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Abrtract

doth opeillating und otendy flows were appliod
o g sincle plestrlnss resonator cavity with col-
ored dyed indectod in both the orifice and sroning
flow Fleli to revord the motion of the fluld, For
smelllatory flow, the lnctoptoneous dye stresmlines
were similer for both the chort and lopg-noelk or-
1rlees,  The sritvliee rlow blogknre apposrc to be in-
demendent of oririce lensth tor o flxed amplituie
of oy wpuelllatlion aud maymitude off the rracing
flou, ihe ctewdy flow dye ctwaled chowed that the
sesucble and cteady rigw resichbanees do not nececs
surlly corregpont for long neck oritfices,

Introduction

seepite conoldersble regepreh durin the lact
agease, there 16 011l puch unknown cow.ernines the
rechenizn of acoustic onery disolpation by 4 reco-
nntor in the preconca of sraring tlow, lore de-
talleu information io needed reparding the physicenl
flyw internctlon procecs seceurrin: newr the mouth of
& Helrholte reronabor in the presence of prozing
low, To aceertein the neture of the flow proceun
for louny neck reconators, a visuol otudy of the of-
fect of ;roazing flovw on the oseillatory tlow in o
lon; neck ordfice hes been performed in a plexipicon
flow chohtiel with o sinple side Lranch Helmholtz
resonator ucing water as the tluid medla and col-
ored dyes Lo trace the fluid motlon,

In this Investipatlon, both oucillobory and
stendy 1low were applied bto the buck cavity of the
long-neck resonntor., The motion of the dyes and
thus the (Juld are recorded by a high-speed carern,
Indlvidunl motlon-plcture fremec are presented in
thic report %o iliustrate the flow repimes, The
motion picture from whith the still photographs in
thio report were tuken may ba obtained by contaciing
the aunthors.

Avrporatus ond Procedure

Firure 1 ic o schematie dioprom of the test up-
paratus, the epparetus is essentinlly o onece-
throwh water flow oystem. 7The main channel iz
90 em long with a rectensular crosc section 2,04 om
by & em, letaills of the rhort neck resonntor coav-
ity are chown in Ils, 7, while details of the lons
neck regonttor cavity are chown in ¥ig, 2, For
both ences, the orifice hole iz o square 1,27 by
1.827 em, The aggquare reomebtry rather than a cirewlar
otiz wan chosen for ease In phoboprophing the fiow,
The short neck resonator has o lerpth to dismeter
(hydraulie) rabio of 0.5 while the L/D of the long
neck resonotor io 4.

Three dirferent color dyes can bte lnjected in-
to the flow field {zee Fig. 1). The dye flows un-
der the action of pravity to the dye injection lo-
cablone mavked in Ples, 2 and 7, The needle valves
shown in Mg, 1 were ndjusted to prevent Jetting of
the «dye go as ¢y minimlse eny dicturbance to the
fow fleld, Veter coluble dyes were uged,

Elther opeillobing or ateady {low cvan bo ap-
plied to the recorator throwsh the volvin: chown In
Fig. 1. The oocillatory flow wac intended to olme
wlate scoustlc ocelllntions while Lhe otendy flow
wa: intended to simulnte o cammon method of meage
uripe the roniotive portion of the resonator 1m-
redance, The flow oseillationo to the resonalor
eavity arae driven by n cervo-controlled hydraulic-
wlly operated piston, no chown in I'ig, 1, The pie-
ton ecould be ozeillated fram 0.1 to LO hertz. Lor
the purpose of thece experiments, the {renuency was
cet at 2 hortz, At highor frequencies (;reater
than LG Hz), the equipment had o tendency to vi-
brobe, At frequenclies lower than 2 herto, the re-
pultinge puleec was not sinuoeddadl. Thic lottur ef-
fect won thought to oceur bLecnuse of vesunance ik
the fluld line:,

