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l1\'TRODVcnOS

The 5We 0( Miuu.$lppi and !be Gulf c:o.s; Region MVC
sem. SlJl'llflCanl _ o(induI.lrW Md economic powth
In !be paIit~ whach is apected to eonunuc U1IO dw::
tul\lfe 1lIb"- prompfCd an incrcuc in !be demand for tbc
qu.mllty and. '''In unponantl)'. the quality of the _

~pp1)' StIffer compclIlIOII for CJOllRd Md $W'faa; watcl'
IOlIl'UL coupled "'Ith .. Illaeasc In IIaurdouf polluoon
rn:.a tbc u.prMlbnl in6umics. hm mU: !be attJcaI WUD
quality probkm m<n ditr"Elllt 10~ Impro"ed
_ lI'aUnCnI dcvlCC:!ll winch .e DJIlt dfectlv" ....n
be needed. Some 0( Ihr; curn:nI mahud:I. for~
mnoval from ~"Mcr _ IaJc _ 0( cbmucal

and,Ior blo-orpJusms -.d ohm leave rannams in !be watft

",tllcb $llbic:qutntly "'..-e' 10 be mnoved IISllll: • 5CCDndary.................
Ulnsonac ImCI"IY has found OWl)' II5CS III • wide IVIF of
applicallons; from dJ5llUep1ll& bdncy SltJnCS 10 ...·cldin,
miaodllp' Iuds. from nOIHnv;uive rncdicaIJOllOIRIllS and
nondestn.acuvC' evalu:anon !O undcrWIla sen.. U1l1"U(mt
avltllioll forca In _ have been doQamcnll:d _ ~

rony )Un qo with $flCClflC nen.Is to~ !be
de~llII of off-.nore~ and I~ &hIps.
Howe-.cr. rc<:CN appiicauORI Iuve pomlal to IlSIlII thu
ullnSOllit ron:es for c:1earun. purposes. Much of die woR
acc:Qmph$l'led lhus far Iw '-n in !he field oferearing forc>::s
between I contamlllallt part>c:le Md • solid $llb>tnlL

An oven.ll n::sun:h dfon is bellli undcrW:en aI Mississippi
State Unlvenn)'. investlpttng!hl' IIV:'c:hanlSmlofalt"l$omc
waw::_ tn'atment. The IlIIu.1 wOO efforts ~ foc:uKd
llII followllli teehmcal obP;:IIVU:

I) To JlUd)' and detcrmllle the opumal parameter!

for !hi' aulomCfallon of un5Ctllc:sble (suspemion,
colloids, and di~lved) panitlC5 which are
commonly found in WUteWalcr,

b) To sllldy and dcmorlS....lC the catalytIC: influence
of ullTUQ\lnd on the arowth and pcrfonnance on
common IIC'UVlled lJio.orpnisnu (sludl"') a1n':ady
u.sed in InSlC'Wller IrUlmenl

c) To dClcrrmne !he polenuaJ for hl&h intemny
ul\rlSOnlC C"CCI on floc: settJability. UltrasonlC5

7

II Iugh l/ltI:IISIt)' can be used 10 a:ssist !be
~ SCdllnCtIlltlOll and liudrc removal
PfOCC:Il. This is aecompliftd by uslnl me
lO\lnd ....va whidl ISWs:I the IJIvll....onaI f_
IS well IS otbcr Iel1lnwnwion t«MIqUeS such IS

elcctrical chambers.

til tIus piper, the studies involvU11 me effea of
agIorneration d wsperded parritla udrll hip imcult)'
uJnsound (JraIc:r dian I W,tm2) will be diIcu5xd in
delail. ThII IIIpp'(*b will JtqIlI~ !be dt:vdopm\'m of
ttlt.on::Dal IIlOdds 10 IIUtWI)' e¥a111a1C. tbe optumJ
1*1Uidel", f« condurnn. the upcnll1tlltl. lnlllll
upmmalO would inc,,* bench leak UpmmaII1. Based
llII the dill c:oI.leaed. a protoeype _ deanstnl pilot pUnt

can be dcsIJIIlId. developed. and Iftled.

