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ttË truryæt sil¡ilnrrtw

(Þ) futgsrerù 0f thô rE¡ilr arattsr d
t¡þt tnarpæt c¡rynr*tur
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rcÈtrl rYqtü rolltr vrloeltY rltb
rvülprÍr sür "rt'otÍ.ty 

f,or æ/stlÜlül
æã;Ër
q!'Sb ücfn* thr vrtrttm at
st¡rf rrrrrtr mlttr rçIsttr.rltÞ
Ëtrrtü |tr r*læiç fü tlt/l{ &'¡ss
*ùærr
0!,æh rlræt* ttu vrrl¡ûlo¡r of
rotbr¡, rtærgt pllüt vrlooltt ttth
æFt8t ;re rrløtty frr l.o n.
;tml ¡hrmr
0ürÐh &r!n8 tbl vrllrttæ É totll
Dtrrrllt tt€D Étb tæltt 8l¡l
iatecf,tt for ÀEfyr6rr¡ æÈrçrl
crrÞb *Ìrorta¡ tlr rætrtfæ aû totrl
DF !r8!r ltÐ úth tültgc 8rr
irloatty tot &¡2¡( cl.rat rphærl
OüDt $wfn$ tlr Yrtltlæ ü tütrl
ÞËûrünrt ll;6 ;tth rrllrtr ¡rli*larttr far l\ßlrl'm; mhmr
gü*b rätrfa$ tm Trrirllm ûû türl
Dttüúrro tEl tltL tlrrtr tFr
rrtoaf ly fct l.O il. drrl ?bæcr
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(rrß)

rf8

lrs

t4s

taf

fsâ

te5

flE

tt+T

ft6

r8l

Erü

6mnl rborlq; r tlplcrl ptot sf tÞrrrrt;t[m of tb ürttor rlrrtærtlmr
ffiå frlrtlü GoñÞonrutr- oü thr ættû r-
füttrrrr trop üth tbr rrrqf,ü ßrrvrlaltty
tlrtotrs úortry thr tælrttm oftbr tlrmç;ttcrl rsülür pr.ürurr üran
f,¡on thr obnrvrt ætlûr DsüütxËttror
Plot €f tär rro!,ploorl rqil,t{lr psrrrrrr
ü¡ç çr. tbr rrüütr grr rrlacttf fsr2;/d ¡t¡rl 3àrrrt
fil,ü ü thc prslprocrl mlltr E
ll¡r¡B v t. thl çGrSi tar relootælgfglrr pbrcr
Flot of tht rrctprû*rt pt lô r Ðmürsrrürm Trr th t¡rlrlü üt vrloaltr for,hhg**mr ¡brm
pIü of th* fmlÞ!ærl rc¡lltr $¡rr$üfürç 

"t 
tbt üËr|p tm vûæl,ty før

1.0 m. fùä[ Ghrrrl
Omrrlæa af th mrrrnt ålrl
oorfìflolat Tt prtlclr [çaaltr
nnü'tr rletlurhtp rl,th tbr clrmtcrltttr fæ rp[cprt
lryætmtlon of llrwr- & frçl thr tltr
06' ¡¡r3nÇq rt rf (6)

PT,
of

-la(l-t-) v¡r f(t) fot thr drtt
ffffiffir .f rr (6)

gtæ of ructlsn r*tr lt, tlrr tolr tb
muælpn d th¡ ürtr d lÄfDftrfit
rt il (6) *tu tür nrf,erl rrtonlrtd
*Ton tür grçoæü roûü
Hloû of, mrttüæ prtr ?tr llr f,cr thürtr d A*XÐn0çffi! rl ,rl (6) ¡rfnc tb
tlra frr (O,åt rlâr) torrrtttor

dûf
åå$rÐ

t*l¡

f?n



(rr1rr)

l.ll .f tr ta¡rr plct of, *1a{ l vr. f(tHü *trxtarttm of
nmlnrl run trrgærtom p0

5¡I[i

PlfrÈ of ptr orut mûuctlæ Trr tl
fæ fihc ð¡tr d l*gD${ffifi.I rt 11*orrltrü fop tlrr 1r*
ttcråtrû d th üDrprlur ¡nü lcrtlr flrrt trü mûsdfoa of ri0
PDøt*pæÈ d tbr grprntrl rrd llor
tät ft¡rt Þril ¡nâsctloa d ftO
Shautlo tlagru of tb¡ grrhmtæ,
rrlttsl mt tmtfirtstr trÊtËt sútr
erd ln t!* fird b*t pdwlt,ou
qrprllaüur

Phsüqrïph ûf thr rrrËtar trû tü tÐ
firr6 };û ¡rdnttlsn ¡$'pærtnr
Pcr orat rdudlsn vt. lss_ttË (rta.)
for the srtsgtloa of fi/be; xr0
ûlth hfürc;rn tn I f,frrt td ¡'

Prr oat rduottotr ?t. lot tlm (rln.)
lor tb rrt c¡ttea d bnftÜ; r.Or{th lçärg[ra la r fl,rd }üü ò

Pæ crat r¡áoltloa rl¡ lor ttlr (dn.)
fË tbG rd sdloa otr b8/6ðr r.o
ütth l¡türogrn in r ff¡.t Èrl ¡
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(rül)

I¡rær

l.tt ù
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b.t

&.S

U¡fr

Llnmr ptot of *ln{l-Ic} Tr. f(t} for
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(r¡r)

{*üH&å.i&T

fra å¡rnanlsg qf ¡xrtlclos tn vìe¡.tlc¿t ¡nreurat!,o
trsr¡*¡¡srt ùütt boen cxnnlnøÈ boüh thct¡¡rtlgrlff üÎdl

cryrunrlnanttff'f tltå ¡n¡rtlsul¿r þsfcffiËû tE tüs eseelsrotfm
*ffirr .e thüsrrürüü nsåct ln* þcm npe¡¡e$ ,ð *lsb thû

tËü pantlatr wroottny i¡ rçrato{l to ûhs qbürrmar prÊa*rffiÊ

drop ln thr ryrürar k *nû*1 n¡ tmtrû rtt¡b r lorles of
ary¡erl¡*cntr urins thrrt dllffic¡t dru of $Ißrå r¡ùprus (ûl#fi*

t rt! to .St¡ rn) *il su¡t *trm sf çùml ryüffiôr tlro n ülrü-)
üüülrrpsrtð{ ;ltb elnr qho $6wf.tr of thü n¡nn}frlr arc
'prs.cs¡:tsit tn * forp t*¡¡¡t Esn ba ugd üe d¡tsru!,n¡ ¡nnttoll
rsstûor¡st tlm¡ ln r vürtloål Blg¡a fllEn rlrrÊsçt$t û¡¡-op

l¡tßGlFrÞnffiñürr Ia ¡nrtteular th uçdal csn bü uM, to catfu¡tr
prnülnls mrlffißr tl,mr la trursport ayaton ln ülch r
ebmls¡l rnottrø ssûtæü bctmø¡ ttrc ünanrpætlng ¡trü ünô tùl
mt¡rrln¡ü *¡lld,r+

ffi* t!,tt råryot øü Tistffirü nlürl lmmtdþ
{r¿r. }å/1*s} lr8rfuü, $1gg lrtËr rÊrüür n*} üß}î hôæ

rpr{lüffiû trl bsth n fl,,,mü äd (tcnpr.mrqn ffi *nfc} gC tn r
üûr*rilryqrt rürßtffi ttær ransr gl6-Yg0ft¡" fu ktn*ttror sû

lhr rueh¡gttm far tüa ùm e¡ffi åsir fl$¡úrrlüal gunntf.tattrtty
mË aorynmür &r rumrtr aåml türt th rurstúsn natcr
obæltuû f$ üh. rÊûwtlm ln üüfr t*rn*pwt ¡r¡ntæ rrrr m*h



(mår)

fa,ntær tþnn thesê ¡nrcðtcüoå þy ext¡rapolatlon of tbË ft¡Frd

þo-å ktr¿etta {tutsr lbs ünrtrod, fnerü{ùeq tn ¡rcaçtton r-at¡¡

ls attrtbutcð to a chsr$g f,n nes¡cticnr¡ Esühenl,&n s&ßûüfeüeHl,

ctth tfrt rsdtl of st¡rcl*orytlon of tûrp hyflr"ogcn em îùn

nl.gkot auræld¡ n¡trtìeoc¡

&r mrtr l¡d.løat,eå tlst bqth lw ¡nrtlslc rurfûrner
ttnn¡ ürdl tt!.$h pæe ùlm toufr¡crstu¡lt¡ c*n ba esrtnslliå qrrlt* ,,

cloml,¡ t$ tbt t$rnåpert rsastsrr Xt ln nhqm th*t th
Fan¡¡gt rseotör 1r purttoulsirXü nutt*blc for c¡rr?tng Est

ghonlaal Wantlon* bçtwan ür SEa ar¡ü e pntloul,stø sol,14

úcn ül,Sh sËåotitrr t'm¡nraü:rm oan ba usd to ¡rrsfi¡Ëü frst
rmsttæ rstet



(sirr)

I W t$ûff¡f S*t thll firtr cætrlnr
aa ;*trpfrl *fcb Þm ffi t*Wrt#l fæ tür ffirú of rsf
ntþ Hm G nüD¡m ln ry hfrxuft,r *ûl1 thåtr to
fùl bü*t oû ry lrrwfrû8t nãll ]ËÈifr:fr tñ|il tåürli ccrrt*,lnr

no natrryfrl D$rvfüfi¡nlt Sn¡ilixlüü{t s rrltir¡ Þ mnth*
Þrpmn rmæt ffi thr núlrrmgt i's mdtr* üN0 ü&; tæt
# Nt ffittr

ðr 8r nûåfrt



(:rxfr)

tËül{üflüW}EreHEB

'Tm authm ul,&m te thstr¡ß Spr ËrVr Or¡ltnr üo
nrycrvtmû t&lr preJrüt mü ä¡"ef,snssr l{¡}Trfr Ts¡t fw
*]t Fû¡f rûvtsr ûu¡xfn$ tbn lgrvorülsntlw¡ e

ümlr æ; atra¡r duË tð tA* rq**¡üo¡l *û¡uflÊ d &r
ûüruiorf e¡sfnærrfng $rlnrtnËnt fçr ftütr *ralrt*t¡e; rs¡ll

$sqytrrtton ôllrltlß tùo oonrtnugüten¡ d tåä qprrttutl;
rüü t{¡ *rr ifu 8fntrfft fæ hl* effi1¡tnr*cc rlth ühü

&rylmt*¡ r$l m trün ryd¡.ogtrr ¡uüuaûtm of nlsþl
ffinoúdt*

tra *dåtülm tbc autüs lr l.lN&ürû tü thr
e-o*trr ntil A¡¡eolntl(l ÐLttrü üüür r&ü tô åIårfght

åsd, Wtl*m Ltûr fþr flnnr¡ct*l rffilrtnætr

gü lßtûünåtÍûþel, I{l,sht ËWrsñtr (Iffiû} Ltúr icincLl.v

â**l*üeû thc nlnlnt mo*lds uÉBü l$ tåü roewrthr



äl.lF
*
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n

t. Xffifrorytr5Iffi

&ir ührtlq ulartlsl¡ üynnnlw la varülsrl

S¡ürffitts trrnrpsryü mÉ t$ñþ applfoattor¡ to tÌ¡s trsü¡Sg{rü

rcdwtlon gf ntshl axldt uåt& lrydrogsnu¡ dttarlþtt ¡*
tnwnttgnûtm to aloçsn th¿ st¡Êtnþ ltty sf tjbô dlåIutr filulâtsd
phr* rü r sufäþIr nürr for Ea¡rrytrq out ¡ sh*rfcrl r¡rotlm
Þrs;¡p r 3ff rd, r f[$ßy üi.vldþû ssllü¿ fhû ft¡frltüttc¡ of
tt0 rltb EO nr süffm fsr thô ütuûf bes*tæ* lt 1r r ñleüifrlÍ
trst rmsttronr tüo rcrotlw pnodunüË mnü nct ll$l.r to rtls&
rm rp*lr ln thå nçsotorr &r¡ê at *qtlflll.Þttu tñn ryltæ hr;
æty fsrr effipøenür¡ vi*r Sr Ht0r $11 t¿Or

Hc fn mst rruesüsrr uuod. f,w r¡*ntlmr brtüa#t

fnnü poliÄ ¡n¡rttel'm rnû n Ítt ttfinü fic probxrnt err
nmilüf.f læotmtmür fl,üttr tüt Dtrûùls of ntcrl*l'r
mneff¡t$, rnû ræorür t¡þr frqñ¡,m Êf üûbùrüt¡f rdlquåtr tÐT

;s1Ídr Ew¡t¡ct ln tüü nrsttm Íl¡ütr å rlCnlftsrnt
pslt¡¡-lbutæy fcrtor to bötb tbtre Sürüùlåüe lr t¡r tcndl'ry¡çf of

t&,l *oiülü paættolm ts Wtt ffi to r¡Þ; rstlæ st

ðtüÉtrülør¡l fìopectr e'Ë gçm*r*I mtùoür lclat for
såsryl,r¡8 ot¡t 8nrusllû resstl.elt*¡ Tl:r rçnctl,snt ln ft"r¡û
b€ûr, ræotlsr¡¡ l¡¡ f,¡,utünåsû bÊdßr enô rttßülwrr l.n tb d111$ûâ

fll,utûtsd ¡ünmr fftr4 btd roeoüorr¡ f&öt,t¡ûfng rcastffi
rltdr rtmT.f mün$ Þdt rsEh ar t&s blnrt fiürltot¡ *rrl
tmafff ¡ültrû ts tc,rrt xtsrtsl¡r rùlsh p¡¡ntt tùa ¡twänf



3

trrrr to hü olreü,rtiü thrtçh tbr ælt{l üd tltb r tc
ürr pülr*ril t ap Ëü mlfor; trr rúft oütrst' k;m¡
f,Lar þrettclË tü not rut&ü to tltr tmr of, tmatçrnt

rd aûtra p SttttüS, rlätrrl,Bt et rmlmrrtlal
D!Ë*rü it rrqnlrd tp mlr such nrtrilå r uttctlr for fl.d
ll tm*;¡at. 0ü ltr o*brr þrnt tb fl¡fllnl brû rd
tär ðùl,str ftrstül;d pbrts crn h nrl fion tlr trrtrrnl
d ftnr prrûtclcl¡ thr flstt ûrn; flnrnrt oa thr prr"tfoln
briaü orrü to cttatærrû tbr t*d*lg of tù¡ pr¡4tçlrr to
rqbrfptr sdl! tþr mtloa d *rrrltrtlsnrlf orcrt

lorr tt Dutpsil d tbtr tb;dr tÈr troæoË
rnctor lr ârflad tl r ôllstl ttslülmü Ehrr pnotor

ln rû¡lolr thær lr uÞr*ü ooÕosËlitnt frtor sf tà¡ trr st
tht tlrprriüË rottt phls. For flnr pmttalct thtt t'nr
ef ruetor hu rrrrrl opgatlærl Svratrnrrr tt¡r
n¡trr{¡Èr hrdllnx problm lr otürffi tlûth tho ;rll
utrþltrrtudl trûht{ttl of þnrmtto æwcyl¡¡r tht rrrûtüol
ttm oû tb g¡rtltlm ln tbr rtrottsa üat snÞr d.omlt
coatroit"lrt ttt*elrlü,ng tt; Írr flor prtrr üt thr
tq*rturr of, thr nrotlm toËr orn lt coutrulld bt
¡mt¡otltnf thü Í;l truÞlrttrll. lrsr¡r rortlo:l
¡*rrnrti,c trruport rtûh ættt¡ vctrocttl,rr btoç O.! ft/m
trür to b r nnrtrÈlt¡ thr trrnæort mator ll orl¡
rultrÞtr fæ rrlrttrrlf f rrt ttlttloal. äærrr¡ lf ü|t



ll

mCItåsn r*tan orn b {ùtå!nrü. ü1th tho u¡a d hfgÈ

tlruffirtrror¡ t!¡ tmnrnsrt r'rmntm prtrr!'daN ¡ msnr af
et*fnlns s*t¡rsLlåÞl$ I,,m rn*t&m tt"ür ütrü ¡m ¡wt

swåå¡t eshtrwû !n n fistül*tü oü ftËåû Þtú matffir
fn sdôfüisr üo thr polnts ûtnûüffiûû sborllür tä.r ruç sû n

üsûffipfft *crstor trþr' rçnmtlrl$ tn$t grrü flno çol*ûa lr
nst frdisattdl ln the folåqrtng f¡¡sts¡ægl

( i) l.f ntt*,fng $r Ë$atJ,ng sf t&ß solÍü natrrlnt
lr antloßpaüoür

( ff) l.f thr ¡rantlctren l+svtne tJ¡e pca*ûæ ara ;a ftnl
thrü thrfr rrüsw f,rro tåo gür stme 1l
d,tft1lnutiûr tr

(tttr) tf lt tr ümtrcü, ts ura thË brt d r;auttm üs

¡revldb the tronapepatr.¡ro9 fs$t*tårlr to lntttrtr
anû unlnüstn tün ræctåmr
&t *tüoûftea of tüo trnre¡tlg*tlut tr¡ltffrtrhþ

fon tü1r ü&mir ffiüt
{1} to srrrlr ffit i¡Btrtffirtrl tad, lhsat'úenl.

m*lfrrr st S*rûfuln ffinnfor ln ç¡rtlonl
prmatlo ürrnmçr.t utth Þårüfsufå¡l mfcru¡or
to Im *ttffi{t Inr"tiotr wXecltin*¡ rtth s rirü
þ $ttf¡ûaS tütüt mmltr tn th açtt¡ntlwr oú

¡nrttoh rscüünc¡s tl"mr ln r üra$qilffit

rçûsüæt



ä

(tf) to rtuty tlftt{ürÊtrllt thr flrrt brt ¡rrüusltoü

of rrrcrl úm r¡nûrt of ft0 parütolar rttL [Er

rd to tüirf r alurrsÈçrlrtlo tbürnlürt retr
cqertloa fot tlm lmotlüür rd

{f ff ) te bllll rd opmrûr rn ?Þürtnr to tnirr;ttgntr
thr trrn¡æt müosttoa of rqlor of tlr q0
urrt [u lrnrrrttel¡ttm (ff] d to tt¡ttr tba

mrultr udnÍ my trlærnt infomrttûn obtrlmü

üm lÈrürùtßattmr (t) ld (ft).

ïhr tbtrûr 1r prurntrdl ln â!ür nln ¡mtr
ooa;rçonûtuç to tämr thmr oËl*tlvur fatrd süøt
ümrtr pruf*r ælr of tbæ ¡r¡rltüar rd rnob ;otton
Irrr r ilOü!ütr lltærturt nrLcr, lll.üûürtûoË d rrrutt¡
raû aontl s d, oôlr
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211 f ntro{luotloa

!!hf r alstlon of thr thadl 1l ooaoç¡ncû rlth tbr

ilcwclçacnt of, e rclatlonlhip rhloh ney Þa u¡ctl for th¡

dtcta¡ntnatlon of eotuel tYG?egG partlol¡ vclooltlcr
(aotuel ¡r itltttnet f¡on thcorot!.erl) !.n vonttoal pncræatla

tranæort ryttctttt. FolX.wlng thc {llaou¡¡lon of thc

lltcratur! a rclatlonlH.p rh[ch mlatas tha actuel ü7r?ago

pasttolc vcloclty to thc ob¡arçc0 Þrattl¡i ilrop bçtrcçn

tto rcfætnco pol,ntr l; llrrlvc{lr tlrc tnYaatlsfattoa rlrloh

tr Þotb tbcoretlo¡l anlt cxpcrlncntal 1r alnoll rt
crtabll rhlnç thË tollorlnß rlclatlon¡htÞ¡r

(l) thc r¿Xrttonrlrtp Þttrtüfi thc oÞrclvoi! wülrgt
parttcle vrlooltv rndt tha aYcrtgc ger valoolt¡t

(ll) thr rclrttoarlsp Þrtrran thb ob¡arçad tv.rtgr
parttoll vrloolty erd tha oaloulatc{ svtr¡gG

thtorattoal rrl oolttr ard

(f ff) thc rclettonrHp Þçtçora thc obalrci! protaurt

llrop rrd tho eatual mil thcorctl,oel partlolc

rclooLtlcr¡ thc rr¡nlt of thl¡ enaly¡tr 1r e

nomcntt¡a balanoc.

Scattonr (tl) rrú (lff ) rcfcn to thoæcttoal æLlâr

volooltfcr rt¡tah nat bc oaloulatoil prældcd that Èotb tha

ßu vcloolty ard the tærnlnax vcloolty of thc æ1111

partlclc¡ alrG knomr Stnor thc partlsla tcsnlnal raloettt



I

gMtr rût%l tffia;porü cmüttfürs 1r nEt mlltbþ fi*lüul.sþlt

u nthaå d ort*nnüng t}o UlrBinêI w}ocl,W filon q,bæ6t'¡t{l

pr¡Ërürüt ürW rutßfi¡$montt ls FtQP&tüür

&t rrmrt$üütËl vork is eünfl,ntû to lh*
üürnæsfi.ü d mtll glam må ¡tæI qùpmr ln * üffi
Tætåsñ¡. tr$ç'
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?¡2 &ûüsstlflc Aavlcr

9r8r'f *¡rbulffiît f,åw ln piPac

Em f,o1lffi*a$ dlsüuüalm tr c brlsf ewffirïr Þf,

th snln ar¡notc €û thå f,b¡tdt ffinr¡tu oû ?tffit¡futtü f,lt¡iü

f,ta; l¡r plfcr¡ trrcû loneBl¡f m trh vr{tf¡rgr sf Ëtr}i&g (f 9) r
snåx{Ðflt (eO¡} rrd [snl¡ü'I{fitr{ü tgf}.

$g.bt¡lürt fle: sd vtLoolty flunüt¡sttrs¡

$*tt$,srt flw 1s sslü ùø axlnt l¡t t ptrIp ûG
ürd:üf ütssf$f f,lrm$¡etl€s¡fi $ar¡ bs cbm¡'vaÂ ln
ôþocttcrg otM tüm rtcarg tåo Exle of, tbË e¡rll¡dsr forná
b¡, t¡b pl¡lr nlL eü¡æ ths velüolry fn sny ðfræil'st of
ünffißsrt ftc la os¡t*r¡uotnlg flt¡Êüsttrttgr lt ln wn¡rl¡¡r

rt$roßûntücf W a vætor hnvfng bstÀ sttcdy åndl flwtuattns
coryrcnsntr* If U rûFrtser¡tr thæ ln¡tcrttmtor¡c ralos!,ty

ct m¡r polnür tùm
$rB+e rrr..(g.l)

*rt$ r fartnntrr¡l¡om rül'osltïr
ü r ttn al€mtl Doinû r*10ü,tçf

nr¡dt u *.tùr flwûunût¡rg cqronærù st Ul üt üijnfnitlsn
rIrOr



to

fhr lntr¡d'tl sf tstbulrnar

!t¡ iütrni,tt of tsrtülraor !¡ urult¡ ûrrctlü

ùú tbt tlrl* & vrlur of, a rù,tcb lr

!h rlrtlvr tertulrnor lntrn¡itt tr tht ürûlarû tf

lbrr¡ gtlillrtlr!' cosülart.r rrr æmrttrf nd to trf,lnr
thr flril.t of, tnltrbecr¡ yllr rúrt, trtt"r¡ rûl
írtrutbrf, r

å vrtur of thr tlsoturtlag vrloeltl ¡æoarat
oan br rærurrü ln rreb sf tbrrr täF.ü tlrccti.oar
(nuturllt rt rtgt* ra$erlr lþ oæsarntr rrrtt

E! . 3, + n, (rg¡rf')r ( r.e)

t;
rl u"

rüa Ep U6, + up (rÉruiürtlr

#e l$

tr * üo, + n* (rúrf lr

tttltl

t

þr plpr Í1æ ü, rnf ãø - 
Þoth ttllo¡ la tbLr err thr
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Jsffi¡nm lßtffirlttür ffi u#¡*l¡.f t*ffiuãtü rrtr¡¡tlrr tü
Ërt

Ynlmr nf r*lotftl; *ntm*ttttxt fË ffiff,f
drmnrylü trphfn¡t pfpr fit{il *r* r¡mortrÊ tr efiwSA (f?}

rffi fr$ün$üRtr (la¡ r ås$ûffiü {l$} ttrÛü üä*t iür *nÚ'*t

t$m¡ffi iãfililüt¡r r* l¡ã* ory¡tü tr fm Sifr 6m ür

ünryüuütrû u 5 qúrûml nrlnli*nr

rfu q&* f s*f* **.{rtàÉ .**r*df,*!}I
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lbc roalc of turbulano¡

tlbc ¡oelç of turrbulcnoo 1111 onLy bc brl.cfly
dlaoug¡cd a¡ lt¡ rpcotfloatlon lnvolvcr nethpnatloal ard

ctatlrtloal proocdlurpr bcyond tha tæpc of tha prrcrcnt

tork. BroadlLy¡ turbuleat odldlc¡ oonlllt of tonar tn thc

flutd rlrloh vary oonttnuouely ln al¡c enll translatlonal

rprcal. Thasc c{ldllcr aro tn a f,luotuatlng atatc of
gonaratton Þy lnrtaþlllttc¡ tn thc floç antl of illcstpatlon

by vfroout thpar forca¡. lho statlçttoal. tecÌrnlqucr

uard to æestfY thc ¡oalc of turbulcnee arc oorrclatlonr

bct¡aon thc nagnltudcs of thc fluctuatlng vcloolty
oonponcntc, tha dt4laocnncnt tn ttno or dll.atanoa bclng

tbc faotor uo;dt to ralato tlrc paLr¡ (or ærnctlmcr tnlplc
oorncletlon¡) of vcloslty valu6t ootrrGlatcû. Tha

oonrcl,atlon batcd on Llnoar dlltpl,aoæont l s rcfc¡rcû to
ar thc Eulo¡rtan coalc of turbul,cnoc anä the oonrclatlon

Þa¡cd on tlnc dtlrplaoancnt ls osllcll thc Lagnanglan ¡oalc

of turbulcnoG¡ A ilctellodl Éltecu¡don of tharc

oorrclatlon¡ anå praotloal mathodlr of nceüuFomant l¡ glvcn

Þy HrszB (tg).



r5

rh; tlnr wtltgt polnt votoolty (q) tn turþutcnt Plpr fLoç

îh tiar rrürtgt polnt vclooltt (!r) vaçtcr

rsroar tlr Þlpcr Þtlnß a aaúnrn rt tb erntrc ¡nlt ËtFo

et thc alÞi rr;1,1., A pomr 1rç ProYtûr¡ a vtlt ;ooû

apprurluatton fol tMr tlrtrtþutloa lf la rosuratr

tnorl$,gr of thr l!tr¡trtÞutlon la th Þoundary lry¡r lr
not pqulrrf e m$iãr (ee) glvcr ttrr Íollorlnt oqurtlont

(8rlo r (U*)"o.tl-fr) 1la
....f . (e.bl

ñrr (0*), r tlß ¡vtragt üil,at polnt vrlodty¡
r r radlel ül;tanee of thc rcfcrenec polat

ñ6 thc pl,pc cantro,

D ¡ ptBc tlcactcrt
rld 1/a La fon f(1,)1 thlnr À lr ¡ dllnoneÉ.onlalr

f,rlotton faqtor dlctt,n¡dt b¡ cgn. (e.E).

Ps¡ ?l.aorl 1 tha fuotfoar! rrlatlourÌ¡lp tltællfl,cr
to I/s . ,fÀ.

lfhü ttlrtioartrlp äotç¡ra tbr ¡a¡lnu¡¡ a¡lal voloottt m¡l
tþ evæaÍ. !¡er¡ flor rcLoottt

tfþ ¡rrlnun ed,al vrtoolttr (ür)r"r., ooourr

at plpü e¡ntn artû V-. i" {lrflncll üf thr oEurtloar



1)+

(";r. ¡1eo)( pav. ) . I oaatta

r â?rtrâs. ürËr flor volooltyt
r ürlii of oroer potlon of thr ptrpcr

r r?Grltl fl,ult ll¡ndtt.

( a.Í)

utnrlr I
.Ào

iTo

ünll p f7o

fn tarnc of Brr Ìt lt dcflnet bv tht tguattonr

Ð/2

f"O É ,o (8").F.ltr'ilf
2r

SÍr {

8r¡brtlt¡¡ttng thc vaLuc of Ú" fr'æ c{Br (a.k} yield.s ttre resurt

læm,rcmr$e (at) ] r

tr P

Y*t,.,
(Bt)r"*.

{

( an+'t )( n+r )

aöaeaa

ata.ta

( e.6)

( a.l)2æ
lffi

SOHIrIOIfilwô (ZSl cvaluatrc thle natlo for ftva valuo¡ of

B¡ thaæ arG lerodlustd tn Tå.&E 2'.1.

fÀF"E 3.1 . Ratlo of aean to narÍnun rrlocÍty tn turþulcnt
Þipt flo;¡ afücr ffiHtl0fffff0 ( 25)

{o

o.865

I

o.85a

t

o.8t7

T

ø.417

6

o.?g,l

D

r]tu -
([ t )Ëltrr
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Flrralrl llræ ta twbsloat ?lpt tlo;

?ür rl*rtton f,ar pllrr¡rür áræ ln turÞnlçat plÞf

ftor 1r rnarrrrrr *lttlË [ ænnr$ærro (d|] I r

ff I

eaû ttro *nothpr rcletion (el)t

r Pro lqtrO (lrc ñ) - o.ü

qþ u.-v.Ít,
s ltl tratlt

aaaaal

taalat

( a,a)

( e,E)

( a.rol

rlrrpr lË . ptrrrttr grr.llrat rloag th pl,pr¡

D r plpr flærtæ¡'
P r Ílltrt ll.nüãr

Ys.t l5Ërt8f mtr floç vrloclty¡ ,

rú Àr ülilüadonlrm ñlctlos fretorr

filHe!{t*TÍile ( g¡) glror tfç f,olløtnf cqurtloa for
crttnatln; h tal tþoth p!,Þrr ;ùæt !r!ûO < Al < lOOrO0Ol

À . o.Sltlt (nl¡'6'rf

J-
d}\

;trlth lr çrllü fi*
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?11.8 lftr naturÐ ef flulll tre*

D!üß t t th; fiolor rnrptcdl on t baty ruümrßrl!

ln ¡ fitutû ;tr¡n tlra filutd næll rll;tlvr to tho bs{lyr

lfh¡ ntoh¡nt;r¡ of, dlrag forert sen bc æn¡tdllrtd la tlo
trstlsn¡o ?ht ftrrrt æotLoa tr tlp total vllooue flol
(güotrl r Ilrrr) reglat æll tbr rcænû 1¡ tha rcglna'rlrcrc t'
truc rÞounáarr lryçr rrl¡tlo Vt¡oour flo; oü f orË.ptn8

notlonr [paåH}ff¡ (?6)] oorr aot nonucllt otso! ln pnometla

tnnport. Fãcn a trur boutúeìy lryür rd,¡tr tlu total
ûraß forcr otr t ¡r¡Èærgad þdy oa¡r Þc raüuc¡ü to tlo
co@onrnt r [ æn rornruâ ( ?7) ] . !b¡ fl,rrt coeipoacnt 1¡

*ln f,?lotloa ol viroorft ûrr* rrú tr aquel to thc lntoßrül

of, all üca¡l forerr tahca o"or thä surñoo of tha bdy.
Fhr ¡oooad ostponant ie form or Þrcttunc dlragt tltt¡ l¡
cqual to tha tntagrat of, all nornal fornoca takcn Ercr tlrc

s¡rfaac of the bodlY. lÍlnoc

totet (or prontc) ûrag r f,orn (op prcrçum) dlrag + *tn
f,rtotfon (or vf¡oouc) tra¡¡

rr..rr (e.'tt)

Ëo¡' d,ælG Þody Drofllct thr *tn Flotlon orn Þr

seloutratri! frü bouaûery lrytr thæryr Eorrrlrr Grta

tä r1@la €a.ülr thc fo*u ttrag nsrt þo agtlnati{t llttr



IT

tbr rtt of ætrln.l rrtboûrr

Drrt rmrüff trprü I oa tät *þltr*l,at früoru
rtryr rd ælratrtiæ of tÈr totyr tlu polrtlrr vrtoclttr
latnrn th Þoft ql ttr ttrl,tr rd tbr pÐlûort

.a'

pmçrrttæ of tþ'frldü' tmr¡rr thrrr pÐrfcrl
plmmm t?r ulool¡trt ln r cmplcr rrmü! to grotuar

tbr tn¡ torcr¡ lnf,omatloa on trrf lr smrlty rrfrËBtrll
Þt ætttcrl,'rclrtloarhl?r. Ëoçrrm, tbr bnt,r cancrptr

of thr tilory ur ofÈrn n¡rll f,prlttrtlvrlf to rrylrtn
rlrrsrrû rrrü.tr.



{t

â.â.! l[ü¡ yrri,rtLoa of pürttclr dlreg ;l.th thrprrtlolr *ryaotil ¡ nubr!

lfbc fltoÈrf r l¿rl mgtoa tr not conrttËtüü tn thlr
tltoutdon, boaor lt 1r ræuncll that r trer þorraûu¡r lrfæ
rrlrt¡ gs tht perttolr rurfror. ft l¡ ou¡tarny to
atplç tbo fbllsriag cryl.rlorl rgrratlon ;hcn uloulattag
llrag tbrcrr I Pnmrom (aa]l ¡ vlr.

rD ' {%.t. Pf'vå} /*.g,o (eaz)ôaaaa

rþrr FD . totel âr¡g foroo,

OD r ülncnr[orllc¡r dlrag socf,ftalant¡

b r pnotcotcd ar.r of the p¡,pttolr ln tht
lllæotlon of rcLatlvr notton¡

þt. flulit dland,tyr

rnd Vn * rrlattve vâl.ooltf brtræn tho parttalo
trd thc frLull!.

ft u¡t Þc alrøtn Þy dllæn¡lonel arrly¡l¡¡ d oonñrmrd by

cryartarat I gir¿rcrrn¡o { eg) ] , that c¡ lr e funstton of
tlp partlolc ßrynolilr ntmbmr ylt.

%.f(*t) ö.r.. (e.15)

rbæo thr pætlalc ßoyaalllt nmþcl lt {lrf,lncil Ë'y tbr
rclattoa



ntP . â.T¡. Pt

IT

( r.ltr)trtal
þ

rhær I r Þerttolr ûlsçtor rd f¿ lr tlt¡ frlult rLrsorltfr
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2.3.h

tcoauæ of th. cot$plertty of tht proç.t ot

lsrølvclt la ftu!,t ûçrg oÉ t þlÐlrr th; funotton*l

rülrttolt¡blp la urualLy rcpracontaü grtphloaLly¡ not

analyt[oallÍ. A Þptoal atprÇtûBtatton 1r e plot of

{g vrr nrn rlth logari.t}mto tsel¡¡. çütt dlata ulrd ln
tht¡ thüde trlG thstc of LAFËf¿f (y)l thcy arc rapnoduoclt

ln lfAú.B â.e ¡rùû plottodl ln frtOUnE 2ol" thaæ llata

ürtt oÞtçlncü far æhcnlseX Þodtcr tn r lrnlatt or

gul,aaoont fl.utd. lfho thl¡po of tha ocwc ruggcctr that

er th¡ parttolo Rcynoldc nunbcr lr lncrca¡cdlr thc phyllorf,

prooâsrtr rlrtoh oomþlna to oaum tha dtrag o?nngc th¡tr
nlattvc oontrlbutton¡r îhla lrar þcoa illaot¡atadl tn {lrtatl
Èy rORÍrEt8 ard GÀIlVIN (¡e). lfcAlestlnã thc $totrt s î,æ

rrngc, tht turvt tr normelLy {llvtdledl lnto thr"ac rcglonr

fon wna¡t ltonagr rrÉ oÂI¡vtx ( ¡e) ] r

(f ) lcgloa (a], oorrtæoldlng to o.t *nt <!oor

(tt) Rrgloa {t}. ûorrttponûtag to iOO-< sb. A6orsæt

ad (1!t) *rgloa (clr oorrüæondllns to SgorO6O < Btr.

nosûoa (a) 9.9< ntr< 9so

lfbr fuactlonrl relrtloarhtp Þctrcan tlrc dtreg
oorfflstoat (o") rBâ tbr plrtlola itynol{le
ntnbcr (kp) f6r çÈcær

.[ t¡ruc lrrnl,ræ boun¡!ârf lryG! atcrtr ts fon



{Ffl

o¡ 
.01

!rså 
s 

ratÈ
 

g 
i 

3ô¡¡ 
E

lã!!i 
î

(dru) ¿
¡qu¡nil

!plou¡.U
 

.lr!trrd

001
t 

! 
3;¡¡ 

¡ 
õ!9I1 

tf 
a 9 r 

i 
r;;;;

0t
.rnJgÈ

êäÊ
åsË

È
 

Ë
E

E
0 001

5èå 
E

 I 
J 

lõ. 
¡ 

s 
ð:3 

J 
i 

ji 
*: 

3 
: 

:
-¡rrË

¡ 
gÊ

5itE
 

Ë
 

Ë
E

ãE
E

 
S

asds 
E

àåas 
t 

:tã¡õ 
ë:5::

a.t - 1.0

Ir 0!l

¡¡ ¡ 0'lC
'

aúooaoaaoC
'

tI:¡I¡I



w

ft th¡ lmr ltultr ntr r O.5. ir RrO 1¡ !.nanlarrd! tlrr

boundtrrry laycr rtant¡ ta ¡Qar¡tc rrd tìscnr e çmrctúf a¿

rortc* bühtnlt thr ¡bcrt. tthr ilraü ln tht¡ rrglon

oondrtr of *ln tìptotlon ard ûñ''ü ilra6.

mgron (b) loo-( Itot 2OO'æO

At a pantlolc ßrynold I nunbcr ln the vfafnttü

af 5OO ( roa¡tlncr refcrrcdl to al tha lolcn orltloel
Bçnolt s nmbcr, IrElrH!ÍT:I ( ¡l) ! , thc vort¡¡r Þchttd thl

æh6a Þroæel unataülo. fflarsnt¡ of tl¡a vortc¡ bpcel

off rnd Ío¡'n a rakc Þchlað tht æhæt. 'fb¡ f,lsr tn thc

bounûar1¡ lrycr l.¡ ¡t111 Xmtaæ, ho;cvær thc drag

oond¡tr nortly of form dlra*. Ît l¡ apparçnt fron

Fï0{}RE 3.{ tbet tho valut of % tn thc nagloa

2'OOO .At < ffirOOO l,r ¡pBr.orfmataltr conttaat ¡nû ln tlp

"iolnlty 
of O.ldl. lfhls 1¡ ænnctlmal rafcrycdl to al thc

fe;tonf t Let rangcI cor¡mn rnn mOñÂÐm$ (*)] ¡

FD * 0.2! rrr=åf f+l']L go iLlt aaaat ( e.l t)

Rcgtsn ( o) 80orooo.< llo

tfb frlor ln tbr þouå¡llr lrtcr rtartr ts bcomr

tulbalGnt ta thr vtctnlty nf Bt r 8OO¡0OO. Ât toaË

yilur of Ib ar lt ælorctrrÜ Pr0OO thr atrolc of
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üÊgnreûftrt of {¡Èr þsdsg lapr sr tãt güÊtÊ i#Frn froü

$wt rryeüroan €f tbÈ ffidme protålc æü1ø tÆ äLlgþtf¡tr

to tls s6&r ef türts uootlm, þonfeex anü eItlrnIrÐtüni (fflj.
frrle osuÊiür s rrcûrætf,gr Ln ülre årêq d t'h mhtr ûl&il
fora ð¡nns lr prlnntlf d¿tstmtnoû þy ths hlnsütrç trrry8ãr

tã tbü edåfü¡ of tã. rtþ frn*}mur ()SfJr a docraa¡c ln
tÞ; etæ d tùå çqftr &cu¡å lswn tã8 dssg* &p trlrs
rf eb at üt* tblt åbsr? däâsoeäð oñotæt ir lellmt a¡ {tr
Wpcr s¡rltlonl RrgnoXds nnmbûn' Iblc onttto*l Eayr¡olds

au&or ls u¡susl¡y ?¿Ssrr as ttrs valüe of &rU at *lù tù¡
rlrng sasfftcl*t (td ls erruål to o¡3 L** (!gi].

î4,åt8 ârÊ T*lurs oü thû dfü$ sscfiflstmt fæ ;¡¡ùnptaal

¡rætlel,*r, afüæ I$FFI¡E (f )

P¿rttslc H.rË
Ooofflefæt C¡

lr't
lrã
I rgl
0r9Í
0ü¡16

"!8ãdrø
lb$
.¡rå

hrtietr B4molár RorÐtrry
l$cg
fO.0

lO0.O
!O0rO

lo00
sffi

f æÊo
ffi

lo0ûoo



¡þ

2'9.j

8þr f,rotorr çhloh tpfrLurnor thr ilreç on *br!üe
rlro rDpXf to otl.un ro.llit bodlcsr Oouplcr p¡ofll,m ünat

pot¡tÞlr veçlatlont ln orlcntatlon rcnttG! thcr
lrrcgularly rhrpd bdttcr GvGn Ls¡g rmrnaÞlc to ttrrolrttarl
t¡lcrtn¡nt tban ¡hcrar. Àc r!.th qphorcr¡ the llrr,g
ooçfflotaat rclrttonrhlp crn Þ ruprorontoû by a plcÊ of

$ vt. f1. nfitgB (fre) $lvcr trrt tlate fo¡ varloua
æ11d1 s at ncvolutlon¡

tn radlnrntatloa, çlutrlrtlon¡ or lracrnatl,a
tranport, partlelæ cen bæc elnoat Erndon orlantatlon tn
thr flutdl Btrren. ra ruch or.rr ryrragr valua¡ oû tho
ilnc oocfflolrnt srn þc obtatacd ant plott.û ageta;t thr
valm of tlra parttalc Rryaolile nunbcr bardl oa thr rrærgc
.o!..n d'se [¡nOW (¡l) ] . flu¡c ro¡ulta ero Þcolflo,
for thr panttsular üêrtu!6ÐÊt¡ nrdc¡ gn0$n (b¡) rlro
illmurrËr r !Þrt 6æorrl rltcrnatlvr çproeoh brüral o¡ thc

çhcrloltt of r partlola, Ët {tetrtaltloa¡

fb f¡nsttonrt rrrl¡tloaslp bctrccn ttrr tlrgoo¡ffl,slant rr¡t thc pattlolc Rryaolût ¡ubcõfor mlqæhmtorl palttoLrr

¡hælcltl . rurf¡ol arå of r;olrnr er partlcl
qpharc lnvtng tho r¡t¡

c1¡ur{r¡f lts of parttalr

î[r putlolr rrrnotrür affiæ l¡ thrn tamü oa tbc tturtcr
of r æbæt ütri,n6 thr rmr volw ¡r thr perttoltr
lrlucr of the dlrrt æúfil,otørt lrú br plottrû rçrtaú tbr
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Dætlote lcyaa&ilr arubar rlth æàætstty m r ft$rtttllr
*o*væ1 ¡nlrrr tlu p¡rttel,r ¡hær lr r¡tular, tlrt
phæ!,oltr f r dtfftsult to ilotatulnrr
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âr8rú &t ættüt olF tTeü Éttfiüås üwÞutrsrsa ü1 tür
¡tr,rtlcltl (hg osrtfÍsl'alt

gär ArrC r*l,ntlmül¡n fs* tÈærr tn guica*anÈ

æ l¡nlnnr f$¡ldå rün ð!.rôr¡ilüt4 fn mtl,m Êrärhl ln
thl; raç*lsr pmclbl,r tf¡fmta of frü ctmar fiit&ütü¡a; arc

EærctdËrrå. (8o farr in tüll êlnor¡slan na qHÞçF

anå lwcr s¡qlttesl erynôlüa nq&æ bnvo b*t rcnfffi trÐt

ln al} futurc {lroural"wrr hour*ttrr tàt trrn arltlc*l
H,qrno]"üc nrffiæ SLt n*f,cr ts t&n Wlpor eritloaL Srynol¡L;

nrnbcr f* t&* ¡nrtlalr*)
m&ûeff rld S,rtfifllì (¡f) quotc tü; rrrnth sf

ruHm (tS)¡ üiaä tnû,tostcd qîå.l"tteËâu¡lf tËrt fnæm¡É
ùæ,h¡lcncr l¡urla le*r¡d th* srttlcal R*yaotdr mffiür
Íå.fflm {t9} rl¡o 6ncr'¡rô thi,s ;ffpeü ¡nd rrr d tüü

o¡l$úæ tbst tbn rtrrsn tr¡rÞslar¡sr sstdl lß ¡r5ù r üty rl
¡n c¡aturrly to f¡¡ülnl tureu,f'mt f,lw t.n tb bfi&ûef låg1ær

l[b]t*I.æt fils; ta tår þsMårf l*fiÊrp lnoruarcr tå*
rtdbll.tty ü tb f¡yæ ¡nü pm; t&r ïolât sû *q¡erntlm
fimübæ *for üär f?ffiü rt*mrttm nofaù ;àl*å rqrûrsr¡ tht
nþ rrür nr¡å tmrrr tl[ d,lllü* fæcar

til¡núR (tS dhûnd tüæmttorrft ühsü both ùh
fnfinßft.' .pû ntl¡ ú tuil.hXffi l¡flumffi ùüü ü¡rgr
Ëoüb bfgh it¡tæfttllr sf ûwer¡X,*rot a# a msll. asålü Ëû

tu¡rþulry¡oc rulntltt to t&c bûdf dåasntor rüoulå lwr thr
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o"1t16rL *rgnoltr hr&bt!¡
ffir*rô rr

lfhr funptloaril, rrlrtlorûtp

, ( ,1I

;brrr fa tr thr aoelr of twbulcnot. fATT,on, (t9) rr¡¡nrû

th¡t [a rotalit ba tht rÍ¡c o¡üo¡¡ of ¡l¡c ar thc grtil ol
norh æaolng gcneratlng thc turbulonolo

glåfEf (hl) d¡iluooil tlm plrür¡lr rælE?mant¡

tlnt thc farrn ûrer fol r syX!,n{llt tet tlteÈtlf lnoroaacd Þy

Jtrtm ttrÈr¡lcnsa at Ê¡b-qrltlorl htynolûr nunblrro

Prrrmebly tbr ñrc rtptan tuþulraor r¡otlfld tbr rel,c ln

ruob e rüy a¡ to lasrc¡æ thr dhtg. E!,asc tltc llreg

trolua!.n fop r ûyllnat.r lr ln üW r{Vr rtallst to thrt fsr
r ?hmr lt pef Þt l¡r¡onaÞly taûrrr¡ú that thc forn dllrg

fo¡ r rDhær rould alro bo rltghtly tnonac¡cü by rtlrrn
tgþulrnsa rt ü¡b*otltfosl nlaoUl n¡cilbælo

fbå tttcratupo rcvirrcû oont¡tnoû no rnrlfitsel
tsrrrtlon for tln fr¡notlouet rrl¡ttoart¡t¡ trtrcrn Opr ntr

rnû thc turbulcnoo prranrtarr¡ hçwclr thct. lr rYtdtraot

to ngçrrt tÞt thc gualltetlrt cftoat of turtsloasr !r to

Xæc¡r tbc orlttael Brrnolü¡ aqiüar anü úro to nodr¡rtclt
lno¡trrrr tbr 6prg lbrsr ln th¡ mb-orlttotl rülm
(F)(ql) o

( r.p )or1r. . t 
L
.E^ -g-L. )n



e8

8r8r? Drtßtñf$ßtlqn et dra$ ssüfiftElsryrts la var4tæl
eo-cunrs¡t (¡mermertlõ tmnoporü) S&a-ToIldfLm srutam

er drâg es'Êfiflclæt !"¡ ü tË¡ffi'trr¡t percurüæ

tn tål ûÐsrrtlsal malya¿s of snt Ëolfdr þ¡us$æt

ry¡tgr ðo ftr tüß ôlsor¡r¡ðlsn sf fl.ntd d$rS o¡t æ11å

bod.lca bas Þrcrt sry¡f,ln¡d üo fTtr¡T f*lfû¡¡S rsSlÄ bsdinr la
* gntmorrt ftrr¡ld op to f,f¡ûû þsûf*r !.n r rl¡d turu¡ol,r

ffierç¡ri ¡ßrultt¡ ùrrnæ*"i lrrveiln* tbrr pc-gtærgrü tlw
ef ¡En Õr¡ð frrrlf r¡¡tnni,M rollÄl¡ thr gtnl¡l rtñan ls
mrt ¡racüloal an¡t¡ ütûs8 üsrþtü**t+ *&ltimnl *-bctenrp üo

bü ts*ür¡ t$te ¡*cstut Erü (f) tüt .útæü sû thr frL$lü voloctty
êl¡trtþtrtlm (rcmltfns fn lfir*r gnaåtrnt tNn t& rurlåt

tuloelty rnar tbr pt¡* mlJ.r r*sttæ ãrärl) ar,¿ (ff) tùr
poaoibl¡ olorc Is{ryfslßf of ¡nrtl,alm tn mltlÏnrtts}l
Eu&pnnslonr, þqtù sf rbXsù ¡anf noûl{f t*rc ¡nrtl,olc &.s*

sðGfrf,lclrr¡tcl Ð tlo mln mtt¡orln uüüü to drttrüm
p*rülotr drå* ooffiflslætr tn fre sr¡oÞs¡Ël,orn artt, fl,r.*t
Itr nrmrlnæt üf tb rergrB*t rçlæltf* st r ¡¡rrtislr 116

rrcen* lñó rtudlf d ¡rartfslp tna$ootor"lotr T!'r rqilu¡snnt

lrt,onltfr ¡ tb f,l.und rçlssltf rË{¡¡fmü turt t*r **¡rymü r
¡nrttol* fn ¡ rtrtle¡rl flt$å ttsratrr
b rr,EEprt voloeltrft tccErlqrn

sc1Î¡{ËI¡ t|tô ïi¡Iå;r,¡8Xt{g (t}ll} süû tbr mnræt
nlnolty tffinl{t¡r Èo ttnln üFnn dtåtr fw rlnef,'r ¡rertloltt
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ovcf thc c'ærriaantal rangc trl¡O0. *"S <S¡OOOç llhc

obrcrre{t valuo¡ of thc epprront ûra* æafftolrnt (%}

were htgtrtl then thoca rcoordcdl for a l,anlnæ or qularocnt

arwtronmcnt by a faator of l.h.

On tha othcr !ßnit HILLER and üof!{.ALLY (ql}

o*nparod lïec falltng valoeltfcs of ooal partlclcr l,a

;atcr ovcr a rrlda riaôgo of rlra¡ rith tha uprar€ vcloetÇ
rcqulrcd to euçanð thom paltlolc¡o Thc rcqpaotl.vc

nrppont valoclttce rÇrt fæn tO to lr0 pen oant groaton than

thc ñcc falllng valoaltlal, Fo¡r the rclatlvaly f,lna

¡iartfolel, vhcra a bO par scat dtsvlatlon cr¡ obtçt¡rcûr

tho partlclc flcynoldlr amÞcr ;ar of th. calrl of â$, lrür
rl.thtn thc raglon rtrcrc | æl;ptnß sotlonf ( gtotrf ¡ t at)

oouldl rttll ooatrlbutc tô thc dregr It r¡t ola!.rnaü (ht)

that thr rclluatlon ln thr æpcront dlras ooaff,tolont rny

h¡rc b¡oa oau¡c{! by turbuLcnt eonÄlttroru ta tho eppaprtur

rduolag thr vt;oooü tragr

lhc qæarently osntrdlotort ftnttagl of çILHELI

¡nt våemflfr$s (hlr) üd xIr,LBl enil IçItrAr,tY (bt) rtrth
rager{ to thc tff,rüt of, ft ulâ turþ¡¡lcßct on thr I æport
vrX,oo!,ttt (qua hcnot thr apÞmrnt ttsgi oorff,totcnt)r üry

poütËlt þü rerol,rrd bt eonrtdlætng thc rffcct of r
probrÞlr pættral¡ rrü¡ nodtflortloa la ttr flrrt tartanoi

rtr¡ro lr@ .at < Froûor mll, lü thr nooná tartanor thr
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probable t æqrlnF of tha I orcap!,n¡¡r ra¡l¡tanoc rhlrc ttu
nt f ¡ appto¡lnatoly aqual to 2Í. Snf,þrtuaatcly

ln¡uftlolrnt açarl.nentaX detalla ?trc glvcn to urablc r
lnoro erltlcal rypratcaL to ba mrdor part!,oularly rlth
rcgard to thc poae!.blc cffeatt of the axlal flutdl raLooitt
dllrt!'lbutlons ln tha æpanatußoeo

'rffiflIrT0fi ar¡l BAOAIIffiRFT (b6) attsmpte{l to ncae¡lc

thr euppont vcloaf W for pnarnatl.cally æmatcdt udcr¡rounû

rtomga netorlal . Tha apparatu¡ usadl rar t vcrtlcal 6.0

ta dllr. plpc ¡rlth a per6p6x tlnior. ntry pqportadl thrt
ft ra¡ not poaalblc to holdl a partlelc ctatlonany for næa

than a fraotlon of a æoo¡rd' flrlc {lLûflaulÛ nr Þrobtþly

llu¡ to ttrc ftuld vcloalty gradlrnt c-lrtlng ln thc vætlcrl
plÞt (æottoa 2,2,11 . vr!.th ncgarû to thlr polnt OåfmËt

rplt XH{DÍIûË (b7) ¡ nÌrllc rtr¡üïtng ntm tltnÉo! fræ ûropr,

found that tha csaaatl¡t gar rtrcæ olra¡laotælrtlor for
fl.ortlng a pæt!,olc lcra a ffictrloal vclocltt ôl¡trtbutto¡
i€rorr thr ;ortlaß ¡cotton ;lth r nlnlnsü tt tlrl erlrl
rd r {lcorcrrlnt r¡fal vrLosltü tn tht tlrcotlon of flsr
rttrtnrl rlth ¡ tæcml retl,ou.

?gnOEÍ¡î rd ûåtrlt! ( t?) oa the othcr blnü d,rln
thrt thr rr¡ultr of thcm Ítortln* vrtoctt Ëtümloçcntr

oranot þr illrcotlt æpltd to paa'tio[.çt nrtvtat coËoutt¡cntli

rltb tÞc ltpcæ. Îrc oÞfrotlo¡r ar¡ ra!,æltt fl¡r;t , ,
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thet thc filuld vcloolty tn tbç ptpc tor¡ldt ba thr æn. at
tlrc rrl¡ttvc vcloolty bctrrcn thc prlttclc rnil tbo fLutl!,
ed rraooad for flnc partlolee, lt rouLd bG dlfl?lo¡lt to
obtaln turþuLent ftuld condltlons and ett11 hwc Þætlolr
loynoLd¡ numbona ln tho fltokcre Law noglon. Thcac arr
valld obJeotlone but they ano spectflo, probebly dtuc tO

tha ¡prltsraf (ll) çectat tntenoat ln thc cffaote of
turbulanco, ard thçt¡ dlo nst appl.y to all praotloaL rsnget

of pneultetlo tnançortr

Pertl slo t r.a Jeatory ncagurcncnts

îOilOH[!Í anat GS.UïIF (fia¡ noaaurod pætlolc drag

oocfflolcntr by analyrtng ¡lnglo partlclr trät;otorlc¡ la
a vcntloal rlrú tunaol ;htoh thcy dlcss¡rlbr ln rcfercnoo (k9).

