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I ,gblrv I: SIvlbl~~cl I:ilgr I.5 (‘~ncllctiir (;rclnlv+rirs 

Abstract: ‘l‘ifrw rirtrnain analvsii is relc~iarll in parlirlr acwlrrr? 

trlr\ +<I h+ ,111b t tll* ~l~,i I rc~irl;~~~lr+ir li~l(l irltrrnrli~brl (bf a rn~bvirll: ‘r\biir<r 

par+il,l(> 011 ii I;1gpinI: IFS+ pilrliclr ns I hr pwticlrc ~;LFF im ~(.rrls*rnl 

irlc cilvil! or 5or71r 171 tirr <I rllrl Burr. ‘I‘hrw firlcly arc cr~llrd wnkr firId\. 

‘I hr +rn~tllin~ tlc‘iln: inside n JWWII p~pr riirlv r~ndrr~n mnrr rompli 

<;l+r~rl iiltl~r.i~.l I( 115 wl11 11s i~~~iirr~rlr~rl~+ (tlic +<I 1110 t~rt’SCnI‘<> <>f 01 ht,r 

trrc~p,~l;~r~+i~~r likc~ ~,ir~,. I tllll sl,it\. ,+<lin k alIlt 01 IIPF Ii ,,r\ cd ~ltlci<ll~l~~~. 

Arid\+ iciil ~>li:l i( i~f 411<-11 prol~lrrr~s :5 irllt)oFsil~ll~ nnd nnr 11.25 lo r<’ 

snrl ICI a r~~~ni~-~cnl r~wlll~d. In thiq pfip<‘r nr prr\cn+ rcs~~lli of wr 

fir\+ .~++t~r~~t)l +,I III~I~II~I + hf*w pri~/~/~~n~s it1 3 I) ,lLillg iri~r fitiil~, 4l1f’~rrri,.r~ 

I ,ll~C’ ~Il~llliiil, (I Il.1 11) Virilr? 

klistorirnl Rackground 

111 tlir mid l!ltili‘~~ \Iw ; I / irllrd~lw~i il r~~n~t~~~+n+i~tn~itv plfirifwl 

rnf’anc IDA dirrclli. si)lvirlg \lxxwrll’\ I ilrlr cic;~rnd~~nl rllrl rq~~x!iorl\ fi 

nttr dilf<*re*:\( I’S t CUR’ dnicrl:~+(.II ;i\ t’l)‘t’l) Il~rr 111 111r 11.5. \cark 

U’ilS Itllmllli\l Pll t1\. 1 JIP dr\-dilplllrll+ <If x rod? for I IlP itlldy or opr,, 

(i(.~tll~.rIr1Bj (3rl~tIlwll’ ‘I tiii ~.o~tp FII~(.IT;F~II~~V ;14l<lrr~~i~rl + hrb tir.ot~l~n~ 

of lrt~ncalinq III<, 1’1) I I) grid ir n ~c~irit~~~l;~ti~)il.illY cliicivrll at111 C~I~VI 

I iw rr~ilnn~r $0 a\ 1~3 <irlllxlilfr RI, itllillilr grill. ‘I’llis ;d~lrrt ~*li~llriril+i~~~~ 

i? 11lll i1l’~Yl~Vl 1, clliiwt ~lr~lhlrrll’. ‘I‘+r I:[)‘1 I) rod<- Illi+i.x/lv d~vcI~~+~cd 

b\. ‘I’Rlll’W 121 Jlil, I>1V*n \:lrrc~zsrlitl k npplit~rt +(I r7 wiilr vi~ricI.v of f3lr1 

Ir~~rnqyw! cc scat +r*r~rbg arrtl irl+crac+i~)~~ t>n~tllt~rnL ~:I I , to I hr rn~~drli~il: 

d + hitI \Vir(‘k i~(l r:lc-ky, ITJO\ irlg OIIJKIS, ;I~ICI WCWI+ tv I I) ~~~~~~~~~rt~;~l~l~~ 

lllod~.~ cIIr\.Id .,llrr.L~ ,., 15 x ‘l‘llc~ FII~I~~ r~lgy ;1t)llr”~irrl;l+i~lrl rd .i 