ULTRASOUND IS E.~VJROSM.ESTAL

APPLlCATIOSS

In this S«tlOII. I brief ~C'Nw:w of some of die: wortr.
attOIJIptished by odIc:r~ In !be ~lar8I Ira of
tkuinJ 1lSin. Illata power IIItn1Otlicl1 will be prov1dl:d.
ThIS S«'llOl'l dcmOllSll_ the. IcgltlmlCy of t/Jc fII'OPO'Cd
QIIltqII and the R:~~ to InduJInaI appIicauons.

Extensive applicaJlon of $llrfllC'WlI 10 conwnllWI1 rnnovaI
cleaned oil spills rrorn beIl:h sands Iw been reported. ThIS
apphcallllII then prompled .tltmplS 10 lUIIOVe haurdous
orpnit chC'mlc:aJI; from conwninarcd SOIU II Superfund Iltcs

by in silu It'CltJTIC'fIl methods alia Micellar_Polymer
FIoodina- PEl Auotialc:s conducted I S)'5lcmulC CvaJllaIlOII

of surfKWlU; and awstcd by ullhSonlt ~iItion 1$ tlearunl
IgerllS for s~rlll-volllile orptlltl III lOlls (USEPA 198.8).
These It:Sl$ employed I s)'Tllhctlc: soil ml~t\lre. tOnStinned to
be repn::st:nll1IYC of I typk:a1 1011 II I huardoua ""we site.
Conclusions dnwn from these prior test results wen: ht
Sadsfaetory contaminant remoVAl (99+'jI(,) In flne non<lay
I'racltOllS (-23GtIO mk:rOII5) would require the ImpositIon of
sillniflalltly higher nllid·puckle Ihear SlrU5eS than lhosc
encOlllltered In conventional lti~ tank·ml~Jnl. In this
relW, nllld·particle shca.r StlUSeS in the magnilllde and
Intensity generated by ultrasonIC c:avitatlonal e~cllallon WIS
determined 10 IIC'hJeve SIIlsr.::tory deanlnll k:vcls and lithe
same lime mlnlmlU t/Jc need fOl" JUrfll;1llll in lhe clarunll
pnxeu. AnOther papcr(Coles; 1990) desaibes "'lnlCanted
.1011 Washln. system 10 remove IlCITII·volati1c haz.ardowi



oralllk che'llllc:aJs (anlhtac:me. pental:hloropbenOl. and
dloctylphltala.eJ from lOiI hlle ranae ·200'-200 mesh) usinl
IIClIleOU' wrfllCWll soIuuons (Surf-=tanL. 1979) u the

urracllng medium and h,gh mllS$ Ir2DSfer ~ ullnSOlUC
CaYllallOMI UCltatlOl1 fill" liquld·wlld contaamg. By ~il1l

hip 5eCiImetIla1lon raIe. wbular 01' plalc c1an~ fOl' $Olod·
liquid sepanrionI and ulb'UOfll(" eavlwional ueitation in
urractillll, eqUlpmenl she mjUtmnenI$ ~ "",ucC'C!.
making the system ~Jy applJable fOl' modular
II'INpOIUble Oalll'l' III the 100 to 300 lid $011 throughput
~..
II hu been found d\aI; ActiylIled shodI"' mlcroOl'plt1Sm
KtlVII)' c:an be: mhanc«l UJlnl uluuonlC enefIY. Thl$
enhIncement mIIy be due 10 induced biolofical etrCl:tl and
fadhlaled c:elhll. _ lralJ$(er due 10 RIUasonia.
U1nsomc: c:an be desmlmvc: Of c:onsmII:UVC depem:!in& on
the _y, fRque:ncy. and Upo5UlJ hmc:. Sevn $llI<tia
Iaye been dorle 10 Mudy!be ttreas oa biolop:aI celk UStllJ
d1tfenm typc:s of cells (Tbc:huk 1989: BaT 1988; Zabaneh
and b 1991) A s.nady oa I(:QYaIL':d1I. l11Il:I'OOl'plIlVIIS
III • frequency uI 2.6 MHz III IIUn$.Il)' uI 2-6 Whq.c:m
rqua an enI'IIncanenl ~ Ddtydrotma5e. proItOlytic:. and
JlycolytIc: I(:QYlI)' by a fanor of 1..9, 1.1. and " lirMs,
rapealYe!y (1Uchu.lr; (989) Odla'.snodlc$ have been
performed Il$lnl dJffeRlll bIolop;al c;elb If a f'm:penc:y ~
20 KHz sncl have abo obw:r<'ed sipurlc:lllll enhsncuncnt 0(

