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A bSh:lCi

A  II Iodel is prescIIi, cd foI thc clectmstatic  dis~)m sic)I] of a pc)lyc]isl)cxsc  clustc~  of

cval)c)l-atillF,  dIOIH cmbeclcled  into aIl ixlviscid  voI tex, }{esults fl OIIL this III Odd c)t)tailleci

for  clcIJse clustms  of d] c)~m show t})at  elwtIostatic dis])emiolj clecrcascs  tile IIIaSS fI ac-

tiol] of t}lc eva~)olatill?,  coIr I])oul Id as well as tile gas dmisity  iIiside tllc cluster. Sil]cc

the  sooti]]:,  kIIC]C!ll  Cy of a fllt’1  is ail

fuci  va~)oI  tllmuf,ll  cmap,Lllatic)l\,  it i s

sooti]l:,  te]lcleI)cy.  l{esults  show t}lat

illCI”easillF,  fuiictiol)  of t h e  paI  tja]  dcl!sit,y  of tljc

illfe]ml that elcxtrostatic  cIIar:,  iIIf, dccIeasc5 the

t}lc sootill~,  tC!Ild C!ll C~ is :1 II IC)IIC)~C)I  liCZL]]y C] C! CJC~&S-

i]lp, fLlllctic)Il  of tl]e c} Iar~,c. IIy usi])p,  t})is lIIc)dcl  fol cliffcIc~Jt fuc]s,  i t  i s  slIowII t])at

sootill:,  of a fuel is a.ssociatfed wit}] two co]]lpcti]l~, cllalactel istic tilr]es:  LIIat  of cim~)

disl)cIsic)]] aIId tlIat of d rop  cvd~)oratiol]. It is also SIIOWII  tlmt t,l)e dICII) cva~)oi  atioll

tilllc is clirectly  Icla Lcci to tl)c late~li,  lIca L of tl(c foci thmcby ])lc)vi(iiT]p,  a sil]]~71c  ~v:ly to

Ie]ak scmti]]p, ~)lo~)m]sity  to fuel-s!)cxific ~IICJ~M  tics,



‘J’his  st,uciy i n v e s t i g a t e s  the potmitial  of dcxtrostatic  liclllid  ctTop cIIargi IIg to dis~)ersc the

cirops of a s~)ray iIl ordcn  to avoid the creation of the fLlel-liC}l-va~)oI regioI)s  wl)cm  soot

fcmIE. ~bSC!I’v:LtiOllS  ].)y SaIlgiOVaIITli  [] ) Of St, I’C!ZLIllS Of bun)ine> Cil’O])S  showeci that the! soot

mllissiorl  illclex clcmcascx  moIlotoIlic:ally  wit,]] tile s~)aciTlg  bctwwxl  drc)~)s  for a variety  of fuels

arlcl

Ol)ly

oxygm I Inass  fradions  in the surmutldillg  g a s . SiTlce iIl SallgicwaIITli’s  stIIdy[l ]  i t  is

tllc  dl”eci  c)f clrc)~)  s~)aCiI)g i]] a sirlgle ciir(xtlic)Il  that, has  bcml irlvmtigatc!d,  tl~osc results

ulldmcstliI[latc  t,hc bclldit  of dtol)  dispmsioll  ill a mal  s~)Iay wl]me a (lro~) is surmuIIciecl  by

ot,lIc:r  clrc)l)s  ill a l l  clireckicms.  F;lectl  ostatic  clrc)l) dispcxsioIl couici t)e colIlt)illecl  \vittl fluicl

lIId]aIlical  II ICIJIc)ds,  sud] as  creatio]l o f  tul  l)uleI)tj vol-tical  stx llctl]Tcx,  i]] orc]m to furthcx

lnitit, atc soot  for~rlatic)I).

‘J ‘lJC specific  fc)cm hmc

isticx. ‘J ‘hc lligl)-ellcxgy  c)f

iS 011 scnwl”a]  potmlt,ia] f(lds  wit}) illtc!I”c!sti  Ii:, hip;h-c?rlc!l’gy  C~lalaCtcT-

thex fuds is stool as sbain  eI)wgy ill ilAcrIlal  rnc)lcxular  hoIIds.

‘J ‘IIC :,Oa] C)f tllc  ])1’C!SC!Ilt  Stuc] y is to CX~)]O1’C!  t,lIe fllcl s~)cxific Clc:ctrostatic  slid flllicl  I r)(:clla]]ic:al

dis~)msio])  fcmtllrcs c)f a vmioty  of ~)ot,  mlt,ial  f~lcls.  A diflicmlty  i]) ~)ulsllillp,  tl}is  w o r k  arism

fmIll ttlc! f2Ld that  alt!houg]l I]i/,11-c:IlcI:,y  fLIC]S have  t.m!rl  syIlt)hesi7d)  thc!y ]IILVC Ilot Ilccc!ssaI”-

ily t.)cm~ ~)~lrifieci  s o  that  t,llciI  t~leIIIlc)])llysical  p~o~)crtics am IIc)t avail a}.)lc. ‘j ‘hlu+, st,I atc::,im

were dcwdo])ccl  iIl title course of this stuciy tc) Calclllatc’ all t}]clll-lo])lly  sic:Ll  l)m])mt,  im of tj}lme