Tor convenience, the oseillstory tlow wac ape-
plied to the reconntor cavity rather than the mnin
ctreom, In this manner, the maymnitude of the flow
oseillation in the orifice could Le precipely cun-
trolled by varying the otroke of the piston, It
was found experimentnlly in ref’, 1, thot vhe same
type of flow profiles in the orifice ocourred
whether the flow ozeillotion was introduced in the
back eavity or in the main ctream, WYodne thin pro-
codure allows the roconntor cavity to be full of
water with no need for on sir bubble to provide
compliance,

The prazing flow was mensured with o turbirne
flovmeter and the frequency of the ploton was tlso
measured, The high-speed motion-pletuwre camern wag
positlioned adjacent to the rasonator eavity., The
velocity field in the orifice and in the meln wuter
choennel can be determined from the hiph-cpeed mo-
tlon pletwres by following the movement of the uye,

In the entrance rerlon of the mnln flow chan-
nel, o oystem of coreens and baffles wos added to
produce on inltielly wiform velocity profile in the
flow channel, From velocity profile meacurements
reported in ref, 1, the "boundary layer" axtemd:
approximately 0.3 om from the woll, Thiu pives o
ratlo of boundory thickness to orifice diometer
(hydroulie) eof around 0,25, which is smell compared
to the correcponding robio in nebusl flow ductc,
Athourh thic may chanpe the mapnitude of the resic-
tanee, it should not change the renersl cheraeter-
istien of the fLow re;imes.

Durin: & run, the prazing flow veloclity in the
mein choannel yas flrst ced, Hext, the frequency
{2 Hz} and amplitudes of the resonutor flow per-
turbation were set, Iinally, the valves to the dye
reservolrs were opened, VYhen deslired, s hich-speed
motion-plcture ~omern recorded the flow ratterno,
Generolly, the cemern was run at 500 frames per
necond,

Senling: Considerstionc

The intent of thic sbudy was tu gprpvide n vio-
unlizntion and henece o better understanding of the
olr flow process in a resonator oriffec in the
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precence of o pgrazing steady flow, It io important
to conpidar whetheyr the woter oystem simuloates on
ailpr cyaten,

Aased on the wofk of Thurston and Harfrovefz)
and Ingard and Ising 3). Harsh and Rogers(®) pro-

vide convineing evidence that adr-water similitude

exintn for the recistance and reactance for {low in
the orifice, Refercnce 1 aloo discusces thio tople
ag well as precenting some numericol cxoemples,

Outside the hole, cimilarity of the nir-water
syctem with prazing flow moy be inferred because
grazing tlow Eeynolds humbers baced on the dinm-
eters of the orifices sre similar, Finelly, the
orifice to raring ctream momentum ratios are cim-
ilor thus Implying dynamic force similarity.

Orifice Flow Visunlization

the following severnl flyures swmmarize the
oscillatory flow and steady flow rerimes for o
simlated resoncbor orifice, The fipures contain
single fromes taken from a motion picture study.
A1l the photorraphic seguencen are for flow in the
orifice in the presence of a prazing flow, Fhoto-
zropho of oselllating orifice flow in the aboence
of prazing flow con be found in ref. 1.

fhotopraphs for osilletory flow for a chort
gnd then a long neck orifice will be presented and
gompared. Hext, photographa for steady flow into
both the short and long neck orifiee will be pre-
gernted and releted to the socilletory flow, The
ctendy flow 15 of interect cince measurements on a
pteady flov syoktem are o practical woy of estimat-
ing the orifice - gbonce to an oscillating
flow(B),

Oseillotory Flow Repimeo

The oscillatory flow regimec are illustroted
in Figo, 4 ond 5 vhich shows one eyele with both
inflow and outflow to & short and long neck orifice,
A documented in refs. L and 4, the reslstence due
to grosing flow moy be viewed quolitatively os an
orifice blockape effect which is evident in the
sequences in Fige, 4 and 5,

For the short neck orifice as shown in Fig, 4,

during the inflow portion of the gycle {t = 0 to
- 0,227 cec) the axigl momentum (verticeld) of the

grazing flow makes it difficult for the fluid to
nesotinte the turn into the orifiee, This results
in o larpe scperstion or dend flow regloh at the
lowver slde of the orifice which effectively reducec
the area of inflow, The inflow reglon is seen to
be limited to the small channel at the top of the
grifice, For o long neck orifice, similar results
are shown in Fip, 5 during the inflow portion of the
eyele (t = O to 0.228 sec).