blolopc:aI ImY'ry

MECHAXIS\I OF' HIGH 1~TE.."iSlTYULTRASOSICS
IN nUlDs

b1lhu secuon. .some of the teChnia1 iMuc:s lJ50CiaIaI wilb
the u1uuonlC phenomena and yarious pby$al principles
used m the:~ -.d1 will be bndIydi~

Pl'ellmlMl")' lIwcsti&Uioat~ tbU sc:0UJtic IWtiauon
and ocher KOIlIlic: forus JCfICrIICd III modest etIc:rJY levels
In the: 14).1000 KHl. frequency rIll,e are sufl'iciefltly 5lrOI1&
to c!fce:tIVe!y move and coneenlTllC susperoed fine patti<:1es
In squeow; syStems In this proposed sepsntlOll tee:hruque.
the forces. UUSlnl the lCplIl1lI'OI1 are Clened upon the
sUJpc:nded pstticles. in belWCC1l !he panicles. and between
the panicles and water,

The phySlul meclwtisms of ullnSOllie ln1CfXlion wilh
materials are: (I) phYSICal, (2) chemK:ai, sncl (3) lhermaI.
Mlm of the relevanl mechlllisnu ll$ed in our rescan:h are
physical In naMe Physical mechanism of uluuound in a
nuid medium can occur due to lhe follo'"'lllJ rusons :

(a) Wave propaUlion ux:luding $W1dllli wave
paltems and Bernoulli's forns. U~ an waves.
ulrrasonlcs exertS a radiation force In the mt:(llum
of propap1ion which can be: explOited 10
pn:ferentlaUy move the: medium or hmon of the

•

medium in a conU'Ol1ed direc1kln. Rd1«tion al
11llCt'fSC:eI between dlffemu~ may lead to

standma waves. and preferenual mlgruion of
~Ies towants the nc:daI or anunodaI planes.

(b) Bubble osdlladO!! uu:silll caviwion at hiJlt
In&m$iry leveU, In !he ran,e 0( 0"' to .5
waIt!r,li;:m2.. Micro bubbles present III a liquid
crow .. a raull of rectlfled dlffusu:n AI IhcK
levels. 1IllTUOl\JCf -I)' ii known 10
agIomeme panicles or fiben ditpened in wafer

01' liqulda 0( su"d., ~1caIproperties. Also
!he hlp JaaIlI rue aaociated W1!h !he hip
frequency wave propapliOD often decft:ua the
effce:tive v_il)' and !he bowdary layer
Ihlcknls. nm in tum enhances InISS._,lei........ and heallnn$fer Il:IOSl boundanc:s.

Ic) Bulk d'fKU AJCft .. decreaae in d'feenvc
vtaCOIZIy will ocau Hip UlCf1lIl foreea due 10
Kc:denIbont f'II1IIIII hum 14).100 thous8nd ','
c:an I1lQIh from a very ImlII maCJlllude 01 tile
vibracion. onlbe order of 10 mkrons .lI1crIsooic
frequency. lit. meCium wuh IWO 01' lhrft:
nwenaIJ ~ va'1OUIi daart-. the diffaalCll! III

the inertW forca due 10 u1nsonic: vlbnlion will
COlIntene:I sorfacc adbesion and enhance_.

PRL""ClPLE OF' ULTRASONIC AGGLO!otERATION

AD tmpCllUIII rxtor in Ibe stabiliry 01 umeItleabIe pIltkles
llUSpCNMlrIL colloids as welt as dissolved form) is thc:
pn::JeIft of sudaa: ctIaIJe (ZeIa P<amlial). The dw"ges~
developed in dif'fem1t ....ys dqlcnting on the c:hern1CaJ
curnlJOl'ltlOll of thc: wwe WIler and the: ~Ie. Reprdleu.
!hIS stabilll)' un be overcome if tbe pIl'tII:les~~