(.11rbd clIrr~lrr c-w ~n+ri,d~~rr SiRnifiranl rrrors in I hr ralrtllation *,f 

\r.lkra Grids ;~li(t iwlwda~~rrs. SIIC~ errors can l)t, rc<IIIrrst I>v irl,.rf’Rs1nF: 

1 tl<> illr~tl \IIt’, +ll~,r~,G~rt* Irlc~rt~;lsilll: I t16, i-051 cjf cd,lr~l~\~lirla. flt.re, irlilt~i~<t, 

I /Ii’ ,\nlilrrr’F nli<t I:aradv’F rnrltollri’ nrr drf~~rmrti nri\r x rnrrlir? inicr~ 

hr -II a\ hi rwlfq~rni to thr iritrrfatr. ‘I‘lli iF ill~~~tra+d t)rit,llv /II 19 

ixll<t IIIO~P dCtililrd in IPI ‘I’ WCI campl~ rcsul~ \ iti 2~11 t akrll from p~twr 

!I’ ilrv ~II~)LI.II ill ITigllrl*c <ITIC nnll 1~41. 

‘l‘hr rxlw\icrrl 13f +tir r~1r7fi~rrnat midriini: (3f CIITYC~ sllrritcCk +c, 3 I) 
r,~ttslwL I tlr ‘i~l~,t- Insir II!V,L .I i~ii+~t.rIrIc! l~x~~llll~l~ d I hr rr,nrl,rndI~~~ 

I, II.1 I) IrlP+ l1041, ii ctltl(~rP illt:trlini~+~~d t,v z3 plarrr wi~\r, iz rh,lwli in l‘ig 

llrp I hrrr. ‘I hi< ligllrr rOnIp:\rPC 1,: pli(llp noilr ficlil Ililla.. ‘l’his prrviflllll 

‘O,‘C”,“.‘l I’, Ill? l’illil-rslt,‘-l Ilrwar<ll ~\~~<~<,aI,,l,l llllili.r r<>ntrait WI,,, (II” I’ ‘; 
nr,m.1 1!1<‘111 < I I WTR” 

I‘iqlrr 2: Contour t’lut r~f BI ill I tw f’avitb 
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Ilig:lrrr 3 F, ~IWW rli+ d +Iw r~~ilr firid d ii pl.311~ WRAP Illllnlirlatd 

~ptlP”’ 

rxprrirnrr xilli VI+‘I‘I) +I) S+II~V s~atlcrirlr: pr1113l~r11~ ~04 01ir pwsfnl 

ir~volv~mrril in RCCFIPT~Z+OT phvsicq prr~hlrm~ wn4 i\ IIPrrrr+ npport UN+Y 
rrrr i\ TOW applicnl iron d I IIP Fl)‘l‘l~ cr~ir 

7 hr I~‘l)‘I‘O code was m~d~lit~l sllrh lhni tlb rxr-ilitti4,tl <,r t ht. ccbrr~t,,~ 
Iill ional prirl wns Irv rni,viilg ch;lrgrs rill tlrr +tl;rll ii pl;trlr ~RVP. lnitiirl 

2 I) rcs11115 wrrp vrrv satisfactory n11d t~rrsrrl+rd RI I hP I’,\(’ 69 ror, 

frrcrlrr in (‘hirqo 19’. ‘1’1 IC 0 ICY 17~0 5trl) fdl0wing OIJ~ 2~1) IPCI t g’ I 

runs was IO pFrforrrl simlli8r 1~1s in 3 I). In I his pfwr WP t~rrwrlt ill~r 

first wk~ll+< irl nn nltc~it~l IO apply thc, Fl)‘l’[) COIIP +r, :1-I) RrrrtfrR 

liar pr4)1>19r11s. i\gairl WSUI+S r~b+i~~r~t~d aw it\ gt1112 ~grwr71~11+ *ill\ +hr 

annlyl iral prwirl inns. 

