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O(/3f2'l_og._;)_a_mdlO_/,.{a)),,were _lJse, d!e_ermA_edL In, p,ar_i<_:[iar, we d!i;sc.o,ve.'redJ
a m_.tmJbe,_'of seco_n,dta_y. _eso,m,a_ees;t_t_ eu_iisedr,m._o,_,_e.i;._,tle_a_<tl,i:(,>__mo,a,g.

b

.paiirs:.of lb_ldb,[b,Lles:.A d!et_._ii._edaccornell of, vail}ota,s:p,l;'l,yskMteffects, l_.bat_,lbe(:ome

i;:_po,_t_a_,may }be':_0u;_d!iiza,Sb¢t}o,t_ li.Ii eli S;aImga_ii(]J99ilJ)).
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iis;t_ea_y a,Mitfi0,_r_. We allso p,_ese'a,_e_$s;i,_p,lle tfo,m_ldJas t]0,_e.-.s._i_itiimg l_lt_ese

2.I.3 At_e,n,u,a_i,o,m,o,f so,m,m,d_aves: at. llarge freq_u, em,ei,es

As: me_llliio,_edl i,_ Soc. 2.._.lJ, It,_e ag_eeme_it Ibetwee_ ttlJte O(//_'a')}tkeo,_y o,g

S;a_i; (i]J9;9(II))a_4 t_e expe_i,me_ita_ d_ita_o_ Itlt_e_it.ite_ati_o,_ ot_so,_3 w._ves

as; repe,_tledl Iby S;i,llbe_zman, Ii195,7))}s: exceill'e_it a,_ g._eq_tt=e_eiies;¢om, p,a_a,lblieta,

! an,di be_o_ It_e mso,_a_ce gi_eq_._e_cyo,g g:Ne b,_b,b,_e,,s:.Ag lbi,g,h:e_ g_eqltu_e_ci_es;,II , ,

I ,¢i [io,weve_,, l_e_re, iis.a co_siide_alb,_e _itsc_ep.am_y be'itwee_ It._e It_eo,_y am,d_ Itl_e

expe_i,.me_t_s;. Fo,_ exmr_p,lJe, Itt_e ait.gem_a_iio,_pmdi,elied' lb..y,lt_e It[_moeyiis albo,ltt,it

50_ to. 71I):01pe'=ce_tt biig,lk.e=tit_,a_ It.he expe=i, me_italJ valJt_es: nIt. l_eqj_e_ciie_, two.

to, _ve. til,rees; It_e. _eso,m,a_ce. t_}eqju,e_cy,, even, t_o,_/31as: s.m,MJIlas: O*.O!lJ.Tlt_ii_

_ d_,t_e_e:a,ce w:as: some.wI_at_, p,_,zzllii_g,, aa,4 l_h,eee'tto,ee we u,_de.._tootl: a sepa,_a,te

s;t_._dy Ito evall|maIte aIt.t_e_u,atti.o,_ vi,a, _me_iicall si,=_,IJaIti_o,_swi*t[_ou,t i,_voki'_g

ti_e _ss:u,mp,Itiion,s: _ega_din, g. l_[_e,mag,_,iit.ta,de o_t!l_£e vohwme tf_acti0,_, th,e _ati;o.

etr eadi_,_,s:o:[ t,ge, b,a,b,b,i_es;to, (_l_e.e't_ecti;ve wavel.le_g{I_, o_ e_e com, p_essi;b,i}lliity

o,ffIt[t_elli_._,t,iid p:[h_,ase. T1_e _es:u,lll_s:o,f s._¢t_ am,a_ys.iis:serve as a_ ii_d_epe_d_ea,t_
c_eck o,t_ l_[_e.Itl_eo,ey am,d MJI_o_ _s; _,o ac¢oa,_, go_ o,l_l_e.rei_ec_s, sm:I,_ as th,a,t.

o,t]'si;ze am,di s.p.atiiMIdti;s.t.t'i,lb.tt,tiio_s, og Itke b,a,b,b,[les;or tge m,o,_ad[iiMbati:c tt_er_al!

ei_ec_s. N_o,_eo,ve_,.lit was: s_t,gges:ted! [,n,S:aa,gaMi {]]9:9]])ithat the. o|_,t-of,lp,base

mode eesota,a_,ce, e:_ec'_s, lbefiwee_., tke pM_ro,t_b_lb,b,l'e._:cormMilbe _.espo.m,._iiM!e_'ot_

fbi,s: lJaege di'sc_epaa, cy. Tbi, s mode occ_,_s: o.n,liy at _'r,eqru'e_ci,es: g_ea,f,e_ ItIt_an

the. reso,m,aa,ce a_4 we_e _o,_. i,m,cii_deg Jim,l_l_elIl_eo_y as i,t com,t_iil>u,tes ge),t_e

atte_et_a, tiio,a, oM_y at_ O'{/3'_'t'_)),nra,4 Itl_e _es:_,lltiim,ga=,alJys:is: [o_ dJeteem,i;.a,i,_giit
am,MJytiicMi[/ywas. q_u,i,l_eica,vo[ived',.

We. dievet_opedi a scheme go.e_i,g0mu,sliy so._vi,mg Itl_e mu, lit:iip,l!escat teeii_,.gp,mb.-

_e'm vi;a dliir..ectr_u,me_iicali s:i,m._diat_o_s. _, t_bi,s, we ¢oa_Ib,i,_e tke _se of, p.lia_ar

pe.ri,odii,c s:i_m,g_lJar,soha,tiio_s, deve_o,ped ea_]Jre_ by S.a_ga_m, aa,d Be_ (]J989)

_'o,rsollvii_g rso,MJocMip,mlb,_ems: i'._ w'bi,cE tee ave_age_,$ <t!,_a,m2ti¢i_esvar;y: o.ver tilde

_e._gth,sca_e co_p,aealJ),_e, to It[tie si_ze o.[ It.ke elji's;peeseg p,li_ase, w,i,t_ a sc_eme of
i ' i ,_ ,n, Im,u,lltiip,l!escat teei, t,_gcallc_Jllat.i;oa,s: d_evelo.ped_ea_lJi,e_ by Ra,yl!ei_g]Jt(Ii_9_.),, E.wallg