])c)tc’lltia]  }li?,ll-cvlc!r~;y  fLlc!]s  st,a?’tillg  frc)rI1  a  sirl:,lc!  k{lowIl ]IIOI)C!I ty. }1’llel ~)1 ?J)c:lt,im  cvClllla-

tic)Il  is clc!smit)d  i]) cletail clscnvIIcre ‘~ MI(I is sur~l~l)arizcxl  ill ‘ J ’ a b l e  1 .[-1 ‘J ‘llc ~cJ)IcscIlt,:it,  ive

fllc]s  c’ollsidc!I”Ccl }l(!I’c! ar”c! bcI”Izva]c!Ile (] ;V),  ~“~}16;  c]lladI  icyc]allc!  (Q(JAI  ]), ~~~]~~; and di-



llycilcJtmIzvalcnle (DII1  ~V), C611S. ~“hc rcs~wtivc  strain  Cl]crgies  o f  these hyciIocarboIIs  aIe

8 1 . 3  kcal/Inolc,  78.7 kca]/Inole  and 80.0 kcal/IIlolc.  Althc)up;l]  the st,IaiTI CIlc!Ip,y  of  these

fllels  is oIIly about  OIIe half that of Cutmlc, wllicll is 161 kc,al/xrlolc,  they have tllc advalt,a~)c

of  bcillg  ciirmt]y  usable  as all of ~~lCIII arc! l i qu ids  al)d soInc arc! Stab]C allC] blCJldab]C  wit~l

Otllcl’ Cm])oullds. 111 contrasi,  cuba~lc is a solid t}lat,  is too cIystallir1e[3]  aIld illsu{ficicnt,ly

blmldablc  with

slurry  that car]

accut  Ilulat)es  itl

otllm hydrocalboIIs[3];  cverI whcII Inixcxi  with l iquid ccJIII~mu I Ids to forIn a

tlc  a tomized  aIlci bunled,  it does not ~mtici~mtm  irl coIlltJustio~~  arid instc!ad

the CiI’O~H(~]  .

2 Elwtrostatic ]Iispersion Mocid

2 .  J ‘1’hc Cledrc)stlatic  dispersion  model

‘I’l Ic ccxlfi~,uratiml  Inodelwi  is that of a cluster  of drops such as obsclvwl  by II”lMly  iImstigators[5],

[6], [7], [8], [9], [10]. ‘J1his  co~]fi~)uratio~] of a polydispcrsc  cluster of drops e,[,beddcd  i,~to a,]

axisylllmctric,  ill finite, illviscici  vortex where it c!w1] )Oratcs aIId is ccIltI”ifugCd  is dcsmibed il”l

detai l  clscwllcm[l  1]. ‘1 ‘hc IrIodcl  acmul)tls  for illtc!ractiol~  aIIIOIIF,  d] cqm t)hrc)u~ll  t}lc! ronccl)t

of a ‘%l)IIcIc  of il]flucllcx!)’  [1 1] a~lci irlcludes  the twO way cou~)lil):, t)ctwccnl  dl’c)ps  ar](i /,as ill

tllc  forln  of clrag as t}lc drop lkyIIolds  IIIIIrIbCr, ILq, b:Lscd  II~mIl  the sli~~ veloci ty aIId the

dJ’o])  size is 0(1 ) - 0(10). Si?lcc

IIlodificatioll  clue to the addition

t,lIc IrIocicl  is cicscri}.)cci

of cimtlosta.tic  cfl”ccts

fca~llrc’  of t,llis  IrIcdcl  is tlhat the il]itial  ciml) sire: ciistlritnltim)  is rmltitjiollcd  ir~to iTlitia-size

(lasses  wlticll bccoI13c  icicr)tity classes  for tl]c dI 0])s. 1’)2C11  illitial-size class is fo]lc)weci  i]] its

OWII systcrrl  of coordil]atcs, 7>, as tl]c  cl I 01)s ciispusc  aTICi cva])orate. .ATI aCiClitjic)Ilai  syste]ll

of coor(iirlatcs  is uscci  for t,lIc p,as illsicic  tj}lc  cllls~<cl, ?“C.



‘l’he chau~e  of the ~aclial force  011 a chop  of illitial-size class j, ljl,.j,  clue to an electrostatic

dla~~c  @ is

W}]CIC ~;r is the Iadia] elcd~i~  fie]d, ?rldj  is the r]lass  of t~]~ dI’o~),  ud7j is tl”]e  d~~]) vdo~ity  irl

tllc radial direction and t is the time. ‘l)his  is a IICW tmn to be adclcd to the radial mInljo~)cvlt

of tl]c lnomerltunl  equation. ‘1’he value of l,; is found  fuoII\  1 ‘oissoI1’s  cquatim)

v -m’ = pc)L/F() (2)

wl]cre pcl, is the charge density ancl E. is the pmnittivity  of free s~)ace. };q.2 is ex~)resscxl  iIl

i,[!rlils  of tlIC drop IIUII”IbC!l C1O lSity,  7Lj, fol” Cad)