Farttoutrar attcntlon ç¡e pald to thc oontlol of flul¡l
veloolty dtstrtbutlon ed tha turÞulcrpc paranatarto thaf

obtalns{l dllsta¡ror-tlnc datr f,or rlnglc pantlaloe utfng a

rrdloaotlvo tracsr tcohnlqurr thny rlæ ¡rtGnû.á thc

thærrtloal enaly¡f ¡ of r¡tÎ,on (p] enã llorlvcd th¡
rguetloct

{*t)oo*. I i rn,8, l r OOBltr

tlb rryælnantel rrrult¡ tnttoatod thût thc frrc rtrc¡a
træÞr¡lcao¡ ftrrt o¡ucoû ¡ ¡oüonetc laæcarc la thr ûnü
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oorliflolant, ( tt¡u¡ egrcctng d.th thc olr¡rvatloar of

ffitHW (¡f ) ad snT,HsIt{ and! VA&81{Î1tn (U¡} gor nb-æ't"ttorl

Saynoldlr nqnberr), rhloh rrr trçn fìolloütdl þy ¡ dut?

dlconcaac çhlah tndloatcd thåt thc orLtto¡[ Rrynolllr ¡mbrl

hsal b¡cn attalncd. çORCIBIfr and OAl.rtfil[ (¡a) f,oud thlt
thc rolatlon bet;ccn tlrc orltloal Ecynoldl s nunbcr andl thc

turbulencc lntend.ty paramater for thetr ¡n¡¡tcln ;as itcflacl!

by the cquatlont

tE(nb)crtt.r /rr7 I Irt taaaa ( a,r 6)

Íha roelc of, turÞulcnoc arü tho partlalc æsalcrrttron

æpçcntly þrll no tffoot sn thc aartlclo dlra¡ oorflllol.çrtr
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?.â.8 tæt güntltl otraraot$l,ttlor of ü vôrtlotl
pncrnatlo trençort rfrta

Oodtttonr ncottrtlY for tranæort

Vcrttcal puumetls tçanrport lnvolrçe thc ltftltrS
of r lllecræil trrl,lü ph¿ti rlth t 8rl ;trru oon¡tralnrll

tn ¡ lltæ, næntm þolrfß tran#apsü ft"o!¡ thc 6ae ltr¡n
to thc ælld partlciLtro Ítotnß e.l drorr ¡ mhciltt'o

Itlagrm of r vrltlqal pmrnetlo trrn¡port ryatal. 1o ltft
ths DarttoLsr lt 1r ncol¡tary tor thc f;luldl dlreg foroü

(fn), (ücftndl b'r cquatlon (e'fa))r on thr lnillvldturl

partlolm to Þc ¡pcat;r thrn tlrc p6t1o1r rct$ht. tht
rolattvo valoolty Þctttcn tbc flutd afill tlrr partlala rt
rtrtah tht treg forcr lEurt.¡ thr partiolc mlght t¡ oell¡ü

thc tomrlnrl Ttloottt of thc partlolc. Xn s¡ lilcal

ryat¡¡, tf, thc 8a¡ vclootty ta ßraatæ th¡n thc trrçlnrl
vcloottf, ttlr foror grrtct ôn thc pertlolcl þ thc gm

¡trru loocLcretal thcra tolerrds tn gFPG¡r vcloqr,ty ltnlt,
glvcn Þrf ühc rgurtl,ont

Vp.(VO*Vtl ( a.r l)atraa

tlprc Vp . vætlcrl Partlelc voloolty¡

ïf : pürttstü trnnlnrl valooltYt

rnd YU r vertlorl grr vaXsoltY.
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(Baoau¡c of th¡ polattYily hlgh Þæoratrgo of volûl ttluellt
rnoountaËct ln pncunatta trungort ryatoltrr th6 gtr vclæltt
u¡c{l la aaloulatloar t¡ telr¡n a¡ thc I mpæflolal ttr
vclooltyr, 1.t. tt tr arlrncll that ao rottûl ü¡lt prceant

rná thc valoolty !. btËd on tlrc 6ott rcatloaal arc¡ of,

tha r1 ff. )

In grecttor tho ttÞpür partlal.c rcüoottt tlnrlt
(cgn. (a.t?)) 1r not rt;oh¡{l basru¡c of fntotlon losor
lamltlng fræ 1¿tr6¡r'¡rartl,cl,c rndl pætlelç ptpl.nll
solltrlon¡. Ar V6*Vf th tr¡tGil bcsoncr uartablr andl

rhat 1¡ tcrnrt t;lu8t f,tot ooottlt¡ At flãt srtttoel Bolnt

thc vcloottt raglcmntcü by tha dltìfbnonsr þttç¡rn V0 ¡d
Vf lr no longæ n¡fflolcnt to ovcrooæ thc frlotloa lorrc¡
ená to llft ttrc parttolclo llhr partlslcr aollcat no¡r

ttÐ tottm of th¡ ri¡æ üll foru a rrlugt¡ iluc to th;
olocc pro$nltt of thc partlolatr thc trrg ooofflalrntr

æc tnencaæü and thc t úugf of partlslcr t¡ llftt€r
mrttncr vlolrntly, qp thc al,nort æty nlrln. A

photo¡trryh of tlug flor tr rhorn tn Ët0{tBB â.5. LEmg

rt rt (¡g) notlorit t}rt tls valr¡c of ttr ger valættt rt
rhloh thtr tarttüil.lty oocurrcd llrpodoû on thç ællilr
fret rlto.

fbl!,ô r lmldt-ED

fhc æ11ür lrolil-t¡Þ (;rfgfrt of dtlæcrd æ111!¡



!6

SI${lRtr Srå äeüiñ[,rnh of rtrs$ flo r in u¡rùl*rl
nr¡rg*t'ta lncra*Fqüt





yt

ln thc p|¡cr) {tæçnå. ot¡ tho ælttlr fcdl lrtr anû oa tbr

rrGrlgr vailltlorl ¡elltl¡ vclooltt. lor r ¡lven r1¡rr
tcnsth th. lrolû-trp l¡ tlrflnrt ùy t¡r ogurtloar

I r (Ç. *nl/ te aalai ( a. lE)

rhoro I r rolld r hÞXd-uFr

H¡ . æl!'ltr fcrû rrttt
l¡ r ¡rl nr lrngtþ

üË fp : ürrrrge vættoel gartlolc vcloolty tn tbr ü!ü!¡

Yolü *ror tn tbc rl*r

fbr volll æror ratlo or voi{legc ln the ¡"l¡rp 1r

the f,r¡otlon of tho ¡rltr volun¡ not ooorrpld Ð æll{lr.
'|!lo rnrl,ftlorl rryrcmtoa for dlcfl,nlng thc vold pcor lrt

I . .l.o J ¡.- . --¡- I
L- Pr ¡rÐ"1, - ;

attaa ( e.tg)

llhclo 6 I Yoltrgor

rdP r ro11{! I 6ral,t¡.¡

X,!VA (lll trmrtÞcr thr trr-mltür rystcn ln pncuretlo

trcnmort e¡ th¡ ülluto fLutllt¡cû gbr;tr dnor tht ro!,llaelr

lt ualally tn tülG.i of gO pcr ornt. îht lçtultr of



s
gWE (f¡) lnûlo¡t¡ thst e val,ur of e r0.9E t¡ thr ntnllru
po¡ol,blc for rtebllttt ta r ry¡tcltt of, dcrt pnrttclclo

Ohrr¡otcr{ rtto þrÇtlurr llrcp r;lrt!,onûi.p

?lu pmransl of ælldlr !a thr rLtæ tnprnr¡r tlc
prrtrsr{t ttpsp otüp the rl,ttll loaßth ¡Þoro thtt noæLtltrl

&oa tha ßrr fl,or üona. ?ln rolldlr lrolt-uPr partt'olr

rscrltrrttroa, parttolo f,rtotlon anü 8m fTlstton r11

oontrlbutr to ths totrl ?út¡trila âlq. â typlotl pl ot

of D¡prnum dlros vtr grr vclodty 1r rcn ln E[ßtIlF ?.lr
I gil{t (¡¡} J . lblr äl¡gra elæ rlroçr thr drprnôrncr of

thr rlugftag poúat oa th; toltalr frrû rltl.
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8r9¡S Attmßn lprtts¡fr tttroültlrp r¡¡d, ¡nrülafo
t¡r*iastortror l¡¡ nærmtla tmm¡rurt

trbø etwùf,it ¡¡nrttotra valoolty
&o *vmngn ¡xaartf,tlc ft¡troclty tn a oçstfon oll *

rlser sfrn þt dåtg'ütn*dl bf wanwtrrs thA er¡t td¡ hpfdFw

l"ñ thåt mùiwr fer a gfçrr¡ fæå rütå anð u¡sl$g tüuntlm
(4.18) la tho fqlnr

rt I rr r r.(æ"m)

tRåtP rn¡t r{lxd"û,ïlib:t tt$}, L*r*r,I,iri oü sl (!6) sNú äÅBI[t lüû

I{r[,¡ût¡is (ff) mrmmtü *Türsst ¡rartf'clt t looltþr la
tç¡ltl**! ¡r¡¡rUnttg tnrr¡rycrß *futffiår ft* m[tür bg¡dËrÐ

mo nårffi bf tsrmln* th r{¡ltÄs ln r rmtir¡ of tb
rt¡æ (¡rnrtl S üf& tmt slsrlnß frlçr¡r ¡$m of tÏl*sr

;rrlttm ftfflr (!6) rd (fffJ rmæt¡û'te üælm tür
frmstlonnl rclntlmstp Ë*ümur f* * t*t tb rrrrnfn

¡m çtocl.tÍ. &ir nnlnüffiül plntlm¡ütf tr 0ü ¡nntlculnr
tntæ*rt þrc*urr lt tt h6füA üo *pplf tåc ecm.lüt sf tåt

¡rnrtl,el¡ üfffinfßr uor-t tE rssf,ütr¡ûl ttfit trtluntss ün th
nùr¡tty of oùtntcrl rtnsttrsu fu¡ tllq¡Êüþortr lÆ*ÞIS rt rl (ã6)

gromnt*û **uffp*Éing ftlr¡ðü of % M Stttpr *lüt

rhl

T;tlp.î*-lF .rrr.(g.st)



ht

In thctr ætatoa tha lXtp v¡loolty ;ll rmrntlallt
lrüÐcsllcnt of tho *¡¡ v¡loclty anå tha roltû¡ frril rlt¡'

Xt ;rr ilcoil.dlot to lç-taaly¡r tlu ûrtr !n
mfcrcnoo¡ (l¡) ard (le¡ ln en ¡ttanpt to oþtaln lmt
tdlcatlon of thc aaturç of thc funotlonrl rclatlonrhtp

_¡
botrma Ç rd V0. lhr müc of HÀHIII üd ÞfO'LslAD (5?) lr
of Erl¡td lnttrcat but t¡ Drlnælly Eoncænod rtth tfÐ

p!ümuto ûrorp ln vcrtloal pnatuatlo tranryo t. &aoe onXy

tbrcc lccLr of gar valootty rcrrÊ ucüü thclp rcn¡l't¡ æc

not tnclu{lrû ln thlr ûrtrl.lct dlt¡or¡td.on¡

Oorrcrpordlag valutr of ip em iu obtülndt by

ORåilP enü PffiE$?fEif (5t) ard LBWIS ct û1 (56) arc r¡roðusrt

tÊ tlAEBS â.5 ad g.ll nüFcctlvclt. I¡!tt8 rt at. (lø)

rçfcrmdl to Yd.tp rrd Qr hrnct vüucr ef ?t tn TÀF,s 8.lr

hrc þmn osrpstrt flw ?p . (lç - vrUo). Eùar dtata

aro ÞXottoal ln,ft${13ßs â.I td 1.6 rcrpùûttv¡1t. fa vlrr
of thc oonolurLon of LBgIt rt rX (fg) that thc rEltila f¡cð

ratc dtocr rct rtßnlfl.sr¡rtlt cffect tlr tllP vtlool,t¡¡ æ11å

f,aod rett lr not oonrtdgd rt â partnctæ ln XfGttRBN 2rg

anû ?.6, lbra plottcdt thcr dlata lnûtoat¡d th¡lt a llnmr
rdatlondrlp r¡l ¡tr bofiren l" end ?,6. Ll,aarn rtgncld.onl

titG s¡louXatçû uda8 tbc tatr of Í.å.Û,Ét â.! ad 0.lt

rnû tår lc¡uttr of tbr rcgrcrtlm epoüF ln FAF,Ë 8e5l thr
rrgruÉon Xlncr rË trern ln FIo{rR38 ârS etd â.6.
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tAe[¡ü e.5

Suror of
i!atr

Rrf. (g;l
fflçat Brrlnr

Rrf. (56)
Run O6
glau rghrræ
Dpú.æh ln

Erf,. (t6)
Iun O7
Bler¡ æbcræDrú.oo|6 ln

rrf . ß6,
Bun O8
glam çhcror
nprû.Ot { 3 ln

lbr rrürcrulon iletr of LË'fitg tt at (56) ln
îÀil,t ?ot dler thet tbr rrßlllrlon ltm¡ lræa âl.ffrrant

¡l@rt ftr thc tþæ par{Lolr ll.¡al. Soçætnr 1û vl¡r of

tho rnttcr of thr {!etr aad thc faot tfËt thc vartatlon ln

rl@c lr nøt r¡cl¡td ta tbc partlola álanctcr, tbc

itlf,f,æcnoc la thc lü.cÞ.. tt groÞaùL¡r not dgntfloant rnll thr

Llnoer rcßror¡lon rc¡slt¡ for th¡ partlolc
vclooltv date of thc ûeta of ORåffP rtúpnru*r.ir (f¡) ard Lr."l$g ¡t al (56)

o.hûe

ø.17'

ût*dæt
Glto!r¡tlnrtr

o.971

o.bp

ooaat "-int-efcepü E1V.'åxas ¿

-6.5f

-ù.!Ê

-l .b3

-6.78

1.o00

ô.92

o.890

Be¡rrrrdon cquatlon
?p.o ?e * ooüttr

( dopr)
d

o.851
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nÇrn valuc of thc llopaË (ct) 1r probably r Ea¡ronrblc

crttnatc of tha tluc rloprr îÏ¡tr Ëæna that rB GqprceeLon,

lnoorgorattqg thc veluc of thc roea üoÞer vlr.¡ c¿ r O.t97r

coa Þr rrrl, ttrn ñr thc ßle¡r tpbrrr

?p . O.8g7. ?O * oonrto ..... (a.ga)

thc oonrt¡nt tpprrGntly bctn8 rcn. fuastton of thc
pentlol¡ dlenctsr¡

Slnllar{Ltr for thr üata of ORÅffiF 'r¡ll PrIB$rËSf

(rr)r

?p ' O.C5l . ?O + (-6.55,1 ) ( a.ar)

Dlffor¡nar. ln tbr ¡lhen:lont of tlrc æpr¡lltules
ril thc sburotæl ¡tlor of thr nlt{! r brla* trrnçortüû,
rrLr ttrtet oqrulroa Þctrcrn thr rrrtulte of OflAtP arú

PmntÏI"tr (tt) rd Ls"fit8 rr rt (96) ttfft8rlt, duo to
probaÞlr rf:fcEt¡ of pcrtloûo roorltratton eili parttrsk
Fll fü,stloa. fforivtr, th¡ foru of thc functlonrl
trlrttsndrtp tn Èoth srmr 1¡ rü,¡nlLltr¡ yllr

?, . alU * oðllt r ( e.&)

ôtoto

taaaa

ff thtr lt to¡ rr$ ff s, { 1, ühr ænclsdon of, LËtts rt rf
(t6) thrt thc rxtn îrtroottt, (?o - Çtr tr tntrpcadrmt of



lrå

tb ¡nr volootty ap¡mers to bo r¡:f$trrdËü, ¡lnsrt

Yrttp'(%*îpl (t -e)?O*sû!r!ürI

trn r Fl*t rf*tü tt tr rüilffirùlr to rrn¡mt *d rt tltlr
*ffrstr of ¡nrtlelt racrlrr*tlm d ¡nrtåsf¡ n¡.l, f,rtctåsn
åffiI,Ä lnamnæ ritù tnd¡.nrfa5 rlrffiq¡Tü rcllûr wlsoltlrr
üærçm; tqurttæ (8.s+) lr grylL¡'tort rrd, ùür msnù {t*tå ün0

nst rualxy rrËflsts¡t ts es¡flrn t"ha s*¡¡Ë¡rrl vuli{ltr qf
th* equatfsnr In sûdltion tle @åüËElmsntl d ün¿l*$ snô

¡¡Ítxå;$fr.¡ilr ( 59) ündt reKrùi sü al { 56} anc not Er¡ffl.elæ¡tr¡

¡rract*r to nætrl rny ¡ltgbt srwrxtrtrcr

It tr of lnüa'llËct to EEn¡lôr¡r ûh ntla d üü¡

lntoroæt qf t&a plot d lp rr" f6 (rfowæu årS mÊ s.6) æ tüt
hwXrmtll ?ç r¡tr (lo. p clslrtrll* rgar S.Sll) to tår mtl¡*t#l
ttrllarl llloslty otr thr p*rtÍol*s bciag tm¡rryætd,l
rù {*ålr Aolßü tha qpperrnt s"üfrõp ¡¡nntttl"¡ fir}oütt¡r tr
tüFø eld tåÊ Fr rÈlCIeitu ror¡l¿ Þr eq}totüû Juat ts :q¡r¡s¡rt
th* part¿otr r*lgfrtr oomeetod, lntr*,orptr fer tün dlåür

tffir 1ã srßum sr6 rrl eerynrtldt *lor r li,m sf ¡¡cnn sr,$¡s
o"B$l ür*n tÞsurù thr sstrrr É garttr eû tÈú thrw
mür of ¡¡Elntrr &r ;rttnntil oû tb rrrllmt*Tü t;rr:trnl
rrxoctüfcr¡ thc esrrretoû fstttrtrn: rnat t¡hr tr¡tu¡er¡rtr
tüüln¡} ruIooity rrtlor mc &am t¡r Eånm 916 üo*ntü;r



4e

Ílth tlnllar dtatr (no oorrostlon) for rbçat Sretn¡ Sou

oRAlrP edt pRÏ]rsmsr ( ¡r ) .

|lå&,B e.6 &runarry of lnt¡reQtrtcnmlnüt vcloolty petlo
ôata oaloulataü frm tht GæGrlnantal r c¡ultt
of ORIHP ¡ndl FBIESII.ßf (¡f )- rna LËffi{l üt rl (¡0}

Íotr¡
(f) (xx) thcm valrur üÊrü oaloulatað $poü tbc ¡tanûa¡tú

âe!# rcLrtloarhtg for ephener Ð LfifXß rt el (f6)r
rnd

(f l) ( *) th!,r velcc rrr-ablelnd f-ræ thr rqcrlmntet
dtatr of $RAHÞ (gA).

Oalculetrûpætlclr
Rcynold r
amrbct

o, Sr

!.Ë

42

latlo
I, ntrrorpt t
tcrmlnrl
vcloolttr

t.b8

2.16

l.Ë

l.05

Srml,aal
veloottt
rltlnato

o.b xx
t\/æ

1.!x*frlna

7.Os*
rVæo

l.l?x
r/rro

Sata ¡ourroo
I

Int¡rocgt
on Yn. r¡lr
(soricatcdl
lntoroopt
for Rof.(56))

2..19 ?t/*a

5.8ü fr/æs

?.38 t¡læo

?,7k ælg,

ncf,¡ (56)
Êsa C7
glerr ¡bæor
Dp*.OOl6 ln

rafr (sg)
Bun O6
61rrr ph;rrr
Dplô.Ooh ln

rlf. (¡e)
Iua Ot
glrn ¡pbllrr
nPlo.ol I e la

alfr (ff)
rhort f,trrlar



n

so ûlraot oonoLurLonr mçül¡ûlng rry frdeucntaf

reolunlm oüa Þa naâo firan tbl nrnt dlate ln TAES 1.6.

Ëo;çrcr, [t tçÞÊrtl thrt thc lntcrocptttaratnel vcloolty

ratlo lr palattvcly bigh lor vlry flna peptlolrr ¡râ

rpÞrot{lhcs untty foul, lnr.g¡c A;rtlolË3. LEWÍ ß ct al (56)

oÞrcrrct thtr trcd ln r {llff,trant forn rh¡n thry plottrt

tho rrtto of tlrc oatroulrtcû rltp rctoolttrlp!ätlsttü úlp
vcloolty Yl. pertlola lllæctcr. lf.ble lnsrca¡ ln thr

rcqu!,rct nlalnuu tran¡port vclod.tf qîûg¡ bc llua to tlrc

lnftutast of fl,ulü tsrÞoltäúl on tlrc {treg ncalranl6 of tbt

D¡¡ltloltt, rlnor thr flna Bertlolot üro lcl! rttlrla thc

teip¡ælng çotloaf ( Etofrr r L¡l) !&B8a¡ În æ€tlÊû 2,.2.7

It çr¡ sot¡6 tpt I¡ILEB rnd fotgfiAl'f,g (Et] obacnrrt I
rintlæ tfftot tlth flac oorX 9ættalar ruætg!¡{l !'ü ¡¡tG¡l,

rlrloh ra¡ attrlþutlat to fluld turDul.onolr If thlt
lnt¡rsoptltrrttnrl vrtoolty r.rtlo tr rcgarttd ar t
r€üiftûrtloa of thr Pertlolr dlrrg æofflolantr [t rlpslt bc

¡6G funotlon of thc partlolr Rçrcltl Ê6tfr. ![lÐ rËilf,tr
ortaulrtd f,ron tlrc ûrtr'of LEïIS ct 11 (lg) froü lFÂt&t â16

|¡4 Þl.ottrf ta g[ff8il 8.? rl th 106 of tha lntæoætt

trr.çlnrl rrloatty retlo yrr lúß (nf') tqrthor rltlr thr

potnt aort¡üæonâtae to ra latæccptrtærtarl Yltoottt

rüttô ðf I .¡ ùBá * þp of tg salculrtcá tTol täe dlrtr st

¡IILI,E* raË lo!ffiÀt.eY (tt!). Bbtlr lt roulð bo æraulrtlro

to fbrm ßrlr æBalurlon flon thc ¡oant d!¡tr rho;n ta



9r

mflüR$ 2,.'ls tha ßræh {loçr r¡rggolt t}r¡t r:}üa fuastloul
rclatlondrfp c¡tctr rc[,atlng thc lntcrecpt¡to¡nlael vrloolty
rrtlo rrü tho prrtlalc Bryaoltr amÞær rt lcr¡t for
Ab * !0.

If thr f,lutû turÞslcnoc tn ths rlacr contrlbt¡trr
to tborc ðrn¡lattroÈt f?ç tbc ol,e¡¡lorL dreg rü¡tlonltrlp,
treaçortlng fl.ulll Rcfnoltr nsnÞæ fæ tbo ri¡cr rhoultl to
eoatidaa¡l in rny furthor arultrrl,r. It 1r of latôroüt to
notr ttilt ZgÃ3, (5&) tlrn. that stadar{l dlrcg ralatlonrhlpr
rhor¡td! br srcdl ülth oastlon lbr flnr partloloe ln langr
pl,plüo

lfÈa lntcroçt rhoul.ô æt br rqar.,ürâ m I &rlsri
of, ttr¡ tohokln6r or trlug f,lErf çrLsoltyr lr tht¡ vclæltt
hr¡ ãrra ù;a to dryd aa tb; æltta fæt retc, 3,frffi8

ct el (t6).

truFIInå$KI it rl (ggl lnvo¡ttßatc{l thr rværço

¡olidr faloolty äut rl.portet thclr ærsltr er & rrylrlorl
o{rrÍ{rlâtl,oa fw (Í-€}¡ ;hleh 1l l*trtr| to ?f Þ rquatloar
(4.æ) inü (e.ât). Eorccl, tbc rætr!,arl e¡proaoh

dsptr{! ard thr rtltc ¡oattrç of thrlr det¡ 
"Gedlæ 

thc
prgæ of llttla urt for dll,rcot pradtstlon of thr evrFrtt
pertt,olc wlælty.

Parttslr türt.stõrlrr
tn rn tdl.tl rtrtrn rûth uatfìorn grr vrloottû
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Þ

eoroar tl$ rtæp rcotlon, thc parttt¡l¡ traJcotory üay br

ertsrrlrtcll by n¡x,tng tht foll*1r€ uç¡ryttonl¡ lgnåHp

rnt PEIsãH,Êf (lf)J , rlr.

( r)

( rr)

( ru)
üd ( rv)

the nrer vcloolty rru¡tnt oonlt¡nt along thr rlræ
lrn6thb

tlrr ilrrg ootff,lüf 6sü üt tlr ;et ûcnrlty rattE
coartant elong thü rlrr length,

tbc ¡paoc ooor¡p16dl W thr soltdr l. nr8ltgLblr,
tbt rolld¡ frf.otlon l¡ nrgltgtblc.

(t,zr)

llb¡ foroc balamo on ü parttol,c ney bc rr|.tt.È
( rcn¡ntng ß/ga- I .o) t

rD-n(r-ffr.Ë,iF artaa

lrü. ûlet toror - cf,:fürtlvr pæt1o1c rüßht ' (narr I
æorxcratroa)/r

;brtt t r trtlt of thr pætfsLr
F | . lrod,ty of thc ptrtlo[rr

rü, t r tlur"
ttnsr¡ la paær*lo trenrport, Pr lr uruallt ril.¡nffloutlf
tfmtæ thrû þ t, aoâd,tlæln; mruçttoa ( il), tgutlon
('e.at) rrúuer¡ tor



% t. t +tol(v*-vrle - É r P/8.Ip,

(e.e7l

ttr

aÒÒaa

-1
I
I

*J

.rí.. (?.a6)

Ia tfrf ¡ td¡al tquatlon, nhrn thr roo¡lcrattoa tnndcnt
ù¡r tlntrhdl,

dvP
îT. rO räü (ç - vr) 'Yg

rl¡erc YÍ . parttole tarnl.aall volooltt. I{aaoo, cguetlon

( a. a6) b¡oæc¡

o¡rt. (Pt/s').q¡Êro

æ cgnrtton ( 3.?6) san Þ; *ltttrnl

-.nr-

loth 6nåw üüfl P*rs"çrLnf (5t) ¡nü tÏnrffil8 (60) Þm
puÞllthdl æXutlonr for thlr rqurtton, þst üo aøt &r
th. ürrtvatlon of ttro rolutlontr lhr rolutloas
publtthoü b ümrî{Iil$g (60) ær lB parüctrlo forr, vlrrl

vç (T0-v")¿¡Er (;/år. ll*

(l) s ' (vr7
ü ) [,uu-rr]"{ffS!,

)
+

+
,r (vo * vrl rn (

g
)

- |¡traa ( a.ee)
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rd (rr)

t - (,vî/ )
f (Yo- Vç)
r_ro fË;q::%T -xnl**klil

aaroo ( a.eg)

rlurr I ta tht ôi¡tense thr partlolc travclc ln ttË t.

¡t 1r rt¡o por¡lblc to obtatn a rol'utlon for e r (t)t
boccvmr, tbe rcsulttng ox¡prcedos tr tren¡q¡t$cntrl rnll tt
!,r aot po¡r!,bll to obtatn æpl,tc!,tt$ t . f( r).

tÀnÛ rd lOtgfÁp (lZ) ooarl,ilrro{l t}rr rffcot

of fncluttn* ffi.otlonrl fæo¡r !n thc partlelo tref aotort

oEuatloa. fb¡V a¡rtuad tlp f,r.lgtloa*l foroc aotln¡ oa

¡ ru¡rcnrLon (1411 ûcrr ûomr) soulû bc reprc¡cntd! bY e

lrnnlng typc of frlotloa rEuattoût

1.o. ,r11 drer foroc . _*#ts_
ro D'1

.l- IL-& I
a !f.

türtr pfr . ülprrd ;oltt¡ ütnúttr i¡o. th¡ nrrt of

æ1,11 Dæ satt volmo of æror. lcrcl¡ tþr a rlatlr
pmtlolrr

ürtt å¡æ foroe r (r.â.ff.T3)/(D.t'



!t

rbarr f, t¡ ttu ro11ðr firtctlan faotof. trnoct thr lbrsl
balancc naf bc ;rlttcat

Xlrrg foçGt-partlelc çclßht- râ11 chcar fioroor lnlrtta ûoror

rnal thc dtlffcrcnttal cqurttoa fæ tha Þartlcl'c traltatory

bGGüe at

ûvr
îT- f, (rn ) !kFn,I'. b* , - t tt or"

rt

aaaaa ( a.F)

îMr reurtlon ean bc lntcßtatd ntuc¡rloally ol ßraphû,call.y.

!!hr ¡oltûa fl|.stlon factor, ts, tttll trpcrÍl dl

th¡ phfd.crl eharaotcrlrttor of thc æ1!ü oowryd, thr

roughnt¡r of tbc rlæp rellr tlû polslþly on thc ¡oturl

roll,¡lt vGloûltt. traasrc of thç dllfîl.oulty of ârûc¡ulnlgt

f. ln ¡ ryctc¡n rlrcrc eosalt¡ratlon oûotrrtr rguatlon ( a.F)

lr oaly urrful for ryttar¡ lhera tha tranúcnt offcEtr

h¡vc rtaÞtIlrcû (t.c. gJB . o) o? ¡ro aort.l,ttÈLr¡
i!t

Soç thlr thr¡!,¡ t¡ pertloul*rly oonolrnd ;tth
ürürrgr parttoLc valoaltlor ta a ryritan rhlrc esorlcpetlon

eurt lo oonddtæct. Ît nry ür porclbtc to ¡ooouat fot th.
ælitr frtatlon rffoct Ð û¡toalntnf th¡ fsnotloÊrl

rllatlonútg bçtmtn r thco¡¡ottoal ü?trrgt partlelr
vrloottr orl,oulatrd ñü rEeatlonr (a.et) ana (e,zg) rnå



n
thc ¡otutl !Ëeru!ç{l r;æaßc par.tlolo vclooltf ta thc ryrtm.
lbr aeorloratlon tn r f:ptotlo¡rlcr¡ qlar, ïrtræn pol,ntr I
rnlt 2t tlr¡ rç*egr thromtlorl rlostty lr gtvrn Èy thr
rdu¡tlonr

(ie)çmoætlor.l I
( þ :, ,td.
(ts - t.'l

( e.:r )aaoat

aaaaa

ant tlp *ctu¡l naaturoü a?æagt putloX.r rcloolttr lr
glvca Èy tbo rquatloat

(?*),âotuat I (e,æ)Lä:
;hcrc L, tba r1ær Xetgthr tr rqual to (re - q).

Osr of, thc rrærptloar naüc ln d!ætvtng rquet!.oar

(e.eå¡ mit (e,æl rar thrt tbr dlrag oocfflotcnt ra¡larü
oonrt'eat ovcr tha latctral I ùo r*.



t8

2.2rl0 ?h¡ prcrüutla {lraÞ ta verttoel' þaamntio
tranæort

onooftbaoblcottva¡ofthtlpaltoftbrrcrk
t r to crmlnr tho rroletlondrtþ th¡t c*lrtr brtlr;n tho

rrürrg. perttoXo v¡}oottl anâ thc prrttl¡lÇ ûræ [a v6ttcal
pnctnatto trrrnçort rlth e vl¡l to Plrtlotinß Ê¡7ü}r8l

p¡¡rtlolr vc[,oottlcr fir¡at prrürtsta {lnoB lÇtßulâm¡nt¡. lfhLl

mctlon (e.a.t0) lr th¡rcûoto Ûonoænd pr!'næt'trV rtth thr

throrcttoal açcotr of thlr Prcrtttr ürqo

rbc prcæu:rG dlrq ln Y;rtloal galumatlc trençort

re¡ ncntlonrt brl;fl¡r tn æotlon â.1.t rnt r rrt of

typlcrl þrr;¡urc {lrog otl!n7o! 1r Jrorn !a FlfiInß 8.4r

CR.AI9 (tA] üû OnAffiP td pBIEûIlLs1' (fl) rcoo¡rrlrû th¡t

tl¡c retc of ohnga of n66ânt$n !n r ¡rltÜf l¡ aqual' to th.

¡un of th¡ forscr aotlnt on thç $¡rl raá on thc partlslc¡o

teglcottng thr trcmrrl lllfforcnor 6ut to tha hrtght of

thr atr colurnr (tfra atnoælurlo leprc ratr !r æProt.

O.Olâ tn þO/ft rt rra !,æel)r tlrr tlsrorr eotlag oô tht

per.ttolcr rnô tha ger ü.rG arl¡uct to þcr

(f ) thr ra1l rb'n fopor ùütçtta tht Sar enil tlrc

!l raÜr

IEll?A ct el (6k) pslnt out that tbtr PFÜt!ilfit ârop
*t aot úrtcstabic- [f thc Pütlüpt üteßlrtnantt l¡lÊ
nr¡; rlth e nnoüttr rlth lcd lln¡r oontalnlng
tbo tæ. fLult r

r rotr¡



þs

(ff) thr rlight of, thc æltdr tn th. ¡rlûilr
ra¡l ( Uf l thr ;rlt ùer foroc bttcan tlu gartlolcr rn{!

tlro rl,¡ctr¡

OnruF (tâ) ad OsAltr d PBfEtrd,xT (tt) droürt

tht ?hc foroca prsulttag ñ6 gür roorlcratlotr Ëlrc

noCll,glùlc þut *rgilt€tot to osnd,{!m thc lff,¡ct sf
parttrolc ¿sor!.aratloa¡ irumffit06 (ÚO) fora¡¡ d,ntler
esnol.url,onr to tÌç rttcrr (¡A) rd (¡¡) tut alæ

rosogatd thc nrcd to lnol,utr pætialr roo¡lcntloa ln
th. loürntun rquatlon¡ }bff rnü çmç8 (6f ) pro{luceü

en cnÞlrlort oorrtl,rtlon for tho total pra;iltm drop ln r
ttãu', but laElrúot thr ctfçot of ütr ;cûght af ætl.t¡ la
tbr rlrtr on tottl plcswr¡ dlrop ln e lunfng frlotloa
feotor. lhc pæ.t of tha Franlag frtotton factæ ln thlr
sriû thloh raaooatd for tlc ¡rl¡rht of roltt¡ trn thc rf¡an
roult Þc analogour to thc lllag oorftlstæt.

HÀHIU rüil ÍOttråD (t?l tntttlllr r¡rtnd thrt
tho totrl prâtüFç û¡r@ roul6 bc ln{l?cn{lent of perttolc

rcoclcretlon cffoctrr but tn mþß r of thrlr nrultr
l,nûlcatc{! th¡t thr pmr.rFt dlrop t w ta puttotrr
roorlcrat!,otr rhoulil ùrvr b;n fnclcilcü ln tlrlr rnel,ytlt.
fhrtr ftmt crymrioa for thr total Drcsü. ütæ

sqroacnt¡ rrrt
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A P,f 'APO + APn + AP* + APO aat.a

arlot

Q.gl

( a.t¡)

rñtr. Al¡ r totrl proüqrl llrqr¡
ÂFO r p!ütturrl dlrop lluc to ßep'rrll droæ torc;,
AFI . p!'rsura ilrorp dur ta ;olitt holû-upr

APüF r plpllllilr {!rop tur to roltür-rrll ùr! foloc,

råË APgl r pp.ttuffi llræ llur to roltûr esodcmttonr

Ftu prcuurc llrop¡ luc to thc btght of thc rLr ool.um

ürd gar rocrlclatloa rllt son¡lll ært ncgll8tÈlr.

,tt tlúr ;tagp lt lr porltlr to ctplrla tbc ¡l'upr

of thr oheractatlÉtô p!.mutr ûrog ot¡Ftür ta ü[OII8ü l.t.
fbc oontrtbutt¡rg factoru to tlrr tottl plltlr¡üt ûn0O t!.
oontalnrll ln rqrrrttoa (e.n). !fþ çrr nrttrt¡Fo llroD ;¿tI
lnsrcar¡ lltb g*r volocttyl fìar r ftät æltt. ¡ttl ftc
rato th. Þrümsrr üto?t ûur to æll¡ilr fllcttoa ( APff')

enå ælf{t¡ roarlærtlm ( 
^Pat} 

tlll lmrlr¡r tlth raXld¡

vcloof tt. On tht othæ TÐtùt thc plcr:ì¡rt drop tiur to
rottllr holdl-up ( ^Ff) ;ttlr fbr a glyre pli6r ültr Ítot
letr, ûcoçcaæ ï1th lnamrü,ng æl"ldr rrloolty rla¡tt

taPr"* ül.t
--íìt
A0 r?p

Lr lpoea þr nrgrrrarntoil Þy r fuatlont
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t t
Yp YC * eon¡t. rrer. (9.?ù)rc[

tho tr¡u ^PÍ+ ttro er ?çl¡ * I tt thæ lbltæl thrt

^ 
P,!rr ( æe + aFry+ æCf) a; 16+ *.

lhr türür APEr aPünr rd aPt* ür; Þropættonrl

ts thr æl[dr f,mü rttlr &mtton (Z.Srl lnûloatcr t]ret

aPX lt lll.rcstly Brorportl,onrl ta Srdl retr tàf lt t
romntu b¡laaor rtrorrr that APg, üS A P* æl Prorportlonel

to tho ¡olldt nttt ftoç rett, (1.r. thc fæû rltr), lfhi

¡oltåc f¡ptotlon tcsar &ãFr brr bcta lçrrlcntrll bU r
$annlnt ttpc rquatloa ty nAAtü ¡¡d üOtgrrrn (fy), âlßlft

(6e) anü SrHUtnÐIHo (6t), For 
^PO 

to Þ. lüttpaadrnt

of þXlûr valosltt rndl ælttr fccdl rrtct lt uslt Þt rlrtÐt
thrt tha gernlt drcar f,orcm rrc not rfllotrt Þy tlr
p"crtaûc of æ11d! Brrtlolarr ;lüsh rhoutü b¡ r ralll
aeruçtloü rt 1oç roXtdlr oonarst¡rtlonr InnmU ;rs

SûtgrfAD (lf) I, Íbc porltloa of, thr nlalnum of the sulrrcl

rhom !,n ÍIOÛBI e.¡ rtll tæcnå on thc rrhtlvr æntrlüutton¡

of tbr trunr aPS, Ap# rrd A Pt* to ttrr tôtrf ÞrtlrslG
illoD.

tÀnfg td tü[ffiâD (Í?] tætçrü tlr¡ f,oltodns

rnpmmton for thc mllôr Dtcllltt FdlcÉl



6e

ôF roX.l.6 r ttf 2,t vPI
8"Þ

À¡

rtldVo
r:{rût

+ +:üfr

Èf ¡rltng tro arruptlonr¡ vl¡ol

(r) aPæ'trt, r aP¡ - aPç

(rrloPû. 3*lsÞ a a

rrtaa

.latoa

c!ta|la

( e.¡6)

( a.3r)

( a.l¡)r¡ll

I rto

r
: + +

aaaar ( e,tl)

.itoa

feTFcr it \þ
f-#-

totwær tbsy hr¡¡ ûtf,flsulty ta oütllalnß rÇroüuolblr

valurr of f, udnß r ltrrphlorl trchntqur for tntrtnrttas
rquetlon (e.'6).

s?H[]mIm ( 6t] dpltftcd r üÉ]ætn þrlrasr
¡t¡llrrü ÞV FilEl (6ã) fop r dtæcrrô trs ghrr flo;
ryrtæo Ër ac¡ürctrû grt fÉotloa rd tçtnlraet ttfrctr
rãll eÞtalnrt ta qlsrtloa of thr f,onr

uPout, . aÞË + oPc * oÞil (e.$)

thloh 1r ea lntrgmtd f,om of, thc ogntloa tølvrü þ
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[ÀmB ;aü ÍOtst?AD (t?]. lor thr {lt¡ourllon of tln p*or

Ëf t.fA*FmIfû t6!)¡ thc orrlgtnal aomsql¡tsrr ll1'l bc

u¡cdl ftr oosvaaleært

Dr
8r

ort

Lr
Ll'
ÀF:

srt
sr*'
or'
¡r
at

d,.
¡'Tr

^tÀl

p.

rlËF ülemtæt
grrwltrt loaü roc¡lcrrtt lonr

rollôr ät.r vrtocltt (nrr pæ unlt tlm
pw unlt enrr)¡

lrngtb of tliltr
lmgth øf roælcrrtlon !ôÊt¡

rtÉ DrclrlËr ûrÐ (ruroluto snltt)r
tnu; rclltr vcl,ooltÍr

r{sll,lbrlsn rollt r vololttr
.frp æflülrl ;rr vrl ættY,

v¡rtloel tlrtrnor frm !lræ latraacct

volunrtilc pllûr *?ætlm;
rrllr8f rãfrgrtton faator {lrffnot Ùfl

;.ûrr
0 å +Y ¡

Ê ltrl*
r
JO

t

r rgprmnt ællllr trlctl@ ftstôlt
* ællür trnrltûr
r roltilÞrrll, ürrp ttrct¡ (ebrolntr ualtr!'lnt o' tt

![h tatrglrl f,orrn of th. æt¡atunb rtretsr lrt



6tt

AP r F6 Fn.psGì rL
Jo .dl + 1o. 6.)f er . urr/: &"ti ¡r[.

..¡.. {9.!g}

rtth thr Þoun{lrry æallttlon Er ' O rt ¡ I Oe

sÎ?HEmIIrO (6t) tfvfdtcr thc rt¡rr !,nto tto
*otloar for tha rntLyrtr, Ylt. I

(f) tbc rcottoa ¡ r O to L. la rhlah Þrt'tlslü
¡ooclcratloa oûcürt

r{¡t (tf} tà; grotlaa ¡ r fl to L, th rçiltrilrt of tbr
rtnr lan¡¡1¡r rùcrt fæ r ¡il"üa; rr vrloo!,ty thc

pættclr çrlooitf Þrr rcrcbdl an reqlltblllsr
valsr of $a *r

tluÞrtftutla¡ d'' . *nt Or "r*(. fo*u of tär læntn¡
fllotlon rqurtlon) m¡ r*1urt18 ths !,ntogËrt¡ in rquatlm
( e.tg) slvrrr

^Prgåst*
( â.1¡o )

(l +f[.] * ålt u. 'r.* ' $ . cf.Er*

aaaaa

Íb, råventrt¡ of erlnç [lao aot brcø;r ryparcnt a¡ tt lr
ooilroa tø ü1 thr ttrn. oür thr 8.8.8. of ¡curtfon (?'hO).

Ehr u¡r of u* rlro stnotËr thr arormltt for trttour
tprÐlúoel tntagrettron¡ r proÞlcr ¡nsoun?crrcd bt nÀnÛ



6â

mü ror,#[ÅD (t?].

thc nsrt aætçtlon nrtc qi ãfffiBnDXf0 (6ll lrl

..... (g.b{}
s

¡oo

!o thri rquatton tg.l$l au hr æærur$cl! ln lñr tlunrlon¡
l'c¡¡ ?orar

Lhr

f |l g&
6..f &

, h{r+þ} . * r* f.**} å

îhla c{setlon hm tlo llütrtlon¡ rùlsb rrr labmnt la
thc dælvatlon, vl.tr L lu;t Þr *ürtü th;a ûr ß thtt uroo

oea rrlrt¡ rn{l Þ r Uy'".*.O*"*fm (â.1$}. Íoç lt ta¡
rh;a la ratl6 1.â.9 thrt tht fusatloa¡3 rrXrttonrblp

t.tr.ra thc rær8r partlclr vrlooitt mü thr rvtrrú! gÊt

vrlælty asulü Ë; çærcrcatot þt m ¡qntton of thr fu'al

le .o?g * conttr (a.gr)

( e.qa)ôaaaa

attta

;üær thr ooartrst tan r tFprortuetm tl¡c grr volod ty et

rH,sh trlug ft,od ny oæEF. ft&r l|ntlon (9.t¡'t) ulr¡t
þ; Ðcstcâ to þl of tàr fiorn¡



ffi

u
itÇaa ( â.45)hr a

(ur* - coartrl

oon¡rEscntlt Ëcutttont (grh'l ) am 1z,4zl ;oold mpü¡l vrllü
oalt tf u. *lr rfÍnlf;larntlt trcatm than tb¡ nlntm
vrloolty rogulroâ f,d' trenryort. lfhlr 1r llhrlt to Þr

thr o¡6 ñr tho pnaurtle trrarÞort of, flnr pertltllr ln

r 1æg plræ rtrarc L >tr'f rd ul*))ognrte lorcYrtr ln

rl¡; of thorc ooutttlsns tÞ rçurtlonr of Strf,nnptX$ ( 6l)

Þpmr not to bo rpprogriata ?or r¡lettng rvrre¡'e partloh

valooltt iltrturrtüüßtt to tha fntrüurc ürop for dærtrlt
oorFra Drtttolcr ln r rtrort nlrür



8î

2.1 Dartvatlon of t lhüorGttsel lotcl for a Ycrtl,orl
Pnrt¡nrtl o lfrüÊtpott Sün

ül,nor tbc lltcrraturü crstfncû d!tl! not oonteln

a ¡ultablr funøtton rrlatlng tho rvaraga pertlolr rüloottt
ln vcrtloal pnatnrtlo tran¡port to thc prrriuro lllopr ft
rrr dlcsldtcd to dæolq a throrctloal üodlt1 ;ltb thlr
laqul,rærat tn nLlú. taeüuç of, thc ooqlcrittcr of thc

rcal grtcn scrtala rtællfYlng un¡rÐttoar ¡nnrt ba adc

la tht rnelt¡t¡' ft ça¡ ;hsrn ln ¡rotlon 2.2.9 th¡t tho

llloal partlolr trafcotory¡ çrold!,lu Partlolr frlstlon
lomll, 1r ealoutabl,c frñ cqmtlonr (g.et) anû (e.gg).

ft tr gropomû to ücllvr ¡ aoücl ;lttoh ãlvrr a funotlotrtl

lrletloarh!,p Þrtrtcn pattturc ür4 RcrülftltlGnt¡ anil thr
¿Tæegr parttala vrloÉltf Þctræa trc Folntr on thc aotucl

tralcstory. hoau¡t of thc rct,ttr:{lrft ùcen forocl,

tlrc partlota valodtltl ln thc rotual tletlotolla¡ erc

lorcr than thorc {lctcrmlncd by thc tllcal tratcctor':f

rqulttoar. tt tr rr¡rrc{l flrrt tbât tho rara læulm

mroofatoll ttth tblr æPærnt no'lantuu shn¡lãü le
conouüFrnt ;tth tbr ætr16¡.rr11 ¡htæ forcllr rnâ æsoall

thlrt tba r'ffcst of lntorpr¡tlelc ôolllrfonr 1l not

Itßnl,floant ¡t thc hlgb volûrgcr aorçrllt rnr¡ouatcrdl !n

vætloal paotaatlo trenPort.

2.1.1 fb tbosrrtterl trrtcoto¡T
lbc rEurtlonr for oeloulrttn* tbt throrctlo¡l



tntootory astt

(r) tr

aa¡l (r r)

tt (ro*vn) rnffitlçt

- (''6-vf) r,, fft{Ç¡

68

o. ...o ( a.At)

tr ;å [i
( - ) -ral#W-ç, -t

!

.i
û

0' -

oaaaa ( s,æ)

*crr Vî . taratnrl fallln* vclooltl of tha partlolrrt
t r Yætloel {ltrtenor trrvlllrt,
t r tl,ar¡

VO - ¡ar vrlooltfr
Tp * pætfeXc val,ootÇ¡

rat ¡'r æorlorrtLon dur to lFr"ttt.

?hrrr cquattoar h¡ve bcrn t¡rlvç{l for r ¡lnßlr prrtlcle
ln r sdforü vclsoltt fLclt. ta tn æturt Fatrtatlc
trenrport ürtcnr thc gar vr,Lool,ty rnû pord,Èlt trre

prrtlcla dirtilbutlon æt Eot lltclf to bt unfform across

thr rtsr ¡rotloar fttr ctrritr grr vrlooltt (ve) and the

prltl¡le tcrnlnú v olsctty (Y¡) rrr tht ll$ ependent
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vrlr¡tÈlar çtú€h oo@plctü}y dl¡flnl thc partlolc tratcotoryr

thcrrferc, to eppl.t rguattonr (?.â6) lrd (e'æ) to r 8lvcn

5rstilr o¡tln¡tr¡ of thctr ctfaotlva vrlucl purt bo nglt.

It 1r ru*g;¡tcil that thc rrjrügt ;rt vclooltt þarrd oü

thc tÌtutd nrrt fssrrtr ln thc rlræ (Fe) 1¡ thp bcrt

uttaetr for r v¡luc of Vç, Eslcvol, daot lt¡ch

propçrttrr lr f[ulCt tu"Þulcaor, gartlolc rbgrr uril part!,olr

orlrntatlon lnfluanac thr ttutlt ûrag oa I Þa¡rtlol¡

( çotlon ?) r ve!,sc d Tt for ea rotnrl ryÉã ænl,t bc

dtff;floutt to oaloulatc et thc prcernt ¡tatc of tnoçlcdtgc.

It tr thorafø,c Proporal! to o¡r rn ¡æartncntellt

ilrtorrn!,ncll valuc of % ln r{urtlon (e.ab}¡ vll.

Vp. oVe+ooBftc ( a. ar)aaaaa

fol rïrlofi Ç lr llfior lrto thc crüln¡tc of \ tat

8f,SÉ.J

îç

fbtr ortlnetr ûar Yt mrt¡ requlrcnrntr of, r 6r¡tm noârl

la tãet tbr ret uc of the 5r' rrloelty at lhtch thr

parttolr r;locltf lr t.Fô tr th; .rnt f,or üoth thl

rrpçLæntrlXt oÞr*rrû rrletlon, r{uetton (e.etr}r ad

tbc throùGttotX trrlroto¡t, cqurt!,onr (a.6) rnlt (e.e!).

ü.

o



?o

9r}rå lhr rua¡l aaürnl ¡rnrtfclc ürajoctoflf fff r
lFtm * ¡nrttal¡n

haus oú thr ætsrü,frg sûfaot of pnnttolr-mtl
ssllislwtrr &t eslllrlom hl.süo*y of a ¡¡a¡rttcto llfå
lnflrmot ltn wle¡ottÍ *t *ny pofnt !.g tbo rlaær *
potelbló aett¡nl eingln ¡rurttola tncgreÈæy tt ñom Ln

SI0{¡eñ 8r8. Ia r münstl,a trnrrs¡nrt frürt¡u a Inrgn

þrffitr oú: ¡rrtlcl¡¡ cmttnuourt¡r st¡rmn ¡nrt 8y a ¡rotnt
ln s rÍscr¡ rch tårt lf r11 t'ü¡ ¡nmætrpo oü üþ ryatcn

erc bclü ocrrt*nt¡ tür partÍslå rrf,oûltltr nlÍbt bc

cry¡çetctl üs bc dttrtrlhrtaû *eç*dti,ng to lorr rr¡rsfi¡ofþtc
ftrgr,rrroy frmøtf,on, f(*1) ¡ *nm ¡rf 1r tþ Tüls¡tttr wnlaþla
(r . V") múb tå*tl

l(t) r s'
¡ø

Ltt*.)a:t - | r

fr¡d tf, r, tr bsmücür f(R) r t outsÍds ttrø borrúery ltrltrr
Fæ rnf potat 8l h tå¡l r*ngo of 8r I, c t . Sg,

üùr rr¡mttf cm üo dåËf.r¡rd, tf f(Al I bnsrr fer tü; ¡nufa**
of tüå¡ rnnltrf¡r trù rfll be neürfiúû thßt tbr cntr¡rl m¡n

¡nrtlal* tmlrotoq¡ !¡ üsftnüô as tüt lsom st {, rùrs

xI I ¿J f(rr)änr rrÕr '(a.tb)



b
{J.-l
C)
or{
q)

0,
d
(,
fl
+¡
Êt
rJ
i¡'
I

?r

_ _ !ve1r)- _ry,it'ca1 upper tlgl"lriålå:*"1

Ðistance travelled,
ln rleer

6S¿

Ex:rr.i.,]s of' ,-r '1;osslble slngle partlcle
tr.i.i jeci.ot.;/ in a rleor

FIGLTIiË 2.8



rl

lrrr {,t. thc ncrs rtloolty of pantloLc¡ rtrrmlng grct

thr potat 8l' !äü only rmuÐtloa læl,tlå ¡Èqut ;(t)
l¡ thet lt lr rcprolluclËla &r all vrlutr of t.
trIfitnF â,9 1r r rohmetto dtegran sf thc hf¡othGrtr of thr
noilcl rH,oh rharl tþr ¡¡rl,attonrlrtp Þrtrccn thr ltlml a¡ü

¡stu¡l palrtlola trtf rotontcr.
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t.3.! Ianratm trlrnor

flË f,uüllæcnt¡L pætnrllæ of pncnrnrtlo trünæolt

1¡ tba tranrf,el af mlantun from tlp gar to th¡ lli.çcrmll

¡oll,dl phalt. For a slrcul,ar sonûuit th¡ rtcdy rtatr
noÞntum brlrncrr natlrottng turþulrnor cffrotr¡
I mwamrrn ( 6l)] r orn br rrtttrn I rßrlrxrr raâ MYæs

(66) I r

åa(;vrlrr'-!Ð-ld (a.$)

rùerl l r
tr

Tt'

rt

oaaaa

e¡slrl ooordllnatlt

nrrr flo; nltc¡
rd.al vrl,æltt, lmunc{l ts ba oonrtant wæ
tbr rtm! eroüf rüctlont
rrrultrst crtcrnal foror on tbr ry;ttür lrf,e
g!ültt,
rcmltrnt prGtrurc forol oa tlro ç;tffit
rmultent trrß toror o¡ tha grttn.