{1_9_6)_, am_ __werskv (1119:62)).T'h,i's: tJea(is: Ito a,_ e_,gem,val!_,xe,p,m,lb,_e_ go,_ d!e-

te:emiin,i;_g. Itge e'_ecti've wavem_mbe_ F a_,4, [_e_ce, film aItItea,|_,a,_i_o:_o.[ tge

aco.u,s_iic waves;. We go,_m_&Itb_t t biis go,em,u,lJatiio_, wh,i,ci_, _i_eect[!y d!etet'm, ii_es

P i,_ ti_e Ib,_lJlt:o_,'tt_e diis:pe_siio_, act,a,a,lll!y_as: mu,iltiip_e so,hwitb,o,m,s:,especi, a,l!|ly'

a,t f t, .. . . .']:e9 _e_ciies:a,lbo,vel_._e,rese)_a_ce [,]mg_rem,cv, am,di It]J_),s:poses, some m_me]zi_-

i III i, , 'III i



ea].ie.[E([_icl¢lJ_,iies:ii_ d_e(_e¢.giim.,g,g._e,sm,M[[/es:tLeiig_evalJ_¢e,,w,D_ii¢|_ks:g_e. om'e t_[l_._giis

hike[ly go, be o,tb,'se_vedJir_ e_pe_i¢:m:eNJs:.We may _o,l_ebege dh,ag.,,ag _£1jiille _;,, g_l_e

p,ues,'sa_t,:mv_ifa_i¢o,_s: i_ ILl_m.lb,Cb,b,l_esare,ap,lp,mxi_m_atle_yJJ$Oidleg_ee o..l_-o,[_-p,l_se

_-e_o,_a_,c,e,/hre_tm_cy o,f t_[!mb,u,b,b,lles,,,a_dl g_t_s',lille b,udblb,_e,_a,tbel_aJve as; [,_t_h,,ey

_a,ve a _eg,_ve co,mp,_ess:i;biilEig?.As:a co;_seq_e_¢e, l_,l_eh,_mb,b_lJy_i,c_dbe-

t_aves: as: am aco,_s:tIiicall.lJyo,p,a@_e medli_u,.m,w...iitL_lllim,i_.ml{e_s[it_y(,>_so_d si_a_p,_y

dec-treas;ii_g expo,ta,e'_ll.iia_JJ_liywiigb l_$e dlii,_;_a_ceii_t_o,t._e. lb,_t,lb,b,_ymedlhm.a_.. Tbpo,.%

iii*.i,s. _o,1_ap,ltt,ys.i,¢all l_o._,ave. m_a,.lltLi@!eeige_vMt_e,,s; go,_ t_h_s:p,m,b,lJe_ atf, _i,gt_e_

tffrequ,e_ci, es;. Beemmse o_t_ltta,e m._.me_iie'a]JdJiit_j¢_dllftiesii[_votlved i_.ta,del_e_r_i.._i,ta,g. tge.

s;m,aJJlJe,'s;ge:iige_vah_e o_gtitre ms:_,.lJtt[_.a_geqlu_ag.i'o,_,%:w.e s:_bse_,:tjt,.t,e_t_t_y_seg a di_._e_-

emc tto_mtdla_,iio,_ii_ w'h,}eb we. ¢o._,_iid!e_edJp,mpagafiio_ o_t[_o,,m_dw,ave._: t{[_m,_g_

a t_in,ill_eIlaye_ o,[ b_b,b,lJy [liiql_tt,i,dls',..Tlhe so,[l_.iio._ o..t_l{.M,s:p,eo,lb,lJe'mi,s:giive_ lb,y

('2_' 1"1; /_'

{2))
]]:_e,_e,we _t,ave _ss._,m'edlghats,t_et_e,i_s:a_pe'_i_oSii¢iil*yii_ _am, geme_t_ o,t_l_[tm

b,_t,lb,lb,_es:i,_, t_,l_e,x'_:- za.. p,[la_e,: "r"bei,_g tt_e area. ot_t_e _tt,_i,t{ce.lJli.Tl_m ii_]_¢iid!et_t_

wave iis:i,a g._e,x_ di,._ecti}o,_wiili_, ttke eo,_esoo,rcdi.,_g, wavema, mbe_r i,mp,_t,_e.[liicljm,iid

ec.l_U,a,lJto k,,, am,d _ i,s.tke am_p,lJi,tade og l_e vel,'oc'iitypot_e_t.',iiMI,x" i;s;t._e ce_l_e,_

og a _rep,_rese_tat_.i,ve. b,adb,b;lJee aad H i;s;the p,_a,m,a_rperiodi, c sii_guea_ so.[I,_o_ o,_'
l;ge _eljmNo:lltz, eq_,_ati_o,_.E,,= iis:t,ge diiffere_lli,alt ope=al_o_ eelJM_ed!to, t.ge. so,lJii(,_

Y _ za:))iis:t,he so.[lii_ba_mo=,i,¢ og degree _ a_ds:p,ge_ri_ca]__armoa, i,es, Le., ,,_,,,,Va_t,,z _.,,

o_e_ m.. Tge_e awe 2_ + I_i,_d_epe_de_t ba_mo_iics: fo._ ea,.cb 'r_'. N i,s t[_e. totail

m,_m.[Itiipo._eassoci, a_ted wi,f,._t.ge b,_b,h,lle,a. [t_.tLu_r_,sota,t. l_._at,at. liarger [_reqj,_ea,cies

am,d [b_" /_:= 0;..0'1_,.the, alb_ve so,lJ_t.iio_ca_t, be t._t,_¢alie4 to ji_s;t m_¢_opol'es,

i:.e., terms: w.iitb _; = Oiii=, (2:)}, wiit_b a, trea_o,=ab,I_edeglree o:_,'acc,a,racy.. Th, iis

a,l[lJo.we__s: t_o,ear_y ou,t siim,tt,]_atflio_swiltONas. m,a_y as I O@ib,u,b,b,_es wiit_got_t_

_t_c_., diiNc_lley. O_ce _ah_emo,_opo{es: are det_erm$1eed 1_'o_"t_e g.i,ve]_, f.reqtue.a,cy

aa, di si,ze aad spat iiall di,s:t._ilb,ta,t i}o,_s:o_ t,_e b,,.t,bb,]Jes, we p,l_og,t_lJ:t,e[¢c,g_rii_,bmo_,'

t_e _ag,_,iit.,a,de o,t_tt_e mo,_o,po_e ve_s:,_s;lit;s:z_ ¢oo:_dl.i_at_e a_3 dete_m,i,_e tke

at tee, u,at.iioa, kom. ti.l_es_ope of lille liii_e &aw_ by bes:_ fi,tti,_,g the ms:u,l_tswiitg

a s:_,_ai,gbt lJi_a,eafte_ d;}sca_di,_g, gl_e _es:_ltts:go_ t.ge b,_b,lb,l_esthat were aear t_e

edlge o,_ t l_mb,u,bMty regiio.m Tge scat.t_e'r,o_ the m,agIa,i¢_tt,de o[ t.I_emo=opo_e Do:_

rbe. s:ttraigb_. [li;.aewas. _u£1_es;m,alll' iia, _It cases, we exa_.'6,.m:ed, a_d ke_ce, t.bi_s