(1/7’) 8(7”A’7)/&’ =

il)itial-size  clcms  ~’, as follows

J7 ‘

(3)
], 1

wlIere J2’ is tile  total IIu Inbcl of iIlitial-size classc:s.  l)ractically, this forIrlul:LtioIl  is iln~)le-

Illc!Iltcd iIl~O t]le cc)ll”l~)uter  code! by follc)wirlp,  t}lc!  riTlg diSCI’Ct,i  ZatlOIl  pr’ocedllI’e ex~)lailled  iIl

}Iarstad aIld lMlaIl[l 1] aIld thus

(lis(:lc:ti~:ttio~]. ‘J]he e l e c t r o s t a t i c  CIICrgy is I1OL trarlsforI~lcxl  i~]to lIeat  or dissi~)tLt,ccl.  It, i s

t, I’aTlsfoI’IIICd  iIlto dro]) kiIlctic  CIICI :,y.



2 . 2  ‘.I’11(> ltaylcigh l i m i t

wllicll is calculated ftoIIk [8(W: -1 W~.)/81?~]  (}i~,}tay )  = (). Si~)cc cwa~,olatil,~,  dro~m  l~)aiIl@ill

tllc:ir  cl~algc, c!vcnt,ua,lly  they ICaCII  a size at wllic}l  tllc!y s])lit fmrlillg siblings; this cflkct  has

bccl} studicxl  by Kcily[l  2] who sllowcd  t,}Iat, iIlcxJ]licably, at tllc  ltay]cigh  liInit  tllc  dto~~s

sl)lit  iIlto  7 sibli Ilgs eac}l  inllcrit,i Ilg atbout 1 4% of tllc  iIlitial  cl IaIF,c aIld llaviIl~,  foI Iadills

al)out  52%0 of the ltaylcigh  raciius.

1 ‘lx!vio~ls  I mults  c)btaiIlcxi  with a II Iodcl  of llllcl  Iargcd  dlol)s[l  1 ] showed that Cillc to tj}]c

lal”p, cl’

faster

gas klll])cl’at,llrc!  a t  L]](!  (:lllst(!l

a t  t,}]ose loL:atioIls.  ‘1’} IIIs,  if tllc

lir[lit;  fllI tllcl ciIoi) s~)litt)itlg  wllidl is txl)cficial I.)ccalwc  it ])rovidcs sc(x)IIdaIy ator[lizatioIl  is

Ilotl IIlo{idc(i. If tt)c ltayleigli  lirllitr is Icacllul  bLy d] Ol)s at, tfllc irlllcr I)ollrltlary  of tlllc!  clllstm,

is st)o~)~)cd  I)c!causc!  tlllc  III Odd dots Ilot (icsmilx:  tf]c (:orIll)lex  2Ll Id Illlkrlowll

aJld  tllc! dl’o])s locatcci  a(! laI /,(!1’ I aciial coo Idill:Ltlcs Wolll[i (IC3 aficctc!ci  by S\l(’.l)

itll~)oltlarltj  clJall[:(’s. ‘] ’]IcK!  siLuatioIls  arc [lot c.ol]sicim  wi to t)c of il}tel  wt. ]f’ t])c }{aylci~,)l liIllil



] W }max’ 7.36 x 10- ] 1 R:; COUI (ti)

‘1’llis  i s  all Cun})irica]  Iclatliollshil).  111 tl}lc  ~)Icsm)t,  calculat,ioIls, t}lc!  Cliargc is cIIoscIl  to l)c a

fractjioIl  o f  t,llis IIlaxilmlIn  cllarp,c!  accorciiIlg to Ykl. fi. otfllm  lmssilbilitim  could k cuIlsidmmi

a s  wdl, SUC1l  as a cIIarp,c ])rol)oItic)I)al  to (1/$)2 , altjllotlp,ll  t,}lc!re is c[wIcmtly  IIo ciata lcaciillp,

to slldl a rclatio~dli]).

3 }tcsulis

11) Ol(i(v’  to Illl(i(:mtmld  tl]c Scy)aratc cc)lltlil)llt,ioIls  of :,as  irrotatjioI1al  lr)ot, ioIt, p,a: solici t )ocly

IotatioI)  al)d [:l(:c:t,rc)stf:lt,i(:  dis])cIsio  Il, Imllltjs  wcl(! II(,I [I ol)tairlc[i  foI (:1 Iust,c:Is  of ciro])s  mIIl)c(i-

1 (ic(l into vort ices l]avil}?,  oIIly im)tjatioIlal  .Illc)tioll.  CI’}lc cfl’cc:ts  of t}l(! so]i(i ljo(i  y Iotat,ior] will

I)(I

S(![



‘1’11(:  SC(:Olld SC!! of ICSllltS fO(:llSM 011 til”lC  f~lcd-s])cxifi(: I)dlavior o f  tl)~ CllHtCl W\l(!Il t}l[:  dTO])S

al’(!  llll(:llal’p,d  01 Cllal”g(d

3 .1 l{;filxtj of Clmirostjatk chaI’gc  0 1 1  tjhc  drol)s

‘J b stlldy  tlIc effect of the electrical char~,e  OII tlllc dro~)s, I IV wtLs cltoscr]  as a lc!~)l(;sc:Ilt4ativc