(fIooc\lWed) into IarJcr patticles with enou,n mass 10
sedlmcm us,nl nomW proadurea. A' low 1IllClI$,ry Ieveb
of abQul I watVtm1, ultn5lWtic: ertefI)' is knoWn 10

aul<:Jn1a'Dte patllCles dispersed in water or liquids of similar
rheoI0llCai propeniel. The &mall patlic:les in the nuid
IUspc:n,iOl1 aulomeratc anti the aulomellled patlicles lire

heaYy cnoulh to prccipilllC OUI of suspension under the
fOl'l;elI gf lIlyi!)' and/or III applied v-euum or an electric
nc:ld. One of thc: methods slICCCSSful1y ,noWII 10
agglOlllCBle all5pelllkd patllclc is UJing ullra.om" 5landilli
waVeli. These sWldin, wavea are caused by IWO in!efSCC1lng
out.of·phase WIVeli (half .....vclenp apan). This CIlI be
ace:omplished usillj an ultruonlc IJIIIS(!u(:e If one. end and
a tdleclinl plale at the other end Ip*«'d l.O~ the phase
mtma for sanl""a wave ptlUmlto develop (Toh 1992),

AulomenllOO II the mull of fOl'CU presenl in an ullrl.WlmC
field. Some 0( these forces are ortllolunelk forces (Figure
l) ....hkh dqM:nd on particle. size. frequency of ullrlSOrtlC



vIbration. panltlc dcmny. and vi5ro$.lly of !he nuld. 1llesC'
~ ~ondary fon:a KIln, perpc::ndK:ular 10 !he dllt:Ction of
the KllIlMl .....ve propaaalion and c.lISe$ the partieles 10
mlgnlC U7Wanb lhe ml1noda! poinl$. The ocher pnmuy
m«h.l1I~m for "81Iomerat,on .. the pr-.ce BemouIWs
fortes c:.1ded by the hydrod)'lWTlic: now around !he
JUSpenSIOII panICles. The aglome"mon proceu due 10
Bernoulli's f_ c:auk! be: up\aJrcd by. nuld no.... model
be:lween pamcles IS shown III Fi~ 2. Putlcle$ 01 D'QSS->

se:ctIOnIl dunenSKlll mud! smaller Uw! lhe ...s\'e Imam 01
utln50und in lhe liquid rnedtlillll and !he dmsuy tllglla" NIl
me na.1d esRlltiIlly ftmaIn~ witt!~ 10 me
c:yc:hc: nuld motlOII IS " I'l!:SUII 01 the propapoon 01 the
um-.d "'.ve Duoe 10 Bernoulli's dI"«I in lhe
~I(III zone (venlun d'f«ll bcfwllm ~Ie$, the flow
Vdocl!)' llll:1USa IU'd the JIft'"U~ drops It lhe lftb-llOdl$,
ruulun, III an Itlr1lCllve force be:lWeetl !he parbc:1es. ThI5
phallllnelY Icnds 10 agIomenle die particles when !he
.m.:tIve foo::e due 10 Bernoulli's dfec:l IS Iupr !han die
tqlUWve fOfCl!; due 10 me 5lmlla' polarrty 0I1*I1C1oe SlIlfaoe
dec:tnal dIIrp. The _ f_ eIU5t. me partICles; 10

IqlInIe (~ll It lhe nodes IU'd ousa die pamcles 10

nve! fmm !he Illp~ nod&I rqions; 10 Ihe low
~ "'1-nodII fqlOflL The df«l 01~ oIlhe
1I1~ ....\"C 011 lhe two mecllllusms _ ddfa1:l'lL /U

hip fn!quenc1eS. !he ortho-kuleUt fOfQCS ate neglipbk.
...hlle the hydrodynamle fon:es Marne • map"
aglometltull fOfU.