!n
riË lÉ

I

*

I

Ior gar frlæ rt r not¡retr pralrntc ûrqt
a{r rr) r¡t! \r tha grrvttatisael f,broc, æo naßll8lblc.

trraor tlrr ¡ræcatut þrlan¡rr tþr trp ght¡r 8ar rotrtûa frlor

ora bc rrlttrnt
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(l) for tbt glr llor
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rùmr (t¡¡);a. . {;ry'rrtl drur foror) r (ley'nertr*Ll

.ü (ffl fo! thr ¡oltt¡ floç

^(;
) (r*) rl[t. - (tn] æ11¿.-(tü] rott¡! rl-

Íù. trc blrnolt æ,lvrt rl,nultrnrourLt tlvrl

rùrrr (ld)¡o,,rf . - (rrrôrrtlolc ilrrs tonor) + !#llo;f,-l

,1(fr "o,)a

Isr rtaor (f*l*tntr . Aplltt. aPr

. -(t)ærrc. - (tæ) rorrc, - (tn)r",

' (trlrry'ntl - (td)ærgcy'rrrr

aöaat ( a.:6)
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çhrnc Aælttl. d ng"" art th¡ rffrotlva oilatt rcstlonrl

eriltt of ttra oonôutt ooorrplcd þy tüa Pltt¡ anil gtt

rcrcotlv*tr lt follorr thrt¡

I tr*lro*û, + (r*]rr, l Ao. ^ PI

ff tqurtlon (E.¡6) 1r æptid Þ¡trcca tlo trafcrcnoÜ oüotl

recttonr of th¡ aontult at gl anll %. tho rcauXt t¡¡

O

lrã-F k i r + (Ç);ry'rrr,r 
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(q;) rorraaÂerr +
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;
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I
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rhcm t r \r tùr rolldl¡ holû-up bat;acn It anal t.
If ÃFr . Pe - Pt ¡ - aPçr rquatlon (e,Sl) crn br rllttoül

AP! . APO +AP¡ + ÀPæ + AFal

( e.æ)

taaoa

roata

For 1o; æltür oonoratntlonrr lt l¡ emtncl! tbrt
(l¡¡)g*/nrff tr not aoûlf;1ct üy thc Plattaoo of thc æ11û

grrttalr¡ bmcr

u P*tttl r oFt {a A?C tfaaa ( s.}l)
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l.er rquetlon (z.r7l trsludttng tho Aay'rarf rhcar foror

booona¡

¿ (w. Vo)

arrolrar.t [r * (4;)
¡oll¿t y'rarf + ß

*t
I
I
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..... (e.56)
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2.5rb tfh¡ næattã (þtrtrnt of r rtçcra of pætiérr

tfhtr rnrlylil.! Ittrnor th¡t thc pe¡rtlsLc rtlçm
lr novl.aß ütonç r rtprodurlùlc tratcatorf ruch tlret

YP 'r(t) ( e.p)

n.+

aaroa

tldtr rtrty rtatr ooaåttlont oaü parttolc antær ed

onr prrtlcla lccvrr thc rf¡til crüry lntc¡vrl of tlnc A tt
mah thet tor iß [ Dartf ola wçtonl

I l¡ltnAt
oaa¡a

alaoa

( e.ho)

( e.br l

tÞæc a r thc aunþ¡r of parttolcr l,n tho ryttout
T r ptrtlola rarldl¡nao tlm ln tüa ¡F¡tcn,

tf r tbr ttn r pertlolc rntcrl thc ryetr:t
andt tZ . thc ttro a grrtlElc lceYcr thc 6r;tanr

8br ræcntm oontant, (hlr of th!,¡ ¡traæ of,

n prrtlel[c; lrl
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T
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tr vpr r
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ü,th pr¡{lolcs of, reurl ürs the holll-W ( totrl nam} of,
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Q.3r9

thr trr¡

ln tbr rguatloal

tfhe tbcomtlcrl rollill prGl|?¡rt alrop trn trn¡¡ sf
iñ ahmr'åtioef erd rotürl partlola vrloeltlrr

tf'ho ¡ln of thc no{lal l¡ to þo rBa to crprcrr

(Ç) üôltdty';ru
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äonor th; rerntu; ooatcnt of, ttrt ;trcm of ?ertlclm
wln8 elong thr rotuel trttüûtoly tet

(Frl*tu.t . {?Ðrotu.r

r¡û tùc ;orrntu oontrnt of thr pertlolo¡ novlnß ülonß

tha tÞrorrtlorl tratçfio*T lrl

tpl )trror¡tiorL : t (qplthcomt!,or1

rlaor P, rt -lP ( a.4t¡)aaooa

IF tlt!"nftloû th. t@sfn (ft) úuo to thr
otrenÍr [n ænat¡ln llt

t ' (r¡)*n orcttcel- (Prleotuat
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( a.btl

SÞæcfore thr roltllt prt;tt¡tc ánop equetfon for thr
lntrrvel tl to It orn Dr ntttonl

a Pmtrlâ, 't I t . ;&t (Ç tr*octrort- Ç ,
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. i+ (Yp ¡oturtla - (lp aotuat)t i

lrforrr æproprl;tc ura crn Þc nrdlr of oqsetlos (e.h|l

roü. rrruÐtlon nu¡t br nrdr aÞout thc relatloadrlp

bctrecÊ fn(t) æ¿ fA(t) ;hcrr,

(r) rn(tl 'Yp rhro!åttorlt
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ra(t) ' vt *tsrL

ler. ttrc form o'f thc r¡l,etlonülnt

I2{t) ro[f, I (t)l al.lt ( e.¡ral
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nilü br hsmr ¡þr *f th* rul*ttmûf'll trtncm

S rnnnl mË f---*.t*ûn* un br Frnüîffætü[ Ð
r llmr nr r¡U¡mxlntrf;r llffiü tÞ!Ër tün untw oü tär
iffitt* f, nr¡ þr ü;tm&Sl* frm tär qlrlcrrlmr

îfi nat*r r ü (Îp wüü*mrl *. ""*(8rbsl

ns üæqrttm cwcrnlng t&r n*tnm qf th fteßtlur¡ 0

*m ïn mût lnrttt rry¡trt.wtal, nlmo sü ç **tml hn
tiln *ryrrt îtth nþn:lnücd va-luffi sf ç t¡ro*tfml*
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ã.lt Sætrtnüûtrl !;olrniqur

Tho oÞJrot of tha cæcrlncnt¡ llçeE¡rtbatl !n tht¡
¡cotlon of the thc¡14 1r to ahad thc valllllty of thc

thcorctloal rnodcl dlrvalapd ln æotlon ?.5 fon tranmort

ln a rrlær dãl1ar to thst shorn Ln EIffirRß 2.2ç lfhc

modcl cquatlon ralatlng APaotta" and thc parttela

vcloslty oan bo mtttcnl

[ (Yp eotual]e-(vp *oto*r)r]Àr ¡oltit ¡ t
gr f-AoL fl'å-'P eotoeJ.

(Ç *o"op"t rorrJÇ eoturt )

+

+ I

rùloh lr en analytlocl æplrtrrlon frr thc cquat!.ont

A Pæ''ûl . AP" + ÀPsÅ + APg6'

g

-t
IJ

oaaaa

..ro (e.rCI)

( a.:E)

rlnoo lr . $ ."1 [ I fhc rollll r prâmull

trop ân{l thr mlldlr holll-upr t, rrç nca¡utud ovtr thr
dtlrtensç L . (%'st).

ff thc ryËtan paramctcrr Åor L rrÉ thr parûlolc

ï,?,*
Ç actuar

o

rtlr, il, lEa fl¡aû, thc tnä¡'pcnllcnt varl.rblc¡ of thc Eodlül



B5

etrG H"r tha soltdl r fæd ratç, d %, thc avc¡rißG ße.

rclooft . tfhæefæo Èf nûrturancnt art eontrol of f,
d %, üd etmultencour marurüÊcnt o A PæltA" d

% actEelr thc valldlttf of cguatlon (P'tO) oan bt ohaclof ,
pnw!.lld that a ættrfaotory osttnatc of tho fuaet!"on S

ln cquatlon¡ (a.b8) and. (z.l+g) can be made.'
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2.h..1 lfhc ¡rcarurGncnt of tht tyttaß" aotual pertlo¡"l
vcLoclty (% 

"otorf 
) ovGP a r'l¡ar length t

Tha oonmon methoð s¡¡t! fon nsacurttul thr arcregc

aotual parttclc vcloolty la a æotlon of e rfecr'!s to træ
ard ça!.gh thc colt{lr rptsht (f), ln t}ut'Þärttoular r¡otloÊ

of tha rtrôr |Onsrp andt PRIBgff,rf (53), LffiÌ{ts at ef (56}r

r*ntt allat UotffiJtD (lf)r anû XEffiA ct al (&) J . lfhcn

Ç I ¡ oeloulatadt froar the cquatlonl

Ç çotuar I 53t
Íbc esoutror of thta ucthød dt;pcnllt on thr oontrol of thc

ælttlr fcc{t ratc (W.)r ttd on tÌç prcoldon of thc

ncaturæcnt of thc roll.de fad! ratr anâ thc ¡eX,tdla holdl-üÞr

E. FmoltG mÇrturcrnont¡ of tdlvldlual pættoLc vclooltltr
havr baan nedc rlth photographto teohnlquât lruf,tl¡nm
(67)] , afdl ;tth rdto-agtlva traccr atudllca [OlUVlf ct rl
(6S)] . üoçcr¡r, cquatlon (t.5o) nolato¡ thc aotual

rriÌlrgG ?arttcla vclootty ald tha pncctura dlrap ÞÇtltcn tço

polntr ln e rlrcr, tl rnll 8e. Îhæcforc thG træPlnß
prthod rhocX,dl bc i tti¡faoto,ry teohnlgut for thc

ü.rGnpcurcnt of tbc avoragc Parttolo vcloelty, provt{lot

that prooauttonÊ trt takcn tlth tho oontfol of ttu roltd¡
frd mtr a¡d thc rgnohronl.¡¡tlon of tl,p trlpptns ryatar



87

2.1t.2 tontrol of the æ11a1â foüd! rütr

Prollnlnery tnvcrtlgatlonr Ë!r nadc rtth
lnpt¡ontal Éîrcr, Fotrqf a!,r lootr ürdl p!.eton f,raûræt.

Tbr rctary atr loclr frcdtr ;r! rcJcotod Þoaeuts of ltr
tntrantrtttnt dllæhargc enå ltkartm thc roFGç fcedcr oû

asçount of ttc tsnrltnoy to or.urh thc aoLll!¡ (ßlar¡ ¡phcrur)
paratng fnon thc fca{l hsppæ lnto tha so?ÇT nechanlcr.

A vø.tlsal ptston fæ{lffr llntlæ to that usedl bry SOO

(69); uÊi ohorGä for thc üort¡

3

2.1t.! Oontral of thc çer valool,ty

fhc onlt ßrt urd l.n tlçm r&orlncntr rtt rt.!¡
tlnsc t loutroc of aln at fOO pol'lrgo rür rcafltlt
rvatlaþlc, tha atl vclootty oontrol rystcm conclot¡it of r
prcr.urc oontrol vrlve fÌpf.l*all br a ¡urgc trnts el$ r
tlrrotttrc vrl"c ry;tcn. nþ flæ rct'G rsr ücåro¡r.cil rlth
â Türtrblü æ¡e flomctcæ (ftørato!).
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2.brl| Hcalura¡ncnt of tht prrurruttr {llorp

Froeutc of thc rbatohr netun¡ of the ptrton

frotæ, thô raltdt Fsr Fstom t¡ onlf at equlllbrriü forf

r flnltr tl;c, hcnsr thc lcponrt of thc Þrollt¡rü
uoea¡rlng llætoc mr¡øt bç rufflotcntly rapllt to nae¡trc

tlrr prcr¡utr {lrop rt thcm cgulllbrt.uu oondlltlonr. ån

rlcotponto trandusür rosld bc ldtcel for tho purp6;or butt

unfortunatolf, onç ra¡ not ¡vatLablç at thr oorrne¡romant

of thc proJcctr AB lnellnct tubr ¡ntnonct;r rsr tc¡tçil
rnd f,oud to bc ¡atlcfrst*?.
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2.9 DerorlÞtloa of, tha Spperetur

Dlagramutlo ÈGtohtt of tlra gae fiLæ oontloX

Frton anil tha vantlcal trançolt qpnratut lro rÙrorn la
ftüURtS ã.lO ard e.ll laçrotLvctry¡ photogreçh¡ of thc

trenrport rppanatur aBp6a! tn fltoü*Hg 2.le(r) eüit âÒ18(b'.

E.j.{ fhË ga¡ flæ oontrol ryrtu

Atr &¡pply

îhc alr rrr ruppltcil fïm r ltolprooattng

ootrprcrsor natd et lr5 €rfrln¡ rt l0O polrt rgo

Atr ftltcr

![hc rlr llnc flltcr oonÞtnc{l a ocnt¡ptfugrl,

ræarator for rcmovlng Ltqut{! ûroÞtratt tlth r l1ntærû

oolrnlo fttrtcr for thc removel of rolldt partlolar.
Ltqutd (otl anil/æ;atcr) oouLl! br ramavcd slthcr contln

uouely or lntanmlttcntlt through a dlrrla oosk.

Prcreurc oonttol valvc alú BËrßâ tant

. lbc prarlg¡lc controL v alvo ttt I tn rDcrrtlnoof

patcnt Þan¡c rduolng vrlvc rlth rtlay ooatrol, r,hleh

¡trþXlt¡çd the llcl.!.vary preast¡ra rtth varYlnß fl"or ratcl.
fhr üulgG tank prc;auntt üta nrlntelnd ln tha 

"tstnlty 
o'f

60 p rtrlr8o



I OO psig alr su^r:ply
frc¡¡rr compressor (¡)

(1)

(e)

A1r eup¡rly to tnarisport
appar"atus (eee FICURE Z.1j)

sStop yalve
Drain eoek
A1r-11ne flltor
P¡r.eeeure control valtË
Sy"Fu rrl!, (6o ¡nlg.,I .0 eu.ft)
Coarse control valve
Flne control valvc
Flowrator

(6)

(r)
(2)

ß)
(4)
(s)

(6)
(?)
(8)

(+)

(¡)

(B)

(z)

Frcui?¡ 2.1a Qas f]-ov¡ c<¡ritrol syetem for transpont

I
I

¡
I

i¡

'¡

a¡rpat.i.r. 1;r,rs
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(r¡
(e)

tl)

¡tgmû tWl FI{H&H &r11

Rl,m (Wr r ûr$fl* tn)
Flm rtrrlshtffir (lriltðü rls,ar)
qnrü'l*f pilql r*lvlr üffi' til*p$lpg mllû,¿ *

runültrl ülets¡a* bctms¡ trlç wrtrtr
6185 fB

El"n* talu¡ oparatlng Int¡r
eo}ldt pl;tm ¡büæ
6O# *tafnfc¡r atæt SatßË syfår$t*n,

gû11ür r*clrrr
ïrntrb3,n rpccü ll¡¡ctrfs mtsr fo¡p ümtlæ

ürtür
Snsl¡oÞSffiûmgff f,glr rotæ üruû nmtuffi&r,¡t

tþton lsrÉ cmrt¡¡ollr*
Inðt'tnilf ü&ü mtæ (rrætfçrl türt¡*n*r

þl¡üw¡ gnc¡¡*r¡nô t*pç $rO fü)
*ir.urLl"inryy eolfdtr a*ll¡rctLon ofolslr

(b)

(ä)

(6)

(?l
(r)

(e)

(lo¡
(rf)

(f e)
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FIG{JRE 2.11 Dlagrannra tlc elæteh of rnrrtlcal trar¡¡spont
epparatr¡¡ -1 *-- r.i",,-,.qË¡Ît'r-t
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Íl.oc ro5ut¡tlon a¡ú ntamræront

îho rutgü trnlc ætc{l ar I oon;Èaat prmorr
m¡¡rvatl¡ sotrtü flor rtguletton ;a¡ obtalnad ¡nl th thJ

ttrrt va!,vç e"ndt ftnr ftor oontrol. rtth tþ lrootrt tülçlr
lhc frt or rae nctcraû rf th e I ln llæb¡l rsü Port* 6lcr
lO å e?UO Ëto'rator (m¡. ftw rrtç 8'l cofrar rt lh.?

prlrl.ù.). fhl Ílotrator rtt orltbrlrtcd îlth e Porttlvr
ûtnlaournt uotãrr
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2.j,2 tÞa vcrttael trrnport eppapatul

tãc rl F! túÞr

lfb. rlran r¡r fiþrtsrtr{l ln thrcc æçtlonr frou
.l* ln o.{1. 16 gructo ooXil ûrrla ssgpcr tsbr (ær¡ urrærdl

þorc A,ggT 1n.), .nû tlrc ¡rotlon¡ rürü Jstnlû tt thl
trapplng¡ valvç¡ rlth ütrm tlulrdr. fåt r{.ttr ülr
rupportoit at cach tmpplnß valv¡ a¡rdt et thc bottm W I
5ltr. ¡ lt ln. x t.l fü. atr¡ralnlun ohannel¡ tlu lonr
æotton of thc ohrnnal rar rtlffcncdl rtth r I ft. tc¡Uth

of, 5ln. ¡ 1* lo. rDad.oa lOOf anglc. thc æ11är fccdl

polnt on tlp rlt6r ta¡ l.O ft. brlot tlç botton tlepttg
vüvc, endl tho 6tct¡noc Þcttccn tha valvc scntrcË Ët
6.45 ft.

îha bottæ rcotloa of thr rl.ær oorttalnot r floç
rtratght;nrt! conslattng of a aert of * ln. ordo ¡ 8.O lâ.
ospÞr! tub¡a. tho top of tht tuba ncat wao covancd ;lth
t &f rüalnlcm rtccl, gsazl._ rïtloh prcvanted erry

panttelel lïom frlltnß bastc tftl bl"oclclnß tha atra!.ghttntrt

andl aXm trndcú to bonogant¡r tbc tusbultnolr

6çr aol.lda raperetlon

Ât thc torp of thc rlrãr thc cntratnadl srLtdla

msrt þt pparatct früt thc ßer ttrcan nt$ lacovcroü.

In tharo oryartnente, pa.rtleular otro ;¡¡ takcn to enturt
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Pmtfes n.t8 (rl rüstgp*rh üf teû lffi
rotl,wr of tlç üw¡rpert
r¡rynrntrn
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rrutH3 8nts (Þ) ¡üsüo¡rrnb oû ûùl qnßffi

mü,ro nf tht tmnrwwt
nlrynrrtu¡
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thit th¡ roXl6r aüpamtton ualt prnduocû no cffaqtt ;htch
plght lnfrlucnoc thc rËoumcy of thr mcrrprçarcnt of tha

toltdr holil-$p. ?brcfolo, r rthcr than uæ i ør¡v¡atlonel

otrolonr, lt ;r¡ ilcof{l$ to {tl¡-cntraln tha ¡oll,tr bf
lctttng thr,elr rt,thc rf:ar top crpard ln r rfrrc lrtf .
?hf,r ælrngæËnt tt rho;a ûtagrcmrlttoetly ta FIflIffiß â.,13t

end ln tbc ph¡rtogrehr FI$lnB ?r{f(b). tha gauøc oylln{lcr
pcrrrn!,t¡ tha a!.r to floç out at a low åvclago valoefty ard

thc rlllrcatrrtndlr ro1!,llr ñ11 lnto thr ooltrotlon tnppæ

ená rotura to grourd lcvrl Þy Farlty fLou. tfhlr

tcohntEur ntght not br aultablc lf tbo gae vcLoolty

oreoodot tha æ1,!,dr tcmrl,nrl vcleotty by a largc nargln¡

ln thlr oaæ, thc parttolc¡ Rry dhato to tha gauøc.

tfhr træptng valvr¡

noth trapplng va1ycr ñtFC of tbc plug t',pr
oçaolrlly frbntoatcd ln the dltpartntntrl ror{rrhop rtth
l.O tB. älan. oyltrúntoal borca 60 thrt çlth tha valvce

!.n tha opon poettlon tlæ bonc of the rl6Gr ;ar êsecnttÈlly

ooartant ovcr lts ætlrt lcngth. Thc tço valvrt ücrtÊ

oDoratd d.nultanæu¡l,y W thc llnheû lcvc¡r Sctcm dror¡

ln HIffitF ã.'ll. îb,c taB vaXva eoto{l äs a rlnrpLc totroffil

valrr, but tbr bottoæ v elvc, ü walopèû by GffiEZ ( ZO),
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pütfoñrct tro fuaetloar. fhca t hr v elvt çr¡ olonû tùr
æltðr calnt sD tàr rLær rttr. {lrÍlcot¡t lnto tär
end.llery æ1t6¡ oollcotlon øyclonc (æc tfffRF e.tt)
rtrtlc the trrypot rellf r ftll snto thc botton v elvr fïil
rücnor thay rrFG lltvrrtcl! lnts e rnall anvcl.opo ollpnrt
to tbr vrlrr üoðy. ?bo rtpæpdr ælldr sonL{l thaa Þc

ranæa{l anll rtlçhcil e I pt¡otoçrrph of tha vclva
soûrgoacat¡ t¡ ¡hsm tn ÍfG{lRË ?.1h.

f ho mltll e f coû tr

?bc l.oortlon of thc roll{t¡ foellor lr ¡trom ln
ffffiIf 2Ål üd la a plntogripb, gt6ün3 B.tdr). mOüfB

9.t! lr e rf,ora llatelltdl *atoh of thc f,ccdlcr, lFha

tenûm fccdlæ raß orlglnally {lod.gnct æ that thr çparatur
aoult be ud to rtuûy tTtr iltrtrlÞuttan of soltllr rrtldllnCIt
tlnor tn thc llætr, by a*in$ e ttcp chrngc tn thr fcri
retorl,el, 6rgr tatgril to un-te¡grdl panttolcr¡ hotææ,
täprc ætrtnratl mrc not o*nplataü tn tln oouræ of tho

ælt uallçr pçvlc;. lFo rnabls thc o¡rorrtor to obrcrvc

thc frc{ttas trr.oært thc frcdlæ oiltrdæ ratlt üurr
frtrloatcll f,?æ olcar pc!æürt thc ptlton¡ ;Ërc febrloetr{l
lïm n¡rloa. !!bc pl ¡tont Íctro llr'l,rm by sorË pttoh
{louÞla thraad sûrür aoupld to tha drlvö by e bcvcl, grrr
ent toß slutoh naohrnLr" rh; üog olutoh oe¡ldt bc onsrglû
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FIG{¡RB 2.ll+ 8ãotograph of bottom tnappXng Talrnr
assembJ-y
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æ

te drlrç sttber $t¡üsr (aot bsùh sturü,üs,mfi¡rft) mû csmlü

etl{t þc swtd to n mutral. Berlülm*
qlü lurl,t *en ¡lrlmn b¡l' r rcüË ææA r.'ôûmülm

drtrm crrü cotryIed, to r $ brpr fr¡mm Enü ärorsû ttråaþlr rnod
notor vtr a çbßln nrü rprsËhöt üfltrÊr fu ætæ np,ooå

ffiË ü$nttçmü üLtb r dfrut gqilElltû t*ûboËær¡craùor rrd
ths nstæ sor¿ld bo ncçaffir

glftoa thË drtlü mahnntm nr porttiüI# æçne**
(so rll.pl rnif tb S;ralffi ffi* å p*rrltlm {tt*plaecmrt
då?ieär thå ftô{tr soutd Þr ontribrstËê tn tcrtr of wigl¡t
IlGr ru¡¿t üiËt Trr üb &rllr$r l¡rd,loatsû by tho tåGho*gt¡üünatËr

t}tü n&strfrüdl ffiÇ m¡nmttæ
Uhr fr¡s$n*ô tuþt pnrro¡¡et.tn aþos¡ ln FXûrm$ 8r'll

rtt süiwü€tçdl ts leiltr*rm! tap* la*tdl s¡ $ra ¡plræ 610 ftr
rnürt u*l Þ¡üülrn tb tü.üSrsln$ talnar &n nsr¡oüüF

smrlrtd Et ¡ smgtant ¡"úrvrl Fcaüffiçl,r rndl r årû mr bffi
c*Bllt¡rf tübt rltb ä tlÐI¡ü ef, l r$r &t fltulet ç;il $r

tür nanætar mr ðl*butyl pbtäålåte (8rGr f .flr$ û¡nd rtüh
fI.ut¡n Rrð; Dt'.'Þutt¡, püùhßI^eto wg ¡rrf,crm$ to mùæ btcrs*
c¡f ühc ùrmdgtsï d' tb Intüor to þmat lç tnto sl.qtp ü¡

t¡tr qlt!,ff.üf ü&r rftæ r fiptü f.rll in ¡¡rrrrmr*. Iùr
nüffintcr ç*; erl;lbntüü rSE!¡¡rË *D O¡dånr ffiI,l pÕlnt



foâ

ü16t,û!üüËôtütcr. ?hi untt hlú ra cæon6nttrl dlymmlO

raæoalr rlth ttnc ooÊttËnt of tw¡"ôú,,mataly 8.0 sGgr¡

rhloh rrü tttltfeetory for thc rrffigo of ¡olldt fitt natcl

$tOü o
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8,.6 tæürltütrtal 6ordlttont tsû Frroodurr

9.6.{ IrttrLalr llrd t¡pcrlncntal aoadtttonr

trtcrlrlr

Ího partieuletc roltû natcrrlalr ohorçn f,or th¡

ræorl.ncatel rçrt rtrttl

(r) zs¡rr# rnatlotr¡f ¡lerr rphancr,

(rr) æ/zhf f lattotinf ¡leer phcrcr,

(lrr) zïly# rBatlotinf ßar¡ æhararr

rnll (lv) {roo nr¡. dtlanr ¡talnlarc ¡tc¡l çhcnoo.

îbr plVatorl propcrtlcr of thoro natarlelt rrç lho;rl la

TAfr"ß 2.71 thc trençortlne filuttt ud te¡ elr.

r sotcr /1ncen) nrutþtrr lndtoate{l ert 'lftlcr toroln nlrlt
qtüFt ufGlr

Eæælticntal oondlltlonr

For ceoh of thc thrac d¡a trngaa of glrrr

ryhcnrr rruar rtra oarr'leü Ont rtth four lolldl fcci! lataat

rlt. l.fhr l.8E¡ 2.56 enü 5'P5 g/æa.¡ and for tho'l .O m.

illam ttalata¡¡ ¡ttal qrharar thræ fa¡d rator rÊro ueoll.

T!¡e !r13t 9.O9 üd! 6.91 8/;ça. For each fÜGdl ratc thr

Faagr of ßrt v;X.ooLtlor urcü çar f,ìrsr a veluc lort abær

tt¡ç Elpllng polnt to a vdluç aþout lo.O tn/*ar ß?eat6r



lOll

thrn tha ohollng polnt ¡t lntcnrrl; o,f rbqt Ar?_ fr/lüo¡
lstlnatrr of tür chahtag vrlocl"tl,cr tt¡Fü nedc by

caitoulettng tho partlctr; tcrntnet vrloottlçr îpær ttç
Ë¡nilerd trag rcLatlonrhtp. Yelcer of thcæ v.Iogltlçt
tsr tht rrapecttvc pantlclet to*atheB rtth r rumüry of ;un

nsñart andt ¡otlita ftrt ftttr erc rlrom ln TAF,B ?.t,
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t05

Phtrlo¡l prE$crtlrr of thl prrttoúatr rollür
¡rd ln üüt pmmatlo trençort æprrrlnatr

lqprctftc ¡mvttf

*â/W/ htldtol

ælef, / l¡¿¡1e¡1u¿

f&/tgl 0e11otlnL

l.S u. rtrlnlc¡r
úral æÞrw;

r Srtr¡ntncü rttã s,6. bottlr tÉbnlqüt
r fhrn valurr r¡rr th¡ nconr of r Iægc nsúcl of

SttEal nlorscùrr ümr¡lrml¡ü r

ã ïcm ûtmrtæ
(nml

Irtrrl rl
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1.6.8 &;r'Lnætrl Dtoorltila

?o ooqlotc ü rsn tha gu 
"cloatty 

r¡r flr¡t
.*t to tho rtçqtcll vrluc enll thc grl þptttqr; ihop

rlsorrtad. å raælc of tha partlaulato aollil nr ebrr6rd!

to thc plrton fcsûffr tlth ttro plctoa ln ltl loclr
porltloa, ad thr frcür {tplvc çcrll rer rot to ltr
¡daototf valucr lfhcn tþ fdor dtoß Etutoh r¡a cnsrßçdt

¡nd tha fa¡dlnß prooütt oomcnesil. When thc total gar

and æItdlr Þtt.cttrr llrop pcr¡hot lt¡ aqul.ltbrtuu veLuø

tht¡ value îsÉ lGoordl¡û¡ tho trrpplng vtL"G rneohaal@ rrat

aoturtrdr td thc f,cadtcr çttohol! off. Thc ¡olldt¡

aontalnd ln ths cnvolopo ¿ttaøhctl to the botton tracpLng

velvc (tfra ¡¡¡ltdls holdt-tlp) ;¡¡e thcn rcr*orvcdl ard thclr
;clght rocordaü.

lfo prcprtt thã rpparatul ffi tha next rua tlç
trepplnf¡ valvÊr tÊro rorat, thc ru¡tllnnv wo1þnc olccrd

of ralldr, rrd tltc platon fccdlÊrr ça¡ rc-rounð to thc

lorcn po¡ttlon r!,th tho ftaðæ dtntvc ln ratcrllo
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2 ,7 Bp cnl.nontal Rc ¡ult ¡

ît¡c llrtr obtetnrü frctn tht oæc¡l.mntel ro*t

ÍGti leÊturrr;ecnt¡ of ttro praltstll ûro'p ;lth gtr æl¡¡, tlu

þr.tü¡m trsp ütth ger plu¡ ælldl a¡ mlt tþ¡ rotrt{t r holt-sp

for a rcrlct of gar anô mll,û f,lol !atc¡. tfhtlc ðate ¡rc

prctontcd ln ilctall tn dpPEWDff 2.1 . ||!bo oatoulatlonr

nadlc ln thc rnaX.y¡te of thc¡a rc¡ultt üæ {lo¡æ[Þct !n

APpgtfDrlc 2.20

2.T.tl lfhc vartatlon of thc tÊtutl avttssc ¡o11{lr
vcloclty rlth tha t"cmgc gae vcloolty ülS
tho rolldlr fcrû trttc

îhrrt üitü erc Arttontadl 8raçhlolLy ln
fTClURgll ?.{6 to 2,19 for tht thncc nl¡cr of gler¡ æhcrc¡

ürtt thü l.O [t!to rtqtl æhcrc¡ "ctpüotlvclyo 
lho rotuel

rvcragc colldl¡ vcloolty ls plottc{l vr. thß trürafG gtt

volooltt çlth tha sollda Scd râtr lt ü parcnatcrr tfhr

aotual ãvÇrtgo aol!,llc vclootty le aelorrlatc{l frm tha

cgsetloa¡

a-
vP ( e.æ)t L*t artoa
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2,7.2 llrc vartatlon of tha grtrcÊ¡rc dlrop ltth_thr
. rÍrft8e 8¡ât vcl"oslty ard tho coll{ls fid atÜ

Àr rttlr tlrr rçæag; PaâPtlol,a valocttf {latr

dlr¡orLÞc{t tn tbc pnsolâlng raotton th. prolüurû ûrop llrte

ürr DrôËmtatl g¡ltphlc¡}ly. lfbt dletr tbr tbo thr6 ;l'la¡

of Ít¡1 æh6cr ard tho {.O rn. ¡taol Plrrrr ap Plottd
tn EI0{IBES 2.æ to 2.?5 rcæcsttvcly. Shc totel prc¡¡urc

{trop 1r plotttô Y¡. tbc avcrago ße. vclooltyr rSaln rlth
thr ;¡lldlc focû rete a! a parmctæ. f n ddtltlon

HIfitRf 2.2bF úo;r a tlplcal Ptot of thc varlatlon of thr

atatlo,,tooülcrratLon, and! Êolldl y'raff filottoa ootæoncntr

of tho thcorctloel loll{ll prlrülrt dtnorp ütth the ææago

grc vclooitf r thaae llatr ar¡ fæ [ua 6]roup ro ( t't/.16#

glrce æhcrc¡r fc¡ll rltc I .88 g/æa) ünd lrG takan fæn

tÞt @ûplotc elt contalncdl ln å.PPEþIÐIX 3.âr

EfflfF$g 2.A6 to ?.29 r"t plot¡ of thc rcolp:¡oad

æ¡,lalt prlGrrurc dtrøpr 1. c. 1/à?s¡ ?to tlrc avcrügo gu

Vcloolty. |[lhc¡c rtotprooaX prc¡tur6 dþo? ûeta arc

aontalntâ tn APP$HDTII ?r2. ?ht ain of thtr analyell 1r

to tc¡t thcthar tho veluc of the gaa veloclty ct ;hloh thc

rstual wGrtSt so116r valoolty tt lôtro (ncf. trî{lURnS e.l6

to 2.,f 9 tor thc lntcrotpt on thc trËragc gas vrloo!'tt

a*f ¡) coslû bc ctttmate{l f,Pffi thc proaturË drop ðatl. Thc

lntcra¡pt [n EIGIIR$E A.16 to 2rt9 1¡ thc trtlnato ulc{l for

thc tonntnal valoolty to o aloulatl thc thærcttoll

partl o1c traJcotorla lr
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2ç7.3 ?hr rrl,¡tlonrhlp bctnon thc rctual av;rlßr
æXldr vcloolty anll thc tbaorctloal frGriçt
ælf il r vrLoolty

Prrllnlnrtt tmc¡tls¡tlcnr trútoetili thrt r
ltnaæ oomrlrtloa ¡rt¡trll bctçcca thc logrrltlul of tbr
røturl ü"ttìis. mltdt vtlostty,a.nû th¡ thtorattort
$rcngt rot.lür îrlotlty f,or tlrc rütt rootlon of tha ?f ¡arr

tblr l4ll.r t funotlonel rclrttonrtúp of thc lornl

lotr (fpastsüt . 1og. (e) + n 1og. (Ç)t*srcttoat

o!
(ftrstqrt' (a) (qtlÞrorctroal

lha selsulatton of thort rcg:rüt¡lr:ar lr
llcaoplblô 1û "&PPH$}!X ?.?. |fär valuar of r¡ r¡ id tha

eorrclatton oocfüclurt of, tbc lo;a¡$ttul,o mgrcrdon

tra ¡rmarl¡c{l ln T-43[,Ð â.9.



î.û,grË 8.9

fe!

ffialy of th. logælthlo rrgprr¡lon r¡ultr
fet tbô rclrttoarhlp bctnoan thc aotual, ¡$l!
tbc tbæctl,oal a traga palrtlolc vcLooltlcr
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( oorrrXrttoû"oocfflo lcnt)
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tã6

î,.7.1* Drrtatletr of tln o¡loslatd thmrctLcrl nltr{lr
prlraslìt dl¡* #€rì thc çcalurct ¡olldli grrtßrlt
dtrøp

füc Aæ srat altrl.rti.oä of thc nodlcl tlor thc

çcarurd lcrult lc oülcu1eta{l fïoc thr fol}wln¡ reuatiol

pGF oãnt dltrtetlon r (rarauma æ11d1ü Þrtmutit dlrq r
thaoætt oal ælldl r prË rsr¡rc ¿l!€D )/ nca¡umû
¡olldl r p!årturc ûræ

YaXucr of tfrf G IlrF srnt dcvlatlon trc tabulatad fon aro}

tua ln ApFwDrI, 9.3 undcr th¡ hcdlrç DIÏF¡ Ët0tlßÊ â.?6

1r e tsrtogrær of ttrcr dlcvLrttonr for ¡11 tlro runr [n tht
fiftrrn rürr f,Folrpl¡ lfhc mroa vrluc of thc pcr ocnt

itr?tetlsn lr -ã.?l pcr oüût en{t tbc ¡tarËædl dtcvlatisn

of tha lltrtr'lbutton 1r 8.llt, À11 thc vaLucç of thc pcl

ocnt llsvlatlon h¡vc bosn lnolr¡dc{l though mc of thr
langø va.lusr rhloh ooout ar tha ohoklng Þolnt tr
approaohotl nlght rcl'L lwc Ècar rmluilcü t! lnoipttat
ttXsg ftonf le thc no¡t liLalt cat¡rü of thccc largr
ûcvlatloatr Average t;lera of thc p;r oGrNt dtcvlatlon

:fop cactr rt¡B ÍFottÞ æt llütcdt ln TÂB,B ?r{Or
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fAU,B e.lO &ruury of tho pcr ocnt üælatloär bctütrû
thâ aÞe;¡vd ant thcæstlsrl veluct of tho
ro116t Þrü.ürtrr ilrop

Bua Orout Ío.-Fcsdl Ratc
(g'faæl

nctn pcn eont dl;vlrtloa
fon run ßTrosp
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2.8 Dlcousalon of thc Rc¡ulta

ârË.1 |flrr vartatton of thr aotual ircfr*ü roltdl r
vcl.oalty rlth tha arcnâg{r gaã valoslty sn¡l
tho sotrld¡ facd ¡atc

'Fhc rc¡¡ltt of ORå!,IF ard pRIrìfr:fLET (:f) rrç
LEfrts ct rl t56) ilero dlrouatut et Lcngth tn ¡aotlon
2,2ç9o lfhs oonolugton neaehed ças that an cquatton of
ths forn

(%')aotual .o % + oongtr (e,ar)atailt

Eclctd thc æoragc astual pant!.cle val.ootty to tho

ã'rsllagâ gat velootty. flrc data plottcCt tn EICfliR$g A.i6
to 2.19 e¡statn tht¡ ooaoLu¡lonr

ür,ïlg rt al (56) or¡nstud.ü that thr rnlldl¡ fccd

ratÊ dld not affaot thc rllp valooltt rrd hcnec thc

colldlo voloolty ûor a gtvan gar ratc. For the rargc of

aollll¡ ñst rrtt¡ oovoncû no cffaot of tho fscd retc on

thr ¡r¡11ür vcloalty tr apparôn!. frmr thr drtr ptottcdl !n
EI6üAñ8 â116 to 3o19, ?Td,g obæwetlon la aløo tr¡nportedl

by thc r¡tlmatrs of thr æprlcnt partlole tc¡r:laal
vrloalttcr (vt¡. tha lntaroæt of tha lln¡ neprcæntadl ht
rEuatton ?.Pt on tt¡c sa¡ valoctty arlc) tf Etcd ln
AJIPI.-{}IÐIX e.e rnd ¡çnnar¡t¡çd tn ?Àl&E e.11r



t8r

fÂg,ß A'11 Suu*ar1r of tha tcrrntnatr vâloûlt Gttlrürtct
for glrtr and statl, spl*rat beraô on Eoüo
eoltds vcloclÐ (ftl¡co)

l¡O ä.
rtccl

ho.to

bo.?tr

bo.56

tlt/,t6#

8¡la;r

P5 'l{9

8rffi

¿l¡.86

29o1O

ñt #
'zh

gleae

?O.?5

2O.F

19.8.f

t 9.7tt

?.8t #t52
gl,atr

16.3?

{ 6.56

16.02

16.13

S01td¡ facd
rata

rr

ra

*,

wtt

üIrwt' rt'wl

2.8.2 fhc rar.la.tton ef tha oþro¡vcû prËr#nrc 6rcrp ülth
tha arcnagc goe valoolty and thc coltitr ftcil rata

fhc åape of the pnecrurr dmp our¡t;r plottcit ln
sr0{IRng 2.âo to 2.23 conforru rlth tha oba6rratl0n¡ of
gHlq8 (gb) rhloh are dtleouesed ln ¡ccttoa ?r?.8 rr¡d
r@lrüËtntcd ¡çhemntlcalty tn lttflTiR8 2.11. Ho attærpt rat
padc to d.efine precisely the aXuggtng po!,nt ln thc

tÞcrlnonts ro tlrt¡ !.nforr,ratton ls not ahora tn HIßIJR$B

?.2A lo 2,23. tlncc theæ rcrultr aFG qultc tyBtoal of
çertlaal pncumatf c trantport ayetcme, no furthar ooamçat

çf 1l ba'radc be¡pc ¡tnoc thcy æe dl soucrçü st lcfigtb ln
csotlon 2.?.1O¡
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318*5 St r¡fmmnt, þctrnm t¡hr tæntnnl wXsottt retfmtùhnd $ Í¡ro raltd¡ wroeitr rnû thr riiiåam bßsü¿
cD mpo rrst¡mmt nolld¡ prcrnmr düüry

¡rr üha rrrmgn roll,ðr rclÊcltf rpprflûMr ffirÊ
thr stctlon ¡n¿ ¡cotto¡¡rtl,m oeryfficnt,l d thû toltrdtr
p¡ftat$lmrE drop *¡rprpemb soFË ånå tbË *t¿ttt ssüB¡),sn&nü

ap¡racchna trÉtnltyr Hanaa thç lnùtleocpü m th¡ gn¡

reloottr artü of r ptot of tbü rccl¡¡rosal af ürc cbcmrrû
eoLfûr l¡Nqmrurc ürqr î;r tho aturagu gaa tulocltf rbmllå
prorldtr ¡n mtlntr sf tùc ge* vçx,cof,üy nt r,trlob tbr ætiür
wloqftr ls ¡rnc affi bcmü 8n orttsato d tür ¡ollôr ùcrntanl
vrlooltyr Floûr d tùr nce!,¡uroeal *ol,ld¡ lrrsËrffir dtE¡¡ vrr
{¡bl rwm,St gþr rülootty &Fç ûüntatmû l.n fIgUeBS grgü tE
ãr&Ð r¡ú e ðurürpy of, thË lnt*r"eapùr t¡ llrtsô ln gaet& grfgr
& acrûenent brtmæ tha ralusr tn &tåæ l.lÊ M Eå8te gdl
tr qtrlto slonr ard trüüostûü tüþt t& rootrpnocrl pnrtüTsq!

üsop pl,cûr ¡hÈura ¡rørdr n gaaû cctl¡¡t¡ of tüË appnnmrt

rcåltlr trrrinrl rale*ltfr
rASrñ 8rf & 8lpary et !ür tcrninrt utroo!ür mtl¡ntlr for

Sf¡!¡ ånû-ttcçl_sgiùlrrl Þamt rt¡ ¡ ptot d thrnglpyorl ¡ol,ldl El,oolt¡r rrr tb -rmgic gaarllootÇ
Pü/rn tû æ/gl nü lgt6 r¡rrh I ro m

g¡år¡ S¡årð elam rtr*l
tarnfnal
aet!,mtt

vrlootty
fVrcs. f 6rO 88r5 åSrO It.S



r5i

8r€rl* fu mtr¡tl@ü$ brtnon tbr *ctucl, ruffi€F
rol¡'ûr üIÕGtg ffiû & th;sr¡ttrtnl ¡rçrñgt
rrllld¡ çrtt æltf
ftË figrßütrurl rralrttm$lp r¡ryr*kl ln rçEtførr

8r?*l Hr rrtÕÞ¡Írhdl ¡ry ¡nmuff tilfrl.ril.ûtt tri,rl rnd, ¡rus
mtùnûrr lt ir tùrmforr {f.#e[auft üs r¡*otiatl ü¡o fsm
sf, ?,bå oqunülwr ulth an¡r pftyntenX mchnal.sar üo;crür¡

ths Fr€rfetq? üû t&ç oomatrstlm ot¡ctftolsnü ta l rO ir r
gÊrd tnd,ieatlear thnt t&c or¡untlun fa vnlld f¡¡r thc rqãü¡ßpr

üf tbô verlrÞlar soTrmüd ln tho a¡g¡ertnËmür &c nctunl

nrlosltlr¡ d tb Bo¡rtlol;r ant alrsy; ltst thañ thr
osl$¡l¡üCt tbaomttarl wloslÈlta¡ snû ühir r*rnrlt tr ffinttcA
Èrüernü d thr ¡ûfceü oú ¡¡srüLol,*/Êlf frlcti.m*

Bcopum of thå rnplrleal r¡strüa oû thn rqurtiø
tt rhe¡fd onl.y bc unoô ¡sltå ôIr8 Ëeuüfffr ¡t r ümm*¡
etlctågrsh¡p for rsrtloål ¡rrormttc tmnæoilrt a¡rctarar
ghr û&tr iþ Sa&te ârP l¡¡ðleatt thåt t*r* nlrç of tåÉ

rqlgmt rnr lr m¡r.o Hartif çsr¡tn¡¡t thffi tlbo tal.up of

täß tffi 'rt, thülr rt*ntnr{ ËErtßtlær þafnü tl$ ånA

t r# üf &ßfr r¡r¡naültt n¡r¡ Tr1rär &múþrr rn
rgr,tsûå*r €f üNr fwrr

(lþ*t*, -;*fiPltffirr*.r
mü/ bü ErumaffE *ppltcrblc¡ *Ërç Ûlr nu*t ha dotcrntns
for ttw ry;sfllta *ystrnr



rtû

?.8t! lfb¿ vattdity of tht nodlü for o*lopl¡ttag thü
thlorctloal ;o11t; Þtrcistlra ûrop

În üottoß 2ej tht lt?othettã of, thc nnodtrl tfrc
rtatoü aadl an oquatlon dla¡rlvodl lhtch a*¡prcüd! thl
thcopctlcal tÕl!,d t prGtlure 6rop i¡ a funotlon of thr

rotuel üû 16cal thaorotleel partlslc vciLocttttl end th¡

¡6lldtr f¡cd rgtc. 8lncc thc ldlarl throratloü vllooity
la oalcslablc fron s knorlcdgc of tha gar va|ooity a¡ú

tha parttclo tcrvrlnaX valoolÐr tho thoorçtleal ro11{lr

Þro¡;ura drorp €Ên bc G4prrê¡cû üü a fi¡natlon of tk6 ttf aal

thcorctloal v;loctty ard thc rn116a fec{l râtt provtdcll

that thç natute of thc ralltlonahtp botrccn thc agtuål

andt l{ttel thærottoel pertlolc Yeloaltica le tnolar

l rco lf,
(l) (tnr thcorattoal calld!! priataurt tlrop) t f (aotual

partlolo veloetty, thcorettsal partlclG Yclâoltyt

ßlldt¡ fee{t ratc}
(f l) (tm throætleet, parttolo valoclty) * g (gea

yolooltyr pã:rtlolç tar¡nlnal velodty)
mll
(rrf ) (actual partlalc valælty) ' h (trrcoratleal

g¡rtlole vcLoelty)

tt folloç¡ that f)
( tfrc thtor¡tlcrl ælld t prçttürr {leop} r q (ger

yrXoolty, Bartlolr ttrrnlnal v aloeltyr rollilr
fccû ntc).



r55

l1o ¡;er¡e tho 
"rltettf 

út ÛhË dü¡r tùfr

rffi¡t bttüt üc oÞtüçuû srsil aslsulåtoû rtltr¡ of

f,ür eoltâ¡ prt¡tura dtrop xrst ba c¡selnå&r $nte fæ
üho Bor g¡at ffi¡tlær þatwan th obræmlL aüû thûcrlüig*I'

roll{s lËü¡tñf itre3l trlms rltrü rstrorr"aú to ln ;cstl,*r

ãr? *r' trt t¡ rp¡n$Bt fron s hlatogrea st t'Ìt*¡a dÂtå

f!çfmB Sr€!¡ tùrt tbnc ls an trüFat¡ btar * *S.?l$

Þrtffi¡ tü ûmr¡rçü andt tbo ühærttistl tulmt €f tüË

rottû¡ $rig¡¡grr {l¡eop. this bt¡nt uy üa Eawtü by mr æ
a col&lnatlø¡ cf tbß foü'owtng faatort¡ vll.t

( f) ün trrülaer¡r fnttf*t' anslw'tlær¡

(tt) en ffirqr tn tüt üræto¡pgt Ef ürt o¡t ËorË qt tbt

ffinttørr frrr asü bt

( f¡t) a r¡rtcætlc rrræ tn tüt Eif,sl¡Frffiûñnt Ot qnû otr

¡srwl, of tùc fnü¡ryæ¡Wrt îqrûsbl'a¡r 
"trr* 

t&
nstü*l pEntlolr ülæltfr thô Ílr ü¡læltifr t'H

Xlnrülolr türnln¡l tulsclf*fr s! tht æliûs fütü

rettl 0¡r

(fr) e ryotoantls trarêû¡ fa &ê rcantæg.¡t tfri t*
e¡apæúrert Vnrtabt*¡ tlä c'bærvað æltfle ¡Sqssürpl

üûp*
m þ î¡ür *smlf*xt tü of, tha s¡ratm tt tr

og6lâ¡ç3¡t tàrt rþ rttlrytt ts ¿lltocat¿ üb!¡ Þû*r to r
;æatftn sffitl 1r ul*¡rantadL furemtrr täc fsntorr
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6ontrlÞutlng to thc tl rtrtÞutLon of tbl rlrvtatlonr about

tholr ËÇrn v¡18. oln þ c:Ënln6ð. ![+hl thiorcttail nodd'

cquatloa c¡n b. ÜrþPtlrd tll

( À Pr) thcorctlocr ' E(%' vl'

o! noro c*filloltlY all

( a P.)trrcorct!.6a1 | TT.r É tÇvnl a Tr"r d(y)

;frcm I . (%-h)'

fhc trrm (ÇV*l ia r.ælatcô W tbç varlablc y rlnoc V*

l.¡ a çoctal sart of Ç ar* ùlry' ptr oontaso Gtro¡ t"o %

ç111 Spetr aa â p€t 66ntagc ttro¡r ln y' l{oç thc Pcr

ocntagc a:rron f n ( aP.)th"onrtlca.X duc to æ?æ' tn l"

anâ É (y) la the s¡¡s of the rarçactlvc pËr oGnteso ærolt

of t. rnil É(f). The¡eforc lf or¡nf;trfcnoa llunlta for Y.

arú É (r) arç csttrnatcd ar ¡tÉ f,or il" arrð ¡2É for thc ßtr

vr!.oolty (tne gaa vclootty urcd 1n tlrc oaLeuXetlonr 1r

not eor.rasted for pncr¡unC and tcmpenaturC dtOp;rtufal

firm oallbratton aonclltlon¡)r an lnæeotton sf tho dlatr

ln ÀFPS$DIX ?.2 lnrTtoatec thst a ?.O4 ohangc ln tha ßrt

vcloolty proüuo6t a 3.5Ë ehanßc tn tþ oaloulatcü valuc

otr { Apr)thaorctlsal. ãanaa tho e;tilnatall sonflllcnot

r")



rst

'lidtt fo! ( aP¡)trrroe"ntoül r¡Ð Ë(tS + t.t,{}¡ lrür

dt.t$, tìhr crttrurtrü ænfl{lærs.,llnltr ñr thË oãrorvcü

prcrtulr t!€Þr¡ t ror^ Ut*. td A Ptot"lr r3. #1.OS9 ln

frt6 Ítugt ftrr both oä#l¡ Eancc the llnlt ¡ ûor

(A PrlotËfv't rrfll bc ¡O.Ol ln ratcr Fauga sLnol

(s.)ooorvcû t (^Ptotal- o*r.r'

lfhoroforr thË fçotors oontrlbuttng to tha âtdplbutton of

thc p6r Ernt d¡vtat!.on sþoat !t¡ nean value erc tlrc

ortln¡teü *&.5€ llmtts for o".nn"orctloal ¡a¡l thG tÐro,l

tn ntøl grq6c llnt t¡ for tht &ærvc{t value of o*..



efle l tq¡Ërat¡r tüu4y af ¡urttalË dlr*e soltfloüs¡ü;

tn !!rrùl'ü*å ¡nnnaÛts tmrçpor{ res nst a s$ffiü[ã

cüÍactfm fq' tbl; {¡ba*l.rr lt i¡ eoncf'drrraå tbl*t rn

rmutnstÍarr af ü*¡t 4ata ghou1d bs nsÉç üo aþuk tb
üf1ûftÛ sf l¡bs mt&sû ous$sst€úiL for ætfet*&8 tüü

¡nrttctc tsruXaal valoo!.tg nÏ¡leb ¡ras dûçErtrbd la
eüot|tr¡ äcftl r lhË mthoü osl bs shock#i Ëg dr elantnattsa

sf tb nolrtlmrÈtB þütilaÊül tbo am¡ars¡t fhns ssöfifþtcr¡t

åâI*utetÊô ùr tbtr mrülarp antt !,ta alaoo!,aûc{l $¡rtiels .ü,ûSsotÄl

s¡r faïLemú tç a ssrymrâtçr of tücrt rcçt¡ltr ;tth Gltl

olagslsal aEäg ûnt¡ fw æüæus *ttfrb ü llltcü ln fù8X.8 ?r$r

T*1*r ú üür årySerß$ ürcf oortF:!.slæt ütst

rülûUl^rtüfl ff'oü tùl mnn ?alute Of tü,t l¡tlnaütl oú tbÊ

prrtf,elc üoütü¡ål YcXsülüf &.awr ln B*s,IË Q':lh tb
rclattørshtp trroü to salril¡IÃtar t$e fùa {lltg ssr*ñlo!üntr

ms üa¡¡|Vtô fnø cqu*tf*r â;f â by øc¿t¡sü[ng t¡hË purt!'alr

Ë!¡Þt ta tüo tetat üüS fstlnür thc r+ruttfng qlrwrtm
1;r

(t -pJ

8*816 ea rert-rt*æ eÛ
oaa*Rlolaurü rltih

r¡6

tù¡ e¡ryarcnt partl,olo dl¡Fag
partlolo naynol.dr ntñæ

I% *
Ft tr rrrrr{rr.(grlb}
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mffi üå¡¡ilrlåtrû vultçr uf *h.o a¡rynnurt' {¡re$ soctflcåüilt

teguthar dth tä* ¿ruoslåüüd ral.lm¡ of, ülbø lnrtiol¡
ItWacI.d* nffiS trl.ü ¡Irrattrrttû lt-t t.r'&[,,Ë &¡t5 sr¡å, ßm S]oûtaû

lr¡ F$lmB &rlÐ ücgrt¡bæ ütth tjhü eLË64Íos1 {lef,å fm ;ph*noar

flABIÅ $rt.! ftf,w¡ d t¡tü tÞpêr"æt d¡'ng çocf,f,Ísloerü trd
pnrthfr ËÇfr¡o¡,fr* nr&rs beüËô on ftmnln*I.
rtfsettg crttusttü

!hüc¡r,f,nl

åü4rû
gl.rn
rüüffim

m/s
ßl"Bs*uMr
tvta
Sfffü
spt¡æc;

l*S mr
otsol
strùnrat

lfretËt

füñr¡
¡nrtlt¡lcd,lrntcr

r[
fü.