COIIIIJOIIII(I,  ‘1’llc initial tx)l)ditioIls  wmc dIoscIl so as 1,0 ])rc\mIt  tlIc iT1l}cI  dro]x fIOlII  rcacllil)p,

tllc liaylcig,ll  lilllit hcforc tl)c outlcr d] 0])s alLd tllcrcby dmtroy  the illtcgrity  o f  tllc Cltlstcr

rIlo(lt!l;  tlllw,  Calmlatfiol]s  w[!IC l)CI  fOIlr-icd wit]] a lclalivc!]y l o w  valllc!  of tfllc  illitlia]  far ficlcl

g a s  t,cln~mrat,llre.  ~onst,allt  ~~1 iII t,]Ic Nl~ssclt,  IIUIrI~)CI’ Cor”r[!)atioll  dcscri~)il]~,  ]Icat, t,l’aIISfC!l to

tllc cIIIslcI[l  1] is 0.5, CI : }11 J’Ig /(pg7_C II ‘u). [1) i s  a  col)staIit  qllaIltifyiIl~, tlIc ad(litiollal

viscolls cc)I)tlIiljllt,iCjI)s  dIIC to sIIIa,ll Scale Lultjulolm[l  1 ] whc] (: ~lq, is t,l]c tlllblll(:lltr  viscosity,

tllc average sli]j velocity is “21.’s = > ;j ‘~~’sj~cJ/  } ;j ~cj, ~I~d ~11~ cll~lactclistic  tiltw for tlllc

illcrcasc!  of ?~m(i) is 6 x 10- 3 s [1 1] so that q~=, (f.) = 1$-)[1 -1 t/(6 x  1 0-  3 ) ] .  ‘J’l,is l~=,(t)

variatiol)  simulates t,l)c I1lotJioll of t,l Ic voItcx  tJJrollfI,l  I all  iI)cIcasiIjg  tcIJ-l]Jcra,tuIc  rc~,iOI), ‘1 ‘lIc

clllstcr is com]msd of a binary size clistlrit>ut,icJIl  (see l’ig.l  ca])tlioll)  aI1d



initial radial  gas velocity is calculated from the eIIergy equatioIl[l  1]. l’rg is choscII to be 0.3.

Results  displaysd  in P’igs. 1-4 SIIOW the effect  of the dlop  charge. ~alculatior]s  were  pcT-

fow~cci with 0.00, 0.25, 0.50 aIld 0.T5 of the r~laxinm~n  irlitial  cl]argc  allowed per cirop accorcl-

i~rp, to l~lq.6.  ~,}~argiI~g  the dlops  with 0.50 of the IIlaxi Inu In charge increases ciro~) dispcrsiou

aplJroxiIrlatdy  by a factor of 2 and dccrwaw!s t}lc  eva~)oration  tiInc  to l e s s  than  50Y0. ‘J’hc

cflcct  of the charge  is to increase the velocities by approximat~!ly  a factor of 10 aIld to reduce

the Ilotllll)iforlI~itics of the dependcwt,  variab]c!s  as the cluster cx~)aIlds  ITIIIC}I  fastx!~  and t~JC

dro~) Immmber densities decleasc. ‘1’hc conscqueI)ce  of t,llcse  chatlgcs  is to rcducc  the Inass

fracLioIl  of t]~e cwqnated  coI”npouJIc],  YFi, aI]d t}le  illter’stitial  gas dCIISlty, pg,. Sillcc s 0 0 1 ,

particle illccl)tioIl  has been sl~ccessfu]ly  Inodclcd  as a coag,ulatiorl  ~)roccss[l 3] whic]j stroIlgly

clc~)cnds  cm fuel partial cicusity through the quaIltity  of critical Inolecular size ncccssary  tc,

initiate the process, this reductioI~  is indicative of teIldcIlcy  Iiot to form soot. ~oagu]atioIl

is 0111 y weak] y depcncient  upon tcrnlw[aturc[l  4], ancl  thus tllc  slight variations of q], with

chaI ge SI1OWI1 iIl 1+’ig. 4 do Ilot affect this co]]clusiol). ‘J’he results show t})at soot rccludiorl is

iIlcrcascd  with iIlcreasiIlg  charge althou~;l)  ~hc largest variatioIl is frorIl lIllcharg,c!d  to slightly

Charg[!d (2570) d rops .