5_



o,[J,S;_gaJM,i:II,_")_,_9):11))a_di,, l_]Ji_uu.%s:_t]b.s_ll.iia]j]ly]M.g,lJm'_'l_.[l_a_._e expe._iimsml_a]JvMJ_es,..
%re alJso,ca_i,ed_o,t_,l_,cMJc_lJalffo,_s:ii._0w,l!_iic_i_e Ib,_tdb,lb,IJes.'s:iize_iis.__iilb,_tttl.ilo,_was:501

pe_ce_l_, po,_ydlils:lpe'_se_a_ [fO_._ _._atI,l_iis; ac'th_Ml_yms'._mlJlIs;[_ evet_ _i,g_e_ vMI-

dli_s:l_,i,lb,_.la.iiom,was: _o,ti. ,_Migo,em,,,_'dl l_h,iis:lloo, _es:_.lll_e_i,.L_[h_,iigJt_ervMh,,es. TlJm,s:,

_dl exipe_iirr_et_Da;.We rcow }}.)e,[iiieve.l_,_ali.It_,e meas:_'eme_JI{,o,t_al_.l_et_a_,.[:o_:a_.

lJ_iig.[l.m_[J_eql_e_ci_es:by S;i,Illbe_'m,a_(!19!5,7))m,ay t_ol_.]be.very ac_,:'_'a_,e..
TlJ_iis:w_o:_[_{is._ea_'lJyco_p,]Je._edla_d,' a_m,a_scriip,l_, wiilJ]Jbe. saztdb,_'_iilt_e_lo,tr

p,_db,[lii.ca_iio,_s:l,_o,e_liy.

2.2; C:onvective flows

2;.,2;.1 Dyn, ami, c s_m,u, llati,o,_s:

s;i,._t,.lJal_i!o,_,s:o,IJlb,,_b,lb,_es._i,s',iit_gl_[h_,m,t_g[l_,a ]Ji_¢IjM,dL T_,iis: ,_:ii_aa,at.i_o,_iis,_ew,'ese_t,_a-
l_.iJveo,_t_.e l_o,ws:[i_ w'[t_i_cii__,_e mea_ o_ li.]J_e._'e,ilal_[_ve.l_:toJ_.[io,l_Ibel_weet_l_].lm._wo,

p,[l_asesi_s:_o,I_zeta,. Tl_e R.e'y,_o,]_4s:mm_lb,e._o,[]"l_ke._o,w, lb.asedo,_ l_ke._,.adliiu,s_
a_dl l_.IlmIm:_m,il_a]l _i;se.ve.]Joclil_yo[ l_[i]_e,lb,_]bJb,IJes.,,i,s.ass:_l_kaedl_o, ]be litr'ge ¢o_-

Rey_o]Jdis m,u,m_ber_lo,ws p.as_, a si,__gI!eb,t_,b,b,lle[is..e._se:_t_i,a,lllJyco_M_aedt 1_o,a smMJli

mgiio,_ _ea_ tlh_esam_'t_aceo,[ t,he b,_,b,b{es:. T1lm ve._o¢idly _elJ4 de.te_J=_i,_eg [m:m

t.ge. po,te-_,t,iJallor t,lke i¢_rota_ioa,all flow app,roxi,m,al_._o,_i_s:ace_t,_al_eto. l_.h_e:_ead-
b.r_gord!e];, ii.e..,.O,'I._e°),. eve_ywbmm i,._l_e lJiqI_i,d.T1Jm¢o,_re¢l_.i_o,_I_ot._i,s:i_s;all.
mos,t_o_' O(Re-t'/2')I a_¢{ coa,._i_edi to a fl_i,._bo,_m,dla_y lJaye_"o_'_ot_di_me.a,s:i_o_all

t._i,ck.t_ess 0'{ Re -t/2:) =ear t:_e. s,,m_faceot_tge b,,_b,b,_e.DMJi,ke tge fl2'owpast _iigi,d

b,i!_f_o,bj,e¢t_s:,tJo_ w_i,c_, a bo,_=dia_y itaye_ sep.arat.}o_ _eads to a_. 0_{1_)}devi, a.

_,.iioa,i_ t.l_e ve:[_oci,_yhorn. _e pote_tfi, a_ [_ow over _e mgi:o,m2_,:[,_at_i,_,wi,tltfllt,i,s

com0_paralb,_et_o t_e s;i,zeo,h'l_._e,ob,jiec'_, _,._ewi,dtt_, o.gt._e waI';e bet_,i,_d tke b,l,l,blb,l_e

i,s sma_lJ, o_ O{Re-_>')l, and tige ve._ociity co_rectli'o=, i,._t_e wake i,_ a_so sma.lJ_.

_t, i,s possidb,lJethat a lb,u_b,b,_e_i;si,a,g.i,a t.I_e =o_-4i_h, te gi,s.pe.es:i'o_, t bat_ we. we_e.

i;._te¢es:ted i;_, s_,_tgyi,=,g, m,ay ['eave bebi,.=,dl i,t. a _oa.,vaa,i,sli,i,m,g,vo_i, ciity wlt_iic_,,
i'.t_t:,_._a,,m_.:y at}]_ect,t,_e mot_i,o,_of, tli_e b,_b,lb,lJes:_o,lJ_o.wti_g:i,t. S:i,a,ce i,t i,s:q!_d,te

dli,_e,dtt to. d/ete._._i,_e _b.i_s;vo,_tiici,W dli,s,t:_i,b,u,_*o,_am,4 bts:e.lgeet o=, _ltm mo_,i,ot_,



s:i(m_JJal_.iio,_s.,we _ave ¢'a_i,e_ o,_, so,lives',[o,__l_.[_epo,_e._,i,aJIl_o_ airo,t_._di_a_y