"oü&s

&lrtü,ffitett
t¡lrmtnnX
wloclty

Yf
tüx,s,
r6lås

hrtfstr
¡¿,$ms¡flr
r$ffitn

s

nparonü
d¡ïf
osrûflctrat

*g{ 5

.?10

.615

.Sä

qÐtJh Pq

"trBt0'l
t0rt

r9tfl6 fiÍrS

.OÊ3$E lÉrËI

er6

ltf

æ

8)Ë

&r vaXm; oü Fg anü, ¡r" tr*cü wrË Ssr alr rü TOIF.

fnærståm d sImnF *r!0 üffi tül¡t tü* rrln* üü &å

rgpü¡¡mt ür,6$ mrüFt¡trnü f,er vürtl$ål ¡nntmtfr üprnr¡roü
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rü{r dttfÈtlt hlgþr thrn tho¡r üurrltçlü{ltng tô thr ctrmll¡¡!

rrlrtl.earhlD" ilø trag oocfflolcntl ln vlr"ttürl S rÞ
roûtlir flæ ¡frtmr îtrü ltiæurçt la lætton !¡!r? ñær
tù rrr polntc{l ot¡t tþat thc ¡u¡ulta 6¡!} SI.lIrffi (bf }r

xlËñEr"I nl VÂI,.ïH$rs (trl|) üüt îoæmr rßü {tÀttr{fr tht} rt¡'
lnülsrtrü thst at rtlb-srltlcal tryrnolËr auÑrlr f,ræ rtr¡tu
tupbul¡wr orutd r çaûcrrtc lno¡arro tn tÞG lÞt
Ooüfflúlrnt. lfh*rrforc. al [t tr lttcly täet frcr ltm¡;
turùntrnaç o¡!rtsd! uslr tä¡ rrycrtmntal sætttLoar tbüù

rrür srd rhtn tT¡¿ tcrølaal vcloclty dlala üere6ùtti[etr

It þ senrlüorat thst thû rççult¡ lrc !n *rslnrat ;!th tl'prr

û;ørtÞcü ln rcferaßcüt (¡t )r (tllr) eu (¡C) erS thtt th
mthoü r þEopo¡eË la æst lon â.!.f for r¡tlnat trg tìr
prrttolr trrnlaat vrloclty are rü1!Ë r



r!0

â.9 Ooaoluüonr

lbr consluçüaar m¡cbrll dlarln* tha oourra of thü

tnvcrttËetloa of r tlrrçrctlcal, naåtl roletlnß tho ro111lr

Þlc.rqro {trsrp ( aPr) to ttrr theorctloel t?G!¡$t rotrldlr

vclootty rtrG¡

( t ) Tüc mtetlonrilp bttrotn tbÇ aotuat üvüra[ft

æ11á¡ vrlostty enit thc avcnego geü vslootty may

bc cærar;ol! tt I ltncat aguatlon of thc for¡tt

(ç)roturt : " (%) + oonrt. .... (a.atl)

lho veluu of, cË e¡Nll oon¡t. ülXL ücpcnd on thc

nrtræc of thc natætal Þclng tranæortcdl aolt thc

dllncnllonr ald æncüruott,on of thc trantport

rvrtæo For thc rrngc of ælldlt fccú rato¡
osad.dtcr¡Ci ttrc veluc¡ of cr enll ooutr tärü

eppæontly lnüqpcnlcat of tbc lolldr fo;û t'ltt'
(lt) For ths *la¡r rnÄ ¡tcrl çhcrct tcrtad tbo

¡lmlr!.crl rrlrtlonûl,p btt;ccn thc avcragr

roturl rolldr vrLooltt æå tha everrge thcorot-

loel æl!{lt vrloolty rar foud to þr

(ç) asroar - ¡.(qtl;Ïi-r"*
;hcrr (%)**nrttsrl ;at orlor¡latcû q"q
cEuatlon¡ ?.?8 ¡nd Q,29o
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(111) A throrctls¡} no{lat sclatlag thc rolldtr PrG.;tl¡ll

{trop to thl tboorotleel tvtrtgo ffit1ðl Yrlootty

la r vætlerl pneunatl.e trrnryort ¡yrtcn hlr
b¡rn ürvclç¡û. tfhc moûcl lr dcrtvrü fr@ r
æmnttn balrnor f,or trc Þh¡æ sar/lo!.ldll flor
anû utlttrcr thr mlatlonrhtpr ¡tatoll ln
conclutronr (r) rnd! (ff ). îho dr¡r'lvcll oquatlon

rctattn* tbç pnartutt dlrop üo tha thoorotlcel

rtoragc c011dt r¡looltY lu

( aPr)tr,oorotrorr' I ( *#:,:tri":3|,i;l33il"l3|lif""
oo@onrnt)

;Ìræc (e) thc rtrtlo co@oncnt r Í, I
..(Ç) 1i133"*r"*,

(þ) tho rscclamtlon oonponaat

--l

=u ftur]l,J:lrroarro - (vu]lil33'.roo,n 
i

ard ( o) th¡ roltA r/;aff ñlotton oenponcat

i- -- .- 1 .1gz
' L 

(ç)rhrorrtlsü -'(ç)rhcomtrcel

+Br

-1,

J
t8o

!b¿ oaloul¡tloa of tlç ;ssrtcratlon ocmponcnt l¡ barcd on

thc rclatlon



r¡{a

t .1ge
(vp) eoturl r t( Ypltt *urttort

¡nd thc rotf ü y'r;tl tïlotloa corçonant oa th; rclrtlon

(ç)rcruar . nçiliÏl"rr"o

?hr parmctcr ref nu¡t Þc ræer.tnentaLly drtcrwrlneü fol r
gtvcn ry¡tcm. lt follo;r tlon tht¡ thüt thc rotual

wærgro pantlcla vclootty bctçæn tlo polntt üay bt

cdl.rnatc{t frm pÍGËûutrt ilrog maaurfficnt¡ by rolvlnÊ thc

thaorrtloal. æ1!,dr prcrüuro ütop c{uatlon for thc

Barærcter t"t. alncc thc thaorctloal vclooftlcr trc
oaloqlaÈl a.

(lv) Vatr,uca of tÌ,u e?üregü 6ar veloatty ard thc

rpparcnt partlotc tormtnal vcloolty arG rcqul,rct f,or thr
oaloulrtlon of thc tlçamtteal Þapttolc vclooltle¡ rrfæ¡cdl

to ln thc ¡rrcvloua æotlonr ft lt oonrldrrr{l thrt th¡
lntæoqt on thc rvqttßr 8rr vrlootty arlr oî d plst of
thc ¡rcctprooel ËXldlr prtrtrrtra dro,p vrr thc æanagt tür
vcl'oçtty (1.r. l/apt rr. Ç thould! provtdlr r ratlúaoto¡l
crtlnrtr of Vçr tlç æparcnt partlolo tarmlnel YaloeiW.

fhr ooEolurloa¡ ¡tataû æa oaly osaflrnçâ for
thc þr¡rtloul,ap petcrlalr ttwrrtlgatô{lr lrËr gXan atú
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ltül ü¡ùñrôa trnnr$ortc{t' rnit& elü't bmçrr lt fr
osrgfd*qcô thp¡t tbp dtt¡¡-tsqô $*€en¡nË d*.fsp cgutrtåm baa

sr$f,teiørrt fig¡f[astr¡tal Þeets t0 Suetify lt* Eppllsstls¡

üs ot6 mtfftn1; Lr¡ ¡a¡rtl.onl ¡f¡¡rmettø trEn*pqrt

*grter¡r Sngiptlms to tb *m*c¡lltgt et t'hÛ e{nntlm

ilfgffi srlËð lrr nn¡' r|û¡ntlm f¡È ;hfgb üô d¡ç¡ astfïtrs!ürt

*Rt sot n¡¡s¡nbl'f gm*t*r¡t $r*F ttro rrsr*¡lo st pnrttnlr

&.üülgltalü nuñ¡6ln rn¡arr¡tæCd dl,rrf$S rceelrnrtlørp Tlrr úÜil

*sål"tJ¡s råÈh tûry ffeü mrülolol ln tþ $t'oþg lnw rcßlæ

ür 
"ßITr 

|a¡ffip ¡l*rttotre3 ¡,rÀ hl#ü¡¡r tr¡¡¡þr¡!æt ftutú.s slr6çr tbn

Wpür srltlosl ltayooS.ån numbsr nay be rssh*û*
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5.{ f ntrotluêtlon

In s¡{lr to provldc a bsd¡ fon the analy¡ls of
thc klnctl.or of tha rsductlon of I{iO rlth frA ln a tnanqrort

laroton tt raa tlcotdad to examlne ffrst thc Etnçtlor of
tbo fl¡aû büd! raduotlon of NrO togcthen çtth thc ncecrlaly

tho¡ruodlynæalE dlate f,or ilctcnntnf ng tho ohcnloal cqutllbrtun
of thc rcaotlon at thc rclovant tcrnponaturcr¡ In tho

flrat ln¡tancc en e¡antnatlon of thc llteraturo rag

undartakcn. Thc natcrtal nc'por.ted Ln thc llteraturc
t,ndloatcd that ocrtaln dt ffcrenccc of oî¡lnlon e¡ú etd
as to thc aatual machanlfiü of thc radluotlonr Only onc

rcfsrcnca oontalncd a guantltetlvc cxprG¡clon for tho

raaotlon r.atc, horcvar, thle rafançnoc dlldl not prcaant an

lntogmtcd forur of thc ratc cquatton. f t raa aLso

rcpoptcd that tho nothoi! of praparatlon of ths oxldta ænrptr

ra¡ l!.kcly to afìfcot tho klnotlo oharaotcnl stloa of tho

nadluctlon. fn vtar of thcso obeorvat!.onr lt ra¡ {tcoldcû

to prooccô rtth an c¡pôrlmantal trreøtlgat!^on of th¡
ktnetlos of tho,fl¡cd bad! ncduetton of l{t0 rrtth }fA úth
sanrplss of thc I{rO to b a u¡rd ln tho tnan4ort rcaotor

cxpcrlncntt. trt ra¡ dlaaldcd to u¡c thrco tlse rangaa of

rnatcrlal tn üro operlmant;, yfr. ynz( \z/u{^rra b|/æf

fylcr raartn ccrlrr¡ tha ncthodl of prçaratlon of thcsc

oamplcc la dlcconibcdl ln .APIIE?ÐIX iol .

îht obJcottvcs of tho cxlpartnantr rcforrcdl to
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rbdrc 116l

(f ) to c¡tebllrh a rattgflotor? tlnottc noelrl for thr

ftxcdl Þcö rctluotlon of Î{tO rlth þdlrog;n,

prcfcrrbly rlth a lil'nglc tamponaturc drperdcnt

parætatarr artd

(lf ) to dtctcrcnlnr thc cff,cot of panttola ¡tsc on thc

ratc of reduatton rlthfn tho at¡e raq$G ßfl t¡o

6oi,



f ¿$î

1.2 Llteratura Rcrlcr

3.2,1 Chætsal oqulllþrlrn ard klnotlat for th¡
roduotlon of NrO üth nz

lïqulllbrl,un

Thc ¡.cduotlon of l{r0 ;tth Ha 1¡ a hatcroßGnooua

ga*roLlll rcaotlon rhlch nay ba wrlttcnr

Nro( r) + Ha(s) * Nr( 
") 

* H¿o(e)

Cal,eulatlona to dctormlnc tha olçrntoal aqulllbnlua of the

rcsctlon aro oontalncd ln "APPENÐIX 3.2t thc dlata of
ñLLIOTT enll $IËISËR (2) çÊro uscd. Tlþ cqulLlbrtun favour¡

alnoat oomplctc eonvcrrton of the oxld¡ to nctaLllo ntokGl

ln tho tcnperaturc rangr 3nooc to 7ooo0.

Kfnatlos of rcdsotlon

îho most rclærnt papera publlshedl oonccnnlng

tho fl¡cd Þcdl rcüuatlon of I{rO arc by BE}]TC}I{ ard !:l.tÈ{Fnï (2) t
PARnAVAJ{O ( r) , HÂÛFFE and RAnÍHt ( h), KrãSsrsCIV (5) arf
BAI{rlROies¡ü ct rl (6). A papcr Þy F"M{IOK anal lüX8Oq (7)

1r of rclstcû lntcrcct but deaonlÞcs thc flIulill¡edl bçd

rcdr¡otloa of NtO rt.th H, dlllutcd rlth d.trogrn. B. !OH

ard r*{HgfT (A) and B.q}$Rû'$"r8I'.f ct al (6) u¡cü a dtyaanrto

¡ystm ln çhloh a ¡t¡rcam of hftlroßrn tür parrd tbrough a
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þüd sü boataü ll1o. &c wtrs üÊ$l$ü ü*rtanü öf tt¡Ë ¡qxttsr
çxtt 8þt ïÊä nmrl,tsËüû W ed.sor?tltr¡ CIf tf¡ô ff*O ffi I
¡ûIt.û dnrtcas¡t l¡¡ rçfrec {n} årß bf fl*ruarl,ng tb ffi
palni' d ü¡¡ rr*star Ëfilt 5ar tn refsrqüoü (6) *
påftfiAVÂlt0 (5) ucü a cloM sm*tsrrt voltm nX4nratur

tquüt¡ttt ü[tù e ffiFü¡tÐ di tpt"ao*wl¡t trrtnp tø El¡rculntt ühr

r¡âðrslng gnür thr xntar rr¡pslæ ;na ruusüãû wtt"h e

ffq$¿å ältne$Ëtr ttPsp srrd tåo stì¡llaü üil, u¡p rwntfæ t¡f
€ùü6!-t6ü Èf mam*¡vlrg thc shnngm I,n thr nbrofi¡tr lrcrmu
d thr ryctrur gÀIPffi ârd Håfffif, (h¡ EËsû a rl¡tlsr
c¡ryømtur td untntd,rrsd, lt nt os¡st*rrt ¡Fctrtus þ mma
d a ffiuülr flllåü 8nil Tnñtthr $htüûr TBXr@¡il ffi¡
¡qÞwlruû bgr aüsorpttm ln silffitrqÊ"ü %Sl* ffi6 täË atrgrrr

d sloå¡Êtürm nt ¡Ërfiüill Þ unaçtsfng roLm ùan$Ëü

rttb lùr gnü tnm¡ût** fu tùW¡ür¡ prfnotpts *
ußrdt to airgulntr tür 6rrrr X$ff{smf (!} al"m u¡sû n
scqlrldl *¡rynrtùus Þtrt åld noü dosorXþr ttr

A rlnllnr $odlr¡sttwr nat* øuilni ls ¡sspsrtd i¡û

ntr trlo $üûüilnu!ücr (t), t!), (¡+), (f) e¡ü (d), ptetr

üf tbû Erür ü ffiüptlcr trr t15Ë uüart Ër.on ftH¡sr rtm
ts r rqtluç, tbü üût¡hË er Gq¡}a& r*trrutlm 1r
.trrgc.orobÀ. &!.l 1r tha stra¡raotontstt s ñrpc o,f tÞr
sntn süûrw S rr¡ fnutoartnlftl*r msüimr FISttffi !"f
i,; a nopredrmtlcm trsn rüfð$üìæ (tl unfon fü¡iltrnrtt*
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tl¡tr polnt. Hoç thc chareotorlstloe of thta ratc cur¡ro

rtl,l bc dctarnlncdl by thc Eceotlon nçehlnlær. orncrllly
ßrr-ælld naaotton¡ lr,rvolvc foer b¡¡!.o pFosarlor,

LE\IEFïSPIEI, (9], thcæ e¡Fot

(l) thc trrarnæt of tho lcaotl,ag gaa no!.asulcr to
tbc rrcaotlon Eonc tn tha aolld!,

( tt) e ohcnl,oal raaotlon btttccn thc nolesulce of
tbc gar and thc unrraotcd aollô,

( fff) tfrc tnanrport of sarcous reaetton productl, if
¡lrorant, aray ftom tbo raastlon ¡ono ad tholr
rrpleocncnt Èf ñoth ncaot¡nt g&rr anû

(fv) ¡lno¡ tcr'çcraturc lt nn tnportant, varlaÞt,o ln
ohcnlsal Llnot!.ot, tha trantfçr of hcat to anû

ñon tha rcrotlon loþür

stlp¡ (1), (rrf) ând (fv) uruelly ûopand on ooavGotton,

ülffur!.on¡ and oorduatLon, ;lü,lc step (U) lnvolvcg thc
fornatloh of ohcnlsal ború¡. lhc ovcralt klncttor of tho

rcaotton nrc drtcrsrlncd by tha rcletlvc rrtc¡ at rhloh
tho¡c BrooôãrGr oooure A prdmrlnantly rtm rtcpr or
atup¡r ney eontnol tl¡c raaotlon ratr to ruoh ra crtcnt
that tha ftttar ¡tcpr !ûrt bc lßnorc(t, YÄSO rd In$ßEIf (te¡,
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3,2.2 Batc oontrolllnß stapc la thc rolluotlon of
$1o !1 th R2

Po¡slble ratc oontrolllng rtüDt havc becn

son¡ldlcrcd !n rafarenect (e), (¡), (l¡) ar¡d (6). Irorcycr,

nono of thc¡o çrltera oLaln to have oonfLnncd an aotual

rsactlon noohantun. glffpllflail qualltatlvt c¡pleaatlon¡

of thc noohanl$lr aro g!.vcn ln roforrnocc (?) andt (l).
Bst{Tofi and tUT[sfT (e) otteû LA.I{GIIUIR (S} to ¡upport thc

lrypothcrla that a æltdl ¡tatc raactlon lavolvlng t¡o
lnnlsolblc solld rrharae nuat oeour at thç ¡olldl A-¡ollC! B

lntcrfaoc. Thay dladluocdl that tha rpparent tautooatalyttof

natunc of thc ncaetlon va¡ oauged by thc lntanfaolal aroe

lnoreasl.rlB fron prafcrrcdl adl¡orptlon sltcap and thcn

dlconça¡lng aa tho aûvanofng rcaotlon ronsa oompcted fon tlç
unroacted! I{iO. A morc oontprchcnslva crplanatlon n¡
givcn la rofcronoG (:)¡ tt rug gupgcrtod ba*c thst thc

folloclttg stcps oan bc cnvlægpdl ar ocourrlnß durlrU thc

rcüuotloä prooörtt

(t) ohcmlrorptton of thc % on thc solld arrfaoc,
(ff) a ohcmloal reaotlon bctreon thc aûsorbcû H,

and thc IfrO, and

(fff) üvâponatfon of tha HAO.

It üas rugßc¡ta{l that thc ohætaor?tlon of thc þ ras tha

nata oontrolllng ¡top, thla ohanl¡onptlon ba!.ng â ßotr-
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âqulllbrlun prooom at ãXl ;tagaa of tha Fâeotlon. It
tre alao ¡uggortcll that dtff,urlon¡l. and eonvcotlva rato

trenrfæ of thc Re tnd tha HrO dl{l not Lnfluanec thr
rcaotlon nata. Oontraty to tlto oplnlon arpnos¡cdl tn

rafcranoc ( :), lt rai ouggaøtcd! by HA,MFB ¡r$ RAilfEL (l¡)

that mltdl statc procGsËGt and not ohrrulærptlon dlctarnlnol!

thc noaotlon rata.

UA$ÐROHÍIçI ct al (6) pnoporcd s quantttettvo

n¡thcmattoal *rodel for thc rcaotlon¡ (qrætc) rlFha for.Tn of

tha ouryc relattng rcaotlon natc to oonvcralon of !fr0,

tr ¡holn ln Flg. 6, auggorta that tha roactlon oon¡ist¡ of
tro ratcc, ono trrolvlng thc naast!.on bctçccn FrO and

Iþ alt¡orbad on KrO, enð e tcoond tr¡volvtng rn lntcrfaolal
¡ur.faor raaetton bctraon l{r0 anil Hâ d ærbail on thc ntokcl.É

Thcao rcrotlon¡ arc oonrldlæcdl to prooccd ln parellcl, thc

flr¡t reto prc{lonlnatlr¡g ln thc tnlt!,al ataget endl rapldtly

dlnrlntahlng aa thc.¡aoord ratc takcr oyGrt thc tcoondt

rata muld lncrca;c progrü¡llvoly ñon en lnltlal valuc of
loro to ¡ rnaxlnun nate and than rçduoc to sGrlo at oorn¡plcta

oonvcrd.ono Thr c4pnotrlon dtcrlvcd far tha mta cguatlon

rtSl

r r ! +!2 . hl(r - o)po'l¡! + Le(f - l'l(o)po'ot

rhcrc ! * ovGrâll ¡caotloa natc, ß uola nr0/* nola il*O

pcr ntn.¡
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0 r totrl g nolc of Iq

chargcil,

2

,O radl uoed par g nole I{rO

Ifr hg 'rttt ooactantrr lqd

p r palttal proarutc of fi2r atno

Oonstentr I,, and t, tcrc dtctarrnl.na{l Þy regrcsston analytaa¡

glvfng thc cquatlon¡r

1og tc1 . lqg(].b5¡ loh) - ^ 
I{{

k.576 1

arial log k - log(?.5i r lo4) ala
- )

l¡.576 T

rhcra Atr, . thr388 ae]./8, nolc anü ^o, o' iafb2o aát/g molo

a!. tha rcøpcotÍ.v¡ aatlvattron clurgtca fo¡. thc tro
rcaotlonto

Thc othar ;or{rçrs ln rafcrenoca (e), (¡), (tr}

arril (l) alao notlocd a narkcd rtcpandonoc of the ratc on

tho rcaotlon tcnparatutrc, Anhcnfu¡ aetlvatlon cnergl.cr

r"c pmsontadl ln rcfcr;nor¡ (¡), (tr) ¡ndt (g). lh¡¡c
pr¡bll¡hcdl aotlvatlon ûnÇrgf,ct arc ¡hona !.n fAEf,E 3.1

togcthcr rlth thc veluc obtaln¿d by KIV¡1IICK and HXX801{ (?).
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fAE F t.l Puhllrbcal rott\rrtloã rnrrßlÉr br tho mdnatloaof ÍrO rlth E,

!!rçcrcturu
!rnta
o0

715-ñQ

27ç'3&

t2*3h6

2${-po

177-389

Rcportadl Ârrbtn!.ur
rstlvatlon rnr4y
at l.O atn. IrlGæuto
aa¡/r liotr

?6rl¡OO

ztroo0

tO rlræ

rU,3¡8O) parallcl
t2'l¡20) rototlonr

lo, eoo

tbursr of {lrte

P.â,RnAVA¡Y0 ( l)(rrrct Ècð)

trÀt8FB rnd
nAIil{EL (l¡)(rf:ca bÇd)

Kutrßrsov (5)
( rt¡c.r Þct )

ñil{DAffi

[91.''
ÊKI rt rl
þct )

tfYrfOK rnt
Hrxsofr ( 7)(notal¡cd Þcû
Ìlth [^-l{^rlrturf) 3
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!.2.9 9unnall¡r

lrhc rùedy of thc lltoraturo tndltoatcs ümt thc
dlffarant rorkcrr rgrcc on thc pfoorte.r tnvolvc{l ln the
pcdlt¡otlon of ato Ttth fl3r !,rÇr thc allooqptlon of @rogan
follæeil by an lntarfaElal rcaotlon tn tho ¡oltdl and

subacguontly dlocorptton of HAO, but thay dlo not egrcr es

to rhloh øtag oontrolr thc rcsctton ratû. Thatr vlo;a
e!Ë runuaenlsedl ln T"Aff.,S 3.2. Thc ;ork otr BA,ïllnOWSü ct st

( 6) 1r probably thc moat aonpletc at thcy rær tho only

tortorü to f ortaulatc a nathenatlaal nollel ¡ lÍoççvor, fronr

a praotloal standlpolnt thl.a nrodlol ha¡ sæcrar ltnltetlona¡
vlg.

(t) tho ncthod of obtalntng tha ruta sur,'yË lnvolvcr
nuncrloal dlltïæonttatlon rhlch oan lntroduoc

crror¡ ln adtdtltlon to thc elperlmntal. Grrora

al,roallt prorcnt,
(ff) tho rquatlon rueultlng fran thc nathrnatlsal

noilcl lu¡ two oonetant; çhloh must be ûctcrnlncdl

by eæarlnnt,
(fff ) t¡e trangc of velldtty of tho aguatlon tt only

brtrccn 5 ¡nll 95 pet ocnt neduotlon, anll

( fv) crtrapolatlon fron thc rangc p6i-poc to Sztot

ßavo nssulta oondstcntlf hlgh ecmparcû rlth
ncacurçü valuolr
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îharc ra6 no roferenec to tble offeet as tha haat of raaotlonla qutta æal1¡ cec .{FF'ÉTITIX 3.2
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In rl!{tltlon to thr6 polntc thc onlt Þoundery oonllltloar

r".lttblt for latc6rrtlon of tlu retl aquatlon rrr
(t.or 0 r0)¡ rhleh lnc ontrlllr thr rrngtr o.of < 6 < o'9!r

æcotftrct for thc vrltdftl of thc ro{!l1Ò

Ia vlrr of, tbtro trlnltrtlonr rrú tb. fì¡ct thrt
tbr reportrð nlu¡r f,or thc'rceotlon rrto bf átflcnrat
ro*ær r-hor ooarti!.rablc telltttÕar lt 1t Dnoporrû to

f,ornrrlrtr r rcrotlon rodlltr b¡æû ou thr oä;nlroçtloa
tbror? of PARÊAI¡Ä.Ì{O (¡) rrd to t$arlncntal,ly twrrttgrto
ttr çplloaþllttt to ¡rvæll rmplcr of I{tO Prcparcil W

th¡ uothodl tcrorlbcal !,n ÂFFBffiXX }rl .



rrt

5,5 Dæclopnont of ü Rcaottoa ilodltl

In tht¡ rcotlon r nat!¡cnattoal elPrt¡elon l¡
propoccû rhlch domr'lÞcs thc klnctlo¡ of t]rr flrcd Þc{l

rodluottroa of AlO. îb¡ æploaob alloptcil 1r ccal-cnplrloalt

but ta ba¡cô on tha htd¡loßün ohamlær?tlon thcory propooc{l

by PARRAVA!{0 (¡). Wlú.lc ü rt¡Eotrsf'ul gppltoatlon of

tho nodcl to thc ffipaü¡ncntal date lould! not þc ¡ulYlotcnt

proof to catabllct¡ a dcftrnltc rtactlon mcohanlont

rusccceful paaultr oould Þc takcn as cvt¿lanoè to ¡upport

PnRRAVÂI{O ( t}.

In æleotlng a noitol to {l eaortbc thc gar'¡oltdt

rocatlon thc fuLlortng f¡otorr rnust bc oond,ilor¡dll

(1) thc vnoûcl ¡hould bc ÞaecCl on sõna qualltattvc

a6scc$rant of tha fbur ba¡lo prooosttt

prcvlouely dllsouaædlr aeotlon j.2.1 .¡
(fl) thc nathamatlog of tho nodcl mu;t bo

ürnügtêblcr ardl

(lff) thc paranctcra en{l oonrtants rcçulttng fron

tha nathcmatloal enalyst.l nu¡t bc dlstor-rnlnablc

frorn fudenontal hnodlcdgc o! crpcllacnt.

Íhc flrrt polnt le moat lrÐoltant rhcn cxtrapolatton boyondt

thc rtnßc of tho crper.lncntally oonflrrnodl valldtlty of tho

nod cl, I r son;ld orcdl .
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!"5*l smrtYnttnr* sf tha rntn Êráüet&¡n

It tr pre¡ptffi üSüü t¡ü* rEtt os¡tsolllrrß rtnn ln
ûM rc*nttm inttletr ntwog of t;-t mrntim 1r thr shmtl*!¡ttun
tül fg cr H10. $\rüünn tt l,s ¡¡ropffi üh¡t fiål,r *bmlrnsrbt[

% tbo renaù¡ rltb. tbs eînlf¡¡þft \O tn ero¿¡m ¡rt¡lllü
nt¡ntctr It l,r En*rmd ùþtt l{n0 prl¡nmå *ûomtÍ[f,n* to tibc

mtüBû åmsr{,b'd la nFPs$ÐIå }rf *il.t bc rtff,le*ünüt'r $crflH

ts *bmrù Ën tU¡rcnns*t lt* ln¡Lhr eE prenomd mßt'-

ræLrlo¿tr r*tc tgr¡l¡tim thm hcmr¡

(*atc €û rslst¿sr) . (oîllffllåfffi*Wnqta 3$ro)

rrrr.(3"t)

ühenleor¡¡tlsr d lrydrqgøl

fu oþateor?ttcnn otr fe m $*ô tras büsl Ëbffit

to *cp tha R€lnry-gç1ûarrtoh oquntt*ar (t;!;¡"}$åîR (f O) *

ü.ts Ëguot!*t nn¡r bc çrrlÊËffis

#.to*h r*r'(3.e)

*ls¡t ylcldn s¡ lntcgreËåon
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n , *f* t. * t'g! * In &tJ ,.n."(3.51

rüora Ê tr tb æl*s ¡f gåt dss#üdt et ttr¡ t ûná arb an
ss¡rÈsr¡t¡r ltcn riæç Èlrû motlm üúûü1 trr to ftt tùr
arrtocstalffülû übfr¡¡r et tåË rãe'sttryr susr'of lt ln ¡$lsû
thet üþrrt lr no le¡¡tdl lnltlel aåærptioau et tlr* üF$¡

ag hÊr bñm oümtrrû la sm ln*t*noct, 8.¡ilÏ.{m qù'¡il USW (ft}t
hNrth#¡ rtw np ¡ltôltffi, ünlr&s of a¡b for tåc cbmtrscqFütm

€ü $l'frqtß¡ m tr*O ocnl.û bü fû¡#, fn the Xitffitñ¡fç¡ üffi
tælrrcaÏtf aktarrt¡naû vnltps mrst ba crslg¡¡{tû to t&r po&n*t

aÞ to ta¡t tù* psdpl, r ¿ ¡rell¡nln*rf lrflrætieatlæ of tås ö¡tß

ú 8ß¡iå)eff¡$Kl ot al (6) tndåçetd tbåt if tãr pnoðwü å n¡
rs¡l.enm, üb rslTe ll) Sooð agm*uæt ma oÞtat# Þctrum t¡hr

ro¡nl,t¡ üå tbs¡ç Pl¡*ûletåal ügt tür¡ r¡nctiqffi roüülr

&la tlü f¡r ül¡mræû iß dþÊ¡l,!' in ¡ç*ttm "l.l*. In thlr ctst

*çmtlcr ,.5 frn þl lrlttæf
c . tli" t* + l.ofJ *...(l*+)

aËd tþt Mafif os¡åltfm tl0r çrO lr a*tl&hür

& mtc rgnûlm
&lr rguatlm la ü^p¡na te m¡¡rcs'üttt tbr rotr sû

ra6r¡ot1æ d * Ittt d tLe emtâ.tntng f-.,f *lsr af {*ÍìËr
nt ttm üñFrsr ¡rt et ml*r ef oqy*ur mowû rt tl,rr t (rln*)

ãl r¡ ð# Irt I b* tü. thrÇr s'f ü€ffitim ot ih* qo
tr.f* W tã ¡rÉffi {6}}; düfl*r!ê *; tüt f,rilûül'& d
t$trl qf'åm ütûÐù h bcxt rûñffid, rt t!'n tr 8lãûr

X r ¡*I¡t # r tãË müs oû ¡ncE*ü,lqn nÍ þr mtttm sl



å* ,r lH, *, **.(5'å)
so tñ¿t aquntlm 5rl bqcomcs

ffi | åt+ r (eonst.)txorxxç) |Õ**(5.6)

funntlonn .516 ssd' 5.1+ ssf¡ ûhår¡ þo söüdbtnåô to glüt

å{ ,. ffi**:iîilllffi.*;i :l:* 'orr 
.....(}*?}

tüüm q r* esutr añÉl fo.t
ed sfnco f * b tquattm I.? rcürnlt ts

# * *(l*f)rrr(t + l"s) r*.'(3.9)
¡ùnfç A l,s e cs¡¡tsnt fof SfinËtarrù tgnrtüUru anû pnAeËu¡tË
MA.l1tå.*

Soç for *bmtcw¡ltioür
sn€rFgf, &, o¡n bc tuflnp61 üf tb
I,{,J¿Itì&-qrid fT}IPffi}is (?8) ¡

t(¡ae -bE) _ Ë,ril
*lnffi g*tû tr sÞtær¡rttwr r#*t r*bfl öorr*(5.n)

frqroo [f lr tù¡ amlnt d UÐ f¡¡ ÈÞe E"hælso¡rbod rtato cr t.Ot
lr rtrt¡Ëoü- üo b nl¡tlrll.fsDel.l nt ¡Ll ltaeæ duntag tàc-
r¡ætlm alÐ tû Èl¡¡ f,onmülc¡¡ of EtOt þ (Èfeb 1r cqual to
r m¿ t) oæ Þ* swrçlûrrudl sr th* rätt sslrûmt fen t&r
qbsnlrti1ltis¡ procosË of the sedot.. hnoc¡ lf A, lt th! rrtc
ewrrt*nt- for thc mmfaon r*soüf üú¡r À * \ ftr stft Þü aentld#ìüü
*r üh rxtr ëtr¡TÈ*nt fsr tba ç¡cunltr ruttXs¡ *nü, t&t Ânrümlw
aqtntlmt 

4,J4-å , åü(il &

rÉ1l gtvr tht ætitatlm ËrËruf for tüt r*ot'l.cr l"f tbø Mtl
ü¡ trtld*

.l6l

thi Árrbffil¡¡r acülta*lm
f sl.lorlng relntÍmr&,fp ¡
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5.3.2 Intrgratlon of tbç rrtr cquatloa

Equcttoa 5.8 na¡r bô rptttcnr

rrbr.tt A tn (t+l.o)t

rhleh on lntc8r¡tlon rndt eppltoattsa of thr bounûrrf

oorúltlon¡ ylcl{l a

¡r rr .lr epr A [(t+ 1.0) [fa(t+ 1.0)- 1.O ]+ l.OJ

aar.o ( l,g)
f

JInotc ¡ Ln r d¡ o r ln r - ¡E+o]

Bquatlon J.9 nay ba ;rtttcn¡

trt-clp-À[f(t)]

otf - lü(t-Í) o *.f(t)

rlrcru f(t) - .[ (t+ {.0) lra (t+l.o)-¡,6 ] + t.o 3

( r.to)aaaaa

aaate (¡.rt)

l. r l a ( 5.r a)



r65

}rt+ 'lhr allrlunülm sf g*rün*rtår A rüal th Þ:,fdtty Êf
tm æel

&ü TÊ¡.Ídftf of tü* prepnrn¡t Mcl' my bc tcrü*t
hf plotÈf,nß * gr(l*¡rr)vc* f(t) uù¡sru lr k tht Ebaarçû

üxmrl"ffirtal dlgrüo eû rtü¡6t1€t¡ aÊ t,i'EË tr &ø plot

rhsuld. ¡at¡Ut c ¡t¡¡l,Sþt Lf¡¡ü 1¡f elo¡r å ¡¡assl¡16 t'h¡l$tgþ

thû Ðfgil.r¡r &n psffiütæ Jr eould' nIøo b* dþtcmtarü

ffi ürtË ct*tr urlnf a$¡ntlæx år8 srd t Blot et

t#'),Cñt rr, ln(t + {ro}t &pr*rur.r thl,r lr radcrLrnbtrr

fæ îü¡ faI.tcr*ng $faoonä¡

(i) tÞË r¡Ëü of int*$¡ul' dÊt¡ (1.c. ff grly) aYoiår

r¡morlo*t, êtlÌfor.cntlntion¡ rrú
(ffl lt 1r ¡¡*o¡x¡rd ts mrilme tbe nstrnl, ææm ef

ümït$Ëåæ a¡S ng¡þ rraatter rnt¡ffr fn üü oæpsrtrer¡t*l

rer¡f¡ñültt ÞmsÜ tb ndat' ¡pr¡ntÜr'r Ès¡IÅ þl
{irtminrû rr dl,inctly *r po¡*lält So¡ ûü¡ ô¡e¡rt4
wlusl d ¡rr*
fbr nËIl¡ü;[ €rtr d 8åHÐBffffit lt ¡l (6] tr{þ

W te tcrt tür noü*3.r Shü*t ûrtr ñrü rçPffiêt¡ffid tn

I**&L& 3r.l ts*rtãff rtth nlr¡*s *f * fn(f*¡¡) a¡rû ftt)r
tho rstinntill Y¡ln ef ,tr ths valucã püûålats{t fm
tbc *tû,pt fo!. tnr rrtr iffii (cq¡letlea 3rS) r s|d thâ !nü.l
fptotlffir¡. ssnï#ll& fl (*euat*sr årâ). 1[Þû u*Lm oü * nr
6¡trnrgtu¡¿ üçl, I llffinü stg;a¡l.s¡ of - ln(l-fr) tr. ftt)
algfrotfng üb Lrüt {lùttÐr tbs rcpæü,tl vnln sf



TAEEE 5.5 Applloatlon of the dsolptlon rædcl to the data of BÅllDRlTOgËü cü al (6)

.CI?98 ,

.{o26

.'1988

. Fb6

.htol¡

.6000
.67F'5
.7U51
.8006
.8h57
.88,19
.91A6
.95æ
.95Õo
.96\,
.97þ
.gsol
.9898
.9898
.ggh8
.997h
.9987

.1105
.1 7llh
.?"o58
.21t12
.n7'l
..t goh
.1 h5t
.'l ?18
.1OO?
.oqog
.o6h|J
.0505
.0ï91
.0lrlo
.o227
.o{ 70
.a127
.o0932
.oo682
.rtoJ56
.oo{ 81
.oflo898

o.1082
. 3863

.79O7
1.296
I .885
2.ruï
b.ol¡7
h.876
5.751
6.667
7.621
8.672
9.636

10.690,ll .775
1?..887
1\.A8
I 5.1 å9
'16.376
1 8.8{ I
21 .*tU
25"9U6

o.oo21h
.Olrt 99
.1129
.?185
.5ft1
.535'
.9760
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1

1

2

2
3
3
5
l¡
l{
h
5

.ög

.568

.g69

.1%

.516

.857

.15I

.b77

.868

.101¡

.59O

.851¡

.l¿26
5.878
5.915

O.211¡
u.712

10.68
19.65
Jn.2b
h1.b5
6?.t2
7'l .62
79.16
th.s7
98.86
91 .92
9ll.lh
95.75
96.91
ç7.9{
98.55
98.76
99.22
99.56
99.72
99.75
99.73

o.o2958
.o9227
'.1U23
.zCI69
.2161
,.2196
.1 935
..l 6¡P
,.1216
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.o2{ 69
.o{ I ln
.æ885
.oo6b8
.o060?
.0o]62
.ooo76
,oooo

o.5
{.o
'1.5
2.O
2.5
3.O
ll.0
b.5
5.0
5.9
6.o
6.5
7.o
7.5
E.o
9.5
9.0
9.5
o
{

12
3
Ir

llaatlonal
oonrcrst @

v
Équatlon

3.9

nate f;{
cquattor 5.8

-1n( 1-Í-)
eEoatloü 5.ll

f( r)
cquatlon 3.'|-2Rcdluatloa Per ocnt

radluotlon
10O rV""ütog rþls

Slæ
( ntn. )

Yaluea prdtctcdl t?o;
dcl, A . o.280l{

Deta of
Rnn 6A

BAIçåBot'iSI 6t a1 ( 6)
Zfi-C I .O atr.

Ð
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99.73 por otnt oonrarslorr Fron the negrcgalon

oaloulatlon, tha value of the lntcnccpt on thc -1n({-y)

arls ra¡ foutd to þa -0.1506, tha valr¡a of .4. ras O.?8Oll

antt tha aornalatton ootfftolant ra¡ 0.99fr. tho¡ç dlatr

ara plottcd ln Efc+UfF: 3.2. Â oonçarlmn ta nada ln

FTß.tlRE !.5 þctwocn thc neaotlon ratc prcdlateú brr th;
nrodtcl Éth tlrc parameten À¡O.28Ob anû tha c¡rpcr*lnant¡l

roaultß of BA.lTr,RO-r'rfliX ct al (6). It te appancnt tïon

thc graçh that thc cxperlr¡antal resulta lag bÊhlnð thc

prcdlotcdt reaul,ts. BAI'rDRCFrffiI at al (6) rusÊeat tfrat at

Lor ootwcrslons, l.t. ¡rt< 0.05, thc ratc raa ratarrdedl bU

tho lnltlat dl!.rBlaccncnt of nttnogcn fïc*n tha raaetor

ohargc. Booauea tho rata cquatl,on ln rcfcrcnêQ (6) ;a3

not a funotloa of ttncr Y1!. t

r o !l * F2 * ri(t.o ).to'h5 + kr(l- tr(at.po'o'

(roto¡ o'v)

thc !.nltlal dtlsplaoomcnt of nltrogcn t111 only affcot tha

rasult¡ tf 6 <O5, a rcgl.on rhleh lt lgnorad Þy BA?îDROvS{I

ct al (6). Hoçcvcr, ln cguatlon 5.E tho rcaotton ratc

lc expreaacdt aa a funotton of both thc dtGÊrGG of rcduotlon

anû tlnc. Thl I iloana that tha lnittar tlna tag dt rttt
cffÊot thc prcdllottoa of reeult¡ thnoughout ttc reaotlon

and eaum thc rnodtcl to yteldl hlgh rcsult¡ for thc pfadt!.otod!
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3.0

t6É
O Values calculated f,non cxpc?lnnt¡I

data fcr Êran 64, ?954t

01ope*A*O.28Oh

o

o
o

o

o
o

o
o

i

f(t) (aeflnea by osuatlon 5'12)

5 t0 IJ

ELot of -ln(l-Vc ) va. f(t) for tlrå

o

o

o
}l
I

.q

I

2

Ia

1--'
;
;

FIOI'R¡ 
'.2 {Lata of tsAñDfROT!'gl(I et al' (6)
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ô Data for Rrn 6A¡ ?95oC,25

2a

5
É

ßr

8,
o.rlz
c,
r{
o
c!
I

b0

o
ET
orl
t:
Iú

o
+t
d
Ê{

ç
o

1{
+t
o
d
å

o o

o
edeorptlon modcf (eqpâtton
5.8) I = o.28ol¡

.15

to

o

o

o

t2
m¡G (rr")

FIGIIRI 5.] HIot of reactlcn rato vs. tl¡e for tåc coaparleo¡
of the datq of B¡ì'ffiOIïgKI ct :¿1 (6) rlth tlrc value!
ealculated frc;. the proi,cged nod"el

o

þ
t

I
o

/
I
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dagroc of oonvarelon ver tlnc. From Rtfltlftl| 5.3 !t l¡
apparcnt that thc tnlttel. lncreaae ln rcaotlon ratc

approrlrnatç¡ a llncer funotton of tlmc. üxtrapolatloa

baok to rsro retê gtvca ü podttvo lntam;pt on tho tlrnc

a¡úr of, 0¡!! nlrir It ls proposcd that ttrls ts a Ytlldl

cctlnatc of ths tlno, dt , taken for tho !.rrttlal û1 çlaoamcnt

of thc nltrogon fnom tlrc pellett, and that the true

rcactlon tlmc, to, oan bc e:s-o¡'csacd b:¡ thc cquatlont

t ¡ t - dto aaaaa ( t.r ¡)

vhcro f t . o.?5 ElÞ. îÀ3[,8 ,.1¡ ¡horc thc rctulta fron

rcfer.çnoc (6) ilth both tha ncaotlon ratc ard tho dloglcc

of ncdluotlon tabulstod rlth soruÊÊpondln8 valuca of thc

oorractodl tlna, to. In addlttlon oorutæordlng valuos of

-ln({-F¡) ¿ail f(ts) ara 11ltc{1. lFha valuoa of f,(to) arrc

oaloulatcdl fro¡n aquatLon 5.12 ud.ng tÌ* comaotadl tlmcr to.

Fron tbo rcsultg of a llnoar ¡rwr.Gaston batvacn

-ln(l-y.) aú f(to) thc lnterocpt on thc -lË({-lc) a¡d.¡

;a¡ found to ba O.CI6{'l5r thc ¡1qc of the l"lnc A raa

0.e862, ard thc oorrçlatlon soçfflot.snt rae 0.9951. thc

plottod dlata arc alnurt tßcnttoal rlth tboaa !.n EIffiRE 5.2¡

Tho rasulta prcdtetall by thç modrl frr thc pcaotlon ratot

f;$, end! thc {l.erâc of rcduotfon, to for Å r O.â862 e¡po
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fÀtr¡F 5.h Ragult¡ of Aü{DRCJvî-SKI çt ol (6) at 29500 and
I .0 atm., (¡oar6otêd fon tl,ne lag

r g nole nnO/A nolo lnttlel IÍrO par mfn

f( to)

o.o2893
.2?93
.5746
.03?
.59{
.n7
.651
.b56
. J08
.20ll
.Fl¡
.112
.1 2O
.{6
.23
.33
.u5
.60
.78
.2O

o

,
,
2
3
l¡
5
6
7I
I
o
.|

2

t
5I

1

I
f
I
I
t
t
æ.71
23,'?f^

c-ln( i-y )

o.oozth2
o,0k{gg

.1129
,21 85
ð6a1.5fr}
.97&
.259
.578
.869
.195
.516
.837
.1 58
.1t77
.868
.{0ll
.59O
.851¿
.261

{
I
t
2
?
2
3
5
3
,1

h
l{
,
5 .878
5 l'9'15

-

Por ocnt
rcdl uotlon

yr

O. 2l ¡r
b.'112

10.68
{ 9.6}
fr.dt
l|.t . h5
62.52
71.62
79,16
8u.57
88.96
9t.92
9b.{t¡
95.75
96.91
97,91
98.r5
98.76
99.?,2
99'56
99.72
99.73
99.7'

rnatc
Fc

0.0?958
Q.A9227
o.1h23
o.2069
o. ?,1 6{
CI.?196
0.193t
0.{ 6f0
o.1 2.t 6
0.09768
CI.o7260
a,ag\79
o.0,6{ g
a.az?fig
0.o?169
o.ol1 Ð
o,oo86t
o¡oo6l¡8
0.0CI602
o.oo'62
o.00076
o.0000
0.oooo

0omcotcd
ttna
t'at-O.25
(mtn)

o.25
a.75
1.25
1.75
2.25
2.79
5.71
4.25
4.75
5.29
5.75
6.25
6.75
7,29
7.75
8r25
9.75

'9'.å5
9.75

1A.75
1'|.75
12.75
15.75

Tf¡¡c
t

(ntn)

O.5
lrO
1.5
2.O
2¡5
3.0
h.Q
h.5
5.O
5.9
6.o
6.5
7.O
715
8.0
8.5
9.0
9.5

{ o.o
'l'l .CI
'12.O
15.O
t h.o
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ll¡tadl ln TÂBLB 5r9. ?hcrc celoulat!"on¡ ;trÊ mllc at

arblt¡r¡ry 0.5 ¡nin. lntarvalt to gantrate tha sur t
prcdllotcil Þy thc nodel enll arc lndlcpcdcnt of th¡ tlnc

oorrtotlon, dt. A oonparlson Þctmcn thç tlno comastadl

{tata f,ron râfûrGnoc ( 6) ent thc rnodt¡l prcdllot!,onr for
A ' O.4862 l¡ chorn la ¡ftãtRf 3.b. .& rtullrr plot for thc

üogrce of naûuotlon ûata ls san ln FImtAß 3,5, It lr
ruggc¡tcll thet thcsa graphr üty bo nagarqilcd ar qual!"tatlvc

cvldlonor to aupport thç valldlty of tha trropott{ nodlal.

In lddlttlon thc ûcgrcc of flt of EÀÎ.ÇDRcllYry{f rg

ruodcl ard the nodal aot propo¡ad ârG oamparc{l ln
ÀFPE!{DIX, }.5. tFo sllnlnatc any blar tho orlglnal data

fron nofcrencc (6) arË uscü rtthout any tlna oorreotlon

for tha lnlttal dllaplaoçænt of, nttrogon. thq rangc of,

ñaotl.onrl oorrcrrton takan fior thc oonnarlson Ët fron

O.O9 to O.99 anû tlrr bed.; ohoscn for thc oonparlæn üt¡
tba R.H. 9. valuc of tha dlt f,fæGnot batttcn t ha où¡crvcd

r¡porlncnt¡l valuas of thc r*caotloa ratc anû tht tc*roc

of roûuçtlon ar* tls valuas pradllctâdl by caoh ntdcl.

For thc nrodrl proporcû bf BAWDRf)'#ffiX at Ët (6) thr n.Hrg.

dcrlatton fbr thc rcaotlan rata rac ô.0Í19 anü thc R.lll.8.

dlwlrtlon f,or tho dlcgrçc of oonvcrrton rnr O.lO{i. Ð
oorpar!. ¡on fur thc nod cl not p nopoæll thc B.!d. & dtavtatlon



r?r

îAgtE 5.5 Ratc erú ilcgrac of, nciluotlon Drôdtotr0 by
noûrl, A * 0.2862

Ðcgrto of
mduotlolr ¡
rquatlon !.9

O.O30l¡
.10h6
.ñ6
.F9t
.l¡166
.517]¡
,æ7t
.6859
.7r25
.8071
.6lt 6
.E8TÐ
.9tt¡9
,9565
.g5p
.96F6
.97b9
.9819
.9879
.9907
.99t1$
.9977
.gg8h

lll
dtt

cquatlon 5.t
Ratc

0.{19
.1776
.209{
,el 7Ð
.2t9t
.{gt5
.l 689
.1hl¡6
.1209
.o989û
,o7gltg
.o6a88
.Oü9Ol¡
.A!775
.0287'
.02'16,
.ot612
.ot{ 90
o00871 O

.0o6525

.oot258

.o01 65?

.ooo?975

flmc
(ntn)

O.f.l.0
1.5

'2rA
2.5
5.O
5.5
!.0

,tr.5
5.0

'5.5
6.o
6.5
7.O
7'5
t.o
E.'
9.O
9'9,10.o

{1.CI
12.o
{5.O
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O Data for Rrn 64, 295oC, cordoctd
fon tlne 1*S (O.2.; nfn)

Id.corptl orr node 1( equrtlon
5.8) A = 012801+

¡<.r{
É

Ê{I
.r{

n
o
r-l
o
É
Jt

à
(\¡

EI

orl
o

i
t0

q)
+)
d
h
}{

d
.tJ
(t

oú

o

.15

,lo

o

o

lLs¡e (min)

FIOLFJ| 5.,¡ Plot of r.eaotLon t'¿rte v8. tlrne for" the d.ata of
ÊÅNDBrlxsKI et al ( 6) uslng tbe tlne 1åg ( O.25 nln)

II+

conrectlon
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o Data of BA$DRoìvsi(I et aL (6) 295oc { ¿o atil.
oorr.ected fon tlne l4g ,, O.Z5 nln

rid.eonptfon noclol
ec¡ueitlon Stgt I ¡¡- O.2862

:'

o

o Tlrns (¡rfn)

2 lo t¿

FIGtiitA J.5 Plot of pen ce¡tt redueblon vs' t1me, fon the d'ata

of BANDROI¡ÍSKI et "¡L ( fr) oorrected forr: ttrme 1¿rg

É
c

ar,l
+t

CJ

û)
,{
+t

f)

al1

Ê{

60

40

I6+o

o

2o

o
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for thc raaotloa ratc ra¡ o.o?9al¡ ard tha R.H,B. tcvlatton
for tbc dltgrao of úouyrrrton ;tÊ O.O7g9r

An 1nçaetlon of thc R.1å.g. dtælatlonü lntüoata¡
thrt the propotcd nodlcl fltc thc obc6rrû{l data battor
than tha no*trt darlvad búr äAJIDROy/S¡{I at al (6).
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5,j $pcllacntÊl tachnlquo

Ae datcil ln tho lot$oilustlon, thc oÞleot of
the proT¡ort{t rGrlaG of crpcn!.manta ça¡ to obtatn ktnctlo
tat¡ for thc ftrcdl bail rcduotlon af l{tO rtth a vlm to

uglnÍ thaæ dlata to nuks e tonpartæn bctçecn thc obsarvcdl

rcaotlon pataa tn thc flxad! b;û anû tnan¡port ncattons.