An irltcrcstin?,  obscrvatiotl  is that it] the ahscxm  of cl~ar~,e  it is tllc largest irlitial-  size-cl,ass

w}licll  is prefc!rw]ltia]ly  ccntrifugecl,  WlLerCcw  wlLcu I usiIlg, l’;q.6,  i t  i s  tl~e sInallcxt  il)itlial-size-

class wllicll is  l)referwlltially  ceIltrifu~;ccl. ‘1’lIc variatiorl  of tllc t o t a l  ciTc)II IluIntm  dcrlsity

d i s t r i bu t ion } n, towards the o(ltcx  cluster houI\daly  (P’i?,. 1 ) 1 eflects  the fact that it, is the

less ILuInmoIIs,  larger itlitial-size-class  whit.]1 is found  at the outer t)ouIldary  wlIeIl drolm  aIc

u]lchaIged,  whcIcas WIICI1 the dm})s arc cl~arged it is tl)e InOI c Inunerom, sInzLllcH illit,ial-sizc-

class which prevail at that locatiotl. SiIlcc the sInall circ)ps  heat

faster, this prcfe~mtial  ccIlt,xifug;iIlg  ~JroInotes Inixillg  arlci tlIIIS

LIJ) fastcl, arid thLIs  cva~)orate

)rovidcm aII adcli  t i or 12LI  t.)cnefi  t



froIn  elcctrc)static chargil~g.

3.2 Fuel-specific effects for unchargccl ancl charged dusters c)f drops

l~or cacll of the three fuels above, sevcra]  calcul  atioIm were ~ wIfoIVIIecl.  WhcII at fixed @)”, 7 ‘&,,

is t,l Ie same for two difierent  fllc!ls, no is diffc!rcht  becalm  the liclllid  cielisitics  tLrc! diffcrcrlt;

thus, it is the efl’ect  of the liquid density that is stuclicc]. When results are coIn~)arcci  for

ca]culaticx)s  h a v i n g  idcvltical no aIlcl ~& for  clifJ’ercIlt  fuels, it is the cff’ect of d)” tllatl is

stuc~iccl.  ~piIlally,  for a giveIl  coII”rpouTLci, when  ~~=n is iI]CI’C!Md  at fixeci  d)”, no va,rics bccausc

t he  j~litial  :;as dens i ty  iIl the far ficlcl,  p~~, varies  siIlce the iIlitial  pIcssuIe  is Irlairltai  T]cd

C!ol]st  ant. 7-:,, ancl  T~Ut as well as the fLlrlctioI]al  fom of tlhc iI~itial  distributioIls  l’;q.  ~ a rc

lnail~taillcxl tio~wtant  for all tile  calculatio  Im. lrl all the calculations coIlciucteci  }Ierc there is

IICJ fuel vapor  iIl the far field.

~Usu]ts  obtaiI~ed  with uncharged

SIIlaller,  7t0 is lalger,  allcl  e vapora t i on

clusters of IW show tl)at , as wq)ected, whcII q’&, is

is SIOWC!I.  At fixecl q&, Cvapc)ratiol]  is faster’ wheIJ @O

is ]argcx  became the clllster  is learlcx  ant] II IOrC Clillltc.

~alculaticnls  perforIlled

la] gel’ for’

l’ip;s  5-8.

with uncharged chops  slIow that at the SaIIIC @O anti V ~~, 71° is

}]V gellcrat,irlg a stronger  cou~jlil]?;  to tllc  gas,  as illllstrat,e(l  iIl

IrloInclltllIn  proIrrot,es  earlier  clis~)c!rsioIl  ar)d IIig,l]c!r  c\’a~)oIatioIl

Iat,cs fol QIJA1 ). }+101 lIV, the clustel” stays denser in its co] e mlcl eva~)olatio~l  is llillclc:ecl

WIICXL  c,c)m]weci  to QUA I ). ‘J1he f~~cl val)or  mass fractio I1 irl the CC)IC of the! clust,cr  is lar~,eI

for Ql_JAl >, but  since the Inass fractioll  has a clift’erellt  rcfelellce  ~JcJint il] the two cases, it

is dif[ic,ll]t  tcr Cil’aw  salient, Collc:lllsiol]s.  of ill\, C’I’CSt  is t}lc! fact t]lat t]”lc!  [] T”C)]) velocity  aTIglC

(1’ig.8) a,)d lte(~ are both largc~ fcjI IIV, for both iI~it,ial-size  classes, althc)ll?,h tl)c clIop rELclial

and tatl~,mlt,ial  vdoc.ities, Udr aIId udO res~wctively,  are srnallcr  fcn IIV. ‘J ‘his is col]sistcmt,

. . .



with the fact that  the drops take longer  to eva~)oratc  (l)ccausc  they stay loIl~;cr  iIl a dcu]sc

corlfiguratic)n)  although the latent heats arc! siInilar  aIld the norInal  boiling point, ~~,, of I;\’

is lower than that of QLJAD.

~oIn~JarisoIls of results from ca.lculatioIls  Inadc for tllc tlllcc fuels wit]) iderltical  O“ aI]cl

1 ~M) reveal that the cluster of 111 I1lV drol  E cval)orates faster, at~d thus expanck  lC S S, thaI~

that  of QUA I 1 because it is Inorc  cli]ute atlci the lateIlt heat is also smaller. 1 hIc to the

lower latleIlt  heat, although the cluster of 11}1 IIV is clclmcr  tllaIi tl)at of HV, cva~]oratiorl  is

fastcl  for 11111 IV drops; thus, there is less Li]ne for exj~al)sion  for the cluster of 1)11 lIV drops.