v,iisco,_s: dJ.iJ_s;iip,alLi,o,m_w,iiiLlt_ms;p,e¢'ll,I_o_lit_e vel]oci,t_yoil l_._e i_m_iivi,_u,all b,u,lbib_e,s:-

a. me,lI,l_od _wsedllby B;iie,_;t_e_velJa_d} v.,a_ Wiljj_g,aa_de.t_ (11982} a_d_ Ko,k q119'890)

w,lJm,_e.t/e_n._i._edll_._ev_s_o,t_s:&ag o,_ tp.aii_o,gb,t_,b,b,lJes'.,,a_d t_:_eog._e_ iis:based]

o,_ exac_, a_a]Jysis:o,/Il_,l_e,vi_sco,_s:e'_e¢'_s:i,_ s:a_aJJIiamp,]Ji,_,.m,_eosei,_lJallo,_y_o,_s

b,y S;a_g._ii (11_%)_]J}a_dl S;a_g_ii,, Z,lJ_az_g,.a_dt P'ms:pe.m_Jti, i79,9:_?)).Bo{h, met_.h_-

oa: yi,e.lld i;,4e_l_.iieal_rallies: N,_ _,.he,&ag o,_ ii_d,'i,viidt,_a_ }b,u,b,b,[les:ii_ _o,m,-dii,lJu,ge

¢_.i_;ipe_sio,_s;.The seeo,_d me_.l_o:4,. l_o_:e.ve_,._.t_edl o,_,_ be co,_p,ta,_a_iio,ea]JIly

[/'al/_r_o,l_ee,fflJ¢i,e_._,a_dJ lJ_e:_¢e,alJ]Jl_._e.¢_yl_am_i,¢slii_,lJail.iiol_s',w.elm s',_b_eqj_t_e_0g[ly
car_i,edl o_i_,.t_ir_g: f_bati,metL]Jmc_.

To, keep, l_,_e&_alJy_iiJs.s,i,nNp,lle, w,e.as,$,,_.medJgtt,_rt_,ltm_lLhat_,t_._eW,'ebe:_ mtt_:_lbe_,

w]_,iich,i;s;_,[_e_a_.i,o.o,IIi,_e_g.i',allgo,s_,Irgacel_en,sio._ Ibr.ce,%.iis._.ma]3_com,pa,_e,_I_o
_t_i_l_yso IL_e4,_,h_eb,_,b,b,[les;m,ay be. ass,_.me__,o_e_,l,aJ_,_s;p,]Jm]i_ca]l.We g_i,_e:_
ass__med)li.]_ali._._e b,u,b,b,]Jes:_o _o,_,,coMJesce.,T't_e co_d.i4i.;o_s,o{ ]large _ey_olJ_s;

_t_r0._be_ a_ff s_a]J.lj weber _,,u,_be_ azte sa_,_s;_ed)by b,u,b,b,_es:ap,p,ro,xi,malm[!y 1_

mm,. ii_ diiame._e_r. C'a_re,lf_lJexpe_ii_me_l_a]_ebse,'valliio,_s; o,tflffm.diy_az_iics: o)gpai_s:

og b,u,tb,b,l/es:ap,p,m,xiimal_e_y li m_. i,.a s;iizea_e, _epo¢,_edl by Ko_k (1i98:))). _e m-
po,_ge_ _,._al_.,.wlJ_i_eb,u,b,b_es:i_t_p,u,_e,waf_e_rge_e_a_liy coalesce,, a_ adtdi,_.i,o,a,og a

s:_alJlJ amo,u,_tl o_[,_,_rtf_ce-actiive i,.r_p,_ri,lty p,revea,_,ed,' b,u,b,b,_es:_'m._ coallesci,_g.

t_e [itt,._ltge_._o,ted_ t,l_at_.,,i_ t._t,e lJat,t_e_s_b_ag$o,_,, t.he b,_b,b,l_es bo,u,._ce&' away

gro,n_ea¢_ o,t.l_e_ _ali.l}m_i,_s,_a_tta_eo,,u,s;lJy.Re allso, co.._pa_ed t.ge observed tr.a-

jieceodes, o,[ _e. pai,.rs o{ b,,,,,b,b,l_es:witi,]_ (the co_=e,_po,m.,di_._gt_ajiec_od, es: evall_ated

u,s$_g li.be po,liea,t.i,a__o_ ap,p,mxi;matli,o=, a=d 111_,ev_sco,_s: threes: es;li.iiraated geom

li._e dli,ssi,p.ati:oa method t mem,tfi.oaed ea_'lJi_e_"am,d tbu,_,3 an excell_e_t agreemera, t

betweea t_e t_w'o. F.}n,all_y,,_e al_so carried,' o_t. experi}men, lis;i'_ w,bi_cb glumco_-

cen,t._ati,o,_ oil t,hes_gace-acti, ve i,mp,u,.t'i_t.i_es:was: bi,gb,. a_ff gou,=g _,.b_at.a wake

o.[ [_.i;t_e s:i,ze [orins: beb}_d t.ge b,,_b,b,_esa_d t.bat, t._e pote_ti, aJl _o,w ap,p.rox-

i,mati;o,_ lh,rake do.w= [oF s_ck hi_g,k co.._ce=teati, ons:. Tb,u,s:, the caltc_._ati,o,r,s

we ca_ied o_. a_e _.i,ke]_yto, ap,p,_y _,o systems i,n, _¢_}c:ka s:[liigbtamou,_t of
s:u,._gace-a¢f_ivei,_-_p,,_¢i;gies:i,s:pr.ese_L

_ acco_da_ce, Wi_.__[_e abo_e, experi,n,m_tali obse_vati_o_s, we ass:ume _._a_.

w_e_e.ver a_t,y_,wo lb,_b,b,_es:co,_i,d_e,tLhey bo_ce back al_mos',t i,._s;ta_,a_eo_s;[ly.