I{lrally thc fl¡adl bcd crBartnentr ehould hwc bccn samledl out

rlth tha eanc oondl!"tlona of t¡trparaturr, pfGäsurè, gat

oonpo¡ltton, and nsãr transftr as oc6ur ln a tranæort
rcaotor. Hoçovor, thc attalnnent of creotly ¡lntler
rcaçtlon lona eondftlona ln thG tro rcaotonr lr rut
praotlsaþle. Vanlot¡s tcohnlqucr havc bccn oond.dçrcd

nlth e vlcu to mlnlnlelng tlËca dllffcnaû€Gtr

-4, dynanlo raactlon ryutcm, sdfTñ (lq), rat
Ehotcn tn prcfanênoÇ to a ctatto ¡Vston ln ordsr to
m!.ninlsc the cffcot of aaar transfü, r:.atcç on tha ovcrall

klnçtl.or of thc rcastlon. ThrcG posdbl"a llynamto

tcohnl.quGü rtrc oon¡tdl crcå¡

( 1) tha nothod of FAllÊAVÀl{O ( E) rhfeh lnvolvcd

oirouletlon of tbc H, tlrrough th. IrtO bcd erd

e diarlsoent ln ¡arlon tn e oonstcnt voluno

rpparatur, tlra proßrcrr of tha ncactlon bctng

oÞæ¡rycd hy maarramcsrt of thc prosüurs alrangar¡

thar.c arc tru dlltadlvantagca l1th thLt tcchnlquo,
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( rr)

( lrr)

attcntlon

f!.rct thË partlal prcüÊurc of thc þ ohangcr

rs thc rrastloa Froeoc{lr anû æeond for
eoeuratç nrk thô aprparatu¡ nruat ba tapt rt
ooartant tançcmtur.t
Olrsulatton of tha n, tlrough tho lÍr0 bcdl rndl

e ilcetooent ln eartar, nakc r{p 6aa balng rupplledl

to kccp thc rtraton et oonçtant praßar¡rct thl¡
nothoû ras uæd þy EAHDORF (t¡) to utrdy thç

fl.utêt¡c{l badl rotuatton sf EaS¡f the rcaotlon

ooulrl bc follcc{l clthon by *19}t1ag thc

d¡doaant or bg rmag¡rlng tha ma*r up volunc

of t't andl

Peatltç tha lI, tturcugh thc SrO bcil endl rme¡urlnß

tho o¡lt ger oorupocltlon tndl thon venting thc

gar to a tmopllcre, thc reactlon ratc oan ba

ûotcsntnoü by nea:trtns tha dlæ po!.nt of thc gae

and raatcrlng thc gaa f,tor rato ( nnfmnowsm ct aI

(6)l eltcrnatlvaly the dlcgrca of rcdustton oen

bc dlotcrnlnoi! Þy ebaorblËg tha BrO oontaLnad ln
tho crtt 8ll çl.tr: a darlasant end rooorûlng

rtlght changoa, thc n¡thodl uroil by BSffiIOF andl

$u$wt{I' ( r) er¡d UAfÍHE}r ( t e} ,

Dooaur¡ of thc dlltadvratagcs of nathod (l)
ças {tlrcotadl torardlt ncthod¡ (f f ) anû (f tf).
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tlrthoü (fff) nar olnron for tha crpo¡rlaontr {lc¡orlbc{l l.n

thlr rlotlon beoauro of lt¡ rtmpllolty tnü ruttablltty
fop bcnEh ¡oelc ronkr tro. no ohculatlng Þuüp lr
rcqulrcd ar thc þðrogcn ean þe rcgulatoô f,ron ¡ lrlsh

prç;6urG gat oyll¡d¡lr flho ðc¡lao¡nt luthodi of obær!,ng

thr dlcgrcc of roôt¡etl,on ytr tlmo raa uscôl
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5.6 DçaorlÞtlon of tha apperetu¡

fbc drd.gn of thc apparatu¡ rå6 baacdl on thc

ap,paratu¡ usoâ by HAfTfflgi's ( t a) r A f,loç ¡hcat of thc
apparatur u¡ad ln thls;ortk ls thorn ln EIGURE 5.6 ed t
photogr$h Þpcar¡ ln FfCfilR$ 3.7. In both tho photogræh

end! thc flot ¡?ract the H, floç ls fron nlght to loft.
Trith tha varrc rmang¿mcnt chorn nitnogon oouldl bc urcdl to
purgr thc epparatus beforc þ ls rilnlttGd. Both thc IÍ,
and thc frn rtrc suppllait fro¡n hlgh ploÊaurc gac cyltrdcre¡
thctr flor ratoa bølng oontnolladl rtth star¡dar{ tto-sttgc
pre¡BunÊ regulators follord by ncaâla valvaa. Âs thc

crporinantal tcohntquc I s ba¡cd on tb ab¡orptlon of ratcr
vapour frm thc rcaoton sxlt gaa, qarr ra¡ takon to rcmora

any orrySGn or rutcr tTcm tho gü¡ ttmams bcfìone thay

cntc¡pcd thc ¡rctluotton unlt pFopGFr -Afüçn purlft oatlon
thc H, rÈrcen flo;od through thc follortng staßc¡ ln
turn - tha f;loçnetorl, thc gac prehcatcr, the raaotor,
rnd thc ebærBtton aaotloRr lho {lqfln* bottlcs ln thc
aÞsor?tlon ur¡lt oould bc ncnovcdl for rolghlag. Âftcr
leavlng thc ab¡o¡?tlon unlt tha i!¡y alliluont HO rar
{llcohengadl to atnþaphcrc t}urough I vcnt.
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Sfffit¡t8 3rî fr¡oüogrngb üf tlb *¡qrrutr*
ur* fonr tha-ñ-ffiü ürat ffiÌmti.m
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tEt

å16rl hr purLflg¿tl*r
th* fimfit*m d üht¡ pt¡Ftftrsatlm ffitt m¡ ùo

Fiffie tM eryTm ald mtm ln¡$n¡r ffigtfr,tltt fr¡sn tbt il*
¡¡¡û & rtilF;amf tsr l&r tffi¡ fB tþp rytr¡t f¡pfü pm*ttrm

ef FIOTEIÞ¡ å.î* & gnr spço!;Ftt¡ûtfma ärç ltåtdt la
åPFÞffitrX 3*l ' &å rü¡¡-g*t firr¡*aaa üürü ldünttså,X *rd

ccngietd, d'csllpor'ffiæ l.S l$r ln ütmtcr d lS tnr

tr¡r f.g¡#th penhdl râtb ûqHPF ü¡rnln8Ë¡ &lttü ttbr¡
æü! rnportd tnüúr bnryÍ*u¡t¡l tråtü¡r' ¡illac MYler
xelßtåi¡sô nt h00"qü rith I rO fir al'astrl,o boatms; &ü

hFdl¡poüß¡ tü$ûf,ü et t&ût ¿tc$p astt¡lnoð w¿tar 
"ñItüef

o¡rl$l.nsll,y nmtmt ln üb gne ryl$nûcr Èogothan Ét¡r lrüür
Trlp{Ðrp fornû b thÊ mùlonl

ü'¿+tOe'tO
Stüh ëçüTrrr c¡ tbc ùûgpçr erar'früôr S¡qen t¡* fnt*Orgf

fiürnûÐ tlrr ilg Sûüsüü tUrEuSb ¡ oootrar to r nnl¡nnilrp

rlqyC d¡*içrr thn to n¡r rlu¡lf¡rdrsr*| (,n{pütrn fæ
oütnmür) crtcr. tu !r* ctnæt reetåtËü rill,tnn
trnøtoont meqrt thnt ührl unlf ratçr nomæt{ ç¡r t&aü

c¡rigl.mtlf lrrræt ln tbt p; ayilksnr¡ thr oryfsn

nunofns î*tb t&r oq¡nr m W,* få Dlr!üdt *T'üt tht
r¡¡"6¡9r Íunroc tùrqrüþ r cogl,æ ûa gr lå¡¡htürs:or ürler

tpm rrhsnot tt mr üfrtplBllüoal f,w flurhtng thn rç&uatlst

a¡r¡rereùute
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316.2 fiL c aântrol

Doth tbt IEâ etú HZ ¡tttætt rtrt actorcü tltb
f Eloçratorlf Dravlourly oallbratai! asat.nst a podtlvc

ðlæleocncnt f1oultctçr. 1[ço flor ran8ot rcra avallabla

for tha fl, ¡trcam anlt onc Fanßç for thc l-I, rtrcam, v ls.
O-AO lltroa/nln. for thc ü, andt O-15 lttrcc/nln. for thc

ffz Ëtrcanro

5.6.5 0ar Bnahaatcn ualt

tho, potltlon of tlrts unlt ts ahom ln FI0ÜRB

5.6 and nat ba ¡ctn ln tho plptoertphr FIßURE 3.7 ¡

lmc{llatoty abovc tha loft-har$ cndl of thc Carnbrfdgc

potont!.onetor¡ I ¡ohcmatlo dtlagran lr rho;n ln fltOfiRB 3.8.

Thc gac paraoû through a vo¡'tloal alltoa tubo 12.O 1rr. long

x l3/'t6 ln. lltanrtcr packcd tlth st1loa ohlpl. thlt tr¡Þc

rar ooÊtalno{l tn a tubular 2.O Kr allloe nu*f,lc furriaoo

tha tcnçcreturl of rhtoh ras aoatrollcdl by a IÍoncyrcll-

Broçn Pyrwant tcnparatura sontrollor. FTß{IRE 5.t rhorc

tho t;o poüc! lcvcl oontrol lyltcul u¡dr ont auto-

tran¡formCr $ttlng clgçXy rat ¡cd thc tctçcnnturc abovc

thc rct point, rhlla tha oûhcr ættlng al'lorcû thc

tar¡pcratr¡rr to fell tlorly. lFha thcrmosot¡Plc rhloh

aotuetoû thc sontrollcr;aa J.ooat¡d bctrcan thc furnaac

rall anû thc proheatcn tubo. Tlrc thcrmosouplc ln tho

raIl lndloato{! ln EIGTIRH 3.6 mr nonltorad Þy a Oanbrtôgc
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potcntfoaetcr, thc controllcr sct polnt rar a{lJuated to

k6G? thls tançanaturc at th¡ valua ncqulroll for thc

rlaotfon.

5.6.& [eaotor unLt

îha naaotor untt raa losatc{l abovc thç proheatar

aoctton, ¡ao Fffå{¡Rn }.6. The raactor tt¡clf ra¡
fabrloato{l fnom 'l .O tn. borc dl1sa tublng and rÊl
dctaohaùlc fron thc æBaratua by ncana of oonc ad sookct

Jolntt, rto trIßURE 9.9. Tha rystan of heatLnß tnat

tçmpcraturü oontrot rûr slünllar to tha prahcatcn creopt

thrt tho furnaor hed tro rlrdlng¡. lPho natn 2.O ßt
;tnding ras looated ln tlç ocntral lGotlon of tho furnaoc,

¡nd a ¡coondary rlnillng ras dltstrlbutctl örcer 2¡O in of :each

cnd of thc furnaoc. Aa tlth thc prchcatar thc 2oO trt
d¡rdttng rag oontrollcdt Þy a Pyrovanc tanperaturc oontrollc¡r

rLth a tro porot levcl tnputr Beo PIlflTng 3.ô. Ageln thc

oontmllcr thanmooouplc rar looatcd þctçocn tho rceotot
Èndt thc tubular furßâ6r¡ Íha tnput to thc auÞrfdlary

rlndltng re¡ røgulatoil by nn auto-tran¡forhorr thc

Eontrollon and auto-trandormer; rürc æt to glva tho

dc¡lrcd raaotton tcuryonatur.c rhloh ça¡ ¡aon!,toncd ntth r
thcrrrooouÞlc loaatoil 1n thc rcll of thc rcactar. thc

tllloa tuÞc l?rloh Jolnc{t thc prahcater to thc rcaotol
b¡ü r lo0 ono borl. To aratat ln etertlag a rcdtuotlon



Irt

l[f,{n¡ å.9 rhetqsmnü d th ãrHtff umü

tn tb ftd brô Ëûútlm
e¡4nntur





r86

fs[tr r Sr0 nr 6i¡ür gtrtßtrlcttmr Ër l*ûttû brtwm t¡ht

pffiåtôrs ffirtLËt nr¡dt tbü ruects lnlËtr ßhn fißsttsr df ttur

c$Þåt*f,Ëtim nr to unnbls * ütñlsn oû hyûnsfim t,o br ¡nrufü
t¡ronryt t&r pmhmtrË *tlr nltrqÍF fletrü tlr$mh f,ht

rc¡otn .

5'6¡3 Qû tÞrorSttur sy¡tx
flür c,m;N b$ilrym iüd t&ä mtcr 3ü.trûtü{t bÍ

th¡ ¡çpatlsr

ü10 + trÊ r nr+fto

Basü6ê frer thr top ef tb roestor te få"¡a ab¡orytlm
mltr rf tnûlort;d lrì fsew{E }r6c e& r¡nlt tw¡ü*l,M
¡ tùncc qrtl.rt nmtfoldl to rûrlcb dn l¡e bottlc¡ rrtsl
rütnoùill fw aä¡ory$ion crtd, ¡;rowü for mlgblag {hrlaf r
ürgt¡ lhn Ínr ffnû *rsn ttre ¡'u**tsr to t&n nr¡tfslË, Ht
nefr #il Slnsa and tnaed' rttä Is'onn¡$l* hüüttht trru
üo pruranü sørôam¡nülø¡" fhû dxyfng bottlcs rcnr ¡nolct
ü[th mgnürÍtil ¡nn-'*hler*tar Aftæ drrins tbú åDd$o8w¡

rtr*¡l¡ Ëã rmürü ta ut¡c*Mçr



füt

}tT 3[prü,trü!ürl omûtrtlsr*
Iheæ emültlona rêrrt choræ üo nlnlll,n ttr

út*füræora in rlasfltrr sÊR¡Ë mrt*þItr æüü rl ¡lrlttturü,
truprntwt and ilå¡t üm¡rstlar aorditiolrt¡ brtrtæ thr
ftsd Mt 3nð üË tmnrlfft nrnetæar &r *bstor* úlðh
ürttrdnç &r emd,lttfft l¡B tee &nrporû metæ anú

tËc rpffi ts tb¡c ocrdLtl,s* ¡ütrlnsþþ tn tbû ft¡$û
þcü rtasûon arc n¡mrlr¡û btl,flr

Presgr,rl

Ih¡ Ïr€ne¡d trtrilDÐt stmtæ nå ¡ ptlot ¡cetr
n¡puratrre¡ mffi * crrüatn nmtmt €û ûtfftoulüf rnr
çlractslt tn oclt¡rfnfns &e *t clstnt{Ðd üæpamtrrær

thpraforyc lt ¡c¡ ð¡ot{taå to o¡¡Eratl rltJ¡ tfrø ¡tnryrucð tmrçpæt
frestør ¡uÐrtrpü lß t&r rlotnlttr sf, mwrcX tnsü*r oü ntæ
lbs;r ¡tnnr&rtc ¡nGüüsûr hlth tùa o¡Werlmlt¿l trok¡fqn;
&üêrlþral tàmr rffitttss aou¡.û þ¡ staM rW aluly
ltil thË þtrd hÊ t¡nælærtrr

&glcnümr
ËE opu'atlor¡ d tb trnfifps{rü ü¡üütqr lr

&nrnsto¡lt$ üf lm ;sILû¡ rcatûgmr ti.Hr It ta
;¡ryltaable t'ffiîonr ts fßtt mcttmr rttnfnnbl* c¿l,f ct
crunrtt*ËlÍ bf8È tqnnctrrilrr hsn ü,h üatß of Êeri$Ott
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rndl mugnç (z) andl BAl'tDnolïsKr ct al (6) tt rag ertlnataû

thåt tctçaraturci of tha ordcr sf 6SOoO rouldl bc rcqulralt

ln thc tran¡port rcaotor to nftvc an sdlquatc anuunt of
pa¡ctlon rlth t rcrtdlcnor tlnc of tcrcr¡l ccoon{lr.

Baoau¡c of thc ttnc nequlrcd to obangt thc aÞaorgtloa

bottlaa, lt ra¡ cetlnatcd that tha uppcr ronklrU llntt
of tcnpcraturc for tha fl¡cdl þcil cxportmcnt¡ tar tn thc
vlolnity of l¡O0ot. It raa thcrofora propomd to um th¡
folltrtng tarçar.atu¡:cf for thø fi.r¡il b€d radluotton of trl0,
vlü. .!oor !2îo 35o, 5?9, t¡oo and! b25oc, tha aln b6148

to flnd thc fi¡notlonal rolatlon¡htp bctrucn taqperaturc
ard tha palanctcr Â of cgr,ratlon j.9r v1!.

r n. l - arp- .û, {(t + t.o} [rn(t + i.o]- 1.ol + {.o}

'....( 3.9)

and thcn for oonparl ton to ortnryol¡tc thc itete fol
tho ftxcil bct to tha hlghcr tampcratutrl ooourrlng ln f¡tre

tranqrort lcaototr. fhta oxtrapolatl.on, togcthcr úth
Itr tnhcrcnt 1!,nt,tatloaa lt dllæur¡ctt tn æotlon Ll.

Xerr trantfæ rffcatr

In th¡ tsanjÞort r*otor thc {ttffud,onel
rtrlrùanco tothc mara traaafcr of tha raaotentr (þ)
an¡t tha rcaotlon prcûuet (HaO) droulû bc lw ae caoh frrO
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pa!.tlolc tould bt oonplctcl,y e¡rnour¡dcd bf þ anil ln
adûf tloa thc rclattv¡ vclootttr Ì¡ctroan thc ffrO nartl,alc¡
Êadt tþ llrôro8cn ;trcam roulû epprorln¡tc thc tcrurlnal

valoottt of tha pr¡tlolc. Th:rc 1e no cvtdtünoÇ tn thc

tttcnaturc (rcfr. (a), (¡), (lr) or (6)) to e¡fiscst thåt
m.r tranafa¡r 1¡ a ratc oontnolltng Btrp ln t ha lcaotlon,
horcvcr, to elXor for nargtnal. orttonß, thc aqpartnrntr

rotrÇ oarrlad out rlth " fe floç of t? l!.traa/rntn¡ at
ll.l.P.¡ the hlghcat gae frto; ooËrnênsurate vüith temperatu¡:e and.

Þcd! rtablltty ln thc roaotor.

Pætt ola rt sc

Tho HrO p*ntlolo allot oho¡cn for thc trançort
rcastor cqortncnr¡ rorc ,5n {, h'nn{ 

"na 
bal& Íytcp

ær.ün ler'14¡. Íhrylr¡ rtfflct firora thctc batohat ralo
urrd ln thc trenrport rcaoto¡1.

&¡¡nnæy of æperluantaL sorú l tlonr

lllp proporot oondlttonr for thr ft¡all bc{t

ladluotlon rual ;crc to urc üænrlo¡ frm thrco ¡!.gor of
rtnrcrr{r firo (vt¡ . fi/tr{, \z/U{"oa 

'ualål aaá to Eeduoc

thcn rlth t H? f,læ ratc of 12.O lltra¡/ntno åt N.T.pr rt
tho f,ollorlng tcqperaturc!, SOr 5ü, !56. Í73 and bO0ô0.

rt rer fwthcr Bropoacd to oarr¡rout thrcc ed{ü.tlonat runt



'd.,¡.¡I +n .u¡grrìe¡lTÏ ¿l 1t
tr¡¡'ufrr¡cü o1r¡ ¡oTJ 8g ..lt r1¡I¡rlsvOltl/¿t1îgT¡ OoÍaï tr

Ç$
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5.8 SrycrtmntrX Proot6src

0hrr[ta8 thç roeotor

llbs meotor rar rcçnovcd fron thc furn¡oc anlt

ohargad rlth l¡yart of thc follwing natcrlalrr

(r) ¡xxloa rool,
(rf) alunlnr ohtpr,

( rrr) Íto sarçtc,
(rv) alunrtnc ohlpr, endt

(v ) ¡tlloa rcol .

fhc guantltlqr of tlltoe rool and alunlna ohlps rGFr

rdJurtcll to loortc thc þall of firO ln thc nldtdllc of thr
noaotor. lfbc oona end æokct Jolntr ræc thcn ¡rcarad

rlth dllsonc grca¡c and thc rcroton rspleo¡dl tn th¡
qlparatue.

Purglng thc rpps¡retur rlth nltnogon

Sbe apparatu. ;er purgaü rlth tl, rhtla tho
prchcatar andt thc rcestor rcrc brought r¡p to thc oporetlng
tcrtgcraturrr For thc lntttrl p¡¡rgr tha follodag .rquGnô.
ra¡ obærçcllr Erforcncr ¡houldl þc nade to trrouRg !.6 for
flor tboct tad lcgcnd.

(e) I{¡dtrogaa ra¡ ¡dnltt;dt ttrough !fiÍr rnt! {[¡ohargcô
to atnoryhcrc tlrrough v2¡ tha v2 ra¡ crut rnü



{&

thü Hg trr¡r¡d offr
{$ Hltrqttr¡ ms sd,alttddl t&nq¡gþ lfllþr ûtrætdt xltü

Y¡* tbffiu8b T! üo ths pchcEtæ' tãdl maoüot' snd

tùm p¡å!c4 tÞnugb ïl to cüaoryiücrrr

(o) E&ü tbr air rrns nwgrô fsot thr prclrntdt' srd,

rçastær T! d f5 ïs{ü clsraü d e nâ flcnr m¡
dtt¡erot;l fùrouÊ T¡] tô Td nr¡A tñffi turt#l to
ntusffihüar

Ih,lr eoryrl¡tdt tbr taltf.¡l pupgtnsr &; Þclrüaru

r'ËrË thon gttgüaê an aruü, a etrËqn d tra ma ¡nnecû

thrsu$þ tbc rFfnraü¡r urlng tlw vsllt ¡oüti,r$r for
o¡nr*tlm (Þ) r &c oc¿trçllors wtË rcÊ ûo I.çp t¡ür

ræctor ¡% brf.w tþ ¡[oslrü reaeüåqr tcuponrttur;"¡tt

üc ¡mhrtrr t% Þalw tüt åËüfd reasttror¡ tæ¡¡cmfrrürtr

Ilrotcü.rgç f,or r¡, æü,ustl€r¡ lnÞ

åft*r the tüX¡mratul¡s bad, ;ttþlllm'ür th fg
rffis rna ðlrcotdl ü11,b îtr to fl.or Lnüs tþr Jmcttm bttrçæ
tüc ¡nt&¡atæ snû ths rts,etorr tiüo nntn ;t'na* m¡ pssnû

türffiãb tüc mrctêF d Yl te rüWüæc rnü * rr¡bridtiarf

rtrflr prrmü t¡rq¡¡ß tln {rrrntlm son¡t¡riotitr¡ (;m
s3üüe8 516 fÞue dl¡üffJ d f't üo ckr¡ürnr Atrffit
rtntütanoü{¡rlt t}r & nr üægrû m ffiA ilhltt*l tþÞt¡fiþ
ItB tÐ åe bEttm of tb¡ früt¡tffr h Hz ¡t¡¡mü ¡nurËl

{f tùß*É t&s ¡Frãðtæ r¡S ütr f,l.flhd mrt to rtæo*nüarc
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äf t$ü no fforüu thrffitb üht cwlat¡rtatlou¡ ln tbt ¡me*amr-
ron*üo¡¡' Jwrotlnn* &c nruhaeütr ttrynratuaü th"nn rsffi
*ünroxtntülr tt$ æ tlh cdal.ætqr¡ of thû üu ûÇ to üh;

þ*tttr hnt tnnrfæ propnrtlm of fit*
b rüûT¡ß3tm ¡!ïm ï Bs rtartaå üf ü* qË¡Frtqßt

;ùo rarr¡'ltü out tüo fcll.crång prætfrrtr sürslsr$ltl¡¡
(*l thp nttn-ogcn at¡.o*n m¡ rrltahdt oÉTf rr¡ü Y6

clærür Srlr edsitteå tl¡o US rürm¡ to tb
rtastmr

(tf) 15 m¡ rutteü;lt te tbû nbrourytlqn mntfolå a¡¡il

q nntfElå sooh rûi olffitû ùÕ tht ;clmtcû
sbrsrptlan bottlr¡ ra6

{i.lf} tÀe rtop-6þ6f mr r*e¡Ftüêr

&& rmåüor tmrnpnüwr r¡&ñt e¡ryurorlnatcf.r 3õü m t¡*
¡¡telmtm of tùt &.

&o F'supçlr ef t&* nan*üfon ïne ùserçcd bf
ctrsr¡gtns srrû r*lgÈlr¡S tbe abo'{Àr3tiern bpttl"cr aü ¡rp
ðstorulnoü üinl intcrtultt ths remtlEn toupuratilrrt ürr
npnltæaû thnoughcttt th; rm çith th; tcshrldgt patætLo*

ntt*rr fhr qfrnfsnt*l ü,*t* cÈfnlntd frsr ü, rÌ[r *üt
f,o¡p th¡ eurulrtlrrr trr s*rrt ts$ m*rutrû nt a pnünaul¡r

tlß rfttr t¡lh; alnm;*ctn&ü Õf tl¡e mætlü¡*
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5.9 &prr!.nntrl [rrultr

Elghtæn reduEtloa truûl ü'ltü oo'ttrplüt'at rd I
f,¡mrrt of thc rryrr!,ncntrt ooaâltlsar 1¡ rÞorü ln
ÎAg.,E !.6.

fÀE $ 5.6 &¡mary of thr l¡por!,nontrl ssndlt[oa¡ f,or tho
flrcll þc{! rcllustlon of, XtO

Sllro¡¡m tLer rltcl 'l ? lttrca/¡ún. r fr. f. Í'.
ft0 nüplc r¡¡t.t 9¡@O g.
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!.9.1 Sr¡lset!.on of thc ptr orat roduotloa

f,ho rceult¡ of runs 1 to {t ero taÞulrtcdl tn
få.$Lrg 317.1 to 3,7'.67 tha {lata prceonterl for caoh

tcrçæatnrc a$G oortaapondltng yslue¡ of tlnr (mtn,) ad
tha sbaerve{t pcr oaat rell uatlo¡ (Ia ¡ f O?). îlno l¡
a lllrsct mtrsurôlmnt, but f. la dlorlvodl fnon thc HrO

aÞrorþtlon mcaauremcnte andl 1s oaloulatcü þy tbc aguatlonl

rl' (

rharc

t%o

"nron

..... 15.{b}

a

TI'l

nL
1-l

*tf)t

l¡ tbc ounulatlva rrlght of natcr ab¡orbclt np to tino t,
n l¡ tho nunbar of ralght dlctonmlnatlonr naüc up to tlnc
l, rnfl -"r, ls tha total, ;olßht of ;atcr cqulvalcnt to

5.SO g. of X*O¡ tro. 
þ 

¡ 1.âO5 ßr

trhc runs at Ð0, ,Tg- lt0o rd lrASoC, f n rtd,ob

tho fitO rtÊ ooilplctaly latuord, rrrl. rapaetcdt !f thc total
;clght of tater eb¡orball ;aa not çlthla g t.5 Bcrr oaat

of thc rtotohlonatrlo quantlty. lflrtr ohcoL na not

arallaþlc for thc runc at SOOo rnd 3e5oC ar thcy nrc not

tekcn to oouçlctlon.
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trIOttffiS !.1O.1 to 5.1O.1 ¡hor thc rca¡ltt for th¡ th,ror

d,¡r rlogar plott¡{! fron tbc ilatr ln T¿"ff]l$ 5.7.1 to }.7.6.
,{ lqnrtthnlo tlna rorlc rig ohotrr toayolll coagcctlon

of tlrc {lat¡ ln tha lnttirl roactlon atagcl.

1.9,2 B¡t!.netl,on of, thr paramtar À

Ataumtng thât ttrc rsaotlon modtol ls sorraot andl

that A ts only a f\¡notton of tcnBoraturcr atd oocrlbly
p¿rtlelc ¡lse for a E!.ven i{r0 ranpla, thc veluc orf

(A)f"ry., ¡ls; uay bc crtL¡nated from thc aquatlonr

- ln({-¡lt} , *.f(t} ataaa (3.rr)

¡lnor oaoh run ;tr aa¡rrlcd oW-{ at oonttant tcrnpcratura andl

partloll d.¡c. lfhr cbscrvad valucr of Ir 116. ftr tlær

oalsulatcd flroa cquatlon l.llrr andl f(t) le dcflncdt by

oquatlon ( 5.ta).
,ff tha mdal lt velld, a plot of -ln(l-y.) ?t.

f(tlr for oorrGspondtng valucr of tr. end t, shor¡ld flclû
t stmtght ltrna. Honec, Lf tt¡c varlrnor of -ln(l-Ir)
l¡ aon¡t¡nt ovan thc ralryc of fcr À oan bc cffloicntlÍ
dlotorrnlnc6 þy lfnoar regrcatlon. lfo¡ ovrr mrt of,

thc crparlncnt¡l lanalc, thc çalglrt lnortnantt, rrr'r,
rtpe æpro¡tnatoly cqual, hpngo r
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ã 
t"ru, p r.tn o

Thæaforcr slnoc tha valuc of tiuo nay bc æn¡ldrrcü to Þr

rlthout r!!or rclatlvc to thc valucl of -ln(i-rc)r thr
var.lrnoc of lr 1n?a, lr approxlnatcly oqual to F.r"r.
rtrl¡ ñGanr thst n'r, oc y, (approro) indl that thc varlenoc

of -ln(1-1.) slrouLd bc oonatant ç1thtn euff!.ctcnt llnttr
tnro! thc rangc of r" fol tho rcgrauclon to bs cfftolcntr
Î¿iELrs 5.8.f to 3.8.5 llet oorrospondlng valuae of t,
¡(t), rS -la({-yr) for runt I to i8. Thosc ûütË arc
plottcû La FIC+URïg 3.1{.1 to 5.11.6¡ tha ¡lopca of thcsc

llncr, rhlob arc thc crtlnatcdt value¡ of A, ro¡lG obtalne{t

þy ltnca! rcgrÊsalon pac¡!nß tÌæough tha orlgl.n ¡lnol
rcúr t'û 1r a bourúaly oord!.tlon fon thr rçaotron. îhc
valua¡ of A ürG ü¡unrarlacd ln TABLE j.9o

n
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3.{O Dlrourrlon of tho [ea¡ltt
5.lO.l Cumulatlyc dlcfiroG of rcdluotlon v¡. ttmc

îtr.sc oorraotlon

Data for tho o¡mulatlvo dogrcr of rcdluotloa vto

ttnc ars thorn ln îAl[,fis 5.7.{ to 3.7,6. Itfo ttnc
oorncotlon for thc lnttlal dllrplaooncnt of l{n rer
lntrodluocd a¡ thc mcan nosldGnoc tlno of thc Facce ln
thc rcastor ra¡ of, thc or{ap of 0.J ceo.

Error estlnete for thc obrorvcd dlogrcc of reduotlon

ft t ¡ csttnatcd th¡t thc aoauraoy of any onr

laighlng to dcterrninc a rcfßht Lnarernant rrr a . lc rtthln; þor¡ lc rt
gO.OO{ So thc neen valua of thc lnorcmcnt¡ i¡ of thc

orücr of o.1 E¡ thcneforc thc c¡paotodl arparlnantal ômor

ln ttrc obscrvcd ounuratlyG pcr ocnt radtuotlon data t¡ of
thc or{cr of ! 1.O pcr ocnt for rny lndllvtdtu¡l FUBo

Thc ahapc of tha ounulativo dlcgrcc of rcdtuotton ouFrc

Thcaa ourl:o¡ lliælay thc oharaotarlrtfo rruto-

satalytlot rlupa nrportcdl ln rcfanrncGr (A'), (l), (l¡), (5)

eai! (6). fn thc protont lnrtanoa tlrl¡ etrapo t¡ aaa¡ncd to

Þc oauacdl by thc clc tnlttal rata of ohcmlæ¡ptlon of
Ife on tha IY'O lurfaoç.
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3.iA.2 Eval.uatlon of thc parunctar A

Ths llacerlty of -1n(1-y") va. f(t)

,i.c dcær!.beû ln æotlon 5.9,2t tho valuc of, thc

paranctor A for caoh run 1r dctarutnd fnon a pLot of

'ln(f -yr) vlr f(t). For th16 c¡ttrnatlon to bc valtdl thc

dlata nust cxhtbtt a ltn¡Êr rclatlonrhtp. FI$ÌJFIE8 5.11.1

to 5.{1.6 ¡hor plots of -14(1-fo} vt¡ f(t}. ft lr
notlocablo that for æn6 runs thc llnc hac a cltght rravôr

dçarturc ffoG llnearlty¡ thta la partloularly notloaablc

tn FTGURE 5.{1.1r rua'l{, arxt [n FIGURE 3.71.2) run 7.

Thc probablc oeuã6 of thl¡ d¡panturc fron l!.naar{ty ls
tho tcmparaturc tran¡tant, rbleh dluc to thr allghtly
crothcrrnls natune of thc rcaotlon ( ¡cc APPBNDIX 5.2)r
r¡s oþrcrvd! to follÇ a graoaetrlEally dntl¡r pattcrno

llhc¡c taupcrratura tranrtcnt dleta erç llçtcd la TABLES

3.7,1 to 5.7.6. thc valuo¡ of tenporaturc ¡hom rr?ra

attcnuatedl ard lag ln tlnc bçoeulc of thc zCr so¡ tûrnc

oon¡taat gf the tenpclaturo nüarur¡mant ryrtan.

It ra¡ thought that oalq¡lotlng Â frou r rcß¡roarton

prrtlnß throußh thc orlgln mlght unftvounaÞly btar the

crtlmtc of .å,. Horcvær a l!,nllar ooülp¡¡tatton to tbat ln
,4'-r¡P$lllflXx }.lf ustng c¡ttnatc¡ of A obtaincdl rtth o¡rülnary

ltncar !Çgrtulon, gãto ctatt atloally lcaa al&ntftoant



t,

Ê00

rhcrcrcault¡. for tbc oo-varlatlon betracn LoSrOA anll

I l¡ tlrc aþaoluta ncaotlon tcqaraturc Ko

!!hc var'letlon of A for a partloular nonlnal tampcnaturc

Fnon ffißURES 5.{1.1 to }.11.6 andl Tfig,E !.9 1t

l¡;vldcnt that sona varlat!.on cr!,ttr ln thc valuea of d
{lotcrlnlnd for eny partlsular nonlnal talçcraturrtr Î}rtr
va¡rlatlon 1ç not rcadfly ettrlbutablc to thô ûlffaronocl
tn thc n¡aan n¡n tcmpæatulclo Poa¡lþ1o oauaca of thl¡
varlatloa arc!

(1) that tùo partlolc et¡c affrots thc r"atc of

rcaEtlonr o!
(f f) rom6 crron ln tho tarrqparatura aontrol anû

nêarunoncnt fon thc duratlon of e rç{lustlon FUIB¡

$ot tho r¡ratyair ln saottotr ].{O.b lndloatGa that
dtrffcrcnotr 1n pertlolc d.¡c üo not rlgntfloantly affoct
thc rcastlon rata. Thcrcfora, lt l¡ probablc tbat thc

ob¡crvcd! dtlffarcnoc¡ ln tht nluct of .Â for a glvan

nomlnal. tanpcrature arÇ trþolatodl rlth clrort ln th¡
tcrÐcpaturc oontrol andl nôaüuromânt¡
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!.1O.5 lfha cffcct of torrpsrtturG on thâ ptralltctÇr A

An tnçcotlon of TÀBLï 5.9 shoça that thc

tanporatura of radluotlon lr¡s a nartcû lnfl.uenoü ott thô

vrlue of Â., rhloh rangts f?on o.O0lt to O.lhO for a ohnngc

tn torpcraturc fron ÍlOoC to'lr25o0. Ona of thc

a¡¡u¡npttons of tha nodcl ra¡ thtt aottvata{t adlrorptton of
F tas thc natc oontrtülns stcp fon tha rcastlon.

lfhcreforc, lf thc noücl tø val.ldlr lt muldl bc raa¡onablc

to æpoot that thc r.clatlonû¡l.p botreçn thc modcl

paramotcr ^Â. a¡ú thç absolutc terçaratunc of raaotlon

ooulil bc rcpre¡onted by thc Arnhanlua cquattonl

lnArOonüto- Ë
m

rhart År rrÐdrl parametcr, 1.c. natc eonftant,

Er cllcrgy of aotlvatlon, oal. p6r g nole¡

Rr gas eonetant, 1.987 otlrpÊF g nolc pcr .Kr

anll T* abælutc tarp. 9K.

lba dlata fm ÎÂgtË 3.7 arc plottadl tn HIfiIRß 3.1 2 f,th a

lçarlthrrlo orðtaatc anâ a lf nrer ebæltlro lha graph

olaarly ln{llEatc¡ tlrat tha fonn of tha Arrhenlut oquatloa

aoöountÊ for thc tonpcratu¡rc dlcptndonot of .A 
"c*l

¡att¡faotorlly' lfb¡ nunelloil v aluo¡ of the oonatr ttrû ß

am dlctcruLncil ln Ëqtlon ll.{O.5 ftrrn rn cquatlon dtrvclopadl

ln ¡aEtloa 3.10.b.
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].1O ¡l¿ Thr rolatfyc rffctrtr of partlol€ tlsc and
tcmporaturô on thc vrluc of perancto! A

Fron thc {!ata ln TÂtsLE 3.9 aaû f?oür FIG$48 5,12

tt La nst lmncdllatoly çperant çhathar rillattonç ln
partlolc atse rlgnlfleantLy affost thc value of, Â. îo
tert for th!.s ¡ûgnlflernor an analy¡lr of, var.tanoç uatng

tht taohntqur of nultlplc ltnsan rG*rüaclon lrl hadl.
For thtr ragrGsslon thc {lrpêndcnt varlatc rae A, end thc

lndlcpcnðont vanlatca arc thc absoluta tcnperatuur.c, lF, e¡ri

thc naan parttolô rt"!a, t. Bcoausc of thc appanont

funotlonal rcXatlonahlp þattecn Â ard S, lrdloatcd W
ff CIIRE 2i12¡ ant bcoaurc t]p aff,eot of varfotton¡ tn
pnrtlale ¡lsc on A, tf enr, çoulü probahly Ctapend on thc

parttelc surfacc arÇa, tha nultt.plc regra¡alr¡n ra¡
oaloulatedl rî th thc ¡r¡umptlon thËt l

lo8ro* r ( (*, losrr(t) ) aaa.a (1.15)

rhilc .å, r rotcl panamctar¡

T r ab¡olutc tcnp., oK,

¡rd t r Ërln perttol,c cllc, tno

îha anax.ysla for rlr!.oh 1t ra; rrruned that thcra ra! no

tntcnrotlon bctçoon thc varlatoc * r* lq.f O(3) r tr
contalncd ln AI FÍ,{DI}| J.4. Thc rcçult¡ tndloatcü that thc
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rGßnarrlon ootfflaicnt for th¡ slm affcot rar vort
probaÞly !G!û, luncc, fìor thc ¡l¡c rangG aranlna{! , tha

valuc of A n¡y be oona!.dtcredl to bc lnltopondant of ¡l¡c.
lfhc ftnaL regraaclon cguatton dlctcrtnlnc{l ln .âFF&{DIX 5.lt

raSt

1oßroÂ r (8.a717 - s*qÉ*¿ rsll aaaaa ( ¡.r 6)

rlth 8.ü. r O.IOOP (atanaarqll crror of o;tlnata).logloA
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5.10.5 Ë¡tlrnatl"on of thc astlvatlon cncrg¡r

8!'noa oquatlon 5.{6 l,s slnllap ln for'rn to thc

A¡.rhcniua cquetloa, tþc aotlvatlon onorgy oan Èl

rltlmate{t by otnnglnß tha ba¡c of thc logtrlt?ra rnll

lncluillng R.l .987 ln thc oguatton, 1.G.

l. xn A . (t9.o5 - 2?'H a, ro5¡ (t.17)aaaaa

Squatton 3.17 lndloatea thet thc aottvatl,on oncrßy 1¡

2l JïA oal. pc¡t I noLc. P[rd bdl aotlvetton cncrglcr

obscraû by othcr ;orkcna arc ltrtodt tn TAHLE 5.1.

?ha valueg obscrvodt by P¡q.ffiÂVÀ$Cr ( l), 26rl¡OO

oaL. por g mle, enil H.ÀIIFFß anð RA,liltBLr 25rOOO Eal. p6r S

molc, arc ln good ag?ctmnt çtth thc pnoacnt valuo of

llrTi} oal. pcr I nolc. KUZIÍqTsoV (5) guotrr a valuç of

lorboo Eil. pæ g nole, but doet mt fadloato hor lt ça¡

dlctar.r¡tncd. BÂÌqÐËowstl et aL (6) oÞtatncdl valuat for tro
parallol rtastloar sf t\r!8O anû t2rbAO oa}. pcr g nolr,

rc¡paotlvcly, rhloh oannot ba oouparadl dllraotlf rf th r
¡lngle csttnratc. From th¡¡a llata lt 1e cvldent that tho

vrluG of 27¡75O salr pG! g. aola t¡ ln rcaroaabl.c

eg¡mantant vtth thâ dlata obtalacd þy othcr mrkclrr
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Bcorusc of thc goodl ftt of, thc Arrhenlur

rclatlon¡lrtp to thc c4perlncnt¡l dtata¡ lt 1t lXtcly thet

tha ovcrall rceotlon rato for thc rcduotlon of NrO b,f

IIZ undlcn tho crpcrlncntsl eondltloaa c¡latlng Ln tho

fl¡od Þcdl reaotor, la dlctcrnlnodt by tln ohcnloal rcaotlon
r.athcr than by rmaa tranafor rataso
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3.1O.6 rhc valldtlty of thc nodal

For thç purpoÊàa of ttrl ¡ tlrcgt ü an aosoFtablr

rcactlon rnotlal ¡nust bc oanabla of d!apr{blng thc

c:çcrluonttX tatc, andl provlâod that thc c*¡parlncrtal

oondltloaa ano knomr ilurt þe eblc to pnodtot reault¡ ln
Bood rßrooutont ;lth t}lsa deta.

îbc lfncartty obrorvtü ln EIûURFS 3.11.1 to

5.1{.6 1s qraalttatlva cvl.damo ts rupport thc hyBothc¡lr

of thc modlol. In adtdltlon tb valuca of y"r tþc

oþaarvcdl ûogrce of pcrluetloa, anû y, thc dlcgros of
rcdluotlon Frçdtotcd þf tha nodlcl cquatton, ar6 oornparoi!

ta AFFffifDIX 3.5¡ uülnß cquatlon. 3,9 gr! 3.16. fbû

R.!f .9. dlælatlon¡ batçcon t and yi rGFt oal,sulatcdl for
tho rtghtocn taptrlmoatal !unG. lfbc ¡vcreerê of thc

R.?,{. S. valucg rat 6.5 pcr oant. tho na¡lnun R.}1. S.

dlcvtatloa obrcrvd raa 12.8 pcr ocnt andl tt¡o nlntmun 1.59

pcr ecnt. Slncc no;t of thc vanlatton ean ba arslgno{l

to tho rtandlard Grrsr of aquatlon 5.{ 6 for arttnat!,hß A

(prouæÞly ceu¡cd by laot of prcof ¡1on tn ttË taçoraturc

EcârurcnGnt end oontroX) lt aan reaænaÞly Þa oonoludlcd

that thq nodal fnlfll¡ thc lcqulrencnta rcfcrnad to ln
thc lntrodluotlon, ¡cotlon 3.{.

Tlro faet tÞt tho obecrvcdl fuaotlonal relatlon-
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shlp bctrccn ln A 
"ttð * oonfonnr ;lth tha ,{rrhcalur

oquatton nay br retardlc{l a¡ adültlonal avidrncc rr¡pportlng tho

modrl. tlorcrcn, tha nodlrl lt bar¡d only on brord

thcorctloal oon¡l{lcretlos¡l thc a¡s¡retton that onc ütrp

ln e rarlaa of rcaotlon p?oootto! 6n æntrol. thr ææa!.1

natc lr not thoonctloally round, but lt la oftcn a

Juatlflablc clryllf,loatlon for ohsrloal cnglnccrlng

o¡loulatlonl, Y.${& a¡ü Ir$üOFr (16}. f n forarulathç

thlr nodcl æsnt aonaldoratlon hta Þccn glvcn to thc

lntrfoaelc¡ of thc actuel hetanogcnoous nsohanlrn rùloh
ra¡r tnvolva na¡r tranofor, hoat tranefcr, dror?ttoa,
chæloel I caotlon, ¡o11ü rtsto d!lffu¡loa proocræ1, an{l

{lerorptton. Hcnoc, ao olela !,t æ6r by t}Ë ürltor that

thc ¡lnpltftclt raaotlon ucohanlsm Crorn to f,tt thr
obtorvcd valucr of roaotton rtc end dcsrac of rcduotlon

aotueLly crtaËl1drcr e dlcftnLtc rsaotlon uaoh¡rnlen a¡ thlr
typc of groof raa bayondl the rcopc of thc preaont torko
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!.11 OonoLu11onr

Thc atn of tho rork. ûaæ¡lbcdt tn thls Ëostlon

rrü to attc,arpt to cataÈû.lrh thc hlnctl.o otrareotanl atlsr
for thc rcdluotton of ¡ t¡mlc of HrO r!,th þ rlth a

vicr to uatng thc lnf,ormetlon cs a basl a .for at tdytns

thc rctluotloa of [rO ln a tranæont nçaotor. A øtudly

of thc lttaraturr ;âa nadc, and lt ;as consldæe{l that
although thc lltoratur.e provtilod a valuablc gualltatlrc
ßul{lt tha our"nont atats of pubXlúcd kno¡fledlgc rat
lncdcquatc for thc putÞolc outl!.nd sbovc. Tharcforc

a ¡uttablc rcaotlon nodrl ra¡ danlvcl Þaecd on thc

edrorgtlon thaory of PAnRÂVAfiO (:) and a rarle¡ of,

cnparlnont¡ Earrrlcû out to sheolr tha yaLldltty of thr
nodl cl,.

It 1¡ oonddarod thet tha follorlns oonclurtons

arc velld for thc l{r0 u¡ed ln the rork ard that lt
oouldl þr rcasonably açn¡ncd that othcr cannfra of lfn0

¡ould radusç ln e thnller râÍ. Tha darlvod ncdat fltr
tha agcrlnantal dlata of E¡\tÇtiR$trtriI ct al (6) rlth thc

fanË dcgrcc of prcalslon tlpt lt fl.tc thc 6xpçrlnrcataL

datr oltalnc{l Þtr thc nrltæ,' Thcroforcr f ron tl¡c
thcorotlcel and ozçpcrlnental dlata dlsousscd tp t!ü¡
trotlon of tho thcctc Lt may bc ooooludcd thetr
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(t) ?hc áügræ of rodluotton, y, at ttnc t of thG renqplc

orf ¡fl0 rc{tuard at lloÏ ny þc saXsulatc{! fron thr
fottortng oquatfonr for lpOoO< lPcry. < l¡g5ot.

¡r r l- G&- A fit+{.O)lfn(t+1.O)- 1.O ] + t.O }

aaral ( ¡.9)

to*roÀ . ( 8. a71T - 6r.q6ï :r {,Q.5¡
oaaaa ( ¡.t 6)

rlth ü üâanex¡eoted praclston of t 6.5 pcr oçnt.

(e) thc parttclo lt:o ovôr thc rangc 55/ttz.- &e/hg *o
\8/ø (rytor æEcon ecrtr¡), har no sißnlfloant
affcot on tÌç klnatloa of thc ncdluotton of I{*O

tlth hytr.opcn ln a ft¡cd bcdl.

(l) Thc aotlvrtton ooalrgy for thc raüuotlon of thc tVtO

¡ælc tss 2T¡75O oalo pep g mla.which is in good.

agreement with the value of 261400 obsenved. by

PARRAVANo (¡).
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TABTE 5.s.t laÈulatadl data for eorrcçordlrg ralues of t, f(t) arú -la(î-vc) fo¡p
ruar .l, 6, 11 r 2, 7 and 12.

o.00
.0}fi
.o767
.127
'f 7l
a

a

a

a

a

265
362
465
526
686

.81 6

.g6h
1.
f.
{.
{.
{.
l.

12
28
ldr
61
80
9E

-

o.oo
.o58b
.125
.191t
.?/6,
.h2O
.5p
.7fi
.987

l.Oll
I .2{
l.ho
{ .61
1.&t
2JA
2.36
2.66

0.oo
.$629
.117
.1 80
.250
.h1 $
.FB,f
.7Vtt
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{.{9
I .hl{
1.67
,,1.93

2.'18
2.tr6
,:,,

Q.@
¡-

.Q3?5
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.1æ
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.231
.282
Å36
.fr3
-

.517

.ãts
-
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t.ãy

0.oo
r-

.aztt?

.õr¡¡r

.Õ932

.'l56

.173

.2'|-2

.252

.30,
-

.39O
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-

.616

.iog

o.00

.ãee¡
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.'t b5
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.2t1

.28O

.326
-

.u32
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l.l .80
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32.3
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70.6
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1{5
127
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o
2
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6
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,2
r6n
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28
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56
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TÀBLE 3.8.2 TaÞelatod dlata for correapordlng valucc of t, f{t) an6 -1n(l-¡re} for
runa J, Ir i5r l¡r 9 ard {l¡.

o
I
2
3
Ir
6
I

10
l2
r6
20
2lr
28
32
t6
ho

o.oo
-

.O5Ï¡

.i¡s

.2?7

.]tlt¡

.h90

.655
'l .0ll
1 .51
2.47
2.7?
].51¡
l¡:l¡ 2
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th8
hr
9¿r
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?
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h
h
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6
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2
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a

a

a
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149
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-
-
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l{..t k
h.96
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2
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l¡.'l Intrroduotlon

tha ¡ln of thc tort dcgor"lbôdl tn thf.c raetloa tr
to ctrdy thc lrt,ncttoa of thc redluotlon of nl0 rlth Ïfe

ln a tnançort rcaotor ar¡d to oornparc tha roaults îtth
thocc oþtalnodl fon thc raduotlon of FrO tn a fl.rcd bed.

Ar çttb thc fl¡cd bod çork, aotual pcaatlon retc¡ ar.c not

ncacurGd but rathsr the dlcgrcc of oorroraLon for varlout
rcsldrnor tlnce arú tompenaturrsr Bcoeusc tho ncthodl

of pncparatlon of thc !{rO has bocn ¡hora to affaot the

ktnçttoe of the rcaotton (annfOn arra ruHEfT (e) ), tho !{rO
u¡cd ln thasc cgorlmcnt¡ ;a¡ takcn f rom the ;enG anplc
ac thc natarlal u¡od ln scotloo 3.

In or{cr to obtatn ærñü quantttativc ncarurl of
thc rcaotlon ratcr ooourrlng la thË tranrpont rcaotor ard

thc dlcgrec of oontrol of thc partlola rcsldlonoc tlna, snc
c¡tlnatc of thc partlolc rceldcnoc t!.no nust bc nadlr. lt
lr propoacü to ueo thc nodlcl {lcvelopcdl ln æstlon 2

rolatlng tho average mllite ve!.ootty to tho aolidlr prcaÊurc

dlrop for thl r puFposrr

In eltil!,tlon to thc abovc obJeotivat, rhtoh aro

4aotflotótilêred.ucLi¡on of l[r0 rtth þr thc a¡pcrlnontr
ahouldl gfva rffic lndllcatlon of thc gcncrnl ¡ uLtablllty of
thla ty?c of rGaotor for ga¡-¡olldla ncaotlonr at hlgh

ratc¡ çÌrloh naqulrc l,or raaldrnoc tlncr¡



9.34

SoLlorlng * ûlsoua¡ton of tha lltcratunc thc

c¡pc¡rtncntal taohnlguc tr çrplalncd! and thc æparatu¡

drcor!.Þcd. the ncmalning rcattonr ilcrl rith tht
axparlnrntal proocdlura rnd! tha analyc!.c of thc rasultr.



25,3

lrr8 LttffiWr; nfrfffi
emf,crt ¡¡mtlsü¡Ë I¡r f'hü ûtXut* tk¡td'lrtû

nùgf Þ*rc bc¡u ûcga1rlÈ'cit ln tïÀü lttaruttæc bt IJ,f¡þ {mü

.er&TD8ü (tt ) , udIJå X.c${.å 8Í:d, ¡\HIJI{Þ$CBÍ (rE} r !mSEL¡I8

d gålJHIr (?5), üütuts a¡¡û *turll'åt, (Ttü r s!û otfi¡lm ü|¿[

üOffig (?5), th¡Ê rn¡'Ns rsfê{rtaô by wn-[hll¡Ë @ gåryIn

(?3), snû &.LUï¡I}¡ nrå $$,rTÏtL (f¿+) ¡ Rs f,æ ôwrtt
oo-su¡rnamt gn*-roll{b f,Imr IKES&üIS grft $åWI}¡ (T}}

rtgillrð tùc rdwtlør Ñ gl$t (t to l9& ltrorglt) f¡rffi
ßstûr îltb sna¡reF¡r* ftAIIEIH ânû ütÅYse (?h) tÜ¡¡or¡tødt

¡tuû!c; oû tlc fsltsrt¡¡g ¡rmotlæ¡¡ ntfl¡3ttæ of t¡lsl

srtüË rltb hyüro$trrr dðlttrÉÈlen of tgçnyl nttmta¡

roertlag of nfrrtt*t #Wsritl.m S fcrrouÜ sfË ntrol61

nrfnhatûa and etr¡Vollllon of ücûlrür sr¡l¡iüate ts ædt1g

erbsrretsr &s tranyl nltrattr t¡lp færoug rnå ntsþl
gt¡lpbatocr nnÄ th; CoËlrn nutphs¿¡ rû$t fcü t'nto tbn tçS Ot

tår rsestÐr tr rolutlmrr th€ 1rcn srlds war f,tû tr¡tg) tåa

r¡¡ütgl frm a tponü¡(l Þ¡{l ßrtå üto pyrlües f¡3{¡ü t tüNiltil

üfrûñr Hilllt thm ;til¡d¿üt ano wrlg sf çcss¡ônfif

tnürpst to ùÞr llrtüü¡t rail¡}¡ ã0$y st t&o Prr¡bI¡¡H

ßmpglttüü ï[tb fsrn¡æä, ttn¡Ërôü¡rtâ slåtgþr$at¡ pl

fItr omsrsl enô utætrngr eatt4õ mparatlm sû ¡otldf
Srçüf¡lg¡ å¡tË e1å:11år tq ûhosa ünsðtgltffil la W¡{ gr;

flm oo-cr¡rr$t 8aa-lolld rcaotls'nsr



â&

h reuilmlt saÊå for tþo üElÊrtw¡tal mlpl

{hrorlùcdt fn tül¡ mstlæ ef th t*rlr lr r tnrtt ta åtüü
¡nr*:{rllü rtaatlmt a¡rü süprfrü, cut ürrtn5 üùo rætnit frtç oû

Þtü ¡¡þesüf tüfs u¡¡trü ln åoflnaü sr * trenry*t mrrtErr
LIíJþ ¡¡¡ü irl$aÐstN (ft ¡ tn;crtlgnúeû tb südluptten ef f,iil
f¡'W m,t&s tltb h¡¡úra8æ in ¡ tpanrf¡æt n¡¡çtsr ril,ft
tUI¡$88 æA CIÕW (?t) rt¡Ët#[ ü& o¡l,å¡tlm gt g¿fma

(¡t€) Éth assæËr¡rtnegËt d*tss" In täü tñËporü
maots ühs ¡ol:tü aü¿ ¡nr Êrm; asü omtrotdt Þry nrår¡! of
trahntgru linllar þ t&p* 6¡¡o¡{boü ln rtoütm âd+r

&ffii'lrr *ffi n ùtnicl¡I, ¡ç¡cttsr aosrut trtlron lr&p sisË M
{rh uollû partf,el,cr¡ rn rurlyrtt of tha ryrtr¡ m¡st tnalrrd;

th* faotom ñicb lnfluffioû ths mtos a¡r¿ tlrc rqullLbrtrrr
stgtge of tùô oürrto¡L ræotia$tr eË nnlrr fnstsm
asrscnnd ¡ro *b¡ tæ¡nratwt of, tho nEtrotfnfi ¡nrttolrl
fn tùr næsttræ !ãnt ffiû tÌrü ls¡&l"tb tuf Èluc tbr
¡nrtlalm ru¡¡fn tn tbl¡ ¡trrtt ærd tn ö@ fnntrnsæ thr
ræotlcr rÐ ¡utrrrwlr nrg br lrporü¡ntr
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b.?.1 Baastor illcd.gn and uatsrlel e hmltllng

Braoto¡ dl cd,ßa

Rlærr rttb htsh lcngthtûlanatar ratl,ot ltm
bcca uæt fbr tmnçort rçaotor¡, vl.t, 2.? ac27 m (71)r

t6 f,trP.o rn ( 721 t raâ 16 ln. ll.o ln (7T). lhc mrotlon

rono l¡ uaually oonftnoû to tha lffir part of tha rlËrt
thc nppæ rcotlon betng ucç{! ta osoÛ. thc Ra¡'rotrtll

rnlrturr¡ tlre pas entc lng thc poaotlon tont betng

norçrlty prahcatcür Tbc æpr!)rtuÇ 'ãs 'd.e'scrlbed. in

rcf,trçnort (le) and (T?) Þotþ urcd oonecntrlo tuÞc rutcr

coolcü ho¡t cxohangcrr ln tlu smtr ¡oetloa of, thc rlacrt
andt ln ddlltloa ouLVfiR ard Oo*lßu ( ?5) ûh!116ü thc ¡tra¡n

lcavLng tha raaotlon !ônË by aflnltttng ooLd rütrosaa ¡t
tha top of, tho ¡lolotor.