~ol]sistalt,  with tllc dc!creascd ex~)aImioI] aIicl hi@]cr 71 0 , tllc  gas taIlgcIItial  velocity dcclcascs

lnuch  faster for 1 )IIIIV although t}lc ~;as radial vc]ocity  rclnai  Ils larger. ‘1’his  i)ltcr~)retatiou

is su~)portcd  by the rcsu]ts  fIonl tllc  clrop velocities. 1’01 both il]itial-size classes the velocity

aIy,lc is much  larger for 1)11 lIV (F’ip,.8) iIldicatiIlg  that expulsion  occurs at a hip,her rate.

‘1’hc resulting  YIIZ and pgt arc hig;hest foI” lIIIIIV duc to tile srna]lcr  cx~)aIlsioIl  W~ICII  coInparccl

to QUAI ) and  duc to t,hc combilwd  dfec.t  of slna]lcx ex~)alwic)tl  aIld sIr\allcr  total l~lunbc] of

dro~x. ‘J ‘he conclusion from these calculatioIls  with ullchaIgccl  cirops is that at idcrltical  O“

a~)d ~~~, th(! fuel ]nost  proIlc  tc) forrrl Sc)ot  Wc)uld t)c I )111 IV.

‘1’llus,  it a])~)cars t h a t  tl]c pro~)cIlsit,y  tc) s o o t  fc)rInatioIl  caIl be cxplai]lccl  iIl tcmr]~  o f

two Cc) Il]l)ctiIlf,  c}laractcristic  tiInc5, that,  for clrc)p clis~xlrsioIl  aIId that for dIol)  cval)oratio  Il;

the l)lc)pcTlsity  to soot forInatic)I]  increases with tj}le  ratic)  c)f t}lc forIncr  to tlllc  latter.  ‘1’hc

c:llfLlaJc’ljclisti(:  tlinlc for clIol)  cvaporatioIl  is detlcIIninc!d  t)y tjllc latcrlt heat I)ccallse  t}lc clllsters

of (1I o~)s arc  dc!Ilse cluri]lg Inostj c)f tllciI  cwq)oratic)n  a~]d thus clI o]x  coIIII)ctc  for  available

IIcatj.  lrlsJ)cct,ioIl  of ~)lc)pcrtics displayed irl ‘J’ahlc 1 arid tf}lc fastjcl ewq)oratiorl  time for I )}Il\V

snows that t,}lis iIlt,crl)rctat,  ioIl is correct,. h;lcctrostatic  chat :,ill$, ICClllccs  the! dlo~) dis~)crsioIl

(:ll<~l:L(:t,[:Iist,ic ti~l IC (}]igs. $ 8) aIId aCCOI dill~,ly  IC(lUWS Ypi a~ld pg,. Altholl~,ll it a~)lmars  t,}lat

. .



t}le Yj.i reduction is similar for the saIne  charge (}{’ig.  6), iIlteresting;ly,  the pgz

greater for IIIJBV (1’ig. l’) indicating  that it is for the coInlJouIId Inc)st  pronc! to

clect~ostatic charging; is I-nest beIIefi  cial.

Kductioll  is

scJotilkg that

At the same no and n?, where ~

for QUA1 ). ‘l’he largm fuel lnass for

rq)rcscllts  the iIlitial-size  d.ass,  0° is srrmllel foI” I \v than

the calculation with QUA]  ) results in Inore  ceIltI ifugation

aIld drop dis~)ersic)I~  at a given ti]ne. ‘J ‘he evaporation tin}e foI lIV is a~,aiIl  considcrat)ly  loIlp,er

thaIl  for QIJAII.

Wnparisons  of results floIn  calcu]aticnls  made for the tllrcc!  fuels with idcrlLiczL1  lVO, no,

71: :LI Id q :m revczLl  that  it is agair] the cluster with 1)11} IV ciro~x wllicll evzL1)o[at,cs  fastest .

clcspitc  the fact that the cluster of QIJAI  ) cirops  is leaner. ‘1’his  is agai~l  clue to the InuclI

lc)wer ]atellt heat of evaporation for IIIIBV than for 13V aI]d QIJAl ). ~oIlsisteI]t  with the

Inucl~ 10WCX  eva~)oration  titne, the drop vc]ocity  aIlp,lc aT~d t]lc cluster  cx~)ansic)n ELrC sIn:L]lest.

‘1’llis  is soIncw}lat  diff’creIlt  froln the sitLlatioIl W}IeII d)” was iclcIltical b e c a u s e  i~l that c a s e

the velocity angle was the largest inclicatitlg  the largest cxpaImioIl  Iatc. llere the expaT~sioIl

rate is smallest as both u~rj and u~~j have the lowest values for 1 )11 JIV. q’hc cornt)iIlatiorl

o f  t h e  sIIla]leSt  CX1)aI”lSiOIl  aIICj  l“li@lC!St,  CWa~)O1’atiCHl  rate pl’OdUCCS  a:,aill  th(! hLI’:,C!St,  ValLICS

fc)l t]~c I!)ass fI’acticnl  of the evaporated cc)III~)ouIId  for c]Ic)~E of 1 )}]} IV, leadinp}  a~;~Lill  to the

coIlclusioI)  that it is I11113V that will be the Inost  ~)roIIc  to sc)ot, iIlp,.