In the short neck orifice, the kinetilc rnergy
of the entering jet of fluid ic diss.pated in the
back cavity. At the begimning of {lew reversal in
Figp, 4 (4 = 0,236 gee), new flow from the resonator
cavity is pushed oubtwerd through the lower or dead-
water portion of the orifice area while the inertia
of the fluid which hod just entered the orifilce
near the upper purfnce sontinues o carry that fluid
back int- che resonator cavity., Therefore, for
short pack oalrices, the resonstor cavity acts oo
the sowtse of fiuld for the osutilow portlon of the
flow osgitiwaiien cycle,

In contrast, in the long neck orifice (rig. u)
the entering fluid at the top of the orifice 1a
dirvected downward by the action of o omall eddy
formed nt the lower lip of the orifice. Fortial
dipsipnbion ocours during the turning process; how-
ever, some of the kinetic energy will be dirsecled
hack into the mnin stream of the prazing flow dwr-
ing the ouktflew cycle, Recall, in the short neck
orifice all the kinetic energy was dissipated in the
back cavity., Therefore, the ascoustic reeslctance
moy be & function of the lencth to diameter ratin
of the crifice,

On the oubflow portion of the ¢ycle, the or-
ifiea flow is neen to encounter the larpe axiol
momentum of the prazing flow which must be dioe
ploced before the orifice ilow can emarge, In both
the chort and long neck resonator, the oub{low
sbresmlines look similer, ‘The ctreamlines leaving
the orifice turn downctreem in parallel with the
rrazing flow,.

One striking difference betwecn the opeillat-
ing flow in the ghort and long neck orifice in the
presence of an oscillating sluy in the neck of the
lonp orifice, In the motion-picture otudy of this
oseillating olug, o red dye was uced to mark the
position of the slug as e function of time, To
make this clug vicible in o bleck and white photow
rroph, o large concentration of the red dye was ed-
ded in the rear of the orifice, as shown in Fipg, o,
The inertis of the clug neecountn for the inereace in
reactance that theory prediets for the long neck
orifice,

Stendy Flow Repimes

Zorumski and Parrott(®) found for short neck
orifices that the inntantaneous resistance is 4in-
dependent of frequency and is, therefore, equiv-
nlent to the flow resistance of the orifice, The
{low resistonce io defined as the ratio of the
steady pressure drop sacross o materinl to the ?tgady
velocity through the materisl, TFeder and Deantt
olco chow & clope correspondence between the acous-
tic ond steady {low resistances in the presence of
o prazing flow. '

Short leck

Uping Fii, 4 ao o basis for modeling the flow
rields of a short neck resorator, Fip, € preacnts
schematies of the three flov regimes oscociated with
ohe osclllation eycle, The flow fields of the
steady inflow ond outflow from the resonator vlocely
approximete the instantaneous flow flelds of the
resonasbor due to an oseillatory flow fleld, as seen
in Fig, 4, Figure 7(e) shows a photosrarh of the
flow field for a typicel inflow sebtine, In Fig-
7(n) the back cavity was filled with dye and the
inflow is shown Ly the clear replon neor the top of
the orifice, The streomline represented by the
outer edre of the dye closely approximates the dye
etyreamlines seen in Fig, 4 at ¢t = 0,122 and 0,178
geconds. Therefore, the steady flou vipusllzstion
confirmo the earlier obmervationc mzde by Zorumchkl
and Farrott{5) for inflow to the orifice, Similar
resulto oceur for outileow,