(}¡¡ flø oontrol

Sl.nglc paüt ßar llc qvçtmt rlGtro rqplryet la
thc thnrc æparatsæt dc¡crlbtd ln rcføPGnoo; (fl), (?n)

rd (fg). lfha sÊr¡c rtm npptlel! tn htgb prrrsr.
syltnllrrl, gaarcdl throu&h tb æparatea ud vrni¡rt to
atnoqharl. LX.Oþ rrd lffSlfË8ffi ( ?f , æit OtTtW rntl

AOüEU (f:) antcral! bsth latct erd ç¡tLct ¡rar florr¡ b$t

DALLA L¡fiÂ erd ¡UTrIîn$Olr (fa) mtcr¡d! only tha lnlct glr
florr Oontrol of thö gat frlç ln all crrcr (rtfe. (7'l)r



a'6

ftgI loá ft,J) rer rohtcvct rtth ¡qltaþlr ÞrGærrtr rcf;ulr
torr rst ccr6l¡ çilYclr

üoltltr hdtrtn;
DALLÂ L.âI(A rd ÂlsttlfDscnr (ZZ) anã {XILIïß r¡ll

6Cü8g (?Ï) ut;ü rtntla¡r rollüa fecdltng teohnlqurrr vltr
æFcü ficdorr âtaoher¡ç1ar lnto an aurlllary ger ¡trcæ
thlsh ta turn palrc{t lnto tht bottem of thc rergtotr
LLOTÞ enit å,Hûmm$ (ff ) ¡læly clutrlatr{t pertlol¡r fron

r flutût¡adt bcil rituato(l baloç the rt¡oto:r rnl! hanoc had

no dltroot oontrol trür tbc parttela fcd rrtçr çh.

lrætcû rnllüt hær uruelly Èæn sææatd fron the gar

tn rür1r oyclonrr (rcfr. (7e), (79)), Þst LLûþ rrú
.åüfffÐg0f (ft) ffir un Ef en rtcotro-uegnct ar tho

rcactrt ro1ll! (fr¡0¡) rlr ñrfnptlar



w

b.â.8 Prrtlolc !Çüd¡lnot t!.nc¡

!fþ oonecpt of âyËñigc pcrütolc rrloolty ;er
ttr¡oue¡d ln æctlon ?.5 aall r nodrl trt Þropod ;hloh

rclateû thc rvcrrßG Þartlolc vrlælty tn tha ælt{tr
prÇ¡turc llrop. If thc pentlole rcaltlcneü ttac f ¡
unlfotr'¡ l.e¡ tht partlÈtçr HorG through thc ncaotor ln
plog flloçr (æ æprêrtËätË plug f,lor to auoh a¡r c*tcnt

tbrt llcvtntlon¡ of lnl!lvldlual, partlol.c roddlnol t!mer

frgm tha uaen partlolc rtcldlrngo tlna aro rmell oonpsredl

rlth tha ncan v aluc); than thc ncrn rtrlif onec tlnc
oeloulatad from thc arvaregc vcloo!,ty ¡hould Þç valldl

for a hlnctls analfslr of rtaottront orrïftä ant ln t
trençmt rcaotor. Eottron, sonditlono ln tho rcaotsr

oouldl gtvc rlr¡ to a çt-dlo {llrtrlþutlon of partloXl

rcrldrnor tlncr¡ ørpeoltX.ly at lot cvt?àga v;locltlar lhtn
rüö parttclar ooul6 h¡rt nogatlvc (f rtr aoçurart!)

vclosltlat for ßilaG of thr ttna iFcnt la tb rç¡otlon

rono¡ Dornarü par:tlalc ftot n;tr the rtrcr lrlla rì¡t
noütod Þy t!?ßffiERrÏ!fi$ (6t) ta Ìrtr rtudly of thr yortlo¡I,

tlanæort of flæ oatalytt partlolct. Fertl.ola rt¡r
ûlrtilbutlon 8r,r vrloelty allütllbutton fficr thc rtelr
orort üotlonr rnË æltdr Ëtot!.on ooul{l contrlÞutc to

thr {ttrtr"lÞutton of pür"tlclt rctldonsl tLncl¡

ÐALLA LA$å rn¡l .åügfrÐffir (fe) ðrrclopc{l aa
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âÐlrlllún úþ! thc ncrn parttolo rrrldlrnor ttnc çlun thc

tprnæortln* û[utll rrr ln lrulnrr :t1loçr lfhr enetrÍg,r

taoü¡td tha dllËltÞütLoa of tortdlcaor tlncl dur to tl,r
panttolc üt.tt trd ßrt vrlosLty dtstrlbutlont¡ lsnwcr,
thr tcr!.v¿t!,on lr not vü,iü trf thc partlolc dllamctcr

rrooctr lO nlorontr trrlour lÍnltettoaa of thctr mdlrl

lncldr thc auuqtlont thrt partlclar acttling acæ thc

llll l¡pc not rc-antrllnú and partlclar ara aot tmnæorta{l

r.rôtrXly' ltrlr lettæ arßætton neant that thc af,?oot

of pertlalt-;aLl frlçttoa hal Þcta qogtaotaür
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hr2,5 FætfolÈ tÊ&Grltrlrr

?br tsr+.lrture rershd Þf ¡artlotcr Ln thr
mrstlon &at of a tnnçpont næoton rtll ür'prd on the

rctratlrç aontçlÞutlsnr of thc follælng faotorlt

(1) thc natc of htet trrnaf,or to or frora thl
p*tloLe by soavcotloat

(ff ) thr ratc of hart trun¡ftr to or *æ thr
pantlola by re{!letlonr endl

(ff f) thc haat of rcaotlon, rhathcr ¡ndlsthalralc or

a¡otlr*ral,o¡

LI¿OfÞ æ{l å$fnsnm$ (ft} rlú Dååf,A L.Al{Â rnû ¡e{ûfsg0fi (Za)

Þoth rr¡tacd thet f!.no pcrtlels¡ rcechaê ttro tcrstton tonc

t@ereturi vüly rrFtdlyr lçøcntly $I{E¡{ËI¿IB rrú üÂt.-rl/I¡¡

(fg) brvc aelsulatd particlt t@cnaturt. ln thr
lraotlon ronr ar¡tntfaF that thc rca dld not abærb or

ætt rlgntftccnt thcsrul ¡rdlatlon¡ tfhlt enelyctl rofcr¡
to f,lac parttolcr ;hcrl e." .l.O üd takcr oonvrotlont

rrlltctlon md bcrt of, trlotlon lato lroount¡ rXlorenoc

l¡ rlro a¡dr for a lonsltu{lln¡l ttqPcrtturr gneütont ln
thc raaotlon rotrtc For tb h¡drogca rcduotton of flnr
lroa orf{lr l,t ;ar ooncldlta! tlct htat trantfcn bt
sowcotton üir tht Ëott ügrìlfloant f¡Gtor dlatürtllnlrE

thr Dartlolü tetapareturu rndl thåt thc Þartlsl¡ tüÞolt'lturt

"rrt 
rælillÍ rpproechçü thc gar truqEcraturu (to Éthtn ?ol

tn æpro¡tn¡taly or{ r.ü. for r 76 mloron partlcloJ



Ê¡+0

brl Êæeilffitsf fo*Ett$il

[lhil Êbt# sf tür q¡s¿mtse ï!o* dßsû${bd

la tcûü,tm.lr lar to Êã¡0y t¡þ rrfhntùæ ffi nån*çl s*t'ûl

ü.tå hUûægüt ln n tmnport rcogtcr ffiô tå æutEx¡¡o t'tr
mtrc of rtârrattm oþor¡red, üË tüo¡o øbtetnsô fîpr tlr
ttJFËü bcû Huo¡ülon of nlohsl mldür

In ordcr thåt "*-; stûllsm*rt of tho po#ormüinrffi

of tt¡o so¡etor Ean bc rmdþ tb tìoltorln$ f¡nforltlatûær ls
rpqåulñ{tl

( r) Xf,¡stlc anå t¡rr¡wd¡msmio êater fnrlIüûtnÉ raaotl,æ

tqlrltlb¡r|.a s¡ô hsat* of, nta*tlün frr ti¡c

æüttlsnr ¡|sçreüfng ln tho æaçtor¡¡ üfi

ü,l*anraed, in e*Etlon !r
( ff ) {¡bü tüuprature af ttro t¡w¡sporürw fllut"d. ln

tå; rrc*ottæ ffiEt¡
( fll) üb rcsldølct tlæ of, ttrt Ba¿{lcilço tn t¡¡ð

roastlmr ramr¡ md,

( lv) tùË dtræ of omvo¡iton obtal¡¡cdl tn tllo trwr¡r¡nrt

Foætorr

fl¡c c*mtümtg ;fmrl.ü æaþÐ.s osttüßtss of tlm vax'ua

of thr va¡r1¿¡1"r mtloq¡{t lrr (tflr (fff) mn, (tv) t{¡ bt

úÊåtrr I{lrütly t¡rü p{rülcllc {æorq*tu¡r åt}fx¡J,û hsuû bqsn

møaa¡rcû, bûrt Btüùi'{i{brs ffiå ûÅ$1,ilfs { ?t} büårÊ ntnwr thnt ütt r
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a¡,ryno*olmr tbo $r; tm¡lsn&å¡¡c rsfy r*pldlf, tüfr$rf,orp ütl*

3Bt üm¡ærüræ; üålt bü lffi#l Ëü n ffirüffi d tåt ¡mrtf.cl*
tûWtr¿frûsïr

år.5"{ ßn¡lo filew&tt sf ûbn e¡nnr*tur
hc npprnrtur hû üo fnooüpemtn tlt tüo f'ncfl.ll,tlr*

noæl,l¡r s¡go6t3t¡û rlüü r pilwünnùlo trnnn¡mrt s¡ttcn Sl$t
thpt* ro{tt¡!,$üû fou. * g&anlcnl rtnetorp lror prwåol,m,

&nd to þt nsôc fory 8nl ht*tår¡'$ trß soof,lrtgü srd ßpæLsl 83å

mtoringr åt rn¡.l nt ;oliû¿ f,qcêlngr Så$ ct¡uulntfml mô

ses*aolldn sr¡nraùlær lh* *ppmetu$ûû sf ffiTsstl ¡¡roråsur
t

rcrtrrm t¡dr. (?{}* (?n) ån6. {?}L mrË &s*srrril ;ltü
rlñ6tt tptr Fr f,lfr tf-utomrr lrt¡ tM gnn ffsmäü *lr€n

ät& ¡Frttttntr rtærgp figll,adçrs tJrpoqgl¡ tltc t$nrctw lffi
nr thnr¡ rx¡td to at*ot¡rhnrc* kmwrr fon tü; raanülsf

+

ftt ffiff tnüffi; rrrEtlnu SFBem,t fft.uû l¡ mrtlf $c¡sqrnblt

*fm th mmttr lrft ¡tmrrrr t&sÉsrFil tt nr güqpfficê

tq nntntrla tb uppnrntmn rü ûm*tmù pril¡ültsü rltb H¡t-
W hnûrry nrd to rælrsul*tt tbr ütrr h.l* Broorårmc

ünd, *;E ût;tl,mnt Sftntrgrü ffi sqnrüå r1üA a rtr¡üljl*

¡rûsü ufrtorr ?itrl

äf(r) * &(r) *) {frsl; **(
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(f) ÍE tmrport renstoru tlst 1r alrqüu a ht&
Fç¡mltrtl rstlor mfi tn E rtndfe ¡leffi erytæ
ttu ær¡r otr gsmr rctmt tü ïårtrü¡ ürg

( ff ) tül {t*Csr; p'f sm¡tr¡rtm of rt$ æutdt bc

mtto¡o{l üf mamr|,sg lü* mrnt of, wntsr vnl,ßrs

¡æmt üil Ð ryatm &ü nl,rs tV æss¡¡rfnt

ür üer sl Þ{tËgpr xnrtsoal to bË{fir t}ro

ütlt[ at mrçtæt lÐlffiuirr

A ffimatto tl*Mt ñf tñr üFpeüqãls tc Sm
ln ffi$UAE {*lr l}; rraottæ rffißt tm !c mntdc¡dl ss

tü¡ æeti¡¡n of thr ufiæ þñtnrn tär r€ûfüs úþÕd, æt¡rt
# lür þttoü s;f thc !üsrtËü sôttlr
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FIGURE l+.1 Schenatlc d.iagran of a tr"ansport r.eûuctt.on
s¡rstol
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h"lg fffirr*ln¡r mtmfi" mll' manrrumü

gtt¡m tÐ þt ffiSêdtf üf þ grr rtram ln
t$lntr !üffiü trl&rrfeÉ tü ffiåù æat¡ç t¡uu thet of tùr

rntmtnrtl æltfÐr s lnp&*rwl r*rcttæ ãuüñ m,s

nfntatnrû ür æn&sil,lle8 tür *ee tfficraa¡rc st htû
tùÊ ãrútor trall,ct eû ætt€tû l&r¡e t@laraturw re$l

mtuolltroû hy vültrl¡rs tb Ffllr in*t to tüt Bssmetar

üa tÐ Ën¡tor f\¡æffiil rüq$tûtirr¡'tf 8üÛÉ[t'Eü o'f tåÜ

Itfiet of t¡üarurl ffitattsn æ tbr tüuf¡o¡tûtü$Ë ffid¡låS

ll¡ylorr ( tha¡moq[l,¡r) lt r¿¡g ûfff,lstlt to obtaln ær

ran¡¡ntr n¡ln¡! aú & W tæünlshËr üoræçrr b
oütaia s rütirjtr of tb rqmrfruü Fidtetlü oonruettm,
which was calculated. with the aid of a computer,
gwtrtü¡ ü¡r ffit fæ mltoiltng t¡üs 3$n çúf
t¡rÐöËtilurr nttr tþ¡ tægü6rstü¡rÊ mafi5Ûe.g tlffiitür

l*ÇSt årttu¡ttm ûû tþ gert¿oû,r rrllüs¡co td'¡il

It tr ¡oofu* to c¡tlmtr thl atçrü8p tÉÑLõOt

ñtlûüil ttü lR tþ ryr*m frm ffiilr¡ffißrltt sf ff
Fffiür ürop ûTxr tb psstm edl tüt mûdf Cf,rryd'oilF{f

1¡r ffifæ f rbldr lr¡tlstrfl t¡b are¡n ¡p,rtto*s Ëloûf$
to tb rãll.llr ¡pi¡mqrtr ltilo t
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l+rtrlr kmrrntt # tür ürtn; aû fficn
It rar mttrsa# ls rüäùtffi l+*3rf &t rith tàt

nmrttmr

f,*0+Sr:ft+gg0

tærãÍlns ln r ûtoatü ryrtmr,, & rtn{l,tssrnr
n&*[r ürl; rrr.ll¡Ètr ¡fur namr{ng th ücæ* otr

s'e tl"ffi . tür ntæ tb$iffiil, {u!ûn$ th¡ $sesttm

eü¡lü ba ffi, *aU¡ n *¡l,t&Lr ûmtmaürr,g s.twt ãr¡ß

üal#hralr û! rü8ffi, |tlr rçûrm of n& q' $tìü,rrfm tc
Isf tb ry.rtm ¡t mrtæû lffiü¡sr #rü{f b rean¡rrfL
6br rtot&,ætlf of Ð poaatl,æ Nbür tl¡et $ar cçcrp

mlr d Þ{nçgn qmüilÊ e mtr oû r¡tcr år feffir
3bËfìÞüfr lf loth rothür ûil tlr.û r trak is sÐþ;tnrû

æ tür ttl,mtl of, tbt ût¡frr sf enûtûm" In ttn
¡æpr{mtl ôr¡æfÞdl, |g t!¡l,r Dårüt sf tt¡o wr* thl,r
Lntt¡r ïüb,¿gur lû drrgtrlÇ

Íbr üfnç d mrr$rtfi cfitê otso !næ bG
nsnñû by efæ* anail,frtr rf tm Dû$t.L¡{¡ity ñ&#t
fææst1 åilæîr¡ ÍrF#,üåüf,nr my offin¡ rflæ te; p¡aahtt

tr qnrrt to tl¡r sf.¡-l
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llrtt Tg|etüå of iüü .ft¡¡Pamnur

' å Íl,rrrü¡*t É tb tw'e* Ëewtiñ ryparatnrr

!,r tbaa tD ÍI(tnE Ir8 d e ¡¡mfpnt ef tb Drssl¡rr
lrÍstattû mr ni¡æ[.f l,¡ slFtt lû *$ffias t|Ç'| *fæm¿ ¡.¡r
ir a æür {Ðtütltl! üfegsro of thl Ë#rte}r rçests$

{,Umffi¡ ßrd. ttil,i¡tr ffie HtüffiJß åçt rüwr lüË ffiin
tXfl¡g lryut fbp tUr ¡aastor nal m¡ùasÈe firrnsæa d,
ürslr¡û¡r te &c¡æua¡ger cmcottmr tìop e ñaetor
d rçartor .d,t tmreæuiln*r t*l x¡û !8L ü[ütRËg b"6

to tht lllËtentc nettrø õf tüt ü5r¡tüFütilrËr ytsr,

üfffi* &d$ fãotr*rwih of, omtñil rmd. +nû ruaebll
rrsttm

PIol¡Eü hN? 9btËßrryü of vmr lrsnÍÌ, ?alî¡ ry¡tær
Êrrrr ælrry s¡t ûtrrr

fIffiB ltü8 räotoülqtrtl of ¡rætor moil,cr' mÊ &rlt{It
¡o&fag!ûm tfrtm

4ûllr{ Pf¡næstr Íptntln* nû ç¡Lürü

tlI¡Grt

tþ gf¡lcært ta ttÐ qlDæaü¡r m¡ füÈ¡lleatrù

ñm $soffi[nm., fãln$ htt ¡t*t:tmt rtüüü,ær etad, la
thr ültþ tærmtnr raru frË frffi ool.A ürlffir ËIÐr,r
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FIGURS 4.2 Flowsheet of appanatus Ìjised. fon the transport
red.uctlon of NrO wlth tI,

'i*
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tu¡¿n3 l,n tùr lü tryrcraü¡¡r ffiot Ia tr&¡ le*
tqnrnürr tæ¡tr toÐ mrstlæ¡ *r¡¡ nnrb rltÌ¡ ¡lX,artlc

bs rà¡uc fldbl,lfÐ ra¡ ¡cqut"ilû.

ilolatln¡
Ia rlcr of, ltr ümrÉ ¡ncrærtaô W hy8rÞguriÊ

llr al,xln¡ur €Í*d,â¡,fy rt ht¿þ ûngsr*ürrct, ca$B rüü

tffi ts d¡rtd,ec ägdfÞæ lralengr *"rw tåc refËffit-tI
ãbi¡ rar l*sal Þy r¡iþ*lng f¡ür múcr d ÞFrü*a&ilo tûü¡tr
to ¡ dafro (fn faotr a¡ llar ar lpr¡trtü"c tb hlgä

tqrætult ûtrñrtt *ar mlücd, rln rlþr) ryf hy ürc urc

of *fxttü Jo¡nttng &lQmr* tol¡rtr tn th ?r¿dh

trwæseñ m npc lhaüü Ëü þôtttüS 5rê tü" dt[6n!.

ÍLæûm tÞgËterrr ;i,gr rfæ * tn* ätth *mrtås rtwt, bettr
lmtrt ü r 4 trr lltsc niten d.$dtrr 8bû gg*oÐ rü$t

æt fiüü athttot É3Iþçetü ffi rncæ Þstsàû ln nntcr frr
f g ¡sr tcforr fl,tü¡ùlb $$il tùrcaû¡ (c"& t]smaoqnÍla

6[Mt] |n |ËË btÊ tæo¡rntnñ rü; rcel€it ütb e

ff$nür c¡f ¡Lysrç¿n* om,tr if*lgtt lã tÌ¡r cold. d¡rf,ü

oqnfrü tnþ*sf rrtt ffiå ttth ttllffi¡¡rrrr oryfl]riry FËü,{l*rrüf¡

ñttfü¡r¡ rrnrü tihtåüilr l¡r tbr lot trnçrraü¡rt Ëäü üâ$rr

múüô r-lt& ûPün*-effit'ü '!ûfìlü try. Hls¡tts lrocâr Ënrr

rml,6 ü& $Cædlf$trt thrüúürü ÞfiË bm o|I,lp*.

rlLlrr
fu rur fep eð & lm ¡)$üalrr ga; mÞr tqr

ftwr rrlür ætffi,lüA ùÛr * tn* rpffi,r ra:Ltür, aa ors¡ ln
ElffiË ¡5tt ü,rrilùrsü Slr¡C w¡TrF Ëll urüll*



?J+g

ll.l*.8 gd¡.tü fbûlr

Fb füoülm of tütr ffiit ral ta üddt Ílls*
glmlrr ünO pr*"û,tdl,rll tÊ tn Ìùüan, ËÉf Ð rreagtar*

fhp ñlg rì¡¡ cüåæüü b tüt ú|E{gl ¡¡æ tüt g11n 1¡6tryç SeÜ

låüU, ;àtüt¡ la; st;ryl mtatalnÑ tt * ¡nrl.tlra lryd¡rñail

n¡rrr¡nür¡ Ë türt uo Ê¿s tqn,ú,fl lËük lnto ü1Ê eggaratn¡¡r

.*r ¡hom la Flfit3g l*.1*r t*¡c fïoltæ rar ünlvur vl,e n Ðd
çrùrgttm tnft þ,¡ * ün$l'ebl,c tgtoô Srtr mtorr fhû

Þto! ll¡rtû l¡l 6üttûê11tð Þg taryfn8 tbl ewfrr¡o
ültr¡n rttù m ßPtcm*,slucr rdüütû to q. å1ltom

êtd¡it lbtl rarl rtotlt¡,crr åtæ rhfln f$ EI$fiISå¡ ¡l*ll

tr s nr$ntlif rctt trtÈ pñnntå ügürç*p¡ treakagr elærg

tùr rcnry r|ltnü.c üùt$r tt ¡nnm tårÞ&üñ ?*ts tôI¡ of, ft¡r

fra{¡*¡er !h mmsr f-Ttt fll,ç sf, tÐ ioitådð in üb
offinrû*lãg ürh Þrtt m tär fbeû¡# mdt tÞ peûton T*t
r m$¡rtfc tlDffitor rar m¡¡nrstoÞ{t tð t¡8 ülbor

l+.4ç! nmntoû

Á rðlffitto Aftgüm Ef thc æmtlr esscrú¡trf 1r

rffir ttr llfiteË eçft¡ Eþr rwhr ür$t rru fatrl¡ce#
tTüG tr0 ir*c äs¡r t6 gffigt äû{tt lrrlatnnt ;tatnilcsl ;trot
*Ùr (morn¡n 1¡/æ) æû rnr h*td. þE a Êr$ ffir riålç
ãb{r fumnsr Ëlmû rittt nt&rw rlr¡ ed ülm ooatd ;lth
rifurilìn om,t¡ g¡û, ü. fr¡üåfr mt¡fn¡il, lrr a 6*O la¡
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bst eqþëstolltr plp,t fsdrû{ rtrtå ¡$ccüI€!&r ln*uiLEttqnr

&c actrsl Ecastor l¡nsüh mr 6 ft' 5 lnr

l{d*"t} n#¡stor aoslr
&t pcaatæ soolæ mt e sae¡sutrtc ùr&c çator

sciüld, bråÈ cxsnaneor fabrlostdl frren nt¡]tMütle ¡tablLlad,

staintcm gtcel rlt'È an offgctlTü h*at tnan¡fcr au¡qfaço d
O'! sq.ftr

tr.ll.3 Rcacüoê ;oltdg oollestfu¡n ffetea
&p ootrXgotlsr syetøts conpntrsed trc r¡nlür tn

lorlel¡ & ¡lçrwlc fitsü partl,clo traÞ fo¡r eosrÊt pnrtlolc;

rnû r lr0 ln: ûlenr cmlme f,or f,lne lxrtlslËar &
parülolcr drcppcô lnüo trc seåll conlttârt¡ Er rhwt !n
fIGf[LE l¡r?.

¿rd+r6 Srganels¡ looxl

T ç ¡aaatsf re*ndnd apsro¡lnatlry å fnr lû
fæSÊt *åä bo¡td to tæleratrilrtl l¡il tå; vtstnitf cf

?Ogog¡ å tæE uf t in* ûi¡nr ûnrsãtl¡tü aepç¡r fi&fngt

l**t+{t nf,tsr ît* rpl,[â¡ eolloatÍ*r ry*tta" allm{t for
ühla crynnrlor



8rr

*.h.? ftrFns soclor

filforç tho r*eston affIr¡nnt g[ümr ætorsü T¡br

drfsr tbËy ffiç f1¡rther oEaL&ü tç mlm¡ro nf,f,tcls¡t d¡r¡rl¡rSr

1*¡ü årîfË¡r Esûl¡r råß a etr¡cäntrlc tt&o w*tsr coolsû hüst

exchn¡¡gffi rúüh c totql hegt trnndsr rsü¡r eü 6'O oqr ftr

4rl¡.8 nnfing tü¡lü

&c çntup f,qrruû Ln liba mgt*s; tltr !

HrO*üOrt*+þS

Fos namûTeit la ü!¡ts t.lrrütf r&ls& tu ebm ån flro f*Ëd['omÄ

e'_-,-sf tåto Bhe,togrspb PIüTJI{Æ l+*?. fhü ùue nß,fn ¡,rrblcs¡ ln
the ü.osf"gn of a üuttüble drysr rwrt I

(f) üÈr dryf$g ¡nlt nn¡nt he *e¡EËwbl,r ird cû

;ufflcix¡tly m¿t f- b$¡"k to þe mtüMl m
nn üßsur{ntn bnlnnoe¡

&ü t ff ) tûr ¡¡pcr¡usç tlr*p hnü. ta Þû Iryt to r
rrcr¡ssmåbly lm ft"g¡¡st GosrumüilN*tt üûlib th
d.erig¡ âf tåü rûTt fif ffiÊ a¡rynrn$m¡ lrtr
mttilnl t¡,¡oüm mttü* gÌlug.ir

& $rgrrlsffit d täü f*!rüt nqlnt t* ;tt.f ffip}âmtsqf
rñ,11* tbat dü tbr raomû LM,å+*tm û&ät * mtt rÉ.tù n
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1ü lct*hrtl,$rtür ¡at¡o mA r G*s;t ¡pm*ãn¡l {lætæmÙ

rffi,û lr rfr*. fit ürËs trr *n*tñåtËlt ßm e ffiñ

Fæ* ilËr nü ætrt tsf¡*t frt ft,llß ¡tlü * tn*

d¡,fsilçlcn¡ frltrt* ûf UF ,* Onstlür ãå I'ine mfuærls

r*ffi;, pn+ ilr[sht *annrr rt tb. üffili (qå tb mmt
sf nûff rüæÊrÈ) *cut ffüftstlt ülü n t*t{l*E H+ cl00t

(W ts lr9 E¡ g Ors0t ¡) Ufmnr

wttü tüt üÊ11 {¡llÉffi tnfü ¡¡rwfþtat Ñçvp aü'l

lüt ratl¡r rqDürr ntgþt uat þcçr tüæ rwæü lrr e ü.nglo

pffiù tüeffiürr li*oo tåü f¿6 *nr qryft"tcdt to t¡þ
qmns*t¡¡ tn Þ tqü**f mt rntcr Ëg¡fi¡¡l æt frlnortoa[ fß thl
*lnt l¡srr tå¡t$rË tür û¡rrçr r.wlû b* revod. !.n tår
mæ¡rrllf gå&Et þdt¡cc thû aet ft0 rryf¡ [48 t¡Ê'tleftsÊå,.

bJr.l Tm InEF

'!t¡ ht{Ëiln rel *füüill¡tcô fnmt& fih¡ qrya¡ctul

ñtù ; rrtæ rþctr& a#l (&*"n. !Ê) rd*lr ?üûl DüFr

€o*m *nt*rl of, tb f¡Ülû¡esfn üfr¡flnælt r*s ssbtonll

ütt * rrü*lr æmû ün*æ¡ rnü tltrt smt¡dl Ëltb tÐ
sñtflr ruÊ ürt br{* msrw ffi ls g[wffi l¡ÚÊr Et

;*r Ercm*alf ts r*ü¡m a tnf,n Ðtnt of Ð{rugÜü ð¡¡toüfif

*lnü tnr ¡n¡nl snülct to tbß Pr¡rP l¡ill,rt (çreæ*) tË

abt*ln r *?*tc 6nr tlsr ¡çCfaf¡ tlh ndmn !ñrq$

t1ætraemt ru & ¡çfiilr ¡t trFrPr



ar'

lt¿{+f O Ftmrttor

Iùry m*tr *tÇË tç n**r H W,E$np¡ ft"pr rc*
tffi& lil ryäx*rf rü. a ltffi$' mû surüm r$[mlntæË.

nh; fitüsätüfr $rüË O¡g*3"9 üf*nr rt ft&Fr ¡ lTilü

oatrlÞmtrû ltrflrt r pul,tlæ d¿ryil,¡¡ææt mtanr

¡"ll*ll {frl gnù**tç
' tlræ ilÊür tro $ffi¡tûng â¡rt*ffi æaûnrctad l.n

a rldl,at nutp to &r rwter Si,t¡ SÐ pü¡c csrwrl$g

tår |nt rt!ün ï*i ûeu[ætrl¡ úTrü t.6 lüó lorc f 6 gilngt

üæt r¡rtrt¡nt r*rfnl*m ËtËüt, til&û1 mffilWl¡ äål80r

lh. flprt lælt¡atffi üd trÐ nüùr ¡ËrrË ït& e. ülr*gl.ü

8.9 tr rû*rw üFilfa$ th ¡romü $nt hd ùh$!ü iübü

Dr;.tü t*th lna 8rO tr rl,dlnfrr

¡hl¡,.|t Fmrtr Ëãsåldl tnr mnf,ü

tIffit &r¡ lr r rrüm'M* Cfsnfm d tþ IErrffiü
nrgnlrtnlû ¡rr ænpft rthte {ffit¿ ffiSü,f *åtüË,¡, ¡trû$Þßß

sr $tt¡tlm to lÐ wap*ttrrü

*f$m pcmrü¡r Fr$ürtert

thr *¡lrr *nät nçntt.frrA. ln $gS ffi*ftr hfqþ

Dtraül *lltil!;rr {S.€æ prr¡tlç¡r}r qh {ffffi¡ffi ffi
;4m tllltü¡ $tt rtmür,rü ilrlïn tnlñ Fû il{A[ntonn
;ttb ñt* Ðt ffit{f }r n{Efftü ç tË & n *+f"gt



a!¡¡+

I,ü Dürfinrlr a¡ÊrM tnllur

&rr ütttr ffi þf æü.tûntng s3¡.lh** üfrpwr!.r

sIfE!ß nSnletoat¡ ü8t! ldlstttüÐ lltltæll ssgr¡latorl

râfth rü¡ir umü t'o aUls.ly ¡nr frm &; æülun llgr*stt¡I¡t

ætnlrüoür tô tbr ryp*¡nþr åt +?r0 lnr l*tnr gHuSFr fãil'

älgþ ftç uetff1 år *d *br ¡nrfËag tÐ trmrgo¡t

æra.*år tb üæS rnlnr m$r l¡ry*ffi¡ but fior

¡pnrnl, o¡¡ar*tl,æ {rb rtu InilD lnl;t ¡HHr*t¡Ft ïaa

¡¡al*telneü rt + ?rO ls. ;u r 3mSü Èçr lü; ær€ffi dtruøS

tulrrr år tt¡r r*,tlrt übrmê Þ & ilsül¡iffi rút lüælltû

!n t&r {lnær t¡ût pql fn¡.üi! f*ü;tswËr Sdtå mü Þ4æ*m
tlæ;û türwÊ thü åffiffiå rìâLï; mt1l. tr fml t¡flat

Drltßsr mr atnl,n + ?rO t¡rc tatrrp ¡|tüf,r

Fortt$rr ûfæü.r¡mt fl'm mtæ

A Fffi rt tûil fqñssßSFlf gnn ætr,r
ürt u*tÉ to ntærl {tn qu*cltt$ sf ntb up Mrueþ
r6ü¡ttoå to tb qrya,r*ür tt¡mrÞ tÐ üffi v¡ilttnr 0ür

rrrs*nllm ú tbr 16¡ tn¡ ;qn*vìrlü* tÊ llry ef tr0 ffir$Èr
üe slul,{ mtffinnt** 0û &Ë tsü¡ugm

;tilñ tk' flura uÜi[ t'¡* tH ttlç rrü nnË$FnÊ b8lß sû'r

Gltrtrttl rPç.Oær tgft ffi¡t {l[nü

hr Frlr|nr ffnilEllü lü çil.lnünïr ffiS büilü

ffitrlarû ütrr rrgær n{lçç fit¡nr Êrt*b*t t
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úüilf¡¡êltß åffirËts; rÐrl0æt m¿t r*r aùteffi ts t¡br

frnü¡cæ nüfu D*rsur rrãnfrtarr lEhf; rsrmrtn m|r

ûililn ret. fa *b Aüüæff þ rrtcr ffiürfr Ib
8¡a tl¡l th Dfl¡rû tømryb a roil.lû ð¡t!.ocst dryltrt

þü¡fþsü ætdag tlrr nry¡nn¡ln*r

l**4rt! !æçreü¡rr ffiæüffit d smtardt

lbn S:r tmgnretunm lrfir nra*rM enÈ ømtæIltûr
ttrl tä; ¡r¡ctor tnlct (1rr* Sarktæ ffilt) md tH
n¡rrter ü*l,t ffir{fa&smr W tùnr¡æaoru{Lc
g fltS ine üfãr ùcst nç¡üctrnt :tsfnllrlr rtcot rerËrtüf

üüÍr ¡ßrlty lor*tc([ in tüË t.O ltnr tosr Brctmatcn mû

¡rsß,lo! .ü¡t mtr ftlS aaæ*cll, fgn HtAmff* kæ
t¡ræcn{nûü¡ ürtfr normllr emrotrÊ to rlm¡rofllr

tutrdll.rrrt _y**or æc**¡ü, ttrûffi#q¡ü,ü
rltüùm r*trat thË tttr t*{ËFetrrrr þ ts csmrqtalf
ñsfftrt *ù mt tlr ;útþ r ¡ntatlmtl¡r [b.rrwffiNËr
tuü alffi t{r tb $*,}r ffitt aorr tÞoilû æ; tn¡rg¡uæ.ä,¡t

d;rrl mu*trt ia tcqnlnü¡r+
tn*lü,æts¡rr e tùt.$rÊ l#[*arùop rff üüm{rtür$ þ s

tÈrmo@r uruâ ts mmp tür fr¡¡ trn¡pmtn¡¡ç at tÞr
lÐ of, tbr lrlstop sodrrr
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hrlr'{h ¡tçsßËffit oú !üt üttñ;rmtlû prcacusr
r0û!¡t: tr rrs#tes

gËr rû¡tt Effi to rcam¡r th a$ffwu¡ûtst ¡xulræ¡;
r.forl tb æ¡rtsr {tU û1rûær ü.üm p$Erstr¡Fs üEgtf

Ët $ fi. f O |¡.1 mr tr ¡m¡rfitr{r ümræorç msref,ü€ürælt

bt tþ In*rrrü hwilsFpnt gswr &ltrü g,rn¡Sonr

8ür rm¡r Ëf tär lnstmmt *tr fsü *1rS to * { rO ler
rrtrr S!ü\ttr rtth e oacrtæ*I tül'st & æt¡nt from tbr

t*&fhmff rar ü I O d o?ür tb *sllcrtodl ssrr@¡ $u!,lag

th gfrfnm'ùdl rÐffi llû firtnrt ;t¡Fåf rt'r $üûsrdúdl m s
frrt l*f¡lonm Í,caû¡ mff. fior'û&rup ü¡rt tnËer(la¡rr
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Gas lock
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FIGTJF-E l¡.t¡ Sclr.ematic dlagra¡n of reactor, reactor furnace ¿¡nd.

solid.s feed.en used for the transport red"uctlon of NrO
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¡trraÄ &ü rlfiÍftB l+r!i

åstlvr mû nautr*l d tr$yAr$r fiÐpIJr

ïrt r8 t Y¡r To Êr0 fr¡¡ aut¡¡-trs¡ræf,orüÈm ( rVantecf )

ft r ftr $r E- OsÐtroxlæ hflr*ps"ea wltof¡*r

\ StEhunc r&d.Xne reãtctor firr¡eçç

h
n5

tlahrs* wl-rådår¡$s sesorlê pmsr*t*n f\m*oc(I ¡lrrlj

E- ñtshnEr rf*aur* fürst ¡¡¡¡'*ä*atæ ñañ*sü(e Bnar)

[Df¡ !H*¡ t\HFtlÞSð¡Ë åffilü-t#ffi t¡h¡ruocorry¡lr

rritüIä t0 ffilùfr ¡$t*rttsnptæ
Håt{rfsf {¡f puü;Etæ mû rrsto¡r
ürlü tæmüm;;
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s+ts¿

sig*.r fnom reactor
exit thermocouple(rz)

{ Signai fnom preheaten exit thermocoupfe(Tf)

&reheater controller
( Tenperatr:-ne)

Roacton controlle¡r
r.atu:re )

lotentio¡oe

grrLector
slrltch

FIGUAE 4.5 lil/irlng diagran for" the tnansport reacto¡r
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trr$ [tr 4Elcr*m,[s[, SnsoÊ¡t

4r3*t ttr rtnrr't u¡r Drþäü{hüf

8cmm o'f th hÊËasalfiilfiû aåtü¡ü d wrrræ et
åtå trryorrctnru a rügprteur ËtarË qp ¡neæ(h*u rer
Gütorütlh ffi m üsüt ffns¡,lt mdüßrtü{l db¡Ër¡g f&r
farmosr¡ &rdblul *a tùr n¡msm ¡ËEulrradl scvcruil, $oü¡;
to r¡s€ù Ðcratfry tæpareürËr e tlm ffi,t*r ryeâ sÊd to
ül,tah ttp batoüt ûn st ÊtÉO hffiilr rt! thr ty¡nratlng

taæoæü¡ffi ;trrlü qprua&ed, (aülllæx. g tHË êftcf te
lntttr¡, r¡rtt& ær) ell {& Mfffüßå¡ Der.t; êf tb
qpanatnr üürìü ca¡¡dVl[ly effit erû & gsË €haryl.üg

EFffirr rtartcüÕ güo fuelffiln8 oncrutfma Erro f,hñ
muÛItrÈe la mqu¡rar1 rûtrrl

(¿) Â ttilrrË of *ltlt$m ru¡t Dactr{l thrutrStl tåt
gryrnün mü væ¡$ü to a&q¡hnæ rntlll, tùr
q¡nraürr tar @flrtaly nungpû of, r¡1!r næfry
tbl; fergf & ftmpmiü¡ll santætlap ¡ust trt
to a rnln Sfg tcer th thr ñEutsËû cÐæBtfng

ûæcæh¡r þccæ¡t üf, tts ülfffrry¡* fü &
tù*¡nrl ¡xuou¡crtlor of Ðaæ¡m mê nrurgmf

(ü) fifãm tb al,s ¡nrsl rgr oryÍLrtt nüË nltüÐffi
rra ¡n4rû tM thr ryf¡n*u$ ïlth n atm
çf M$nCßr {lÐ t$Ëmðm alffiúaf rtt¡.w süü tù;
po*ttlw ef*Ë¡mm¡ tl.mrutæ ürl$t tsr¡iorflü
ûoü thtr s¡nraûitnnr
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( fff) e t'är snætctf,o¡r of tü,lr ¡cmå p¡ryp th
Eüægm {lmmdt vr*lw ma ¡flaorü, m lf,ns ffiÉ &ð
nt trl,v*a nt to æ,t ffi t¡fûfi¡Sm rt,nsnr

(¿v) ffi sil,Íälsüüng ¡nüÞ *or mttoürdl trr¡ tÞ furdrogen

*mtrti¡g rntr ürt, 6at th trr4ærðünü

¡nt¡sitlr¡p ;cttlütl sszrro¡lrdl, tn tlnl
iirrl,r$ rulurr Åt tblr rt&gt tlp pË!üttr
êtr¡ltco*rct eüür68Ën tl,omtcr ra¡ Ï¡Ílamd, mr

ll¡¡t *pA täc üfülogm lcaå s*tc süËo&rtl. fhâ

nn¡im sffipü'gùfc lceL r.stc rÉr Or0l5 dil$rfh
¡rn dnr

& tb aoqtlrtlæ Gf thla mffiÐ tü¡ qnarstnn;or
rcaûg Sæ qprutf"ür
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llr5r8 tär yrnffin fI¡r e ürñr€ttü m

frto qrm'*terr rtrü ffi¡d¡ to lua fr qrnom¡ã¡¡r

tht r|r:t;tãl ül*nç ¡çw$tü' tû ËËÊsfi raüûl¡[tg ürffi tüË

$o$ûtrr C*rl¡f,sffi¡t Cru ætmrr Etr üsforr aboçrtttr¡
tsttlr mr ttl¡þft tcsora sÉ aftrr rüh ffiryl of rrmç
tül *Þærptû.m Þottl,a üof.ng fh¡,l, ûf hl(l¡oæ &r üottr

nfûlnçr
fhr ttl¡.rff¡åS rM$¡fr *m tb luråüt pnoorfhu.l

uH tf tb snrrrtcl fþr a urihmûfæ FFl vts.r

(r) Ënr fird rgglr (rfg Foüüil) üsD &ßryÉ to
th fæûlr 8nr-¡,ü**

{ |.t} !8b æros d'r¡re dlt4ñrstlal ¡pcrærn træ¡dhrcar

#. für l¡dt s!6 fortürrü) €hâ#ü rmffnr rrili
rhmhûr

(ftt) Iãr fwan rÛnð4 lctttns mr dn*uÈ Ë$ &
úld rst¡û,¡ ra¡ Lntæûrod tntû tbc sosñ
fïú,r lr$tffi tpm tb gm¡ü,e*r

(fç) fàl rtm¡shp r*ttlas ;w ¡ùxbrlt anû namü*[
t ¡lthrû ffitb tüa tqlüretüFü mô prerm¡¡u rfr3

tür ¡nr Þffi*eg t*¡¡m$ th $1ilfritü¡p m{ thr
r¡gtor ¡nr Ftrnr.

(r) Êh ûnñfarf*$ tægrtn¡mr H$t *ffiû ¡çl,ü

rruürll¡ *r rmÉor fft ¡pü¡ ü; æsüsr
ø,t rril,fr lä¡ æcüor l¡*l,ct grr, rlFü üf
tr|ltlþr 1$¡,aû m¡,1.
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(rt)' th 16ûlå1 $roåm rnr ;l,t{üral m uû trüc n¡iluail,

rltnilùln rm rtarlrt Iâl ffilEg fmfim
nr tltrû;ütü r rtstru¡t* üf ffiçs'Hffi 0t
lh ftO fmûæ !:Lfr îüm¡gb a SrYrür rldlil
lü & þoütm ocf tb úrr6m srü ltÐ

f¡ûffi,*lft sf thi.r ftdfng üfæ M tbr uçt$þt

o'f fc*fü ünrgpC, tlË Ënmast ¡ût¿Cg ñt*[ mtc
tþr raå rm tÊ¡ t+l¡r¡l*þlb

(çu) Hãß tür Fí0 ;üqpilr üd ûßmürt*tr d$s{¡åsrãþil

f!o* tbr ¡ew Sre{lcr tbË tqloretnrc nËsfiur¡üa'

umtr mdr fn ßry {r} nrç æ¡nntd* [:ùr

$rüileÉ rqtl,r 0f BfO * tl *s¡ iüm rtggñrüü,

ÍFü tür ooüfæûlffi r:canftt*frr

Bltonl {hrr*atr eô s¡fþr ttffi enrr¡ttmr t# era!,stant

æsüril h æúia¡n of, t&È Dâtlt¡tü fltrütilnm¡û gnr

ütütu fälr ffifaæ üçtlb!'n d åfìü¡Ë & n¡¡ tÊrlp tüüß
at 36 rramt lntcrnxf,r to octûlfrh th Þ$¡uStr legt
¡lrt¡¡t tf[¡ rrfrtieç t¡[¡6 ü¡lûüt &; nm measutred

thr mm,t ot Hæ,¡re omnrual tt th ¡¡aa,t*.gr mÉL *rlr
msû*t rt fS ¡rnmtl *¡rtc*rulrr
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¡h6 ffiÐ * tftr fryartm,¡af, effit$ffie
&t il&tt e*Í,ab rilcdt hr tüe lemæü

Ëû¡Gtt*, fryrrrfæ'þ ffffi tïoü & rm r¡q$g,sr iüBü

rru¡ urãl t¡r tür] üuß dlûtgü,tbdl tn mtil,q ], Í"rr th$æ

Ëtrr E*rgrr of Fro ütilrr EËd,, çf¡r Wlh{, å*g¿g#*¿

Is.il& 8qùÐ fioË cadr sf, thÉ thffi d,sç s¿u¡enü ËÍrr
ËûsütË, at tþup lorüil,ü üt tryßraüts;l ît*r g$tr 6Ot,

6go mg 7odc, ;btoû üûÞlrê Gl.sffitttsrtfffi of, ühc

qnrråætr läto türlüü fwr Êtuqlno Flltñ¡n ess*r nn
gmÞ tlu çnr trfðglç çw tunüû to gtr? e ¡rcü¡$Þ Ef,

¡nrtialr ürü1å*æ tlms for s t!,Trr ffimgm þræe$stilt¡T

d ¡nrtúoilr r*m. å rüüår.f sf üür qprfætm.l
üffiûftlffi eA fu sfficr af utnr tn cåû n¡a efwr t¡
yrutartdl la SÂnüif hrl.
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ã6'9

lr,r7 gmæ*ffitdt affiût*

fu rmrrtm,t*f rffi¡,tü sùtaln¡dl ËF¡' tAr tmüüw

rw ÍpEtIpf ar* cmtntnrd, lü åSPgtr$IX ltr{. h¡' mnb nn
ærql tùrn rn ür*- saTçgnrlcn gf ûntar Le. magü bslmoc
ibtrr [ìrt¿a¡Ë* tl åstûr eû ffitcrelilr$t ûet¡¡

¡t*?rl uårü tnil,mæ dt¡ntû

9h; m¡n hlmer dletr ¡rarrætat ftr caü¡ nn a¡ìt

tùÊ ro11ü tlrt ;rlgþtr tba rlesß þñes$ *utdrtr snû

& rcIw mll trymltrr Èû tür Ësm W ttñmean rqggtrr¡û
t6 hÐ thr ryrtu rt oürgtet lnrtr*nmr *rrr tüË neg
t¡rl,ct 

'u¡ffirr 
rt + ?ro ls r¿ts sreulr rn a{nrHtr¡ &

tütâ;l rr&Þt of, rnt*r û¡tæIlbl.l fbr rañ m ffÉnfi¡ 1r
pær*rtilL

Ar tür t€tal ;rtrl c¡¡m$tlE, m.r mt¡f ænßr#
ñr *d rE ge(p¡ tår rnm h.tmer ætxtet{mr qil aüût
rltth & üßtr fiw r æw¡l,rb un ffiÞ snruúIrrc, tür
tåüt*t to tÐ r'rtß ;ar üç þtrl Ë*shû of, at&i[ o*ldl
*etçü, ntnr tb rrl,&t Þf ffib ç Ft¡p¡rrr sû, ü*
ü¡ünt mr ltr tûtril, ;¡tght sf sa{þncå nroe¡æ onllpartarü

$ur &r ûotdt æ19Êt d mtæ ¡ûæüüûr



sls

Itr?r* nrfftlffi tfüü å&tr

&t sülreil üûtr ürü. mË,*t üf thr fiL¡*ænter

rttlnf ttXan rätõü gþr ïåû,ffiV lr c+I,qfetcü-)r tb
nil,tûr ûþl! ürttr ü¡Èd[ tb âfûñrmtåsl ¡lgms¡Fe twl.dunm
mtErt trhæ fftü tür oùåtü lrüþs{rtñi [!ht ¡grcasuru

tt*rdþæ m$nt il srrlncrûdl tü ûrtuåil, ¡rffiüurc gr€D

¡çeelngr tla ry) W Ðü o,f tÐ swutl¡r prr€r@ rü&ffi
þ ln þürttffi lr.8r ¡\ #n{trupt pffiütrË rað u;r*l to
rçtfmtü tål msap ¡ta¡ttûü rr*fth* tfil Þ ryFfiseüie
of ttn milß ltærtl.opd tn r;üttûa s+ xo ¡rlæauno dFus

ôltr rrl pnmtcå, fbr nm Snil{r tS ürsæs ü¡s nmmtrr
ltffr M btnoertnr

l¡r?r5 frmcneln¡m dlgtr

!þr t*qlætnrl ütr nroa*lü õürr

{f} ür ¡r*ater d,t lEr ffinmãm *g, tb
tmirto€ Gü mll tryrr.rfiüst

{üf} ür nnctac tnrrt tnr tæfrqtrurs ffidl, tùt
ürfflür *¡il!,*ü rdJ' tmn$ffiËr

nû (fff) fr @ûurr # tùr gn¡ f"G#las tür
¡rachr el'c$r

fh tlrüt ÍUr tænraturqo rlrüË urdt ta ætfneþ tb Um
üm ggr tqËßhsr thl^Ir tüt eÐ bmlcn &Iä$eü$ç raû

ættaßü rt n qrureüs$ sl¡fürl
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llrt S¡*Lælt of fu saü¡¡tü

lhr hûl * Ð çæItr waê' ú&l,ilrû üte th
atû ef n trr&sr f 6ffi û1Ë1,*a¡. rffintüb îre nmgK
üür qÊgrûç llãl fl,fit ¡rngfm trn¡ u¡* tû rm&g thi
fsffç|il enllnlstt&rl

( f) tår Ërfrrr of ¡r¡ôusûtm of fh ñf0,
(U) thr mm þatmsa &r rudr rffi g*&{gr

( fft) æ ltr*ratlrr meüyrlr to rrttætr tho aorrq*tdt

!úün tffiloraü¡rl eå tb ffifin gnr v;loofW fn
tb; ¡ractor¡ ffiü,

{fv} ftil.wr sf tür ;r}114i pür.,ffi!r; üiW gtû tb
rwfpnom¡, lüftlúr grwræ üEçr

|fhür ê¡rtc a¡r tahû,ãtdL ln ÅPFüISUIX l¡8t

Sc ¡;M næ8trun rs nnü to ¡rtlneþ üc
rtçFef,t partlollr prl{!¡n* ütü ünr mcù nm ffnm üla

r¡,atlmrhfn eüüæill f¡r Ë$Êlún I pr[ntfne thø ercryp
¡nrtl,cil,r trlarltü t* tàË ;oil"tür Drrmn¡m dsqn fhem

{låtr arl omtalnú l¡il å;gPsWDIx llülr
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¡*.8.t c*lælnttru of & {b#rü of, rffiffitæ
Ib¡ l¡r¡ruc of, rrcûn*ttg¡¡ fr 6¡tUËü fu thË rsü*

ffim.s *r lt rat ür rccülm !r ls;crrrf ffi celaurattm
l¡ bnf,rê m ef hilClrngm w,w¡ttrsr rsthr
thm ;st¡¡r feurntlsu
troQr

oÞr¡rmû {beru of rcûrsttm * F¡ w8m

t: 4* wn mn;müXaq¿frr¡,æt g Ss DülF I Hf)
(rgulvåil,lnt * % n"r s st0 fir¿Xs ü*o tuû)

útct¡ m ïr fip!ç¡m¿ ls thr ttñ

ftt 6{nü,r ¡nrlm.Ë aturX¡nm.
or?ffi (E try. )

I {?.ç¡rËl l rrrr.r (t*t )(arsrtls)(¡ ü¡0)

I
s

,



r.î!

l*r&E $alælstlm sf tü; Eâlü þtlan¡rt

får nnn ÞSæor rtr {*trmrlnaü fbr aaatr n¡*

ffi) ütä lûr ffiÞffffi of nrn grryr lil rh mû,eüxr*tf¡
Ìrrß to cwpt* t&ü Ëßle ünlmør raä

(¡nnrt - ogtrüt) . (nscf¿uraf)

rhtdr em tc $rffi lß thü tlÞãË

[rtrrolrï¡* rtas]F¡dß..qp J * * þtu*o*r¡)pnmrsü+

r(%t)¡å'u** l [***]*

r¡rrr te.g)

Eh ættær rn¡r südt sror ãLl $¡ñl ,ln * gÉru spü¡p

mal tb pnadü$ of ths pc;l,thrrl, tcr.a þ soro æ"r a

Ëmüaür of {¡h d:Rl,*tmry sf tür qnmttræ af, {llç

rfncrcfirr hl rm 8Íryqp¡ t'{t tnettillvrr e 6[ìffiå total
m t*lmcr fl¡fur.w åffit

sotû¡. l,ã&rt (Hf.g*&) r llostl& *
sotrt ætnlt (rrnmr*nuoþf# r?sss

Sütül mldnn4, * t6.4s$ I



Eft+

ffi rrliMü qmtttf¡ quFru#mtrû,¡ I 'S otr the tÞtril"

fünut an þr lþt,Þüt $ü@.ütüy Üffiürdl {tt W lf,n tb f
of ntrüdl mewdl f,¡Ëü th rmmtrr llncr ú!w tltr tü

tlrr üE lry & rryrrrtmtrr



rr9

l*"&t færrctn¡r
rtl¡müm

camottm ffi ¡:r ntnütt¡r

þr r ütm rett ttw rr*tr o' S*ß ln ttç rüâg*Þsü

ütræts¡t üf tm f,lffibter mtttrng, tür sntn¡qgp &pr

ür16fç lr a finrctlm of tlr¡ Ðffi Ër trffiomturu må,

ptÐümsþ &r æm gaü türyÐnln¡r rrr Ëstfffi.toû. rltlr
Ðr l}ttil cf tæmeñ ærrtlllEãtil, üß, ttK
tæc$rtüír l¡iltutrü þf * ütæffit¡Êr Þluþ* tn tbt
gnr r'tu¡u mt th Tril,l t'cfrprnknr äütF tb¡ tlswæl$Xlr
ruFÞr rt both tåe rÊarbr l¡¡lct ** øtl.rt pol¡rtrr gTrr

rrth¡tlg nr Þerrü ü r teü¡üiñ. fiürìlf ta,lmcrç trrêr

llh ær trecrnturr æerinû tþr tän mrt¡imry of tår

üF*tlcl
(trst trr¡ltrffi b tå! D¡{oÞc fFü tb gnr by wr,rwttm}

- (àmt t*æ¡Íftç¡dt tTæ th* pro$c tG üË ;atr"l W ¡ra¿fntkn)

r*..r {¡.¡}
Ðr le*tfm mü ðlnmrlm¡ üf fhr $rffiûfrfrpl'a gsrÞr Ë$r
60rü to ¡|nfafrt h.{rt losag Þ wlhsttffi, *lcng tùt
rx3; oû fù. fmürr nrom¡r ät ritfr rt thc gm rd,oül,tf
rfimetr üo rrtc of ånst trmrtm hç mrættm cr
ltnËt*ä tc&t$r üd Etrû tû öùtntñ thü pluttm st
¡q¡ntlm lrlr fhË oütæ,atl,m rnr nr¡n*tbå lmütll. &
n¡onrlt ctln¡trs eû thr sur tqlcraür¡tü rürilü Btthtü
br¡f a mtúlraür ûrltrrre



sî6

l¡.8*l+ $çûfnatlm of the ew¡a$r rüü,ldr $BotdtrloüttÐ

å rrû,rtlm&tp rar ûcüûSrû !n æottm g ühtå
Wrd, iùl ro&tú| B*rrñsHso ürrqr et ¿ tïmctl,cn cf, tlu
t¡hrontnff¡ roil¡dtr wtoalty eå tû¡ü mtfdÈ fæü nstûr rlnrr

â Pra¡,*cf L
?Ffrlffi

k¡utlcrl
5
Àu

'*

t lr"**o**r.srl"o - Íll *****lnlTt

+ qP&æu¡ttaal 'la &
r

trl*
ûbre¡ctlaeL

lhlr rg¡ttsn ccr br rrrarnm¡nil edf. rrlt-ttm e¡ ß

gnñmttg ærß*¿m ln t¡¡. omrtmt t*tf fbr cmrwrlcru
tù¡r çrslÉtr r år ffi to Ilçla* &t*o*ttrsåilt üår

ff f rles* ({.tffi* ttrl$8¡t * r1S Âpr- *} * þfr"

r0
rgffir ¡f .t fH I (¡rre îrts # $rrl38

rrrrr tlt"¡+)
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¡$ t&r Þro|ilm ü¡{!û to rsttååtÇ tüt ertgÉ¡p I}ertlûlr
ril*dril tl.*ir vnlull oú tb tlh¡rtieeÍ rqrl"ættls
(rt il ttãt catculatrü, uring $tt übl,f.srlng Élåtð!