4 Summary and Conclusions

A IIlc)dcl  of clcctrcmtatic  clispcrsioI] of a ~)olyclisj~crsc  cluste~”  of (lIOI)S  irl a vortex }Ias bcerl

dcvdold  aIi(l exclcisccl  both with aIId wit}] out c}]arg,e  for tllrcc  ~)otcl  Itlial  nigh-  c: IIcrgy fuels ill

order to detcrInine  fuel- s~wcific pro~mties  rclatecl  to soot forInatio Ii. SiIlcc SOII-IC of these f{lds

. . .



have Lecnl  syIMlcsizcxl  but not necessarily purified, their ljropcrtics  have not, bccII measured.

‘] ‘bus, in SOIIIC  cams, a}l prOpeltlC!S  of these fuc]s had to bc est,iInated  using wc]l-{!stab]khed

Ir)cthods  or using ncw IncthoctS  whic]l had to hc crcatccl  to cstir Ilate  the missing; J)ropcrtics,

‘lllis  stucly ide~ltifics  which  h i g h - e n e r g y  fuels arc IIJOre pmIJc tc] soot  foIInatioI]  basc([

u~nn  their specific propert,ics. W]ICXJ  c!vaporatioIl is  fastc!r’  tharl  ciI c)p dispersio  Ii, fllc!]  rich

vq)or pockets form iI]sicic  the cluster of dIops;  these aIc tllc  prccutsors  to soc)t. Results show

that evaporation is colltlo]lcct  by t]”Jc ]?LkIJt heat Whcvi the drops arc il] a dcrlse collfigul’atioll,

WhcI]  clrops are charged, the adcfitiol]al  clispcrsic)n  clue to the elcctrostat,ic form increases

the clIIsi,eI volulnc aI)d cIlhal)ccs heat transfer wit]l  the cluster sL~uoulldiI~gs,  decreases the.

(Imp Imll)bcr cicnsity  a n d  proInotcs Waporat,ioll, ‘1’he result  is  a  reduct ion of  the Inass

f r ac t i on  o f  the  cwaporatcd  compouncl aIJd the gas clmlsity irJsiclc  the c luster ,  cic!s~)ite  t h e

faster evaporatioI1. ~“or iIli~ial  dcdJ”ic C~Jarg~s  ])1’C)pO1~iOIla] tO tlLC C]I’O~J S17,e, t]”lc SIl”Jal]C!r

dlc)ps ale prefwentia]ly  dispcrsecl. S ince  these  am the clrcq)s  w h i c h  cwaporate fastm, t h i s

l)refereI]tial  dis~)crsio]l promotes Inixi~lg  and thus  l) Icwidcs aIl adcled  bcv)dit.

‘J l]IC rcsu]ts ~n’cscI”]ted  here! were obtaillcci fcm c]rops arid gas ex]micIlciIlg  oIlly  irrotat,iollal

l~lotiol~, ‘1 TIC effect of addccl sc)lid  body rc)tatioIl  will k irwcstigatccl  iIl t}lc near fut,llw.
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Sylnbol

si,rai]l  mlcrgy,  kcd/I]lole

1/), ~,/mole

1~,,, K

l+,, , cal/g

K]), c.al/(gK)

~[,F,/CI113

q,{ , cal/(gK  )

/L/,  ,g/(cIlls)

l),,,[(l,q  = l o ) ,  cII)~/s

A/, c:L1/(p>l<)

qg

81.3

78.12

353

9~.9(J

6.8x10- z

().879

0.415

0.392x 10-2

0.995 XI()’ 4

3.63 XI0-  4

0.37

78.7

92, ]4

382

96.85

1.48 XIO”3

0.7

0.36

0.316 x10-2

().999X 10-4

2.67 XI0-  4

0.435

13.7

80.0

80.14

344

74.50

0 (assulll(!(i)

0.71

0.43’2

().35X 10’2 (asslml[!(l)

o.9’mx lo- 4

3X10-4

0.437

‘1’able 1: J’ropcrtifx  of lligll-cn]crgy fuc]s



1. l’igurc  1 llcca,y  of the total drop  IJumbcx deIlsity  for bcnzvalme  versus the radial coordinate

2,

3.

4.

5.

6.

‘i’.

