothe
number of Reynolds, led usto aregrouping for every
mode, permittingtoredly separate themodethe some
of theother.
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