IIiscussion nnd Results 

‘l‘icc~ gwrlwlric3 iwf‘ idr~+r7t four 0i1r 3 I) lcil’i: ii srrptwd dgr 

rylindrirnl pip, and n wj~~xc* pipr. flllni arr rrindr willi thr piprs 

rmply and with +hr pips (<>lrtaillirrg two p~~r~ll~l plz~trs +her nr+ liktx 

scparafilrY. ‘t~/iV tIUrpt6” <If I tirsr Il.sl rltns i\ to t)\lilri a c<,nfidrrlrr in 

our rdr rap~bilily +n modrl 3 11 prohlrm4 ‘I’hr pmm?trirs SPlWlfd 
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Square pipe with separators 

/c -tepped edge cyllndrlcai Pipe 

r 0 
Stepsed edge cyltndriczl P ye Stepsed edge cyltndriczl P ye 

wI:h separators wI:h separators 

at I his stag<- nrr nilI ~nrillbl 10 rrpr,~rfurtx a rcill rilarhinr. ‘f‘hr j)‘,-lt)lrlll 
gmrnrlri~c arc ifln!rri in f;ifiurr four 

Thr ztrpl,ccl cdgr ri Ilrldriral Ikipe f>royiifr 114 wit II il s.li nrf \;illdal Inl: 
,>,,r 3 1) 1~0’1 I) CIMIC. (‘<,rllr;lrv I<, 1 IlC 2 I) llliKIPf whrrr n 1111(. rltargr 
mi)vr iI, iparr VIP Tl II :lIudrl con5iclt-r5 A ctlarpc v.ill1 a glvt’rr ilist rilt’l 
1 ion rrlrlvillg in \f>ac p .I tlili nl<>virig rflar~r di5lrlhllvtrl ccrrrr5jl<>l1ct~ 50 
ii c13rrc-nt ~l~.niil\ diit r lb111 ilit girvn IIF or:( Trt~rjllc-111 Ii 4-allr-cl cro18:cc t ibbll 
FIIrmf) illid FtllB\\.’ II,, ill .AlrlpL.““\ tan: 
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‘I hr TIIOVP~T~PIII rbT cll;trfir is ~~lia~l~lrd IIV I’XCI~ infi I t:r f”I) [‘I) erid 41 
qprorlatr spnl aI :1ntl I rrr~p~:al I4acxt ioljs, givrn t tlr rlrsirr8i ftrll 11 ;Lll4i 
stiapf~ of t hr p;lrtic~fv I)utlch Ifrrr wr a~\iu~n~ t tlr, cf~argr- i!iit ritlut iiln 
to tlr gcurs<inll Ir;~wlin~ al itit, 5fwd of light. f‘rlr n slrigff fort iTIf> 

trawlllrll: at ihP sporlf of light III,> firlrf5 lillr, arc 5ql~aitirrf into a 
plnnr fwrfwndirlltnr to I hc axis nf rnnlii>ri. and ilrcili. iIs r ’ Ii) ‘I tic 
rnst‘ of a gaussiarl p1115c i5 rlifTrrrl~l hilt fc~r ii 5~~flirirrllfv nrlrr,*iv plllcr 
(rr~rnpnrahlr to a drll.~ f~!rirl icon) wr can exf)~v t a I,cfliivicbr 5iillllilr 111 
I hat r~ra sillglc part iclc. ‘I hr ard).sir a t this p01n: i’r 11111 wlf cc,l~slsirlil. 
IfI <II her w11r0s I ht. l~f,nrll iz x\~rnlerf to trtb rigirl nnri 1101.\ 11~11 challK( 
shape in wspo:~~r* IO n fivlcf acting hark OII it 

Cnsr of a Stepped Edge C~ylinclricfll Pipe: livsllll5 Mllfi ttl(’ 
ilc-pp~ri rrigr rvlinrlriral CTTI~~CBI !I flips art- stitinrl III I:irurrc firr and 
\ix. f:iglrrr (iv0 is is btinf)stIcni <IT thr F: firlcl rnag:l~itlicfv ~libtril~ulicm 
acrocs t I)[’ ~PRI-I pi;)? takrn at tllt3 ?arn? lorat ~<>n uf I hr hrarri in 111~ 
[lfpr. I:;jy~w six rlrnrl~ 5fiow,~ ttw I ’ rltvar 4lf 1 /IP firlal ;,s II’? lllOW’ 
a!nng ii 11nr prrpc~~clicdx lo I hr axis t)f rno 8011. 

l:lgure ‘~C\PII show\ sxrn~ tvpt’ vf rr~ulf\ tnkrr, iti-roili :I s~rpprri rrlfy 
cylitlrlrirnl f)ipv n,r~I:~ining thr srf)ar;\ton 7‘!1c% s~~pilriitors art pPrfC’.t lb 
conduct inK ~~I;LIP< I tlat tlaw ~111 I hirkrlrsq. ‘1 Ii<. r~Ir(w! nr tt1r plalvs ii 
9wn in thr lail d t IIP p111sr. 