At fian'ge Rey_.o-JJdls;a,u,m,bers, li._'evi,scous et_ects are =eg,_iigib,_ea_g,. f,.lke_el_'or.e,



m[Jatti,ve mo,fi,iio,_o,[rt_.h,eco,[l.[liidlii_gIp,_ii_oi[ b,_lb,lb,_es:_eve'_ses:iii,s: dJiimcl_.i,o,_l_,po,_
co,]Jl/iJs',iio,_,,ji_s',(l,_,_:i_.__,lJm.case, off t_w.o,ella_',ll,iic,_:Ip,ilm_es:co,]JJJ.iidli,_g[_ vac_,_,.m;,lb,,_l_.
_.[Jiilke lfilm, lJall.IIe_c_se.,,we. i_dJ 111ball,ll,]Jmve']Joc-iil_yo,i_a[llJl_.l_e.Ib,_lb,lb,lJes:i,_ l_.]Jm

dJiis;Ipe_s;iio,__so, _dle._go, _ dl_a_g,e,i,a l_.l_,eii_ve,bdilfi_es;dl,,_,fi,_g_,.[_e¢o,[l]Ji,s;i,o,_,.S;i,mc.e
It]Jmlb,_lb,lb,]Jes,_e e._,_e_n,g.iiaJJ]Jy• _ass;lJes_,,,l_,_eyeo,lJ.lJildJeii_ _',_mc.]J_a _a_m,,e'_so, a-s:l_o,

co,t_._e._vel_,[J_el_o>_aJJmo,me_t_,_m,am,dl k.ii_e._,ii_ce_e_gy o,15l_.lJ_e[',i_qj_i,dJ,.a,_dl l_i_s:[,s:
po_:iib,[le,o,_]Jy ii.[__,_e o,_,_e_"b,t_b,b,]Je_:adlj)us,_,(_,_eii_s:pee_s:so, as; _o,_cco,_lo_e

_Ve.dJeve_o,lpedJ_ _u,._le,_'iic.a[l_el_,_odJl_o_s;_.t_ti,llal_.i_o,_so,15l_]Jmmo,lfiio_ o,_]b,_.-
lh,lies',_dJe_ lfiJm.¢o,BdJ_l_._o,_s,dJesc_i,l]llbedla]bo.ve. Cb_sliic]Je]zalb,lJe_t_.l_e.t_.i_o,t_was. dJe-

vo,_,e_ tlo m,alt:i_t_g,t_._e co,E,_lp,t_t_e_cod_e [o,r so,IJvi_l,g,tri.trui_t_e,_ac_{,o,_s,amo,_g, f,,_e

lb,u,lb,lb,IJes,a,_:e'ff_ci_e_t as, possi, b,l_e. Wi_t_ ca_e.lhdJ Ip,mg,_m,_i,_g. a_d Irl)m,_se o15

vectodizafii, o_,, we we._'e ab{e rio,_-edltt,ce t_,l_eco.mp,,tt,tat_}o_alJ t i,me lb,y two, o_de_s:

o,15_:_:_ag,_i,t.t,,de.o,ve_ a Ipe_:tiodot_ o,_e. yea_'. As, a _'es:u,.tlt,.t.lJm CPU t.i,me o,_ t_.tJ_e

s:upe'_co,=._lp,_ml_e_at lflJmC'o,_e,lJlJ:l?1_eo,_yC'e._tm_ {_B:b{:_0;90i))t_o,_so,lJvi,_t,gtIo,_t._e

i,n,l_e_act.i,.o,_amo,_g,aOib,,_t,b,bSes,p,llaced _a_dJo,_]Jyw_,.b.i,_a_,_,.=,i,t.cetl]ji,s:_o,w _es,_:
I_]_;._2s,. A _,yp,i,ca]JdJy_a=,_i_cs:ii_mlJal_,i_o,_w_s. ca_i_edJo,u,l_.15o,,_,5,_,o,II0! lflh,o,_sa_dJ

u,_¢._e_lflJmaifo,mme_l{iio,_ed_co,_diil_.i_o_s:iis:,_s,t_alb,lJe_dJ t_a_ l{.IJmlb,_Ib,lb,[les',f_'o,_

l.ia_ge, aggregates, tb,yat'lza_g_g t_._em_e:lJves,i_ l_.l_ep,lJa_e _,._'a_sve't'se1_o,_e .dii_ec-

_,.i_o,_o,15t.lJm,mea_ _e,lJafiivemo,tiio,m TIlmse _gg_egat_e_; t_o,_:t_eve._ wlJm_ t.IJms;iize

4}s;t_fi,lb,t_t_o,eo,[ftl.l_eb,_t,,blb,_es:ib. _o,_u,_iilfo._m. T'_e ii_s;talb,i_]Jiityms;u,_ts: p,_i,m,aeii_y

kom, t.[i_,e._tu, se o,[_i,._e._t.i,all ii_t_e,_act._o,_amo,_g, p.aii=s:o,ffIb,t_b,lb,l!es;w,_.i,c[t_cau, se

t_.ge:m_to atifl,_-ac{,t{o.wa_d eac_ o{.l_m_rwt_e_ t_.t_eyail.i,g_ed i,_ t_be ip,l_a_mlpet'pe:_-

4i,c_.lJa_to t_l_eii._ve[bciit.iies:a_dJ to _epel_w'_e,_ alI.i,g_edii,._ (t[_.msame dl.i,._ecl_i,o_as:

[forces Iftt,._e_ fa'aci.[liil_a_esi,m _e [o_r_al_,i_o_o_ ip,]Ja_a_aggregates;. ]_ [_actl,i_,

tf_,e i,_i,_i,a]_ve_oc_0,y dli,s,_._iib,_i'o_ o_"t_e b,t_b,b,ites;i,s:_:u,ff_ci;e_[(y _om:_.i,l_o_'_r_(50!

_o_=_t_.i,o:_i,_ t.l_mviseou, s: t_b_'ces:are abse=t.

We go,_.d t.,_t t._e. averaged p,mpert.iies o15the 8i_s:pe.rs:i}o,t_s:are p,mt_ou,a,dlliy

att_'ecfied_by t.ge. [orm, at_.i'o._o_' t_ese aggregatles:,, pa_fli;cu,.[lar_yat, s;m,aJ_.lte._"valtu,es:

o_, t_3'. Fo_ exampl'e, t._e adiffedl mass: coe:_c}elrl,l_ [or _= i,_l,iitfi,alilly u,n,i;_,ormar_g

r_,dlom s:p.at.i_a_dli,s_._i,bu,tfi;on,oi _h,e b,u;b,b,i!es:i,s:ap,p,mxi, m,atelJy _.3 l_'o,r/3:: 0!._,,

' ' 'II le , _ ' I ' _' ' 111' ''n



_ ag_ee,me_ll, w_i_ttt_wlJ_atiwe [fo,_dl ii_ fi_e ._i_dy o,tfo_¢'[_U_a_o,_y_ow_: dese_i;bed

coe,I_c:_e_tt badJ ii_c_ea,_e_ l_o,abo,t_lt _. S:iim,i_a_y,, biig,_ va_e._, we_e' a]J_o,o,bse_vedJ

/_0,_tt.li_eviisco,_s: ¢_a_g:coe!ffi_ciie_tl_:.