8.

at various times. I’he drops in the cluster arc chargeci  with the following pcxwmtages  c)f the
Inaximutn  charyy:  O’%0 (a); 25% (b); 50~o (c); 75y0 (d). Initial condit ions arc:  @O =- 0 .314 ,
r ,0 __1 -- ~~i =- 600~,  ~’$ = 300]<, 1~~ =“ 2  X  lt)-3CT~,  @ = 2 . 5  X  10-3 CTTZ, II”JaXT~  (n!) =.

l&&- 3, Inax,: (n:) =: 3 x 103c7n-  3, a] = C22 = 0.5,  ~~ =- ~2 = 0.5,  R: =- 2c?”rt, bzl = b~z == 0 . 1 ,

i~litial drop accelerat ion for’ both classes  is 20 cIn/s,  u~o =- 100/T~ cIn/s,  Cl = 0.05. Curves
with syInbols  (-l), (0), (~) anti (~) are for’ identical tiIrlcs  OIJ all fig LIr’es aIld the re spec t ive
times are 8.37 x 10 - 5s, 1.75 x 10 - -3s, 3.48 x 10 - 3.s, arjcl 5.94 x 10-3s.  111 all figures  the list of
syInbols  in orcier of increasing; tirncx is: (+), (0), (~), (~), ([l), ( ( ) ) ,  ( D ) ,  (Q), (~), allCi (~).

P’igure 2 Itlcreasc of the interstitial mass fraction of bc!nzvalerle  vapor with titne vt!rsus the
radial coordinate. ‘l’he drops in the cluster am chargcci  with the followi?lg  pcrcmltagcs  of the
IIlaxilnunl  charge,: 070 (a); 25% (b);  50% (c); 75% (d). Salnc  initial coIlclitlioI]s  as iIl l’ig. 1.
Gurvc!s  with syInbols  (-i ), (0), (A) aI]ci (v) are for iclcIltical  times on all figures.

]“igLlt’e 3 ~tlcr’ease of the inter’st,itia] gas Cie]jsity  iIl the cluster wit]”l tilnc versus t~jc radial coor--
ciitlate. ‘J’he drops i]~ the chmter  are char’gcd with the followirlg pmcentagm of tllc  InaxiTnuIn
charge: O’%0 (a); 25~0 (b); 50y0 (c); 75~0 (d). Same initial coI]ditions  as in P’ig. 1. Curves with
sylnbols  (- I ), (0), (A) aIld (v) are fc]r ident ical  ti]ncs  011 all f i gu r es .

l{’i~,ure  4 “~eIn~~erat,u]e evolutioIl  with tiIne ve r sus  the  radial coo~cliIlate. ‘1 ‘l~c dI ops in t h e
cluster are charged with the following percentages of tl~e InaxiInuIn  chayge: O’%0 (a); 25% (b);
5090 (c); 75’ZO (cl). Same initial coIlclitior]s as ill F’ig. 1, curves  with SyIIlbOIS  (-l ), (o), (A)
at)d (v) are for identical tilncs  011 all fl~, urcs.

]’igure  5 I)ecay of the tots] chop  Immber cicmsil,y  for’ bmwwdenc  (a), quadricyclaIle  (b), ant]
ciit]ycirobcI~z,  va]cIle  (c) with time VCISLIS  the I’ac]ia] coordinate. ~om~)ar’isons arc! IJIadC  between

clrcqx chaygycl  with 0’% (left figurcx) aIlcl  25% (right figures) of the rrlaxirnutn  charge. Sa,II~e
i]litial  conc]itio]ls  as in Fig. 1. OIlly  the cmvcs with syIIlbol (V) arc for icicIltical tiInes  on all
figures  corrcsl)oncling;  to 3.48 x 1 O“ 3s .

l’igure  6 ltlmease of  the iIlterstitial  Inass  fractiorl  for bcrw,valmlc (a), quaclricyclalle  (b), W}d
ciihyclrot)eI]zv~~  lcIlc (c) with  tiIne  versus the radial coordiIlate.  Cc)]npariso]ls  are Inacle between
c]rc)ps charged with 0°/0 (left  figures)  ant] 25~0 (right fIg LIrCX) of the: Inaxilnum  charge.  SaInc
iIlitial  coIlditions  as iIl Fig. 1. OIlly the CNrvcs with syInbol  (v) are for iclcnt,ical  ti]Iles 011 all
fi$)ms.

l’igure  7 Increase of the iIlterstitial  gas deI]sity  for beIlxvale~lc  (a), cluadricychlc  (b), arid
(lillycllol)cIlzv~~lcIlc  (c) with time versus t}]c raclial coorclinat,e, (;o~rl~mrisorls  are Inade between
CIIOIIS cllargecl wit,ll  00/0 (Icft figures)  aIJcl 2570 ( r i g h t  figuues)  c)f tllc  Inaxirnum  chaIge.  Sarile
iIlitia,l CoIlditioIls as in Fig;,  1. OIlly  Llic curves witli  syIIlbol  (V) arc for iderltical  til[lcs  011 all
figm”es.

h’igum 8 VariatioIl  of t,hc dro~) velocity a:]glc fc)r iIlitial-size-class-l fc)r benzvalmlc  (a), qllaclri-
Cycltulc (b),  zulcl clik)ycl~obe~l~,valc]~e  (c) w i t h  ti,ne vermls the raclia]  coc,rdiIlatc.  Co]Il~jarisoIls
are macle bctwccn  clrc)])s  cl]argccl  with O’% (Icf(j  figllres)  m]d 25% (rip,llt figures)  of the r lLaxi-
11111111 Charge. Same initia] col)ditic)lls as ill }“ig. 1. (hIly t h e  cIIrvcs witlL symbol (V) a~e for
identical tilnes 011 all figures.
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