This phenomena has bml upmmenwly demoMu1Ie<I by
Feke (Tote d aI 1992) ....n•• wue:f cell SdUp A I)'pICll
upervneat IS IUUSll"aIal III FiIU~] Here, lhe ..hlte

~ plll't.c:1es are agIomerUJ,,& It !he IlllHlDll:aI
poinu WllI'Iln " column of ......er LIlIin& ullr.lSOllic: mel'J)'

~ ffIlIm • nmctucer It the boaom. An improvemml
in lI'IlS liWldlnl wa\e IMlbod has been SIl~ed usin, "
crtflml cell approK"h through frequency sweep methods 10
syslCnwKally mo\e lhe panIcles 10 deMred 1oc:au0ll5 for
euy sep«n!ion (Ikna 1991),

RECE.'T PROGRESS L'l HIGH L'TE.'lSITY
ULTRASOUND INSTRUME:\TA110N

The applic:alioo of hlih inlensllY uluasound 10 assi51 the
Indusmal ....ule.......:T Ire.nnenl application will requ~ •
hlih po....er ullTlSOlllc 5OUI'tt. Unlil recenlly. !he high
frtqueJ1C~ lIc:OUJllC Inmsducm were. Inadequate and could
nol provide lhe reqUisite enerllY levels lWjui~ for a scale
up of !he ulln.lOJllc: cle.tllIn, ~hniques 10 Induslrial
rl'quiremenl$ ".Iso, lhn'e i, a 5hottfall in !he avail.bllity of
efl'kienl poweT amplifiers whICh ItRl also economiclJ. WIll!
new M1v&llCCll in both lhese I«hnologies, !he scallnll up
prote5$ of ullTUOtlrld cleanlllg teChnique: IlOl$ b«omc~
prKIlCIJ. Wilh lhe advenl of ISTge c:apacily solid·swe
powO' ampllrlC'f'S uslIIll !ItatlC induC'lIOl1 O'WUIStorl and sadc
indUC:lJon !hy"non, OUIPUI powen; of 50-100 KW an be

,

.c:hleved (TwJino 1989). The dimension of. 50 KW awit;

lIx1uc1ion thyri.uor poWIeT amphrleT equip1lO'll ate aboul 80
(Width) K 180 (Hei,ht) K 80 (Oeplh) ce:o!lJllelen., !hus
facililltinl !he If::I,Ioe up of !his tcehnology Recenl
developments by several lIlve5blaton, pIII1lCulwly Dr.
Juaret (Rodniue:t.corral 1989) It the Spanish lmlil\lIe of
Acousticf; has ma6e slcnlf\canl strides us;n, 'Ilepped plate
lnllSI1tx:ers w\uch open1e It Iulh df.c:lenc:ces and lTlnSfen
hip po_

Sud! deveklpmenlJ Iuove prornpced teveraI ocbc:r app(ic8tions
d uhntonlc$. The _ re~ is lhe 'fI'OI1< • Sandie,

Columbus, 0lI1he sepanlJOlI 01 solid -' ............ lup
inlEnsily 1l1~ for dewllerinl and dr)'1Il& .ppUouons
(Senapadli 1989). They Mve suc:a:ssfil11y IalIed up !he
~I proce:sI to eommemal 5lZC and patemed the
dewaknlll dcvlOC.

APPROACH ID'ol>ERTAKEN

The~ f06 smdytnl !tie~ dfee:u 01 hlP
D1tml1.l:)' III~ 011~ plltic:1eI mvolves a
c:ombinaUon 01 lIleomX:aI~ 0( "'fIve bc:NovlOf in
wm:r c:ombmecl wutl_ benc:fl1Cak upmmmtS 10 ShIdy