21.2;.2;Diis:persed ph, ase s_ress: ten, so,r i,n bubb,l!y 1;iiqiu_iidis

I_ tt_.__s:tt_,dy we co,r_s:iidJe_ed_,._eIp,m,b,llemo,t_de_iivi,_g a. _et_ o,t_ave_agedl equ,a-

_iio,_s;t_o,_t!he t]]Jo_,_:ot_ b_b,b,_y _iiq_,_i,d._;.The =o,ve,]Jt_eath_e olt flh,i,._:work iis:_,_,m

de.fi,v_l_,ii¢_ _,II It_e exlP,m,_s'.iio,_IIo,_ lfl_e:_i_e_s, l_e,_so,_I_o be. _ed i,_' t._m.[o,_¢e

cg.I Ua VI 11 . , ,
4re_a.

eg't+ " = -flY. 5_v+ l_2r¢_e_C,e{_--- - -Ua')}

w']Jm._'ea__s.li._e t'ac_h_,o_[_l_.]£eb,t_blb,]Je._.,.Oi, fi_e d_.t'ag,¢oet_uct;e_,,,,g. _,.h.eg_aviil_a.

i,rap,,_lJse _e'_ed_ by

=< - _,J _,n,d/S'>,. {_)}

/,

I

t.l_e,iJ_teg._alI be.ii_g .¢aefiied ove_ li._e s:_'[_ace, o.t_a _elp,m,_e_t_at.iiveb,u,b,b,[lei,_ tl_e

di,,:.pe_,;iio,r_arid n t.l_e t_Mit, o_t.w.ard r_o,_ma]Jorr s,,_cb _ s:,u,._t'_ce.'T'lJm art_gvt,[tar

b,_ackets; de:_o,t_e,t.ltm,o,pe._a_iio,_ol__ve_agi/rrg. Fi'_alJ.l% _r i_st.l_testress ten, sot.

T'_m g.oMJ o.ff_lJte arrMlys:ii,:}s: _o, d_elie_r_.=e: tth:e ._orce a¢li.ii_g,o:_ a _ep,_ese_-

_,ati_ve b,,_b,b,lJew'l/_[i¢[_i_s:}._ ti._e _i_dst, o_r a c_iJs;pe_s;iio,=w,_e_ tgere t_Ire s;p.at.i,_l!
a_c_ter_po,_all va=iiag._o,_s:ii_ ti.l_evo,llu,me frac_i,iior_art.d,'like ve._oci,ti,es: oil tibe two

p,_a,_es:.Rh.,e:te._m o= t.[_el.*efl_.l_a=ds,dle o[_{3)) iis:tge _s'.tt_al.'added ro,ass_o_ce
a_d ca_ be exp,ressedl i,_rt_erms: o_ triamaddec_ mass coe_ci;e.a,t_ Og by mea_s, of

ii

l= p_ I_C_I13a- U)i- U_]l. (5,),

_i T'_e ,second arid _._i,rd t_e_ms:or_ _._e._i_g_l_t_h,arrd,' s;i_e of 13))are _._e t_,_:t_a_vi,sco_s
arrd_ b.u.oyan,cy _'orce_.. T$e exiis;t.er_ceog a term correz:po_di, n,g.to. t.ge diispe_sed

I! p.lJ_ases._.ress t_e=sor,, as, rep,reser_ed by tthe _rs.t. term orr t_._e_iig_-_raad* si;die o_"

¢ i{3)) _ats: beer_ pos_._lJatied [_or mar_y years: arid b_:belli,eved _o.p,lJay a_ i,mportar_,t.

ro.[*eiir__:tabi;_i,zii=g ft.he voi,d tfracti,orr waves:. A term s:iimii._ar,to t_._is h,as beert

'|'

I'



3 FUture work

T1t._eo_sciilJ.Iia_,o,ry{to_s are, r_o,_ reasonably we_li _r_ders_,ood a_cll,. _et_ce, t.b,e

researct_ _i,l_ gOCL_S:mos:t._y o._ t.i_e coa,vecti, ve fb,ws. Tl_m ap,p,roacb wi,[t, be

t_o co,_b,ii_e t._,e: t_eomtiica_ }deas: ko.m s:tati, s;t.bca_met.bribes: arid dyr_ami, cs o._'

g_am:_._a._medi, a. to dyr_ami, c sim_ati.,or_s: o_"_o,ws; o,[ b,t_b,lb,_y_b:_tfi,ds:. At t_e

same tj,me,, at,te_t.i_o,a wi_ be gi,ver_ to. improvi,_g tfu,rt.l_mr t._e e_cie_cy of, t.ge

co,r_pute_ code for similar iotas: aad to modi, tiyir_g i,t so tl_at i,t ca_ a_._o,w,us: to

gai,r_ i,n,si:gl_s: i,=to the tto_s of, bubb.}y Ili,c_ui,ds: t_}_at,a_e mo,m comp,_i,ca_ed.

Tge tes_ts: of, ottr dy=ami, c sim_at.io=s: described i._ Sec.2.2.1i s:litowed

_0



t_h,at _lle _andom s.ta,te o_ bubbly liquids is u,n:sta£le a_m$ i_li,_t l!_ge p,lla,m_

_gregaJtes fo_m as a result,. An obvious q_m,_ti:on_tl,_t _i:ses ils liow eeMiis.tk,:

am.ethe condiitions aa-ld a_ppm_m;_tions t h,_t we=e. mad'e in, tl_ese' si_multa,tions7

• This is p,_ti!mfl'arl'y import,_nt since such aggregates ,_e' not _ep(,_ted{ l_y
(' ' (_ } 'iaay experimen,tM invest,iga,tions on dispersions. Nok (_983) di,d/obser.ve tb_t

pairs of bubbles Mign t,hemselves i.n the pla:ne perpend_iic.u,lam to, the graad;ty,

but that, is the on{:y stud.y that we a,re a,ware of wl_i!da repc0rts tl_is tend'ency.

i_{_tuszkiewicz, Fl;_mand _d Boure' (I987)l_,_ve reported a_n_extensi_ve dia_t_

on the void: tim;ct,ion waves. They found stable void gra_:ti:on wzwes fi_r./3, l_ess

tha.n ,_bou:t 0.25. _md unst_bte ones. or transition Dom_ a, bu_bM_r go, a, sh.rg

flow. for higher volume rra.ct,ions. tower,: ", t,hey report, tl_,_t the fl'ow _va:s

turbu:lent (superficial velocity of the flows x_,ere gre_ter _h.a_, 1 m:/s)i, l_(ost

of the assumptions we have made appear quite reasona_ble, bu,t there a,re. two

effects tha.t wa.rrent further study. The first, is the effect of nonzero vorticiity
distribution. _nd t,he second is the effect, of turbu_Ience.