Unfortunately, the treamlines accocizted with
oseillatory flow near transition from inflow to
outfloy can net be duplicated with a chendy flow
experiment, -The ndvantage of oseillating flow via-
ualization over that of steady flow can Le secn by



the nequency ¢ o 0,178 bo 0,317 seconds in Fig, 4.
At t = 9,178 gecondo, high veloclty inflow enters
at the top of the orifice while n dend repion oc-
curn at the bottom, As time proprscces, the preo-
pure drop acrosc the oriflce changes to o hiphoer
prescure on the left of the orifice than on the
rigki (favors outflow), The high vzlocity Jet re-
rlons cannot be inmodiately stopped and raverced.
The dend regior can, howover, e more quickly oc-
celerated to fupm nn putflow, Thuo thera iz on in-
otant in the eyele vhere inflow exdstp on the top
of the orliflce and outflow exipsto en tho bottom
such that the net flow throurh the orifice 1o zero,
Arvownd thig zero flow condltion, o recictance~time
{or net flow) hictory should he produced which ic
continuous, In effeck, the two-dimencionnl quality
of the dynamic {lown will remove the diseontinulty
of resistance at zero through E%ow which was ob~-
serve ?y Budoff and Zorumski(?) and Rogers and
Hterah(8)]

Longe Hoack

ihe stendy ctresmlines in o long neck orifice
do not motch, in general, the inptantoneous dye
trace patterns in the some orifice under the con-
dltions of en ocelllatory flow, ot oeen by comparing
the dye traces in Figo, 7(b), (v), and (4) to the
dye lines in Fig, O, Tor reletively low inflow, ac
shour in Fip. 7(b), the flow restiaches to the low-
or orifice ywull, Consequently, the steady flow re-
sistonce measurement cannot be asouwmed equnl to the
inastaneous ocseillotory flow reclstance,

For the lorger intlow rates (Fig. 7(e) and {d),
separation oceurs in the long neck and the resonator
brck preccure io felt at the vostreem cntryance ok
the orificc, Under thece conditionc, the cteady
low resistonce nipght opproximate the instonteneons
inflow resistonce.

Summary of Hesultbs

By means of colored dye fraces, photographic
sequences illustrate the detailed structure of an
ogselilating orifice flow with and ylthout the prec-
ence of a grozing floy field, Speeifienlly, the
following major results were found:

1, ¥or flow into the regonebor with grozing
flov, the orifice {low ares blockoge nppears to be
independent of orifice length for a fixed amplitude
of floy osclllotion ond mognitude of the grazing
flow, Tor short heck resonators, oll the entering
kinetic enerpy do dlsscipated in the reconator cav-
ity; however, long neck resonators return some of
the entering kinetle enerpgy beck to the prazing
fiow rield., fTherefore, the acoustic resictance moy
be & funetion of the lenrth to dlameter retio of the
orifice,

2, Ac chown in the photographic sequences, at
the crogsover from inward to outwerd flow, flaw
exists nimilteneoucly inward and outwerd in dif-
Terent parts of the orifice. ‘hus, no dldecoutinuity
in registance yilll exict in an oscillebing cystem
when the overare Jjet veloeity npprouvhac zero firom
either the inflow or outflow diractinws,

3, For long neck resonabtors, the Instantaneous
fiunld stremmlines for osclilatory flow do not, in
. penersl, mabtch the steady streemlires in the same
orifice, Therefore, the acoustic and steady flow
recistance do not necescorily correspond.
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Figure 1. - Apparatus schematic for visualizing oscillatory flow In resonator orifice in presence of grazing flow,
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Figure 4, - Flow regimes with 0. 3-meter-per-second grazing flow and inter-

mediate amplitude oscillating orifice flow at 2 hertz.
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Figure 5, Flow regimes with 0.3 meter-per-second grazing
flow and moderately high amplitude oscillating flow at

2 hertz.
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Figure 7, - Steady flow into short and long neck resonator cavities,
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