and se:k<:1 optIIMl~

The !heorel1al model fQlf ul!fUOllK'; wave 111 nulds 15 be:llll
Ippl'IIKhed by IWO methods.. The stWJy 01 ICOU$UC .....ve
pmttcrns III "'*' II analyud by lISml" c:1osed from sotunon
for tnl'lSient preuure and veloc:iIy profiles. ThIS _.
boowaulUiUS nuld medium and ~ QnnOIl baJldle
puuc:1es. but by studYIIl& !he pressure vaNlIOfIS IDd !he
vekJct!)' profiles. !be h)'dnMiynamM;: f_ .c:nnl 011 •
su.spentItd parncle can be analyzed. In ordcl' 10 'IisIaIilc the
bdlI.vktr of rme~ puticles. a men soplIl$Iic:aIed
numerical allO"i1hm t.sed on rmlte elements rMdelm, ;5
appropriate;, The NASTRAN Fiftlle Element Mockh"i
~~ ....;as ctQen for thiS due: to !he a...ilabili!)' or a
F1l1ttl·AcoLIlIucs model ....luch can be IClled to OIlr
MQuirmlentS. This model c(XJIISUI of" ~1II1lU"l;)'llllder
with line rilid skies and Is "lied Wl!h .....ter The fourth
side Is the fkKibie sidl. throush whlth lhe dynamIC loMIiR8
IS IIpphetl. IlmulatlRl an IC1NRIC 1OW'Ce. The nuid can be:
uc:iled at different frequencies. The nuid portion of lilt
model consistS of eilher 'Ueu' or 'Penta' elftnenlS.
These elemc'ntS CIIn assume lhe propenics of Irrou.rional and
comprl':5Sible nuid5 tUllable for 1COUS11C mal)'lls. The mesh
used to define lhe nuid has 10 ItI.ve al leasl JiK elements Pl'r
waveleni:lh, In order for lhe ~ults 10 converge.

The lnilial experimental effortS involve two benc:h scale
ruclOl'l llnks, one havln, ulUUOUnd JeIlaaIOl'l It
approprillC: loeations. while !he IXha" II used as a c:ontroJ
sample. Both \he tanb an mllntllned at icknucal
conditions ucept for the ullflSOUnd seneBton. The mlical
pan.melm of ulu-uound such as frequency, amplilude,



IOC&llon of tnnsd~. and ~or geon'Iell')' Is bein,
sysu:nwkally studied. Wasu~ter~ such lIS
tempo:ral\ll'e. ConW1UII&II1 eoncenlnllon. rype of CClnWnllW1L
eu:.• (Ill lIso bt tntJ)'kd. A ttandani turbidunela 1J lISCd
In lhe qu.ll\llfi<:auon of !be ulrruonic mnoval of unsntlc.abk....,...
SUM.\LARY

This ruean:n WIll delenTllne the parncle and uhrasoftle
panmcleQ needed to Kflieve the mefJ)'-dflCient
~lra1ion and rtmOVII of pamela. espcciaIly for the
punflc.atlOll and ImUIl'IelIC of indusniaI~ The
ultl'aJOftlC clc:lllUnl cqt.Ilpment, IlnCe insWkd. ww.ld lave I
klow ovcrllead COM fInor due to me n:l&llvcly tnu.pensivc
opentJn, COltS Also, very little. if any. chernicals would
need to be ~ for dcelwl& me~ intlIsrnal
.....water Furtho:r po5l prvees5InI Qll tw. lvoodI:d.
Ulnsona ean abo be COfIIldettd I tebn~dy Afe medlotl
0( Ckallna. The dcvriopmmt of sudl • waitt qualny
comrol plant ~ lIWly and 5lpurant. 'This c.an also be
bcneflClI1 In 'mprovm, the qlllhty of~ WMef

IIIPM' (Sue Dnnkllll Wile Att, 1986 IllliC:lldlnc:lll) WlCIe

Illdusmal wutC'IIo~ dispoIal to nvcn and Iakcs also
__ dnnk... _ WUIir quality affC'ClS !he

ovenll qualuy of life above and below d1e WIla' Hence.
COlllInUl\IIltS In lndlutnal wutes. spenl wadi W3ler from
soil cleanin,.~ can I'C*flllaily be better temOVCd IlSinJ
an easier and _ C05I d'f«tivc:• .scale up. ultrasonic
~lCChmque

s., Raphael. 1988 UltlUOWld enhanced~

dloIc:5ferol OJ.tdabon by Rbcdoeocr'l$ er)1bropoUs.
B~ and BlOCnlllneml!l. Vol J2, pp. 6SS­..,
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of d15pencd ~leli by cr.fung ultr~lIc RSIlIlIllCe
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!ntcmallollll 90, HOO~lOf1 W...,le Coof~nce and
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243.
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.!:.!1!:!.!!.... pulmenllli demonstralion or lomeratlon or 80 micron alumina partkJ spllCl.'d by 8 dis nee equal
to the halr.wavelength In the ter in a 2.5 em diameter, 12.7 em I ng glass tube cell dri,'en b 8 In Ie ull und

transducer located a' Ihe bollom.