Case of ts Squnre Pipe: I’<bc llir i>~*rf~f’sv taf f~lrllls,r Irstirir: tll( 
1’1)‘l’l) CWIP af,f>lirntlilitv to cilffvrrrlt type of fbrot3lrms wf idrlrrlirr~ 
Firnilxr catriIIalic~ns vn a sq~:arc* flip<,. Figllrr rlghl Stnc>ws n snap’llc~t 
<IT t hr I:-firlIt 11laqnitu(lC ac~ross a nqt,ar~ I)ifle tak<,11 ;L~.L~II a I tl(’ ian~c 

t ifibirc 5: IIist rilmt ic)Il rlf 1,: lirlrl rna~n~tu~ft~ iwrob5 a rl(,f)f)c~(i ctlgv c iliil 

cfrirnl hrnm pipf 

300.00 

fi 
> 1 

9 
J 

&I 200.00 - 
+u 
I 
2 
c? 

t?l 100.00 : 

s 
i-2 

Distance from center in l/r 

t‘igure 6: Varialiori d f:hlirld ~nagn~tudr VCT’IIIF T‘ ’ 

I’ipurv 7: I)istributii,ll uf 1: fir141 rnngniludv il<‘rosh n ilcllflrd i,llKv c.vlin 
driral flipr con1 ainirlg t hP sqmrat ors 



I.IL:,I~c X: I)icl ril>lll I~TI i,f I; ficslri rnngniludr arriryi a cq’larc’ tlitw 

I Ipllrr !4 Ill.trlllllllr~ll tbi I’ liclil rna~n~l~~clr rtcrcli5 2 iqi~arr /II~IC c<in 

I.~irr~rl~ t III- ~lrtmri~torh 

Io~i~l iori ftr t hc> I3vil111 \\I* ricalirerl III<- firlcl dislril~llliitr~ ;l\ray Trclrll I IIt, 

c-vr,Ivr Srsbrll 11~~ I~(,ain cr( 5rtl~arirh a rrsillt BP uoIb/i! \irrrlrllc~iu rxt+ccl 

t~twlll rttr , 118, I’.IW #I[ a qrrrlrt- pipr with ‘rp;ir;illm ii itln\vrl ,r, 

I lg”rv IllliC .\l:nill I 1113 ,dhI rif I tlf’ wthuaor5 ii ~i~blict-itt)lt* ;5ri11111rl 

l’ic’ lail or 111~ t> itic-. 

Sumrn:kry and Future Investigations 

III I tlis t~at,rr ivi’ h,wr dc-~r~or~cl rntrd t hr rxtlat)ilil v +vC I hi, I( t)‘l If 

~-o~lc* ICI ri~<>rlc,l iir~i:)lc- i~rc~~l~~rill~br ptlviicb prcrtrlrrri< ii1 3 Il. ‘I the’ 1 I) 

o~rlfe~rrrlat~lr t I) [‘I) rr:c>~tviirlj: cbf a tbranr pit,c. i5 (.~:rrrnlli. 1111r1c~r invv, 

li~;ll~c~rn. ‘I tlr~7dfr~r. hr~ikrr~ rll<rrlilcbrs nncl ci~~iliw wi’t tw ildd~~t 1~1 111~ 

pitIc%. t;t.rrircT Ismlrlirl~ of I he cavilics is also pssit)lr. Kivrtl I h(> d~~rrlnrl~ 

<i rat ui ciitnallilil I ,bf I tic F’tl 1’1) c11ctr lo hnrlcllr artiit rary rw~l~;i. (‘~111 

plrd is II h prrii~aili I iv0 ;IIIC! I i~rc~~ ctirnprIciorlal cc-al Irritlg vnlirlal icbli\. 

111~ :I I) t, I) t II ~ifllizli~lIcm uf Iwarn pip’ri, raviiiw, wire inorlilrv~ and 

rni\t iw wilt1 rmr~il~~ri ill ;J i-rrrlr4~rmat~t~ ~naniw~ is a dircrt rx*rnsicstl 

<IF 1 hi- t”rirYlt ITilill’l. 
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