( i) iü¡ awrq8n gan v*loettür
*(¿fl $r Ëtlñütr sf üh¿ partle}¡ ttnnfne.l nl:toÊtt"y

cÈtllaofl frm tbo tntürsæt q th* gaø nloûttü
r¡t; af, e ptrot of tl¡c rcal¡rooat tallüs XtsÐsÞt¡llt

ü¡FtIl tür l¡äo aïFmgp gÐ Tüt*ttût &¡¡' ell tås

çþrt¡rurû Þêtrü of polntp frr a 6*vtor ¡qrr gpoxrllr

(fff) thr roil.lds ûrûô Ratrr rynû

( ir) tü¡ ülmrtm¡ cf th !üæûotFr t t sIGffiä lhl*

fär ülsr¡ sf t d & ülæfatåû frm cq¡retlel
$r8S eßû, 8rg9¡ üüFl rubatth¡trû lô ;{uåüfm ¡*rl{ ffi¿ tbt
ga¡tnrtlü Wttlm þlî* fon f 8Ü. $hr tal,uil pf t&c

retu¡l, 6rnlæ¡F ¡u*tc!,* rçtoçfWr nå brnß* tbo sæsa$ü

paltlailr $rrLðffi,tt tl#r ra¡ tüæ, crtlmtrdt lïm tht
rquatlocr

lrl9S
lürsrctl'*rl, rr.rr te"gf)

!ür mf¡fmer tim ñtlüetbn an ttrtct ln ¡1F$${DIX |t{5

mû rmlu& tbt dtåüa fbr ¡un t$q¡t't ffid[ t*r fht üÉtt

arr É.ro pqrntrê ln ÎÁäüãB lrte ta llt* togpùhcr üttr l¡hr

oorsmpffiá,tng vrlwa Ef tbc {trørr of nñn't!.æc

*See FIGURES 4.13 to l+.1 6 for estimates of the terminal
velocity.

fit-rro'ür' , r.f$)
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l+r8r$ lãr Xtnrtlc chsægtcrûrtl,cr af tlm Ëù¡eù1slgf fl$ ln s tffiryûryt rcastar

fo ua[c a ffrffitltatl,;a Êr$Ê*Mrt af ?]¡s

¡nrtbumcc of, * &ra6tås tt tr û*rlrrDito üo t$r srú,

;atabttrh lmr Ëæ{!"fett ne]letlørùl¡r bebnsr t¡rg üö#üf
otr sær'¡¡¡le *tå t{¡a rnûæmåmt rnrl,ôlcs'whtsh cffisGt

tüc ürgfrr of cm*ç¡llsu Iü tbr Êr¡tt of, ttuo ff-xd bdt
rasútðr {ll,¡{ünrcû tn Ëüstl,æ 5' tür dürgnpc of nsÕr,¡ctte

rar f@ to bÐ ¡ lb¡o'tton Ef, trqprqtunr &d ttrüst no

tlgnlf,losrt rflrct rrur ob*rrrrð fl¡t thr üi,f,flçrent
rulutr af partlcl¡ rlso Er{ü¡

trt¡ strr¡ryuû, ûcgrcr of raihq*ts r Fü * f(frt)

ürür ! r rhsl¡¡tt t{@opgfurç k,
&û t ¡ tln rrrymå e¡Fürr thr rtrrt of tl¡a neaattær dnr

åü c{üFßttm rtr *t&llshrû tñåt gaÌT! quttfi Sooll s€F*ertwrt

tc*rm tht Fsüüotdt eû oüüürrrd, rraælt¡, vls*

Í: t-wltÂ [(t+1.0] [fn(t*,t*g]*{rOJ + t.0f

rrr,rr (¡.9)

ûç -¡,n(t*¡r)*¿.dt) r*rr (ftrr )
lhrsr

f(t) . l(t+trO) tþ{t+rrs}*r.OJ + t.OI r{,. (¡.ls}
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sgnrtim 519 r8å obtal¡notl bf? lntûgrËülc[û of anr assilrffiû

ntr rg*ntlm¡

â[. ¿(l'r).u(t+t.o] .*r (¡'g)

ßùr relUc of å ra¡ û;tcrrutl¡att Þy Ésttlns -ln(lryr) lft¡
ft t) g¡å calsulatlne {¡h; slopo cf tiæ lf¡¡ rt th a l|ne*r
rcgncmtou m¡X.¡nfs a¡araing thst tùü ttåâ peaecd th¡'æ&

|þE erlgËnr gån I.Qt ttlmnlrL¡¡ b6ffiß lrlç vg.lus $f Jr

æû ühð aþgo¡,utc t@pratusä ;er fcM to Þo

La A n (19'Oã * ) rr.o (¡.tl)

It nr €ætütå & tsct tltÊ dßquãf,[f sf, thæt

ren¡rttsnr ftt I ttnt øf nr¡¡rcrættJ*g ttþ æletfonal¡l¡t

Þürra f¡In oHr$ttü va-rræ; of tüü {lñ$$aa Ef rdt¡att'æf

thü tæüpatn¡l of rtaqtl.ffir srû thÐ cstl¡est{td, realå¡6æ

tlü f-:.br tür trm;port reecton YeLrçr qf -fn({{e} 6A

r( t) &r tb rérr*rt n¡n srwsü arl tshrLataû ln

ÁPF$ffiDIf h.¡+r aû tht rca¡lül sf, tb ^Ft8tr¡t'oßtfxtt 
for thr

{ÛttÜlnl¡Ûrtt'æ af å snt tf,efrcl ln 8åsx'$ l+'9r tocBt]ur flül
tb æs nm tæcattmüt ûsteû ïhi'ttffiûår^d' e¡¡$Dr

rrtt$ttt i.r rlgc ltrta(t ffid lr þ*+ n tãt lllrtrrtnlttm
ûf tbr valurl of *fn({ryr) âËfrlt tùp mm Ltnû ffiß re I'i
r rant$l d th¡ flt ctr tba Oate tP tbil **tmod, rtlrlgtlæ
rblp* Xn tblr o!*rËt thû ttt la¡ æÛ Sooûr tfis stedls$û

FfÊ?Ff'd



1¡:dt¡ð lr5 ffiæay of, tf¡o ;iær¿rm{a}
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wrst¿rnt {i'} qeüfffiæ fsr tbe tru*rspoxâ Tsäryrt"tæ
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.f 96t
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(11j *td. eÍ¡ror

eatlsatc ¡
. ?.,736
( 111¡ læün nE^

tc;nqr. = 71f"C
t rv) ,.F .- r .ot

}tüa 6rcuB 7(r) Á*?17
( 11) iltd. er¡o¡l

ætt*t¿rto ¡'

t tttlt$$rrrn torq,r

(rvi lgJ = 1.13
[,

nn e$'ql 6
( f ). ¿i,'.72t1
t tlJ etd,. eïro¡t

eetlmr.to =
"ltlt89( üri q¿rn nn teeqr.

tt"l$ffÎ,*
s

Rln s$re 5

So il,ata

;tun Arcq¡ l¡
( li ,,=8#
(ff i 'r,tdr Glltrol

estl¡nnto -
3,979(r1li æÉrn ¡r@.r

, lcxp¡ = 716"Cllvi lû5 = 1¡611E

ïhgl ernÞ 3
( r). ;*rd¡?
t l'lj ôtd. Grnor

Egtf.la*ta s

rurlrffi,ffi ***
(fv¡10ü * t.r3-T-

h gnoqr å
(f) "- 3æ(11) $td. Grrorl

(ur
( rv)

aetlmatc l¡.gæ
) yffirya tero.

# - l.eo
3

( rç) r 1.ã8

&m groryl f
( r) . r*t+Tt1
( 1l] ,std. cgno¡F

€tùnatt *
.27æ(ttr) rËrã tûqlü

In tf¡e tÊeê of t&æ fixd. betl, wor¡k the rel,¿;.ttonehtp betlv$en ,," tlrc: ¡r-;te cürst¿rnt-
É¡sd t'h ebtolute ten1nratn$e n&s fornrl to be of tlre fpm¡ lrir." a.(conot. -,,¡firyI

(*) xt&r¡
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ünrcry of -I¡(T{.} þc*r¡g of ü}.n ttps oratff es tñ$ Mtån

T-elrx¡ *rr¡ (r4lü) *

In rlsr sf tr¡r sbovê rssu,ltr lt mr ûcold¡ü to

üfidüf tbc ratr t{ùuttr}tt d,æuXo¡ud f$r t'M fl:ßtdt bâ{t

ôat¡r {hn f,o}feßfnS müs tquatlotr re.e fpwd to br

rntt*factorÍr vtrrrt

lutü ß(t-r) r. r r *(h.!)ft

llbl"r cquatlmrl rith th brrwtdrq¡ ecu¡dltts ¡rf,r trO ¡rûðlå¡

orl tntsgnutf,en t¡bæ f,ollculng *l$¡ütloftr

*ln (t{) r xrt r' ç r *(b.6)

ff

frl*t{t rr..r(ll.?)

,dtü sttb übr ûåtðr'fitnßülût¡ gû Àr r¡lutl eû ñ rtr¡ t¡tlsnùed lEr

mtsnl¡tfn¡F thc llnca¡r rËSrüenlm lt¡rirt€ tbrfi¡glr ühl ontrSln

bstwan -ln(t.,t; anü, tr IS¿åt ß¡r* Ëtffirtgû fri t!"Bltrr br6'
valr¡rs d Tcr -l¡r(l*Ír) "rr¿ 

t(rao) ara llrtËdt ln $¡üI$8 lrr8 üe

Ird+ fsr thc lçlmrrt rnr¡* grrlttpsr ßußt dlnta *¡¡o Slqütcû lrt

SI$UãSB l+r$ ts lr.lt rttþ th* mcnn raftrsti,çxr t*ryorrttnl *t I
¡nrnntæ tor &t tlhrtt rlra; oú üü0 t¡Ëcd ln tüü ç*Wpllætrr
rtrr |{Ê/1p¡f l*/¡,¡f mc 3'â4nsf

pf$tmts hdâ lr nn ¿'{rrhürilun plot of lW I T¡r
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( ü) BtÈ.. s¡rræ

cgül¡åtû É
.5116S(ttr) En nrnt *1"Ê

(rr) tf . r.æ

$rn sraÐ 3(Ð f, r 8l*??
( 11) stûe e¡Ír'qr

cgtfxate '¡.fiog(rrr) ffirff ten¡.

(1r) tS - 1.r3

eetlsatç *
.561{¡+
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tS r näA tha lrûF*rrlür üçpctlon fw !ùmr ürtr lrl

lä E r (lbr{6 rÍtirdltiff4 l rrûü.(t+r$l*
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asttr**ttør ffry lFç f¡ãr l$.lnttm sf tùü t*S nrytr
tn r trnn*p*t ro¡t**
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b.9 Dlaousdon of, Rarult¡

thc analyol s of thc ro¡uLta ldloate ¡ that nuob

hlgbcr ratcr of rcduot!.on torc attalncdl ln tha trantport

rcaoto¡r th¡n latc obtalnrð rlth thc ft*cd badl rcaotolr

Fon oonpa¡{.sou thc ob¡errcd dlcgrcc of oonvcrd.oa for
run 7-h (oho¡en booauæ tt appro¡lmata¡ ay;rag6 oon{lttlons)

ta wparcil rlth a valuc of thc ücgrcc of oor¡verslon

oaleulatod þy ertrrpolatlon of thc rata cguatlon¡ rhtoh

dlcaarlba thc llrcdl badl dlatar vf.Ër

(f ) tho itoßlcc of rcduotlon obcorrycd fon run 7-l¡ rac

78.6S at 6O8oC Ítth an êttlnatcdl rc¡ldlonoc tlmc

of 3,5J lGoo¡ ard

(ff )r tha dlcgrcc of rcduotlon pldtotadl by tho flxcd

brat aquatlonr 5.9 and 5.17 for Ldcntloel

tcnrpanaturc crd tlne oondlltfonr 1a 2.1S.

Tlrls nartcdl dltffcranoc ta typtoal of tho othan {lata ard

tt 1¡ apparcnt that ths hlnct!.o ralatlonrlrlpo estaÞlldrcdl

fop thc tlradl Þall raault¡ arc not ¡attcfaotory rhan

appltcit to tho,tranFont ncastor dlata.

lhc iltffcrrnoo. tn thc erpcr.t,aental oonllttlone

bctrocn thc tro rcaotore r€lc reaotlon tatparaturct

I ilotc+ Tlnc 1o ln nlnuto¡ for thcrc oquatLona.
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rrr¡çtlon tltrü, Êrd tha nothod of gar aolldl oontaot. f n

thr trançort maotor thc tmpcmturei rGrG hl.ghorr tlrc

rrddlcnot tlmc¡ nuoh ahor.tær ard thc ge¡-æltt oant¡Et

ra¡ aolrlcvod tn thc dlllute flutdllrcd phrar. lfho hl8hor

!Çeotlon ratoc obaarvadt ln the tlanrn¡ort pcaotor oouldl

bc {luc to onc or r omblnatlon of tha follodng fastort¡

(l) a llrga cystonrtlo omor !.n thc partlola
tarpcraturc c ttlnatlon,

(ff) e largo rystaatts cmor ln the ctttnatc of thc

partlolc rcrldlcncc tinc,
(fff) a ohangc ln e ratc oontrollfag atop dtuc to thc

cff,cqt of tcrçeraturot

or (fv) a ohsngc ln a retc æntrolllng ¡üæ {luc to

altcnd Ee¡r transf,or oharaotcrlatloe, l.ce
illffu¡loa of rc¡stentr ad p¡rduots to ,arü fÞoa

tho raaotlon lntonfaoc.

Partlolc tampsraturo cotl¡natloa

fhc crtlnetc of tha panttol.c tanpcraturl rl¡
nadc rtth thr asrurÐtlon thåt thc par.tlclc tcarpcnaturr

rar rgual to thc gaa tarperaturôr ?hl I as¡urptlon ;ac

bascll on thc oÞreratloas of fHHS1ELI $ ard OÂItl,:ttf (ll)
anl! tha feot thtt thc noaotlon t¡ illghtI¡r cmthannlo¡

lÍhcraforc, dnor tht tnrtnunontr twolvcdl ln tbc gar



2s'l

tanpcnaturc Eotsurmant ooul{l ba rcaâ to bcttcr than ! toO

ard thc oormotloas for radlatlon Gtlrorg rtro founil to bc

¡rr11r(epproxluretcly 2É of tha 8a¡ thcrmoouplc rcdlng
dlur to tha crocllcnt oosvcotlvç hcet tranafcr propGrtlc¡

of lqrtroß.n), lt la oond.dlcrcdt unllïely th¡t any orror

Ln thc ncthoil of thc cstlnatlon of ttrc partlolo

tunpcrrturo rould bc ¡¡¡fftclcntly langc to aooo¡nt for thc

ob¡crvcdl dllffcrcnoc ln th¡ rcaotfon ratc¡.

Partlolo ragldlcnos tlnc a¡tlnatloa

'Ihc partlola rcrldcncG tlne cetlrnatcr, baacd!

on thc nomntun balanoc dcvelopcd ln æotlon 2, arG

eubJcot to tho sama ayatonatls clror¿ th¡t rGrG dlleouascd

tn thc analya!.c of thc parttols dynanlor rccultt, l.Gr

thc oonfldlcnoo ll¡nltr fon tÌu çstltuâtc roul{l bc of thc

o¡dcn of ¡ 8fi. fn aûdlf tlon tharc arc tro other poarlblc

oourorr of sr.ror ;hloh ney bc ¡îgnlftoant ln tlp applloatloa

of tha nodcl to tho trançort roaotonr v1!.
(e) the faot that tho parttolc ratsht anll pnobabty

thc p¡rtlolc dlrag qoefftolcnt çould changc durlng

tbr pcrl,od of raddünsË Ln thc retotlon ronr,

¡d
(t) thc por¡lbtlrty that thc rar!.ücnoc tlncc of

partlelar paaclng thnou¡rh t ha rcaoto¡r mlght not



ã0s

ünvr þGry¡ ur¡nf,ersly dirt¡rlÈüru &grlt tb ma
talutrr

Slnsa tbe tr¡ultul wlooltf crttnü*¡ r¡¡cd fon

tht rn*ff;lr rom þa¡#t $n lFtt¡frrr'! â¡Fee mûtscüÐnüa ffidå

åwl¡r8 asù¡nl rcüuaütæ ffiÐ (ffffi¡ãüE årrtl to l+rt$l ærûrr
ðuc ts t'bo f¿otom urtfM fn pefst (r) &E¡,4 tr
El,r¡¿*tM,r ft ie Èhx*rc oørl.dmü tüåt tür rcm¡lüånt

qrrtrmtts cnrsr t.n tb Êôtlü*tlæ Eû tbß måa gsrtl,*lË

nsclü¡r¡sr tlm absuld bc ult&fn t& l,lpttc t 8tp¿. ?¡f,tb

rogprril ts polnt (Þ) no ts*rß{¡s6Ëantg ücro nsde to datcmnlno

tb dt¡t¡rlbt¡tl,ør ftmotlesr for tùe trd,tîi$nl parülel*

rsslûr¡st ttffirr tül; steñ¡fi*e{rnt b*ln$ b*¡wrd th* raopr of
l¡bc pors¡t n#lr hrmr, lf baEk nlrf,rt$ æor¡rr¡ü tt rcrüü

tmû tc *rr üb¡ dXtrt¡rtbuitsr fa ttre di¡oottø¡ oü ler
gertlaþ ræláärm ttncu¡ rhtsh tñoå,na üht cs¡turllm
iltf.üaf*a bam{l c¡ tÞn f,lxoû þed r*t;* oguñtlü rør¡tú bü

teo ãlgb tf übü Etûn rseider¡€t me u¡d la tüc crlsul*tl,onr

&nr$nfrtl rfnet tã¡ ¡scstbfn ¿ ffi¡r, u¡rstaunntlo sr*s fn

th rçslúar,rsi tf.* trtln*tç ror¡tÄ not br rr¡tf*sl.rnü to
a*oqnt fsü' tbr *r*rtü ûif:f¡ærr¡m tn tb rraüLm Fetca¡

lt tü ÊæiLdffiÉ, t&st tþ dtffrq¡cnoc 1r c[ç ts r¡ trt&
ohäSã in rætü,m nte¡, trte rltbæ psûnt (fff) €r potnt {rv}"

Ditqn¡mtsn d poorlbl* mto çoûtrolllns fmts;
If tü* mtl oü âttrfu**m of rw*tatr ¡rd



*0e

ppaûstü tr aE¡ü ftm üb rmrlttffi tr¡ta¡âcc müt rntt
gmtroållsg rätrtr ihn ebmüqr¡ü ðl.ffcnmst ln thü rnactÍm
rutçr nfsm bt rttrlÞutnt to tlb nrxrü rff[elæt gn¡-rollü

smtrnt ebtßl,M rith ier üraru¡¡sc.û m*stor* In tüt
ür'enopont ¡cüËstor o*ah ruottng ¡Far"ülËtË trr nurreunêcü $
r scr¿tf¡¡upÌnt.r üäåãgln8 stmoU¡åmç fn riþtüh tho Frtl¿f
Faãüränû d % 3¡ rullttîtl.y rllgÞæ n$ä tù; psrltf&l

Xr¡'üB6rrc oû ü'*0 1s rulåtåwlf lwtr tåsn ft¡r a f,åæü bcdh

Itouevor, fa üû flrûd boû neeoüar ütærfþed f,n ssotlaa 5r

tlbå Ãe*lnrÐ ¡ar fl,w ss&üHûr¡glffete r!,th bod etabllitt me

çùrpur t¿o nlnl¡frr ül*fu¡lsn*I, çff,ssts std" tt i¡ tü¡liþIV
tåÊt tùr !çtstts¡ r*tcr ffiü pü'asêgsötr

.ådÂttttr¡åI rül.ü,xrce ts tupport thc ¡¡y¡lstbsft

tüftt th¡ ratr sf n*nstlcn !n e&*misall,¡¡ ss¡tpolldt mr¡ br
f,$$ìa!, ln tþ lttæwür¡¡r'o sf,¡r¡ tn tÈ¡s cÈra¡¡wdl rolnttæ&tp
bttçor¡ tåü lleüü cor¡ste¡r¡t& end tlre ¡rbgoLtrta ütrytrntmr* at
rosoülsn* ïhla vt*; fr rçlbtd. fn psf;rqryrsor (g), (5), (h)t
($ qffÀ (6). &ß flüûfrr*r Ëf HtÌll{Istr tnÄ HIX{¡trt (?} t&tt
tùr mtc corutnnü for the ludtrat!.m d fiÐ tn0 fn n
f3¡¡ldtsd bcdt ÊrpüAåt m &t gru vüXsolttr r¡¡'r apü

srmaldcraü nülcruant fier tù* soryrüün¡¡ m thr h¡¡û¡losrn

ma dilutrû ïtth nftra*m M tùü n*frtu Hilû fpaßtl*t ef

ryü¡FûSüß Ð;6 ar æI.r $l8!r
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For tlba rul.ettmshtBr beüwan tüü ftM bdt mû

tþg tmntpsrÈ rwr*tor raüa crxrCIü*nter * rd Sl¡ Eqffistlrülfr
snal tbñ aþaotr¡tc tm¡ur*ümo¡ Gfrä þsth bc røpscc#¡t'iü bf
tåf årråffilrr r{nrtlæ* Xhâtt &ar¡¡'çetlmr ùffBtnnr $ft¡l

tÐ tlrr *tturmcal tn thr Lltffitltrt rqfpûsü th ¡rrywts¡t

tået tþ rdtsttffr d qð xltä W¡reeã¡ nr ahn*loal'fy

a{¡ntrslloû i,n botlr t&t flsËú bcll afd ffi$æsrt r¡aotsrs.

üorynrlrm d tãe tæ rttË cgunütonr

¿l,tùotEb tiåo ¡roorlmntg ta tibl.a and tk ¡ptrioul
süatlün rtfû dralgntû to oql¡¡lrc estual ËTtrÊSü ratc¡
qf rteottcr laffi tå¡r¡ re*gtlan aøot¿ar¡lÊsËr t*Ë fat¡sGltfnß

obram¡tlæ¡ srn þr lrËh rcgenaing tå* fa*t of tb rnta

agn*tiær ffiM ts flt th ctpætmntal ôat¡r llbo maotts
rr¡t; rwneâlmt btr hæ fre¡¡E;eå¡ ñ1.

(r) *{lt A(l-ylIn(t * r ú) ö ú. r.(t.S)a

f,e' üia ftrðå þü{ rÊü¡ßtim of nltþ;l ç¡sr{t

tn thû tünæ*ämc ffiisn 300 te lle5oür r#
{lt} rtË,

dÈ
: r(t-fl r. i r.(ht5)

tæ tåå tffim¡lffit rtü¡mütm of nlutnl uldc
tü tùr tq¡üFrtffi¡r rllnñit ãt0 to ?üOÊtr

trt l,¡ *¡¡l¡c¡Fmt f¡rEn tb forn fif tür *gr*rttæ; !ùÊt t&e

fri,rfrt rntü rqurtlm rr¡ffiætr m rrüælt¡¡¡rtlnt
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rcaotlon ard thc sceond roprtçcnts a rcactton oonncnatng

at the ne¡lnsn rata. The dllffcnenco l¡ po¡albly oauacd

by thc û!.f&ronoo 1n the tampenatu¡rtt of rcaotlon.

tlor aguatton 3.8 may bc mrlttcn

g.g
dt *r(t-r) r,xo(t+.t.o)!¡ aaaaa ¡ 5.8a)

rhora &1o ( t + f .O) - qr tha anount of tVürogcn a{laorbedl

at tlutc te see equatlon j"J section 3.3.1 .

llhcra ¡rc tro ratc oonatantt ln thta for,n of thc

cquatlon, A{ rcprGrcnte thc ratc eonatant fon thc ¡r¡rfaos

raactloa bctroan edror.bcd hydrogcn atrdl the avallablc ltro

ard A" rapr;ccnt¡ thc ratç oonatant for tho ohrnt¡or?tton

of hyalFosülto OAR$SR (tO¡ ncportr that frlqutntly ln
ohonl¡orptlon thorc 1¡ an tntttû oæld upteko folloçað

T¡y a alor proetsø rhloh saa be oxprcoacd by an cquatlon

of tho fornr

e r €onütant. 1nt + oon¡tant

If tho dltffarcnoa ln tbc lavoL of tcrperatuna bctçecn thc

ftxcd bcô crperlncnt¡ and thc tranæort rcaotor c4ponlnenta

rrr gufflolont to eauso a ohange of thle t¡pc ln thc

aeoh¡nlm of thc hydlrogcn adoorptlon, Ire . fron a ¡tcadllly

lnoraa¡tngratetrIÐcesstoâ prooooa çlth an 1nltlal rqldl
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sptrtr, tht ftr:cral Þtû rrtr rquatlon ooul{l Þ¡ rrlttral

Íf . åt .( t-y) .co aaata (b.9)

If tbir aquatlon roal valldl, thc tranrport rcaotor oouli!

bo r @colal oült of thc flxct badl ratt eguetloa,

l.C.

ÍTüt . f,(f-¡r) aaaar ( h.t)

rnl! cqnatloa h.9 aould bo !,dcnttoal wf'th eqrration U.5 if

[¡ t.% raaaa (h.to¡

Â ohrngr ln r;ohaaln of thtr klnd coulü elro crpXstn thr
ob¡clvrd dtffcrcnoc la Arrbrnlu¡ rottvatloa cacrglol.
Tlç rrl,rttonthtp Þctrcaa t hc ratc oonatant A arrô thc

rÞroluto tcnnpelrtura h¡r bçrn ¡horn to bc of thc fornr

lnt roonlt.-å

rhrrc E r eot!.vetlon .atryy of thc mecttoa,
R r flt oonrtrat¡

rnû lf r rÞmlutr tcqrratr¡rl.



æ,

h l,f Å * t.*¡r tt follçr üht

lãå.Iüt *frfu
ünê hæÊc tüEt üc *rrMåun *qu*ttwr fw tü¡ ru*aülm
scrulü, Þc ptrttm¡

(rujù
ln Å . fn q + In .C* r sffittr c *

üËücs*\ +f*r
trtr &¡ r *sültntlg morgy fCIr thp ¡çnst¿oû htüæ

sås€ü{üû ¡*Urq{grn an& tfra ey6!,Iab}c H¡Or

rffi Q r *,ctttrtt"ün ilâü*Er f,w tha *l¡t'slsÕrptlsr 6
[¡¡il¡.o$m m t& nl*el, ffil& ü¡H[ìrsür

&* *l¡ftrû rnltx of s for ths ftrtû bcdt nrn¡lt; r*r
!fr!!ü stl,rprs grôrlt ånå thû oboo¡qrcü vstm uû E fu
tbrl tE"nnrpmt rçsstar rgs$ltt ms e1'4m såL pûn ßr nEhr

ry ür¡btü-astlwl t¡Þc frlral oü f,H Ír 61550 ßslr gür gr sslt.
If fti! rypsth'ül,r dltrolnmü ffie tcï*¡ thtr ünluû of ËS

ûml¡l rufsrümnt thr *stlvrüte¡ fffl1¡f for tbt Ghrülrsp¡¡tlm

of ffirogûü m ï¡Sr tfufwrümst*f# no TrlüË for tür
snttwtlør *rarïll fory tb* Eban4*æ¡rtlsr of ü€ cr HnO osr¡&[

þü füM Itr tb lttrratwr;* üonËTrrrl n06l!{tffi rfiû
ffi&T,IHrffiüÂ (fg) sbüc¡siüû la}lrr êü S rÊ&ttüg b¡ürom 5rÍOÊ

ffË, ?råt$ cal' pts 8i' mplo ,fffi tht chcu[*or¡lttcm sû 8S m [lS*
&Io ru*stlon **rlÂ bt *tposteð ts hevl¡ rLnflsr hlftOtiü
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Ehnnast*nlrûla* ts tùr ütü¡ro*B¿ oh*nLrmpt*ø¡ M ùtrl*c thn

wl.m d fig . 6r$!0 sr.lr Sfrf 8r sotrr tr d tht rt&t ordmrr

rhc &*amatisrt {ü ä${rc}T ård $!ilXHff (ä} tÞåt

{rb aEngur rlf prt¡nr-attæ of teü H*S hnr e atgnL.tl,owrt

çffmt m {M lritrütlsr cf ülrË rtdrntlm¡ cE¡¡sctr¡.ly t-[¡f

ÈrmUrratum nt *f& ttht oxi& uao prepand,r al&ü ün*
$ü ræl¡*h' ü tn ttrtn frü tüË nürorptlm melrnurlffir

ft|,'¡þä. tæmñrFür* d prçpnratlan sf {*rr ffitüÕ W lqup
få¡ n*& d potmtl,nl uhanløur'¡rtton ctto* q tùa s*ldr
n#;lhotr

Êmflrl¡rrtls¡ er r*tffitåm ûf thr r'ra*tim
neùnnlm hrpothrts Brüfirffi fn thtð *lotf,s¡ muld üsrr

nrqrd,rûü f,trtüm qræfmt*äm in ra r¡finmtü¡t

æco*fto*I.f,f åmü,mrû fw lül pupo;rr &lr ¡d¡Ltüiw¡nl

mrl m¡ þofmü *hr roqn €f tüü crrrsrt NÈô&t but rÉ,1I

þ *nûf¡il{[fiù fã &r Mntidnt fer fi¡tr*f rs*,r



tot

h r lO OonoLud.oar

b.lO.l Þætlole realdlonot ttnrr

Pettlolc rosldlrnor tt¡cr ln tha tranport naaotor
I

rrrü c¡tlnet¡ü froa thc nclattonrhf,pe d;rclopod la
tüotloa 2 çhtoh r¡latd thc rvcreßr pætlolc vclooltt to
thc ¡olltr pnct.urr dlrop. lfbo throrctloal vclætty rt
raoh pretrurr try, enä thc ercra¡¡c thcorcttoal vcl,ootty

þrharn thatc taprr ?Grc crtlaatct! ;lth thc cgurtloarr

(r) s r

rnr! ( rr)

þ [,"u-v*]raffi,
(vu + vr),- (vn-Yr) ra ffi¡ÇI

tr ä þ"iþ"I*lrr-,n ffij

aftaa

taatr

( 2.eE)

lPhcn rquetloa 4.tr ;ar rolv¡dt fol f rr, l.or

( a.eg)
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.e(ï lrles-1{''ttt4'lea¡} -.(q. orti¡- lt.rre . o

rtrur ¡ . Yp thronttcrl rd ï t l, throrctloú.
(Vp *n"urcttsrl tr *tttcn u lp tn r{uetlonr ?,28 enô ?.29}'

llhr c¡tlnrtr of thc eotuel trtrago Þgtlol¡ vcXoôlttr rüû

hcnor thc uren rcrLdrnoc tlaar ra¡ orlan¡letoll f,rsn

rquatloa 2.95t Yt¡.1

(ç)¡ctuer ' r {ÇÏil"-torl ( a.t3)

attaa ( t.4)

aataa

ft is considered" that residence times calculated.

with this teclurique should be within the range X 2O/" of

the true value.
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ll.1o. ? Rcaotlon ratro aRd dcglrea of oonvGrrton lntlre tran*ort Ecastor

llrc oþ¡cr.vcdl v¡luc; fbn thc ûcgroc of rrûuotlon
obtatncdl Ln tha tranrport ncaotor rengodt frm {O to gO

prr oant ln a rcaotlon tanrpcratura Fanga"fTm SOOoO to

7tooo. wltb tlrc pcrldcnoc tlnc ratfnatcr rurürerigrd in
¡ootlon h.lo.l tha ratc oquatlons fourd to dtasortÞc thr
dlata rrrtot

#f ' r(.'-v} aaaaa ( ¿r.g)

eßd ¡.n ¡( - Tk.86 - år#

Squatlon ll.5 lntcßratc¡ to

y ¡r { ¡ G* (-ßt}

aaaaa (¡.9)

aaara (tl.7)

fn thcao cguetlons t * dlcgncc of radluottoa,

t . ritlneta of thc uaan partfela
rcaldlono? t!.nc, nla.

K r FGlotlon rrta conttent,
P r f,üt OOnetant,

rat î r ab¡oluta tcrlçcraturar oK.'

ffhcra rcaotton nator IGFG epproxlmatcly f,orty ttnc¡
er fast ar thoæ prcdtoto{t Èllr atrepolattoa of, t}ra retc



50å

ü{uñålrÐ *i&þ ffi¡ fsud tE dem¡rlþa t&û ftrðd t€ üatsr

$Or¡rtlm t+r$ tnûlsatüt tbst ü¡o obaarrytü acttuntl*
uçtgy for tür rûlhlûttEn ot qO *f'tå Uyûrogür ln r tsâmptrt

motor nr 2{r¡+OO ûal. I¡rF S aols.

trt l.r ðsllffiüdl tñst n t1&;þ etr¡¡G of tüa hfgMef

¡çûuÊt.tæ !åttr tr that tn ths rg¡gp Ef tsnporatrrel

tnï¡rttef,td ft¡ tho tnsn¡pæt rogßüø tül rq¡ctlm 1l ae

tmfirn r¡rrtooatalytfe t 
" &ts 1r poatlblt ûtÐ ùo tbr r*?

pxplå tntticl ehcslæ¡rI¡tiø¡ of, ]¡Sdrog[r] aù thtlo tençrmtwtrr
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l¡.1O.5 lfho porforrmtnoô of, thc tranqort rcaotor

fbc cxpartnantel rü$¡Lt¡ fad!,oatc thst for th¡
rcdluotton of ¡rlo rtth % thc tranrport rGroto! provldtoe

an. Gffootivo $Gaa¡ of oontaotlng tho gaaeour anil rolid
rcaotantr Ln tho ncaotlon tone rtth oontrolloû l,or
rcçldono¡ tlnc¡. Íhta nGân! that cff!"olant utlll¡atloa
san bc nadc of thc hlgh rcaetlon ratcr obtalnrbla rttb
hlgh ncaotton tonparaturÇr, a a tho pantlolcr IFG

oontalacdl tn tlp reaotlon tonc no lmgc!! than i¡
aooosüry to aohleve thc dlatlrcd dcrErcc of convcrtlon,
rhcthcn parttal o! oonploto.

It la oonal{lcrcdl that tht¡ advanta¡¡o could bc

uttllsail rtth oth¡r gas'¡ol,trl rcrotton¡ provldcd that no

opcratlonal dllffloultl;s euch a I pantlelc rtloktng or

¡oellng rülo cnoountcrcdl . Onc dlcadlvantegc of thc

ryatarn 1g tbc htfh gay'¡olldt netlo rcqulrcdl for thc
tranqport of thc aolld pertlolor¡ horevor, tlüa dllaadventagc

oan bc nlnlmlscil [r rc-otroulatlon provldcit that thc

ßafaour rcaotton produota ana rlaûiltr rcnovrblr fron thc

ßâr ltrcln.
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1, F.rüSfTËlpÂrrf g$ Fon.fitçu& tons

l.'l Pætl¡tr Þyamie r
tÊ tbü flrLril of ÞeÍttalr ¡lfnulor tl rættotl

ÞËßiltlä trmæryt tt lr çønltå;rnû tär¡ !rçrrprctr af

tär rolt nrprrt fultbr tnrrrtl8rù16û. thrr t¡?üttr
rrlr ttrlrttl.' ñl*t.â, vlr. thr arturr d th tlrtüÞEttoû
f¡ndtron for the vd"sol.?tcr of ætpatncl! perttclrr
rtrrmtug prrt r polnt ln ths rtiltr rt fI0{IEE â.9r üd
mrûodly tbr r¡lrttoû d tltr tl$FlÞotton fEnetlaa to

tür tttltÞstloû oû prrtlelr rmlütm¡ tLnm la r rllrrr
of flaite trn6th. lfbrr r¡oæcntrtlonr *r ntr bteruru

of thr perdblr rüFtr;tcrttoa d tà; rc¡ultr tot br ¡túy of

truææt rçretotrl.

l,i Ktnctfor of thr 8rúsctlo¡ of H1û ;lth frâ

tn vlrç o,f tho fld tnfn ülmsn.t ln rætlonr

t.l6 ld l¡.9r per{lmlrÍLf tf th rl¡arü to tb; tüìr hf&
r.ce*rtloa retc¡ sbw$ la ttr trrn*sÉ ilrstôtr lt 1r
r¡Ígrrtr¡l that e f,struætrl Llrvrrttgrtton sf tb;
rcü¡attsa of tÍr0 rtth & *ul{t Èa rælh,-ri¡tlr wcp r tür
tææ¡turü !raßt, tr8r !F-!g¡og. It ;oetá Ër d
Þrrtttutræ lättrtÉ tâchüI thr hmothcrtr thrt I "ttr
ilÞtl¡ lEtttrl r{tnÐttoa øoosr at hlgb trryæÉtrlrl
tl¡ur n*tng tbr llmtloa ao Lqæ rrntooltrlfrlar. Ît
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rrt ßtgrrtd l,a tH.r tbrltr thrt tlür tf,rut ru
rr*ondþt¡ ûor tÈü htüÈæ tbra etittÐrtd rrrettøa
rrtrr l,n ltr¡ tr¡trææt ;trtæ rd elæ for tbt ehrlüîr ün

thr oùrçrltrf ârçhalsr rctlvrtloa Èäãr!ar.
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åIJÛ,Iqfr,fiAP.ffi

El,f,lgflf ¡ t F. irü çL,Ef$nr t., r?brraocäcnlrtrl for
ttæt rrttnttr åfüt nnplfrrü.ry1't9S.

lElqf ffi, A. !. rd IilUtrF! ¡ P. Ë. , ffil, , *np.Obrn 8il. I
.!û, 8â6¡r (tgl6)

p.&aÂvÅ$or (l.r Jhl.trr.ç¡6.úbo., Ih, ttgtr {ççlc}
HÀIfF$t¡ Xr ßË nÀtilffi,, t r t.DFr.0lHr.¡ å, lO& (lpl¡),
fünrf!!ævr å.1., Ruml æ ¡hl.püyr.OtÐr.( Bal!,t å

îmar.¡ *r l!¡ (rg&)
lÄI{Dlffittr , ¡F" , ffOtËIUOr G, n. I tåm¡ Xl[. üa

ËOUilEf, O,å., Oh*rsn;.llül.r lI, !D?r (fE6e),

trr. Ïffir å. s¡l glXsltr å"![. ¡ Cüru.Eng.Fm*rr lÉ,
Fùr( lgte).

LAMfl8I8r I.r Íelråmrr6hüo86r., S, 226r* (f 9| 6).
I¡FfBilgÎgl.r g. r f Ohd,crl 8m¡tten Sq¡tarclnlf ,

tûün wltrf roi! hr¡ lÍm Tæhr 19601 0ù. llr
oAffis& tot , r$brulrtrf d thr üoltt &rtrrr

lnttcrrurtbq l,oaåon, t*tt t gç fill.
f"Aff¿Ol¡ TI rnt lgCÜr l,{ r üû1.åül¡roghlãrgä.r lbt

htÍgr ( lgr¿)
fÂflfm¡ I.o., '?ã; tlartlct of tlr nrûmttoa orf

[¿üt lqaoxillr br s¡tro¡rnt, Pb.D, th.ltrr
Så¡n"gr¡grDrgætrnt, Ualrlllrltt of & rlrltr
{rgtg}.
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.üTt.q¡ 'g.rtd rruo¡1snpog r¡rqlftm trE¡{lg - l$18
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(sl )

(0a )
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ebË
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pAAfûfLr t' üú lÏnîtm{$, O.O,r op.olt.¡. p.tt.
ffiÍ{Ll0trm$G, l.r @¡6lt.r p. }O?.

PRåt(HlLr I,. üâ îtBçÍEI{8r O.O.r qr.ol,t. ¡ p. ??.
llt*I,l0t*f$$r tr r oÞrolt.r F. l!.
Bnûwll, o.$. n rünlt Opærttonrr , wtlry r l95ör F. ?6.
I¡ÂPPÍ,E, $.Ë., lslrll,û ad Partl,ot; Seghanlûttr

îlnllærlty d D¡il.rlâlcr t$rnelt,, Dçlarçr¡¡ lgFhr
po 281.

îonoEr, L. & üü (}$twlsr lf.a. , tütiâtan gnl. oû

chon.trhrg ., &t I fir ( t çlg ) .

ilSHffff r P. r lfren¡.Ancr.Ocophy¡.tat,oa, .$¡ 6l!r
( rgl¡o ) .

COÜLSOffi, t t. ad nICIXA,nnæF, ,f.S. OhplCaI
Englnclrtng, Vol. trf , pct¡læa, I,onåon, fgtt.
Þ' t8t.

Cffit lt$g, Í.11. d nf GEAnÐffiffr it.?. , tbttr Þ. ltgr
PR.{$$lt, x.. rd ?IHlfJã[rq O.ûr t e.olt.r Þ. gg.

r0ßoutfi¡ L.& d GÂII1I[trr ?,tL, omrttrn El*t.ghr.
snß., .I0n ttgr (lE6o).

ROEHI{ïR, 8. Lsfüfüht'tûil'lhuç, l¡* lle, tfgS}.
t?ÂYt$l, o.t., pruo.Eqr.$ôG.I¡ondtm, 4¡¡g[r !O7r (fpl6]"
ÐÍnfÐgfrr H. t. r il. å" O.Å. Þ8.
vm tæ äfrmg tr¡nlrgilf ,p!r.tþl.tal.r {trr tolr (rgtl).
ftoügt, Ho r rtlcaostery tcahratcr of Íl,üt;r, tl.-lrp

t.lrr f g16r g" ltü.
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H

RUN
RUN

1

1

1

1

1

I
1

1

1

1

1

l_

1

1

1

1

1

1

1

GROUP NO. 1

NO. FLO|i\JRAÏOR
L 44.
2 43.
3 42.
4 41.
5 40.
6 39.
-l 38.
g Zlt
9 36t

lCI 35.
11 34.
12 33,
13 32,
L4 31,
15 30.
16 29.
17 28.
18 21 .
19 26.

FEED
GASP

.397

.380

.364

.345
aa.L. J JA

.32A

.310
,29 6
.280
.210
.254
.243
.2VL
.2!8
.246
. 198
.186
.L-'15
.r55

RAT E
TOTP
.483
.469
.451
.452
.443
.431
.428
.422
.416
.416
.416
.421
.428
.436
.455
.4-16
.935

L1Q
.UI9

. I OJ

1 .14
HOLD UP

.87 9

.8 62

.890

.9 35
L,023
1.1óó
1.154
I .449
L.457
1 E l\1L.)v I

r.127
ltvll
2.265
2.498
2 .897
t Ê.a1
J.JV I

4.349
5 .482
8.097

1. BB
HOLD UP

L .366
1.411
L .481
1.5óB
L .621
T .1T2
1.7ó0
2.Û1 B

2.?46
?.?1 L

2.689
3.!07
3 .169
4.L45
4.838
6.164
8.150

LI .423

RUN
RUN

2

GROUP
N0.

1

2
3
4
5
6
1

I
9

1O
11
L¿

T3
14
15
16
t1
18

2
2
2
¿

2
2

2
2
2
2
2
¿
2
L
2
2
2

NO. 2
F LOWRATOR

44.
43.
4lt
41,
40.
39.
38.
?1 .
?6.
¿)a

34.
24.¿J a

32.
?T.
30.
29.
28.
27,

FEED RAÏE
GASP TOTP

.392 .539

.380 .521

.364 ,52r

.345 .499

.334 .49]-

.32A .48-l

.3 10 .482

.296 .418
,?80 .48 I
.210 ,48?
.254 .493
.243 .504
.231 .539
.218 ,566
.206 .607
.198 .665
.186 .178
.L75 1.071



!ü

RUN
RUN

3

3
t
2

3
3
3
3
3
3
5
3
3
3
t
3
5

GROUP NO. 3

NO. FLOWRAïOR
1 44o
2 47:
3 42,
4 41.
5 40.
6 39,
1 2oI Ja a

g 31 .
9 36t

10 35,
11 34.
12 33.
13 ZZ.
14 ?J,.
15 30.
16 29.
L7 28.
1g 27.

FEED RATE
GASP TOTP

.?92 .583

.380 .510
,364 .560
.345 .552
.334 .550
,320 .544
.3 10 .544
.296 .54O
.280 .543
.27A .552
,254 .562
,243 .511
.23r .607
.2 1B .636
.2A6 .704
.198 .158
.18ó .871
.115 1.093

2.56
HOLD UP

r.15?
r.852
l-941
L.954
2.098
z.zLO
2.361
2 .668
2.198
3.I34
3.3t2
3 .132
4.243
5.412
6.C,46
6.171
9.003

1 1.860

3.25
HOLD UP

2.168
2.255
2.346
2,330
2.583
2,895
2 .813
3.338
3.382
4.053
4.54I
4.642
5.201
6.091
7.161
B .210

10.670
14.162

RUN
RUN

4
4
4
4
T

4
4
4
4
4
4
4
4
+
4
4
4
4

GROUP NO. 4
NO. FLOI/'JRATOR

1 44.
2 43.
3 42.
4 4It
5 40.
6 39.
7 38.
g 31 .
9 36.

10 35,
11 34.
'1 . 2a
LL ¿J'

13 32.
14 31..
15 30.
16 29.
t7 28,
1g 27.

FE ED
GASP

.392

.380

.364

.v45

.334

.32Ô

.310

.296

.28A

.21 A

.254

.243

.23L

.219
,246
.198
.18ó 1

.115 I

RAÏE
TOTP
.618
,612
.ó03
.591
.597
.593

Ão7
.595
.ó03
.614
.628
.645
.67 3

.111

.1 81

.81 5
nrìo

.318



:nb

RUN
RUN

5
5
5
q

5

5
6

5

5
Ã

5

5
5
5
5
q

N0.
1

2
5
4
5
A

1
I
9

10
11
L2
13
L4
t5
1ó
1aLI

1B

GROUP NO. 5
F LOi^JRATOR

50.
49t
48o
41 .
46.
45.
44.
43.
42.
41.
40.
?Õ¿/a
38.. 31 .
36.
J)a

34.
55o

GROUP NO. 6
NO. F LOU,]RATOR

1 50o
2 49e
3 48.
4 41 .
5 46t
6 45.
1 44.
g 43.
g 42:

10 41.
11 40.
12 39.
L3 38.
14 37.
L5 36.
L6 35.
11 34.
1g 33.

FEED RATE
GASP TOTP

.47 4 .642

.46I .628

.450 .6 1 I

.4?g .614

.422 .643

.408 .597

.392 .593

.319 .593

.365 .593

.349 .601

.3V4 .601

.321 .628

.309 .655

.294 .692

.2BO .152

.268 .8 13

.256 .951

.244 1.342

FE ED

GASP
.41 4
.46I
.454
.438
,422
.4 0B
.392
.319
.365
.349
oJ34
.321
.309
.294
.280
,268
.256
.244

RAT E
TOTP
.511
.5 64
.55 4
.546
.535
.5?5

a) 2,
. JLJ

.515

.513
c11.)tL

.515

.523

.5?L

.544

.591

.659
,129
.9 41

1.14
HOLD UP

.911

.922
1¡U9þ
1.108
1.229
r.306
r .411
1 .609
1 .891
r.773
2.143
2.511
2.885
2.844
7 .18?.
4.848
5.496
8.654

1.BB
HOLD UP

1.510
1.518
I .139
L.141
1.834
¿.U, I
2.166
2.20r
2 .680
2.716
3,092
3.518
4.47 2
4.598
5.894
6.103
8.535

13.Q71

RUN
RUN

A

6
6
6
6
6
6
L

6
6
L

6
6
A

6

6



*t

RUN
RUN

1
1
a
I

1
7
7
7
1
I

1
1
1
1
7
1
1
I

1
1
I
1
I

GROUP NO. 7
NO. FLOWRATOR

1 50.
2 49t
3 48.
4 47.
5 46.
6 45.
7 44.
g 43t
9 42.

10 41.
11 40.
12 ?9.
L3 38.
14 37.
L5 36.
16 35.
11 34.
18 33,

,657- - 2¡H9-

FE ED

GASP
.47 4
,46L
.45A
.438
.422
.4 08
,392
.37 9
,365
.3 49
,334
.32r
t 5UY
.29 4
.280
.268
.256
.244

RAT E
TOTP
.686
. 671
.611
.669
.663
.659

.6ó I

.661
,6 71
.684
.710
,133
.712
.852

Õq2
a /¿J

1.141
L¡4)L

2.56
HOLD UP

2,Û85
2.198
2.262
2.265
2.429
2.503

2.
J'

J.

J'

4.
J'

5.
'7
la

B.
L0.
Itr,
L¿'

993
3r2
461
ó89
449
093
631
184
132
,82
015

3 .25
HOLD UP
2.486
a ÊE'7La)) t

2.702
2.852
3.o23
3,296
3.52r
^ r.^J¡Obv
3.853
4.187
4.716
5.231
6.Q43
7 .199
8.082
9.658

72'.249
11 .052

RUN
RUN

at

x

B

I

B

I

I
I
ö

B

B

oU

B

B

I

GROUP NO. I
NO. FLOI^IRAÏOR

1 50.
2 49.
^ l. 

^1 ',tö t
4 41 .
g 46c
5 45.
1 44.
g 43.
9 4Zo

10 41.
11 40.
L2 39.
13 38.
L4 37.
15 36.
16 35.
l7 34.
1g 33.

FEED RAÏE
GASP TOTP

.414 .739

.461 .125

.450 ,1L9

.438 .1Lz

.422 .710

.408 .144

.392 .712
,379 .1 L2
.365 .12].
.349 .73L
.334 .1 41
.32r .114
.309 .819
.zg4 . Bó9
.280 .943
.268 1.050
,256 L,246
.244 r.555



TT

RUN
RUN

o

9
9
9
I

9
I
9
9
9
9
9
9
9
I
o
o

9
9

r.671

NO.
1

¿

4
5
6
1
o

Y

10
r. I
L2
13
T4
L5
16
t7
18
19
2a
¿L

GROUP NO. g

F LOWRAÏOR
60.
Eô)4.
58.
E?JI'

56.
))a

54.
qâ
¿Ja
E.)
)L.
E1
)L.

)V.
49.
49.
41 .
46.
45,
44.
43.
42.
4!,
40.

GROUP NO. 10
NO. FLO!üRATOR

1 60.
2 59o
3 58,
4 57.
5 56t
6 55.
¡ 2Lt o

B 53.
g 52.

10 51.
11 50.
12 4gt
13 48.
14 47.
L5 46.
16 45t
Ll 44.
18 43.
19 42.
20 41.

FEED
GASP

.6ó0

.641
,623
.6 03
.5 B4

C- L^Ì

.5 41

.526

.5 0B

.493

.41 B

.463

.449

.433

. 418

.403

.389

.31 4

.359
,347 I
.329 L

FEED
GASP

.660
,647
.623
.643
.584

tL1a)91

.5 41

.526

.5 08

.493

.41 B

.4 63

.449
,433
.418
.40?
.389
,314 1

.359 I

.341 1

RAÏ E

TOÏP
.826
.807
.799
.187
.17 B

.774

.7 64

.7 62

.7 6A

.7 52

.164

.164

.112

.181

.824

.859

.916

. 019

.130

1.14
HOLD .UP

1.056
!.2L5
1.140
1.408
1 taE
L'L9)

L,294
1.409
1.709

1.630
2.O?r
/t54v
2.129
2.868
3.433
3.985
4.959
6.2L2
7 .564
9.865

t7,153

1,88
HOLD UP

L.431
r .169
1.684
2.20-l
1.822
2.031
2.Ll 7

2.242
2.566
2.193
3.089
3.149
3.856
4.?45
4.801
5.373
6.358
7,466
8.959

13.183

RAT E

TOT P

.7 68

.145

.131

.7 2.!

.144

.69 6

.68ó

.619

.669

.663

.6 63

.661

.6 65

.67 7

.69 6

.12L

.168

.832

.9 22

.081
t1c,a)l)

RUN
RUN

10
10
10
10
10
10
10
10
10
10
10
10
L0
10
10
L0
10
10
10
10



lrr

RUN

RUN
11
11
11

GROUP NO. 11
NO. FLOWRATOR

1 60 r
2 59.
3 59.
4 51 .
5 56 t
6 55.
7 54.
g 53.
9 52.

10 51.
11 50.
12 49.
13 49.
14 41.
15 46.
16 45.
n 44.
lB 43.
19 42.

FEED RATE
GASP TOTP

.6ó0 .869

.647 .863
,623 .852
.603 .842
.584 .832
,561 .826
.5 47 .824
.526 .824
.5 08 .824
.493 .826
.418 .830
.463 . B4B
.449 .861
.433 .BB5
.418 .921
.403 .972
,3Bg L.436
.314 r,131
.359 I.297

) aL4 a )v

HOLD UP

2.290
2.108
2.344
2.315
2.64r
2.852
2.66I
2,982
3.424
3.700
4.113
4.283
4.290
)aJ))

6.022
7. c48
1 .586
9 .717

12.u23

a. aÊ.
J'LJ

HOLD UP
2.456
2.1gr
2.7 81
2.885
3.114
3.29Q
3 .627
3.807
3.996
4 .307
4.600
5.200
5.574
6.270
6..80ó
1 .136

11.142
L4.Ol2

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

RUN
RUN

t2
T2
T2
T2
L2
I2
T2
L2
T2
T2
12
l2
t2
T2
l2
I2
t2
I2

GROUP NO. L2
NO. F LO\,{RATOR

1 ó0.
2 59o
3 58t
4 51 .
5 56.
6 95.
1 54.
g 53t
9 52.