Iin non-dilute dispersions _t finite Reynolds numbe_, the flow ma,y not,

be regarded as irrotational since the vorticity distribution mw be siigni_ficamt

even though the mean vorticity ma;), be zero. One possiibiEty for modbl'ling

t:his effect is to. ,_llow for random forces acting on each bubble during simu,la-

tion. This is similar to Brownian dynamic simulations of collidal: suspensions,

except, that, it, is unclear how to relate the me_gnitude of t_he r_ndom threes to

the vorticiW, ge_m:rar._e_d _t, the surface of t`he bubbles. At, anrv. r_te, before do-

ing _my simulations of this kind. it appears that first u,nderstanding i;n detail

some simple cah:ul,_t.ions rega,rding the vorticity distribu,tion for fl_owpast _

sing'le bubble is essential. Therefore, we aze currentls_ studying the rigorous

analysis of Kaag and Leal (1988) on the viscous effects _t large Reynolds
number flows past a single bubble. These investigators h.ave obtai_ned: _ for-

ma.1 solution for the vorticit,y and the viscous corrections t,o the veh._ciity and

pressure. They showed that although, the actual expression for the viscous
correction, to the pressure is very complicated and: involves a detailed knowl-

edge of the vorticity distribution for its determina_tion, it is not, necessary
to evMuate this distritSu,tion if one is interested only i:n evM_tfng the dr_g

on a_single lmbble. This is boca, use of symmetry in the flow around: _ si;ngle

bubble. I'n fact, _.he dr_g evMu_ated using the dissipa_tion method descri,bed'
"_'cain S,..c. 2.'2 is exact to O(Re -_) in lab.is case, We have extended this solution

f,o _he case of many bubbles and found that it is now necessary to: ev,_lu_te

the vort, ici,_y d.iStribu_gion. Thus, i_ is not clear how, ii' at _ll, this method:

!
4
ii

...... , ..... , "_ '' 1_ " III ' I " _ll



wii][li_ecoa..ci_l_e_wi_ti,__he.dlissiip.aiffom_met'liodi tld,at w.e l_sedli_n,ti_e.si_m_fl;alli:om_o_

Idie, mo ti:on_o[Jm,aa,y ii_te_a_cl_i,m,g]btdb,MJes._'l_e, foL,m,M!sollu_lai:on,of ];(ang, andl
ll,eMi _11988))iin,vo[Iv,es.d_ecomgosi_g tl_e vo_tiieiil_yira,to, po[_oiidlM117,i:e_d!s..We. h,ave.
been_a]blle,to, i_eg_ai_e, th_s:vol?t'iiciity eq_1_ati:om_to, o]b_i3ui_a sell of ordii,n_a_ydliG
ferera,tiia]leq_,a_iOns i_ tiime, I_o_llhe i_,llegral_.s,o[_tl_ese po['oiidiMl d'ecom@osiiti:om_

over _li,e. ];_ou_l.d!,_yllayer, _eg!:o_,s:of/e_ch, l_o,w.. At p:_esen,t, we a_e exa_m_ilm,i_,g
tliese, eqtu,al_io_s: t_of t'lle, speci;M! case. otJ t_w,o,}5:td551_esto, lbett_e_ ,,,_,nd_erst'a_dlti;:m.

.. . .._ellati!o=, bet,ween, tbi;s: ex:_ct, _m,Mtysils,o:_ tlie viiseou,s: et_ee_s, to, the d_,ss_,p_t_on,

megiked_., l?gis lioped: that; wiffiN,,_ 15e_t_e__md'er,sllandlira,g,og the. _,atu,_e o{ vo,et,ii¢-

' iity diist,_iib,_liio=,, iii may become possiilb,PeIlo,ext,endl lit to, siimadlati:on,s i;=,voltvii_g:

man,y bu,l,bM'es-

W.e sli,MiliaNo exam,lime tile efl_ect of [tiiqad.d{tu,rtb_d'e=¢e.. At th,i;s poi_m,t, i{t'

seems tli,at a r,iigorou,s approach, is: =or possiit>]2e. Now.ever, sii_¢e [:_fi{_l_yext,en:-

siive, diat,a a_e' avail}M_D on, tlie. bu,blSlsr fl_o_s ilmtl_,is eegi_me (see, foe exam,pl'e,
M_a_tuszldewiicz, Pliamamd= a_4 Boule' 1!!)82),, i_t m_y 15e.wo_t,h,wbiil'e to, test'

some simpl'e ideas: rh,mug!l, si,m_,_,llatio=s. T1;_,u,s:,for exam_gle, we may ca_y'

ou,t, si,muliations i,_, t_tie a_bsenee of vi:scous am& g_vi_t,ationMi forces. P¢_" th_is

siitu;atiom the ki,met,i:e energy amd_ momen,t,u,m_ a_e, i_va_iian,t tfl_mou,gho_mtthe

si:mu,l'ations and depeud on, the iird,_i,M'vel_ociity d:i_st,riibu,_ioa,of the busbies.

Correspon4i,n,g to, dliiff.eren,t vel_ociity' dist,_iibu, ti:or_s, i,t is possiibi'e to, est_ma_te

va_ri:ous average proper t'ies, of the diispersiom _md{i,n,part_icu,li_e, iii, is easy to

evMiu,a,te tl_e _eyr_oliSs st,_ess i,m rite lliq;ui4. 'gb_,_s, o_e possiil,Siiliiityis t,o._elta_te

various prope_Jt,ies t,o the. _eynoi'd's: st,tess a_m4tl,_en,to. so[_ve _he. a,ve_a_ged',eq!ua-

t,ions for tl_e sgabiliity of the void; Dact,io_ waves for wgicb exper.imeaaM dlat,_

are _vMil_,_ble. The st_lSi_l;iit,yamM}ysis t_e void g_ct_ion_ v_ves shou,14 be carried;

ou,t by i,_cludii_mgthe =energy eqa_atio_ fo_ the 4ispersed ph.ase i,n_add.i;ti:o_, to,

the usuM _con,_i,mdit,y and' momen,t, um eq,u,a_ions.. S;u:eh_an: energy eqa,_*,_ti:on;li.as
been, deriivedi by us, and al_l!the q,u,am,gii_ies:rh,at appear, i_n,i;t can be &t,e_miined

di;rect,1;y grom d,y_miic si_mu,l!;_tion:s. We may also need! to ad_d an, _d'N;tion,all

term, lm, the energy eqa_,_tioa_ eor_espondieg to, tu_rbu4en,t energy prod*uction_

so. th,_t a_t st,e_diy st,a_e, wiit h no, g_adlien,ts i:mft:or velociity, the r_te of vis_:ous

energy dlssi,pat,io= must' eq<M the tu,rbu_Ien,t energy peodluct, ion.
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S;iil[be_n,t,a_,£i. 1t915,i.qOu,_dlvelJo¢ii_y and¢ at!_en,u,a_i:o_l,iin_[btd>b,l_ym,i,x_u,_es:mea-

s_,_edl _ s_andlii_lg waves. _. _¢o,u:s_'..4m;., 2,9, 9_'5;.

Tw, e_esl_y V. 1196;2'0_, scaiitieriim,g olJ waves: [by _amd'om, dtiistleii[b,a,tliio:m_s:._. Y_ee-

spa.ce scatitle_e_ tJoem,alJi;sm,, di. _frrt'tk Pl_ys..,_3,. 70@i. "
I _ "van, Wi/.i_g_a_den, L. 119i76[_ydJmd,ym,am,lrc i,n,_e_ac_i?on,beilweem, b,a_lb,b,l_esiia,lliiq:-

a,id;. di. FlWid z_e¢/_., _7,. 2_.

vain, WiijgaJa_dle_ L. am:diKap,teya, C. 1/,9,90!Cba, een, ti_af,i?oa,waves: jim,dli;llu,te lb,u,tb-

lb,l_e¢lliiqltdidlm,iixtt_,ees. ,.¢iFl':_dzde)&d_., 212, 111_11.



4 Lis, t, of publications

T1_e.pldb,[liicaMior_,s;Ib_sedlom__l_ewo,_.[_:eUes¢_iibed[{m_eam _iis.lledIbei!o,w.
U'rvp,r_n_'

S:a_Jg_m,i,A. S;.. 119:9J11P'aii_w_se ii._tle_ae_i:on,s' tlt,_eo_y lbe d'e_e_m,i;_i_.,_gt_e: lliinea_

_¢oa, stii¢ p,mperti;es: o_ dtiiltu,_e,b,a,bblly lliiq_,iid.'s,.J. FI'_g MTed_. 2'3'2, 22_-28>1_.

San, ga_ii A. S;.,,Zl_a_g: D. Z.., a=dl Pmspemttfi, A. 1199!11Tlke added' ro,ass:, B_sset,,

a_d vii_cot_s:dl_ag coe_;ciie_ts. Jim,=o_-dliiJl_lte b,_bb,lly Uii_,i'4s: ta,n,d!ergoii_g sm,MJb

a_p,lJii_,d!e o_ciilil/a_o_y motii_m P&gs. Flvi_s A, 3, 295,%29t70i.

Ta, c_p,pe_rr

Pgosp.e_eli_1,A. am,dl Saz_g_m,A. :,.. _1_99,2:))Ntt,mem_callsii_tdla_io_ o[ _L_emo_iioa,
o_ p_tl_iicl._es;ag iIasge R:ey_,olldls:rn,u,m,be_s:. Ch,ap,.. 281 iim,P_r_'i_cz#?_fe TWo_.PI_a,_e

_rsd'er review,

S:angan,i; A. S;. a_4 D_ii4w.am_i,aA. K. Dy-a,a,mii¢ si;m_t,]Jat}o_s:of flows oi lbu,lb,b,]jy
• . iZl ,[!ilq_didis:at_ _asge. _ey.aolldis. _ut,_be_s. _svt,b,m,iit_t_ediDec. I]9,9i]]))_. F["_d l_'_e(.'_.

S_gan, i; A. S;. a_d Diidlw_n,i;a A. K. Di;spe_sedi p,h_se st_eess te_soe iir. flown o_

b,u,b.btly ll_qll_iids._, lla_ge._eymoMis m_Ibe_s.



5 Presentations at, NationaI Meetings: and
Seminars

_ TTCl_;IT(IflrS;

Aeeta,st_ii¢p,mfpertiiies eg }b,a,b,lb,11ygiiql_,iidls:,,S_N?¥ _t_ lB,ut_.[ftiaJ_o,,NY (1_99ili)1.

DT_amaiics: oi B',ta_b,b,tlylJiiqI01,iids:,C:iiI_yCb,t,l'ege _t_ t,ke C$Ily _l, iive_ii_.v o,[New. York,,

Sy_posi:r_.m;

, Dy'a,_m,iie si_m.xt,llat_io_t_s;o:f,_ows: of b,u,bbliy lJi,q_a,iids:, h4iere_t i;o:ea_U_iioa, oi T_eo-

retli;¢MI_,d Ap,pttiie_ lYlech,aaa,iics;(I,'Ij'/TAM} symposiia, m o._ t_ta,i,di;zed bedls, S;t_m

Nrd _i, ve_si,_y,, C:A (:_9,9_)).
Mee_'i:nlgs:

S:_ga#ii A. S:. Aeoes_i;¢ p,mpertfie:s; o l_'ba,b,blly lJi;q!t_i_ds,A_#. _ee_ii#g, oi' A_.

_s_. C:_e_. E_g.,, C_iicage,, _L, (11990}.
Zl_amg D.. Z,..,,P'respe_etllii_ A. a_.,dl S'a_ga_,i, A. S;. T_e adtde@ mass ett'ectis; i_a,

t_,_,[b,b,[iy[liiq_,iids, A_,_. Meeilii#g eli Am,. P'h,ys. SOc., Cbr_e# U%i,vers;ii_y,,NY

(_9,0:o,);,.
S'e_z,gaz, i; A. S;. _,di D_idlw_ii_ A. K. Dy, n,am, i,c si,m,,a,ll_ioa,s of, 1,5,a,b,lb,tlyt_ows,

Az, m Mee_i:_,g o[' Am,. _s_. Chem,. Eza,g., Los, A_,get'es, CA (_9,91i).





.... i r l In....