1O 51.
11 50.
12 49.
13 48.
14 47.
15 46.
16 45.
11 44.
1g 43.

FEED RATÊ
GASP TOTP

. ó 60 .924

.641 .906

.623 .894

.603 .890
,584 .B8L
.561 .815
.547 .869
.526 . I71
.508 .875
.493 . BB5
.478 .892
.463 .9!2
.449 .97!
.433 .957
.418 1.009
.403 1.058
,389 L.I43
.?74 1.260



xeË

RUN
RUN

1aL3
13
I3
L3
12L)

I3
L3
T3
13
I3
L3
I3
t3
T3

GROUP NO. 13 FËED RATI
NO. FLCIWRATOR GASP TOTP

1 80. 1.113 r.515
2 19. 1.085 I.515
3 78. 1.013 1.585
4 11 . 1.035 1. ó0ó
5 16. 1.C18 r.621
6 75 . .989 1 .668
1 74. .961 1.ó88
B 73, .942 L,134
g 12. .921 1.781

1 o 7 1. .8 98 r.853
11 70. .B7E 1.938
L2 69. .851 2.018
L3 68. .834 2.183
14 67, ,8r2 2.240

GROUP NC. T4 FETD RATE
NO. FLOWRATOR 6ASP TOTP

1 80. 1,113 1,709
2 19. 1.085 1.709
3 18. 1.073 r.15O
4 J7. 1.035 r.111
5 76. 1.018 1.790
6 15. .989 1.812
1 14, .967 I.814
g 73. .942 r.925
g 12. .92r 2.018

10 1I. .B9B 2.090
11 10. .B7B 2.224
12 69. .857 2.346
13 68. .834 2.512
L4 61. .Br2 2.149

3.I5
HOLD UP

5.487
ó.980
6 .34Ö
6.599
7 .535
9.024
9.13U

1o.6oB
1I.294
12.433
I4.CIZo
15.891
19.495
\9,723

tr lìÃ
HOLD UP

6.ó89
6.989
8.815
8.847

70 .455
11.147
11.684
12.5L4
15.342
14.98C
17.3r1
L9.462
22.746
23 .449

RUN
RUN

T4
I4
L4
14
L4
I+
T4
T4
T4
14
14
T4
l4
14



lfilt

RUN
RUN

1Ê,L)

15
15
15
15
15
I5
15
tq
L5
lÊ
L)

15
15

GROUP NO. 15
FLO\^jRATOR

79. 1

79. 1
11 . 1
-lL 't¡ua {
1Ê.. t)a

14.
1tI Ja

12.
7I.
1A.
69.
68.
L1ura

NO.
1

¿

3
4
5

6
1
B
a

1O
11
'i1
LL

73

FEED RAÏT
GASP TOTP

,085 1,848
.013 1.9 1 1

.035 1.932

.018 1.914

.989 2.4r6

.967 2.469

.942 2.12L

.g2l 2.226

.898 2.31Q

.B7B 2.418
,857 2.54I
.834 2.130
.Br2 2.940

6.9L
HOLD UP
9.105

10.066
9 .2BB

11.895
12.564
12 .811
14.8ó1
Ll.û56
19.993
26.ülB
24.54I
27 .365
28.131



åp

Âppfl{DIX e'g ånely*lr of, thc rrycrit.utnttl rc¡gltt

f}r ærtfrlt o'f tb rryrl,¡rrntrl reaütr ra¡
ndr rlth tht tti! of cn I.ß.ü1. l6e0 oorxpntcr. !l'm

proßtür ræt umü, thr ftr;t oaloulatad thr eotsrl ü¡!

th;orcttsrl rvrrrg. parttelr valosltt¡r ùctrccn thr
pãürü¡lr trpl rnd tho raod Þroß!!& urå thræ rtmltr to

oalculetr a tlçomtloal. æ11âr prôrluna drop trr¡Cl on t¡trc

roårl, ûæalopoû ln aoot!.oa 2.5 and th¡a ooryarçd! thaæ

nrottr rtth tlrt næmtcd yrluct. Êshcnatl,o outlln¡r of
ttrr tro plroßfm! üt. ¡hoçn ln ttt$tlß8 Årâ.â¡l td *.2.2;2
rrætûtlvcly" thr fæut dfate for thr flrút p!øgfrn æc thc

@rrdrnt¡l rca¡ltr 1l stcll !,n åFFHl{ÐfX e.l . tltu lryut
trtr f,or th¡ æænll grûSrrn ¡rc thc output llrtr frçrn t hp

tllrt progru. lFhü out¡ut ltrtr ñon bath progfmr tr.
llrtçû oa tlrc ruooæ{ltag flftctn prg6Ë of thlr Å.t}PEHDII

aftar 31$URË8 å"8.8.1 iåû À.8.8.Ê. gi€h of the flftcç
rlEB Sroupi o€orrplc¡ r sorptotr Þa5rr thc ffrÉ Þloôk of,

dleta þtng tha mcultr oû FnOgRft Â.8'ârl i¡ß tlr tcoond

blool thc rcrult¡ of pmçnff â.0r2.2c fhr bdln*r
r¡trdl fgr tbcæ llütr t$r dltrortbcú ln îÂSLB Ít.2.ãrl"



ltf
TAF,E À.?.2.{ &umnary of hta{ltag¡ uttCl t'tor Gortputcr

output llatr

llnl.tr

*læ
t

?tl æs

lnEO

ftlrca

ftlæc

ÐcærLptlm

ro1lt r fca{! ratc, Wi.

nttn valuc of Xt a ln
FËgmsafon øeloulatlaa

Brün v al.uo of Yr ¡ ln
FcFrG ælon ealoul,atloa

llncel rcgrcrr!,on
rquatlon oolff¡o
TrA+ B.X

oor¡rclatlon oocff. ot
tbc nogrtcrlon

roæôotlvoly tlto r¡n of
tlo quarct! of thc Xt r,
Yf r and thr a¡n of thc
XrT pnod uotr

partlolc torntnd
vclostty aúlnatrt
rherr X4ar rclæl.tt
l*ælldr valosttyo ,

naaturcdl mil'!,{l ¡ pr6rrr¡!.
llrop

gar rclættt

rr;re6r ¡olldlc vcloolty
Þatrocr¡ thc pncraurt
tæ¡ ealeulatod frm thc
lrol{l-up mcaluncment

Bcdln8

rEßD NATß

XBâA

rDå,4

Ârts

conR

sü, m, ffilr

T$?BROSP|I
. - .Afl

ffitP

oAsv

v(r)

( oonttnucû )



å¡s

|lABI'g Â.?.2e1 ( ooattnucü)

llnltr
?t/ na

ln FrO

in-l Eeo

ta l!^O ürd
pcr tont of
thc totel
tïçorct-
t oatr aoltd! ¡
prcüËurt
dlrop

Da:ortptlon

srârrgc thaor.etiaal
æl.tût vclælty bctrcan
thc prcÊeure tæs
oaloulatc{l fron c quattonr
2.Êû and ?rff

106l (r(¡)), t.ê. thc
logarlttrn of tha eotual
¡YÇlrga ælldr vclaolty

loßc rtpBrd$, t.ð, thc
lo*arithn of tha thcorçt-
loel rrÇmFo ¡olldl c
vclooltt

t3ri
tha thoorctloel

dl r prctsura {lrop
ealaulatcd frctn
cEuatton 2.18

rcclproeal of tha
nmruraü ¡olld I ptlorßurt
ûrop

tlrr pcr scnt {llffcrcnsc
bctrccn the aarsr¡rc{l
plldr IDFGæurc {lnq
( S:LF) erú thc ealor¡latc{l
?olldl r- B¡rc tatao {lroP
(nK.PS)

rcçpcottvtltr tho rtatla,
eoscloratl,on, üd
ñlotloa ænponcnt r ofthr total tbco¡rattcal
mXlür prGrËr¡tc örsp

n$dtnT

ïBBf,N

LH(Y)

LSV

ÐELP8

REC
( ce¡¡al to
t./nnr,p)

DI FF

sîå1
rot
FnI



FIGURÏ A.2.2.1 Schematlc outlj.ne of computer
PROGRAM A.o2.2.1 .

333

ütærgc 8rr
YaloGltt fæ
caoh run fræ
tho florrstor
octtlng

o
â?cmsr ælld r
YÊloûlty fo!
taoh rulr uBlng
Gquatlon ?.2O

o

laai! tn ldcntlfloatlon dlata

seloulrtc thü th;orctlod aroragc
psrttolc vclocttlae utlag
Vl . -oonet¡/G ln cgr¡ationr A.AA
rrú 2.29. tha thaorcttoatr, polnt
vtlo€ttlc¡ at tlG top arú botton
of tïrc nâaüurlng eGotlon æc,alro
oaloulatsd and punobpCl tn thr
output

Rrel! ln cpenlmntal datar { . flonrator. rcttlng,
2. $at presßu!ü dlropt ll. ælftr hold-ttPr ag! 3.-
æltdlt toctl ratl, 3. gas and. solid.s pressure d_rop.

oalouLato thc llnoer !6FnGl¡lon .11nç botrcon thr
aEtual worrgr aollds roloc!,ty ;rd tÌæ avcrsgÇ ßrtvclættf arú ðctcrmlac tlu sonctant¡ fo¡l rquattron
2.2t1 -- 

-(Ðactual . 
" % + con¡to o... 2.2lt

oaloulatc thc ttnçu FcFratd.oû rclatlonrhlÞ bct;ccn
thc logc of thc ç,otuel æcragc roltda vclætty an6
thc 1og" of- tha thcoprtlcal, avrraßr parttolo vclooltt,
and honoc obteln thc parractcre of a funatlon¡l
rclattonchtp bctrccn tha thcorctloaL andt aotuel
!ol!.dl¡ veloo!tla¡ for utc rtth thc thconetloalprc;rrrc {lrop nodcl ln PROf}R^åt .4.2;9,1 .

ncaa¡rct ¡olttt
prüæurr dlrog
ualng oEuatlon
2.*

( oont. )
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f,tfffiI å rÊr8r$ Ë$mtt¡ or*flm # oomtæ
ÍßO(ffiÅI A*8r!lrËr

tåî

rcolÞroc¡l of th¡
t!êrililÇâ ¡o11ü ¡
ttürauro {lrop

i

rwr tha xrrg rãur;
6rop oorpoacntr

oal.ouleto thr ;tatlo
lr¡rld*trÞr eocclcratloa
andl Dlldl ¡ frlo tlon
oorãponontê €f thü
totaX thcor"attoal
ü$Itd s prctturc dlrop
ulll'ng cguattron 9.50

Rcall ðata ña; output of FROüRlt À.2.?.ll l. npe¡Ërdi
soll{lr Þrürü¡rc ôrapr â. g*r raloottyr 3. thooratlsal
rarütG loll{t¡ vcloolt¡, h. tbt thcorctlsel Pa¡ptlafr
vütæitt at thc Io;tr pr;rmm taf¡ 5t tho thær;$orl
partlolã valætty at th¡ uppcr prGÇeuro tapr and 6. thr
ôonrtantr Fæ thc loßanttlstlo rqrctllon thc aoturl ent
thoorotteat pantlalc volooltttt

Ouþut ttrc rcsnlt¡ of thc oalculatlonrt
l. gea vclocltfr 2. æaü¡rôdl çolldB proaåunc dlnorpt
!. thr theorctlcrl cojll.dr Þroürtrlo dr@ oalEslatoü ñon
aquatlon 2116¡ lt. thc neolprooal of t'ha nçaaurad rol,l,dr
prc;!ür!r ilp@s j, tha Bcr ocnt tLffarcncr bctrrtn thr
naawrçü an{l thc oalauLatcd rolldl.r BrGürufit drup, ütd
6. thâ ¡tetto hotrd-rp, aooolcnatton, ü$ fllotloa
co@o[rntr of, tha thaorctloeX ¡oltdr prtrtrrc drq



,fi

RUN GROUP NO.= 1 FEED RATE=.11408+01 N=19

XBAR= .2294Ë+02 YBAR= .46158+Ù1
A=-.1 139 628+02 B= ,6979 t+00 coRR = c9 9478+Û0
SXX= .Z2A3E+ü3 sXY= .!5378+Ü3 SYY= .10848+03

INTËRCEPI=-Alts=,I6321+Az
SOLP GASV Y(I) VPBAR Vl V2 LN(Y)
.0gl 29.53 8.10 10.55 7.17o 11.196 Z.a925B
.OB9 21.gL 8.26 1C.09 1.418 1I'240 2'11210
.og3 21.29 B,O0 9.63 7.181 14.671 2.08014
.107 26.61 1.62 9.16 6.880 10.109 2.03081
.10g 26.04 6.96 8.69 6.574 9.536 I.94087
.117 25.42 6.11 B.2r 6-263 8,956 1.81003
.118 24.8ù ó.i7 1.72 5'945 8'310 L'82031
.'126 24.L8 4.91 1.22 5.620 7.719 1.59273
.136 23.56 4.89 6,11 5'286 1'181 I'58723
.i46 22.94 4,12 ó.19 4,944 6'519 1.55348
.162 22.3i 4. 12 5.67 4 ' 59u 5 '97 1 i ' 4I1 22
.178 2L.69 3.52 5 .L3 4.225 5.358 L,2595?
.IgI 21.01 3.14 4.58 3.844 4'142 L'14603
.2I8 20.45 2.8, 4.01 3'446 4'L24 1'04811
.249 19.83 2.45 3.44 3.A26 3'503 '89993
.278 rg.2i 1.98 2.93 2.580 2.882 .68629
.349 18.58 1.ó3 2.7I 2.10Ù 2'26A '49'366
.443 17.96 !.29 2.3L r.r1 9 1.639 .26213
.62U 17.34 .87 2.11 1.008 1'017 -'12788
XBAR= .1717Ë+Ol YBAR- .L3528+01
A=-.81g292t+00 B= .1299t+Û1 COR|Ro .97178+U0
sxX= .44468+Û1 SXY= .51198+ul sYY= .195óf+Ûl

LNV
2.35628
1 21)1ç)L 

' 
J 

' 
L LW

2.26549
2.21592
2.16?82
2.L0595
2.04442
L .971 65
I.9A418
L.82450
L .7 3581
L .6354I
L.52259
1 .38988
L.236L7
I,C7682
.9c)lII
. B 4141

i,o2L4A

GASV
28,53
21.9\
27.29
26 .67
26.04
25.42
24.90
24,lB
23.56
22,94
22.3L
2!.69
2I ,07
2t .45
19.93
10 11L/'L1

18.58
17.96
11 .34

DË LPS
.071
.080
.083
.087
.091
.096
.!02
.110
.119
.130
t Lt+4
.L62
. l8ó
.2!9
.265
.JL)

.358

.44 O'

,3 4B

DIFF
-L4.9
-9 .8

-10.3
-18.5
-16.0
_11 /,I J.T

-1 ) OLL'V

-!2.5
-!2.2
-10.6
-10.9
-8.7
-5 .5

a)

waJ

16.9
2.8
-.6

-43 11

SÏA T

.06û7 18,4

.0643 80.2

.0684 B 2 .0

.0130 83.7

.0781 85.4

.0841 87.0

.0911 88.7
tt)994 94.2
.1093 vl.7
.L2'r4 93.0
,L36L 9 4 .3
.1 550 95.4
.I'796 96.5
.2134 91.4
o/-6U) Yö¡l
.32O9 98.1
,3551 98.9
,437O 99,2
.3451 99.0

ACC
.0119 L5,4
.0110 13.7
.0100 12.0
.0091 r0.5
.0082 9rO
.{JO?4 1.6
. ù06 5 6.3
. iJO5l 5 .7.
.uo49 4. I
.0041 3¡ 1

.0034 2.3

.oo27 1.6

.c)020 1 . 1

.0015 .6

.001CI .3

.0006 .1

.0003 . o

. ooo1 .0

.uOcc .0

FRI
.0441 ó.O
. Cû48 ó.0
.0049 5.8
i 0û49 5.1
.0u5 0 5 o4
r 0U5O 9 r2

' OOSO 4:9
.0050 4.5
.0049 4.1
' ûû48 3,1
.0047 3.3
.0Cr46 2.8
.0044 2.3
.0041 1.8
.0038 1.4
.0034 I .0
.0033 c9
. ù030 .6
.0033 .9

SOLP
. 091
.clB9
.093
.107
. 199
.117
.118
- 126
r IJO
.146
. 162
.178
. Lgl
.218
.249
.?7 8
.3 49
,4 43
.624

REC
10.98
LL.23
IA,7 5

9.34
9 .71
8.54
B .47
1r93
1 '1r-l aJ¿
ó.84
6. L7
5¡bl
5 ,0J
4.58
4.01
3.59
2,86
a )^L"J

1.ó1



RUN GROUP NCr= 2 FEED RATE= ,1BB0f+01 N=18
XBAR= ,23258+O 2 Y BAR= .4996 E+0 1

A=-. 1231 58 E+0 2 B= .1 41 1 E+00 CORR = o9 969 t+00
5XX= .1872E+03 sXY= .13998+03 5YY= .10518+03

INTERCEPT=-AlB= . 16568+A2
SOLP GASV Y(I) VPBAR Vl V2 LN(Y}
.I41 28,53 8.60 10.35 1.619 11'571 2.15196
.!41 27.9L 8.32 9.89 1.321 Ll'014 2'IL955
.I51 21 .29 7.go 9.43 7,03 I 1Q.45I 2.06709
.L54 26.67 1,49 8.96 6.73i 9'BB3 2'0L405
,L57 26.t4 7.22 8,49 6.425 9.308 r,911II
.167 25.42 6.86 B.O1 ó.113 8.128 1.92619
.r72 24.80 6,61 1.52 5.195 8.141 1.89853
.182 24.r8 5,65 7.01 5.469 1.548 r.13244
.201 23.56 5.32 6.5I 5.r35 6.950 r.67261
.2L3 22.94 4.95 5,99 4'190 6'346 1'60054
.239 22.3I 4.36 5.46 4.435 5.731 L.41468
.26L 2!.69 ?.18 4.9I 4'066 5''I24 L'3?079
.3üB 2I.01 3.ll 4.36 3 '682 4'5A7 I'13744
.348 20.45 2.83 3.19 3'218 3'BBB 1'C¿r195
.40l 19.83 2.4? 3,25 2.852 3'261 '88135
.467 rg.2! 1.90 2.19 2.396 2.646 .64512
,592 iB.5 B !.44 2.L4 1.904 2'024 '36583
.896 Ll .96 1Oz 2,39 I'361 1'402 'OZB22
XBAR= .1714f+01 YBAR= .1448E+01
A=-.6954868+OO B= ,L25Of+O1 CORR= .9g5lt+00
sxx= .43148+01 SXy= ,53958+01 5YY: .69388+01

tJrt

LNV
2 .331 0L
2.29203
2 ,24439
2.t9351
2.13923
2.08083
2 .0r1 59
r.94874
1.81365
1.79051
I.69112
1.59320
I .41 251
L.333L3
1.18u06
1.02891

.16135
, 81 331

GASV
28,53
21 .gr
21.29
26 .61
26.04
25 .42
24.80
24,T8
23,56
22.9 4
l/c5L
2r.69
2L.A7
20.45
19.93
L9.27
1Õ trOI9arO

t I c9'c

SÛLP
.147
.L41
oL5t
t L 5Ll

1Ë7
a L) |

.L61

.LlL

.182

.201
t1!2
.239
.2 6I
.398
.v48
.4 01
.4 61
.592
.Bg6

D[ LPS
. LzA
.!25
.129
.L¿)

.I42
IIJV

1Ëô.L)>
.171

T QC.aL9)

. ¿V L

.?24

.253

.29 r

.344

.4I4

.49I

.691

.643

KE.T

ó.80
6'80
6.36
6.49
6,36
5.98
tr ol
).QL

5 .49
4.91
4.69
4. 1B
3.83
3.24
2. 81
2 .49
?.14
1.68
1.11

NITFutl I

-17.8
-I4,9

! ( aa

-11.8
-ô ),/ a¿

-oô
-7 .0
-5.1
-1 .1
-4. B

Ja /

-) 
-7

La t

_c. ?

-1.0

6.8
16.8

-32 .6

STAT
.095 B 19.3
.1014 81.1
.1076 82.8
.IL47 84.5
.1221 E6.2
.!320 87. B

.L429 89.4

. 1 5ó0 90.9

.1711 92.3

.1E98 93.6

.2L31 94.8

.2434 95.9

.2824 96.9
,3364 97 .1
,4O11 98.4
,4934 98.9
.687 4 99.3
.5981 99.2

ACC

.0198 16.4

.0183 I4,6

.0168 L2.9

.0153 r!.2

.0139 9,1
^. ^^ ^ 

I
ovLl5 ö¡1
.0109 6.8
.009 5 5,5
. û08I 4,3
.006 B 3.3
.0055 2.4
.0044 1.7
.0033 1.1
.4024 .6
.0CI15 .3
.oo0g .1
. û004 .0
.C001 .0

FRI
.0050 4.1
.c052 4¡1
.0054 4.\
.0056 4.1
.0051 4 tA
.0059 3,9
.UUOV 5. (

¡ uUbv 5 c5
.00ó0 3.2
.0060 2.9
.0059 2.6
.005 B 2,2
.005 5 1.9
, a}r2 I,5
.0049 1.1
.0045 ¡9
.0C38 .5
.0041 .6



ätt

RUN GRCUP NO.= 3 FEtD RATt= .25ó08+01 N=18

XBAR= .232r[+02 YBAR= .53958+01
A=-.1197488+02 B- .747C'E+00 coRR=
SXX= . 1872 Ë+Cr3 5XY= ,L39 BE+03

I NTERCEP T =-A/ ð= . 160 zE+o2
SOLP GASV Y(I¡ VPtsAR V1
.191 2tJ.53 9.L2 10.80 7.964
.190 21.9i 8.63 10.35 7.67r
.196 27.29 8.2! 9.89 1.313
.201 26.67 B.1B 9.4? 1 '012
.2!6 26.04 1 .66 B .95 6.1 65
.224 25.42 1 .23 8.47 6.454
.23û 24.80 6.11 7.98 6 -L36
.244 24.L8 5.99 1.48 5.81i
.263 2'3.56 5.7! 6 '91 5 '419
.2BZ 22.94 5. 10 6 .46 5 ' 138
. 3Ç'B 22.3L 4. 84 5 .9 4 4 .7'ð1
,334 2!.69 4.28 5.40 4'424
.376 2I.Û7 3.BO 1.85 4'04B
.419 2a.45 3.15 4.29 3.656
.498 19.83 2.64 3.72 3'244
.56ü L9.21 2.36 3.L4 2.808
.685 18 .58 I .99 2.1 2 2 '342
.918 11 .96 L.34 2.22 1'84Ù
XBAR=.L7giE+01 YBAR=.!5568+01
A=-.530396t+C0 B= .11648+01 coRR=
SXX= .396lE+C1 SXY= .4613f+01

.991 I f+00
Syy= . lC49E+03

v¿
T2.AB?
11 r^1ÊLL')L)

La .g 64
I0.396
9.823
^ 

at,E>.L+)
9.660
8.070
7 .414
6.812
6.266
5,654
5¡040
4.422
3,8A2
2 to'l) a La ¿

2.559
'l o2 Q
L' /JV

LN(Y)
2,2rl26
2.15632
2.L4629
2.1421 L

¿.v JÕ tö
1 a\?ñ Ê ÕL¡) lJ))

1.91350
r,19L25
L.14368
r.630?1
a --^a\/I¡2,1 öVO
L .455 64
L .3367 9
1.14885

.913 L9
Õ trô4.Ãa\))iv)

.69 27 1

.299 4r

Lt'¡V
2.38a24
2,33-l3l
2,29119
2,24354
2.L9ZA2
2.t3665
2 .017 31
2.01308
L94296
1 ÖLLA).l . U \)U / J

1.78179
1.68705
1.58045
1.45816
r.315L5
L.14512
1.00110

.197 58

.991 6 E+0 0
5YY= ,5399 f+01

GASV
28.53
21 .gr
21,29
26 .61
26.04
25 .42
24.8A
24.I9
23.56
22.94
22,3L
2l .69
2i.01
2Q .45
!9 .93
19.21
18.58
17.96

SOLP
.19i
.19U
.196
.20'l
olLO
o/-14
.230
.244
.263
) ¿óL

.3 08

.3 34

.316

.418

.49I

.560

.685

.918

DELP S
.r63
, l6g
tLlS
.180
.i87
.196
.206
.2rg
,234
.25 2
.27 4
.34 2
.339
.388
.414
,5 49
.641
.816

REC
5.23
5 ,26
SolU
4.83
4.62
4.46
4.34
4.09
3.80
3.54
3.24
2.99
2.65
2.39
2.00
1.78
I.45
1.08

DiFF
-!4 ,4
-11.5
-11.4

LCa /

-'r 2 1LJ'L

LC' J

-1rì 1lvo¿
-10.1
-10.9

-IUoö
-9 .2
-9 .6
-7.1
-3.7
-1.8
-5 .5

-ll.¡U

STAT
,L287 7B.B
.L352 BA,5
.L426 82,l
.1509 83.8
.1602 85.4
.L108 87.0
.1831 88.5
.I914 90.0
.2i43 9L.4
.2341 92.8
.2582 I4.0
.2885 95.2
.3269 96.2
.311 I 91 .L
,4451 91.9
.5422 98.6
.6409 99.Q
.8119 99.3

ACC
.0251 15.1
.0239 14,2
.A221 12,1

1\a^1 11 ). W LW ) L L O L

.0185 9.8

.0167 8.5

.015A 7.2
a\a a1 L 

^ovl-J4 uav

.0116 t*,9

.4099 ?.9

.ü083 3.c

.ü068 2,2

.0054 1,6

.0041 l.o

.OA29 .6

.oolg .3

.0c10 .1

.0004 .0

FR I
.üU8E 5.4
.0088 5,2
' 00BB 5.1
. 0CB8 4.9
,0û91 4,6
.0C81 4.4
.0086 4.1
. COB4 3.8
. O0B3 3.5
.008I 3.2
.0078 2.8
.uù75 2.4
.Q072 2.I
.0067 1.7
.A462 I.3
.0057 1.0
.0C52 .B
.0045 .5



RUN GROUP NO.= 4 FEED RAT¡= .32508+01 N=18
XBAR= .23258+CZ YBAR= ,5530E+01
A=-.L254728+02 t= .11148+ao CORR: .9963t+00
sXX= .l_872[+rj3 sxY= .I455Ë+03 sYY= r 11408+03

iNTERCEPT=-AlB= . 16138+02
SOLP GASV Y(i) VPBAII Vl V2 LN(Y)
,226 ?B .51 g .36 1 0.7 L 1 .893 I1,971 2.237 43
.232 21 .g 1 9.OO 10.25 7 '600 IL'42l 2 ' 19808
.239 21.29 8.65 9.79 1.3A3 r0.859 2.75852
,252 26.61 8.1r 9.33 7.001 10.291 2.16536
,263 26.04 1.86 8.85 6.695 9.718 2,06228
.2-13 25 .42 1 .Or I ,3i 6.384 9 -L39 I .9 4825
,281 24.9a 7 .al 7.88 6.066 B .554 I.95581
.2g9 24,L8 6,08 1.39 5.74L 1.963 1.80586
.323 23.56 6.00 6.88 5.408 7.367 L.19216
.344 22.94 5.01 6.36 5.061 6'765 L'6IL11
,314 22.3L 4,41 5,84 4.715 6'158 1'49808

tlü

LNV
a 2?1G,.1L.) I L)L

2,328)-2
2.28234
2,23352
2.18130
j ..1 )c,A2,
.. LLJV¿

a r Lc;).")Lav9))c
2.OOO29
L.92926
L.B5L35
i '7L/,-72-A I 

' 
UI 

' 
J

1.66861
I.55993
I.43564
1.2888ó
1.11.510

.99591

.86343

GASV
ao t')LA. ) )

27.9r
21.29
26.61
26.O4
25.42
24, B0
24.I8
23.56
22.94
22.3r
2i .69
2!.01
2C.45
19.83
19.21
18.58
17.96

sotP
tLLA')-î.1)L
.239
,252

t/'2a LoJ
ollS
.281
.299

2 
^').J¿J

.344
,31 4
.402
,442
.499
.591
, 611
oó13

L.143

DIT'F
_11 ,/,f¿al

-11 
'ì

tiat

-10.7
-12.2
-r2.2
-11.3
-11 

fìrtav

-9 ,4
-10.2
-8. B

-8.5
)a t

-2Ã
-) 1La !

La9

4.0
-1 C-)La/

-1? or i au

STAT
.1580 78.9
.i663 BÜ.6
.L756 82.?
.1858 84.0
.1977 85.6
.2lrr 81.2
,2257 88. B

.2445 9Û.3

.2659 9 r.'l

.2 917 93 .O

.3225 94,3

.3616 95.4
,4rL3 96,4
.4155 97.3
.5663 98.1
.6916 98,7
.1998 99.0
.9324 99.V

L .41 609
7.36L23
1,20ó06
L.A4258

.90588

.64380
,36067

ACC
,0341 17. CI

.03 1 6 15.3
,0292 13,7
.0268 1 2. 1

.0244 10 . 5

.0220 9, 1

.0196 1.1

.017? 6,4

.015L 5,2

.O129 4.1

.0108 3.1

.009 B 2.3

.0069 1.6

.0052 1.c

.0036 .6
,0023 .3
.0012 .l
¡UUU5 rU

FR I
.0079 3.9
.008 I 3.9
.0083 3.9
.0085 3.8
.0086 7.1
.0087 3.6
.0088 3,4
. C0B B 3.2
.0088 3.0
.0ü81 2,7
.0086 2,5
.0û93 2.2
.0û81 1.8
.0077 L.5
,0012 L.2
.006 6 .g
.0062 .7
.0057 .6

.4O2 2r.69 4.37 5 .30 4.35r

.442 21.07 3.9A 4.15 3.914

.499 2A.45 3.34 4.2O 3 '579

.581 19.83 2.83 3.62 3'I,64

.617 19 .21 2,41 3 .A4 2.725

.823 18.58 1.90 2.1Ô 2.255
1.143 11.96 I.43 2.31 L,145
XBAR=.17818+01 YBAR=.L5198+01
A=-. 5]75 51t+Oc g= .II11E+01 CORR = .9949 E+00
SXX= .38ó3[+01 SXY= .4549[+01 SYY= .541ÛE+01

5.546
4.93I
4.313
3.693
3.A12
2 .450
1.828

DELPS
.2ÒA
.20 6
.213
.22I
olSU
.242
.255
.210
.2Bg

.342

.318
,426
.4BB
a) ( I

.744

.807

.938

REC
4 .42
t. 11+OJ¡

4.18
3.96
3.80
JrbO
3 ,48
3.34
3'09
2,94
2.61
2 .48
le16
I oUV
I,72
I .41
l.2I

.87



!å0

RUN GROUP NO.= 5 FtED RAÏE= .11408+01 N=18

XBAR= .2698E+O 2 Y BAR= .4070f+01
A=-. 1351408+02 B= .6579E+00 CORR=

SXX= . i872[+03 SXY= ,12248+43
INTERCTPT=-AlB= .2A15--+Cz

SOLP GASV Y(I} VPBAR Vl
.103 32.26 7.76 9.54 6.798
.103 3L.64 I .72 9.L2 6.r31
. 104 31 . O 2 6.50 8.69 6.27r
.10B 30.4Q 6.43 8.26 6.001
.rr3 29.17 5.19 7.81 5.725
.117 29.r5 5.45 7 .36 5.442
. 13 1 28.53 +.82 6.90 5 'L53.136 21 .9r 4.42 6.43 4.856
. i4B 27 ,29 3 .1 6 5 ,9 4 4.549
.162 26 ,67 4.0 1 5 .45 4 .232
.181 26.04 3.32 4.94 3.9C3
.2A2 25 .42 2.1 6 4.4! 3 .564
.222 24.8t 2,46 3.81 3 .L99
.25A 24.I8 2.5A 3.32 2.8 16

.3r1 23 ,5ó I . BB 2.1 4 2.4Q1

.39I 22.94 !.46 2.2L L,963

.413 22.31 1.29 1.71 !.414

."T03 2t.69 .82 1.66 ,925
XBAR= .1586Ë+01 YBAR= .IZ3 2E+01
A=-.555326t+00 B= .LL26E+01 CORR=

SXX= ,5505t+01 SXY= .62A38+01

,9923¡+00
SYY= .8131t+02

v2
10.909
10.378
9.840
9.296
8.743
8.183
t a¿L)

1.û39
6.454
5,861
tr- 1L1J 

' 
LV I

4.654
4. A4I
3.424
2.8A4
2.L93
1 Ê.¿ 1I'lU¡

.9 39

LN(Y)
, arÊ.^?t:,LaW)WL)

2,0448r
r .81 285
1.86105
1 1C-1 t, 

^.L a I ) I +V

i,69664
i.51359
L.481 99
i.32654
1.39093
1.20140
1 

^'l 
r.oQ¿av!v/u

.90408

.91839
LalaA

.QJ))J

.38544

.259 5B
-.1944r

LNV) "^ÃoÕL"¿)J¿

2.2LA9A
2.L6295
2.11158
2.A5645
L.9967 4
L,93204
1.86115
I .183A1
L.69587
1.5917r
L,48543
1 1E.ALQL)))¿ça

r.2a256
1 A1 î, 1/,¡.UlU /'+

,7 9524
.538 21
.5lctlL

.98848+00
SYY=,1I538+01

GASV
32 .26
31.64
3L.02
30 .40
29.11
tÕ -r Ê.
L/.LJ

'Q 
çA

L9a))

27.gr
)-7 ?o
-t acJ

26,67
26.44
?5 .42
24.80
24.I9
23.56
72.94
22.3L
?1,69

C. l.'r D

. 103
'ì 

^2. LVJ

. 104

. 108
t¡J.J

.117

. 131

. -L JÞ
r 148
. I62
,181
.lUa

1-)
C ¿¿L

.250

.3 Ll

.7gL

.4'7 3

.7 03

DT LPS
.c90
.Qg3
rUYb
.100
.105
.110
.117

1aC.LL)

.135

.146

. L62
I O1.LQL

.209

.247
c 5U4
.3 B6
.5 L4
a))L

REC
9.70
9¡ lU
9.ó1
9.25
8.84
8.54
/ ¡bJ
1 tr^
í.JJ

6.15
ó.17
Ê É.)).JC
/. ôE+a2)

4.50
4.0 0

3,15
2.55
2.lr
I.42

DiFF
L4'J

-ô 
L

-1 )t aL

-6.9
-6.8
-Ã a.

)aJ

-10.4
-1 .9
-B 11
-9.2

-r ^ 
alv a J

-o L

-Ê. tr

-1 1
IÒI

-3 .8
-1 n

oo

-24.3

STAT
.0739 B2.r
.0778 83,6
.0921 85.1
. CB70 86.6
,0926 88.0
.0990 89,4
.1065 90.9
.1153 9?.I
.L26L 93.4
.I389 94.5
.1552 95.6
.L764 96.6
.2043 91,5
.2428 98.2
,3014 gB. B

.3840 99 ,3

.5126 99.6
,530 0 99.6

ACC
.0097 10.8
.u090 9.7
.0083 8.6
.0076 1.6
.0069 6.6
.006 2 5.6
.005 5 4.1
.0049 3.9
.0042 3.r
.0035 2,4
.0029 1.8
.C,023 7 .2
.0017 .B
.0012 .5

f\a\/',^ ar VVVó . L

.0004 .1

.0001 .0
, c0c0 .0

FRI
r UUb 3 I cU
.0Û61 ó.6
.0059 6.1

A.AE1 C 1.wv) I )a l

.005 5 5.3

.0053 4.8

.005 I 4.3

.0049 3,9

.004ó 3.4

.0ù43 2,9

.004L 2,5

.0037 2.0

.0034 1.6
¡UUJU Ie I
.0C26 . B

oQUll o5
.0018 .3
.0017 ,3



RUN GROUP NO.= 6 FEED RAT[= .1BB0E+01 N=18

XBAR= .2698€+AZ YBAR= .4402Ë+01

v2
11.318
10,789
t0.254

9 ,1LT
9.161
8.604
8.039
7.466
6.885
6.296
5,700
5.096
4.486
3.971
3.253
? .632
2.011
I.389

LN(Y)
2.A511 4
2.04645
r.91CI54
1.90595
L.851 35
r.14552
1.69C97
L.67494
r.41843
r.44284
r.33543
1.18904
1.05971

.93823

.68991

.655 01

.319 61
-.10700

Íbt

LNV
2,292C)5
2,2487 6
2.2021 r
2.L5351
2.10108
2.04449
1.98331
1.91677
1.84?73
1.7 6292
1.67258
t.51066
I .45331
1.3r1 82
1.15449

.96005
,16L18
.652?4

A=-. I33g54t+0 2 B= .65968+c0 coRR=
SXX= .18728+03 SXY= ,I2358+03

iNTERCEPI=-AlB= .20308+C2
SOLP GASV Y(i) VPBAR Vl
.168 32.26 1,18 9.89 7.044
,161 3L.64 1.14 9.47 6'783
.168 31.0? 6.75 9.04 6.918
.L16 30.40 6.12 8.61 6.248
rlBl 29,71 6.4A 8.17 5'972
.189 29.r5 5.12 1.12 5.691
.2O1 28,53 5.42 7 .26 5.404
.2I4 21 .gl 5.33 6.19 5.109
.228 21 ,29 4.38 6,32 4.806
.252 26,61 4.23 5,82 4'494
.21? 26.C4 3.80 5.32 4.I1r
.3a7 25.42 3.28 4.80 3,8?4
.346 24.80 2.88 4.27 3.483
.398 24.L8 ?.55 ?.73 3.113
.472 23.56 1.99 3.Ll 2'124
,545 22.94 I.92 2.6L 2 '298
.695 22.3I I.37 2 '14 1 ' 839

I .09 B 21.69 .89 L,92 L.332
XBAR=.L6118+01 YBAR=.L32óE+01
A=-.611616Ë+00 B= ' 1195r+01 c0RR=
SXX= .45748+01 5XY= .5468i+01

.9912 Ë+{J 0
SYY=.8192ç.+Oz

.99268+00
SYY=.66348+01

GASV
32.26
3L .64
7'r.a2
30.40
to 1'1
L/. T I

,o r Ã4/aL¿

28.r3
Z I ci l
21.29
Zócb t
26. 04
25.42
24.84
24. !8
73.56
22.94
22.3L
ILCþY

òuLr
.168
.167
.168
,L76
. 181
.1gg
.201
,2L4
o 228
.¿)a
cll5
,3 01
.3 46
.398
o4 lZ
.5 45

L^Ê.a9>t)
1.098

DE LPS
.13g
.L44
.149
. r55
.163
.l_71
.181
.L93
.241
.226
,248
.218
.316
.3 6B
.44 4
.551
.144
.800

RãC
5.95
5,98
5,95
5.68

5 .29
4.97
4 .61
4 .38
?.96
3,66
3o12
2 .89
- g. lL')L

2,LI
1.E3
1 .43

.91

DiFF
-L6.6
-1 

a /,L)a-

-10.7
-11 ).LL'J

-o a

-9 .2
-g .6
-9 .5
-8. B

-10.2
-B .8
-9 .4
-o c,

-7 .3
-5.1

L'J

1.3
-21 .O

STAT
.r'r23 80 .2
.1183 81.8
.l2rr 8?,4
.r326 B 5 .0
.1411 86.5
.1510 BB.0
.L625 89.5
.11 6 1 9Ü.9
.19i8 92.3
.2!Ll 93.5
.2351 94.7
.2665 95.8
,306 5 96. B

.36C3 97,6

.431 6 98,4
,5521 98.9
,6999 99,3
,7968 99.5

ACC
.0184 13.1
.0171 11.8
.0158 10.5
.0145 9,3
.Qr32 B. 1

.ü119 6.9

.0107 5.8

.0094 4.8

.0082 3.9

.0070 3.1

.005 8 2.3

.0047 L7

.0036 1,1

.0021 .1

.0018 .4

.0011 .2

.0005 .0

.0001 .0

FRI
.009 I 6.5
.009 0 6,2
.0089 5.9
.0088 5.6
.0086 5.3
.0084 4.9
.008 2 4.5
.0080 4.1
.0077 3.1
.0074 3.3
.007L 2¡B
.0067 2.4
.0063 1¡9
.0058 1.5
.a052 1.1
.0046 . B
.0040 .5
.ûO31 t4



*3
tìuN GRoup Nlo.= 7 FÊrD RATE= .2560[+01 N= 18

xBAR=.2698[+02 YBAR=.4635[+U1
A=-.128176Ë+CZ Fs=,6468f+0Û CORR=

SXX= .1E72L+O3 SXY= .12L1f+Ú3
TNTERCIPT=-lilu= . 1981Ë+Û2

SOLP GASV Y(I) VPBAR Vl
,2L2 32.26 '7.67 1A.28 7.'3Li
.216 31.64 1,21 9'E6 7.1r5-/
,221 3I.AZ 1 .A7 9.43 ó.79i
.23L 3v.4n 7.O6 9.00 6.5¿2
.241 29 .17 6.58 8.5ó 6.241
.25r 29 .L5 6,39 B.L2 5.967
.265 28,53 5.88 7 .66 5.68L
.282 27 .91 5,34 7 .2A 5.389
,296 27,29 4.83 6.72 5.Ü89
.322 26 .61 4,67. 6 .24 4.7 BÚ

.351) 26 . A4 4.33 5 '7 4 4 ,462

.389 2r.42 3.59 5.23 4. r3¿

.424 24.8A 3.L4 4.7I 3.78'

.478 24.i8 2.83 4,L7 ?.43Û

.572 2'3.56 2.22 3.62 3'Ü51

.685 ?-2.94 1.96 3.O5 2.649

.885 22.3ì 1.51 2.48 2.2L5
1.208 21.69 1.06 2.23 I.744
XßAR=.1153[+û1 Y|JAR=.13958+Ü1
A=-,162C268+00 B= .12308+01 CORR=

SXX=.3819[+Ü1 SXY=.4773Ë+Ü1

.995ö f+0 0
5YY= .7913[+02

v2
1i.7ó6
ii. ¿4 L
"Lù ,7 U7
1U . 166

9 .619
9.t64
8.502
a /\ a .)
t a /)J

7 .755
L '7 1(tua l tv

6.i78
5.518
4.97 2
4.36v
3 .143
).L24
') F r\')L a )w )

1.881

LN{Y)
¿.03791
L.985Û4
I l-rt t 2-ì
L 

' 
/ )V J J

1.95541
1.88510
1.85509
L ,17 232
1 .67 631
L,57503
la)JLW)

r .461 23
L.¿1994
1.I4472
L .443 ¿',j

.tJ0073
,61 67 B
.4L? 43
.o59 5>

LNV
2.33O41
L a LVV / ¿

2.¿448i
2.i9189
2.141 93
2 .09440
2,Q3674
L.91 4r3
I .9 ü6üB
L.B3T26
L .1484ú
1/t:t1/1I oÕ))O'+
L.55t42
L.429¿rJ
1,288i3
i.Lt73L

.90849

.8c512

. 9948 f+00
SYY= .5935Ë+C,1

ÛASV
)L¡ZC)
3!.6+
3T.02
30.40
29 .17
29.L5
28.53
2'7.9r
27 .29
26 .61
26.04
2r.4¿
24.80
24.T8
2i.56
2¿.94
22.3r
?L.69

SùLP
o Z I/-
.¿L6
.221
.2?!
.24L
.25L

1/ Ê:a LÕ)

.282

. ¿r)o

.)¿L

¡ 351)
t ) tí:l
.424

/,1Qall9

t2ll
.695
.Bg5

1.208

DTLPS
aau t

.lg3

.L9g

.247

.216

.227
1aô

)LJ2

.254

.27 2

.29 4
,3 2l
¡))ó
.4U 0
.4ó O

.5 43

.666

.955

.972

t< Lt
4.11
4.62
4 .4{J
4.32
4.14
3.98
).1 t

3.54
a '2'7L'J I

3.1Û
1 ÔF
L.C))

¿]J I

lo3)
L.v>
1.7 4
1 LEL.+ J

l.12
.82

DIFF
-11,6*10.ó
-11.9
-10.1

lvavñË
-9 .5
-o '7

/a t

--l.9
-o Ê.

-B . Ü

-B .4
- Ã /,Jal

-5.5
-4.9
-2.6
-.) a

-19.5

STAT
.r474 78.7
.155i 8Ü.3
.1639 B 1 .9
.Ll35 83.6
.1 84ó 85 .2
.1970 86.1
.2116 88.2
.2284 89.7
.¿486 91.1
.212'J 92.5
.3u18 93.8
."3'3i34 94.9
.3849 9ó.u
,447 L 9-/ .ù
.5321 97.8
.ó5ó9 9'.ù.5
.8473 99.O
.9656 99.3

ACC
.u268 74,3
.0249 L2.9
.v¿31. I1o5
,ú2L? IA.2
.oL94 8.9
.ü176 1.7
. {-¡ I 5B ó.6
.úI4I 5.5
.ÇL23 4. i
.Ü1ü6 3.6
.üügo 2,8
.u'vl 4 2.u
.ü059 L.4
. uü45 .9

i\^'tr4 L.VVJL 
'U

.oa7 1 .3

.û012 .ï

.0005 ,0

FRI
.0I3r,) 6.9
.cL29 6.1
.Q!28 6.4
cUIl / br1
.U125 5.8
.oL24 5.4
.cr21 5.0
.01i9 4,6
.ut-16 4.2
.U112 3,8
.ü1UB 3.3
.Uiu3 2.9
.0ü98 ?.4
.U\J91 1.9
. cu84 1.5
. trü75 1' 1

rUUb2 c {

. ûii61 .6



ru
RUN GRÜUP I'iO.= S FËfD RÀTf= .325ÛE+01 N=TB

XBAR= .2698f+02 YBAR= ,4BZBE+\.]1
A=-. i31ó66Ë+ü2 B= .66168+Û0 CCRR=

SXX= .18?28+Ü3 SXY= .1?50f+Ü3
INTERCËPI=-A/ß= . 1974H+t2

SOLP GASV Y(i) VPÛAR VI
.265 32.26 B.11 1Ü.33 1.356
.264 3i.64 1.94 9.91 7.U94
.269 31.02 7.5I 9.49 6.829
.214 7A.4i) 7 .12 9.05 6,'s59
.2BB 29.1'7 6.1r 8.62 6.284
.296 29.I5 6.16 B¡17 6'üÜ4
.'J7O 28.r3 5.16 7,1r 5.718
.333 27 .9r 5.54 7 .25 5.426
.356 21 .2t 5.21 6.78 5.L21
.'382 26.61 4.85 6.29 4.819
.4!3 26.04 4.?O 5.8Ü 4.5C1
.453 25.42 3.81 5.29 4. i12
.510 24.8ü 3.36 4.77 3.BiÜ
.57b 24.ïB 2.82 4.23 3,41 ¿

.663 2'5.56 2.5L 3.68 3.A95

.182 22.94 2.lO 3'11 2.695

.990 22.3 i 1.66 2.55 2.255
1 .3 I I 21.69 I . 19 2.23 1.798

XBAR= .Ll 628+Ol YBAR= .I444F+U1
A=-.6ó10ó7E+Ü0 B= .11948+01 CORR=

5XX= .3B25f+Ü1 SXY= .4569E+Üt

.9986 r+ÜÜ
5YY= .8371Ër-02

v¿
11.929
11.30i
1Ü.768
LO.221
9.68Ü
9.126
8 .56/+
7 .995
7.418
6.834
6.242
5 .643
5.ù37
4 .425
3.8Û9
3.r90
a E/a\L. )O)

r.941

LNI(Y )

2.10ü56
2.Ü124U
2 ,OI7 24
I .') 632L
L.904ç8
1.81852
i .7 5249
L .1 L311
r.66238
L.57925
r ,46ü27
t a 2 ) ¿ aa

i )1 )a2,L.'L4)J

I.O3729
cilll"-)Y
.143 44
.5090ó
. r7 496

rÀlv
a aanL{\lL'JJ)VV

2 .29 4I5
2.25ü21
2 .2031 4
2.ri4r5
lcIUAYj
2.A4351
l,9Br12
r.9141ó
i .8 40ü7
'ì ?r.a |')
"IJVLLi .66648
I !\A lh(l

L a JV1¿ /

L .443 48
1.30449
1.13ó03

.93648
õ a\41 f. O \r¿ IO

.9974Ë+Üû
SYY= .5486E+01

GASV
3 ¿. ¿?)jL.64
3r.t2
30.4û
29 .11
29.I5
28.53
27.9L
21.29
26 .61
26.ü4
25.42
¿+. öv
24. rg
23.56
22.9 4
22.3L
2l .69

ni:l DC,UL9¡ J
'>,41

.LJL

.239

.246.\ç/

.L)A

.266

.293
211aJtt

.)JL

.'ii7
,3'ðB
.428
.47 g
.5 47
.641-
a t to

.gB1
1 .148

DIFF
LL')

-9 ,4
-B ,2
-6.4

l ar

-q 
L

_a Iua¡
_L â

-(- 
1ua t

-t- 
2.

-5.8
-5 .4É^

ra t

at

.U

-1 
1 a 1

LL'J ¿

5 TAT
.L829 78.7
.LrZi BU.3
.2a23 B I .9
.2L4 1 8 3.5
.227 0 E5. r
.2420 86.6
.25ç3 88.2
.2791 89.6
.3ú¿3 g i. u
.33v1 92.4
.364'3 93.7
.4U66 tl 4.9
.46ü! 9b.9
.53'tl 96.9
.6212 97.1
.1668 98.4
.9719 99,0
.1407 99.3

at I

.v339 L4.6

.u3i6 13.2

.\t29 3 i 1.8
,C211 10.5
.u248 9.3
.u226 8.0
.0203 6,9
.ulBl 5.8
.t'16Ü 4.8
.Ü138 3.8
rv-Ì1ll 3rU
.ùùgg 2.¿
.ü079 1.6
.û06û 1.1
.VA44 .6
,uazg ,3

/r¡\ ì ? 1¡VUJ"/ .-L
.û008 .0

FRI
.0L54 6. ó
.U152 6.3
.0151 6.1
.4149 5.8
.0 147 5.5
.0145 5.2
,4i42 4. B

.al3g 4.4

.Ci35 4.û

.r.)13 I 3.6

.ü126 3.2

.QL20 2.8

.01]3 2.3

.ü1ü6 1.9

. Cû91 I.5

.OUBB 1.1
r UU / / t {

. üü70 .6

sÛLP
)r E. LO)

.264

.269

.11*
o 1öó
.29 5
.3 2Ü
.333
.'3 56
t58l
.4L3
.453
.51ü
.51 5
.663
.1BZ
cY9t)

1.311

t<tL
lt I I

3tló
Jo { !

3.64
5 c* {

3.?7
loll
J.U\./
2.80
¿)OI
2.42
L.LW

1.96
I. t ¿

1.5Û
I .27
1.01

.16



RUN GROUP NO¡= 9 FEËD RAT[= .114Üf+01 N=2]
XijAR= .32268+02 YLiAR= ,34768+ul

v1
1 1 .806
L L .?23
-1 U.834
Lú.'j3g

Õ a1t./ ao)2
i\ a ì/.> a ) L+

ti.804
8.216
7 .138
1.lgL
6 .634
6.066
5 .4'81
4.898
4.3ûC
3.692
3.ü19
¿.459
1.838
I.216

.595

Ll.l(Y )

r.9ù912
1 ,768 t6
L.83258
J".62i43
'| -1\'rf\t:Lt t lLö)

i.7c5B7
i ,6?41 2
'r .4271Q
1.45018
r .41 50?
I 1Êtrl/ìôI.L))vl)

1.11345
.9 59 6-l
.9 0999
.7 3C\1
.581CI7
.3624C
.L37 i2*. t5979

't')Ë.ta.JLJJA

-.8785ó

3Hr

LNV
2.3ù245
2 .26460
2 . ?2463
2 ."i8 ¿'i ¿

2.1373r
2.t8926
2 . t3-l 83
7.98235
r.92224
1,85ó56
1 .7 B4V6
1,1 4443
L .6L445
7 .51245
'L,3',r454
L.2556A
1 .087U6

.88084

.63',31 6
J.¡, )L',).+*L)J

.?69 64

A=-. I2g9 03 t+û2 B= .57û3 E+riU CORIl=
SXX= .29168+03 SXY= .1518Ë+03

I NTERCfPT=-AlB= .25451+02
SCLP GASV Y(I) VPBAR VT

.108 38.48 6.14 9 .99 6.826

.098 31.86 5.86 9,62 6.6A2

.108 31 .2'3 6.2' 9.25 6.314

.118 36.61 5.Ü6 8.86 6,L42

.12ú 35.9'9 
'.54 

8.41 5.906
.].29 35.31 5.5A B. Ù7 5.66t,

.9899t+00
5YY=.19C'gL+42

12tl
.L)A

. 153

.1ó1
1 ?.'_\.Llv

.185

?4.
34.
33.
3L.
3L t

5.û5
4. L6
4.26
4 .37

.1gg 3L.64 3.44
,216 31,02 2.61
.244 ?Ü .40 2.48
.218 7v.17 2.01
.319 29.Ii I.18
.jl9 28.54 I.43
.458 2'7.c)l 1.14
.563 27.29 ,94
.134 26.67 .12

I.246 26.44 .41
XBAR= .1603r+01
A=-.103134f+01 B=
SXX=.7480f+01

7.67 5.42A
1.2Ç,¡ 5.L69
6.83 4.911
6.44 4.541
5.95 4.374

L l-\^)
)¡Ll'J +.wjL

5,A2 3.799
4,53 3.49'i
4.A3 3 .172
?.5a 2.832
2.96 2.469
2,4L 2 . Ü76
1. EB 1.643
r.55 1.154
I.44 .591

YBAR= o 10148+Úl
.I215Ë+01 CORR=
SXY=.9543f+01

.9912f+üO
SYY=.12398+02

AE

13
5ü
ðÈ)

¿6

GASV
38.48
37.86
J I 

'LJ36.6I
35 .99
3r.37
?4.7 5
34.13
33.5A
J¿.IJö
32.26
2l L/,J¡aUT

3L,Oz
3ü.4()
29.77
-at 1Eaa. L)
28.53
21 ,9I
21.29
26.67
26,O4

DTLPS
.1U1
.104
,107
.1i1
.1]6
.L2T
.721

ì 2C..LJ)

.!43

.'I5 4

.LÉ,6

.182

.?Jz
')')Õ.LLO

.262
1i1.)LL

.3 83

.49 6

.67 B

.86ó

.950

t.,)trr
-6 .4

ua¿
al

-r. I

-') 
l)aL

J' I

-8 ,0
-11.6
-10.7
'9 .3
-o o

-1 .1

vaJ

-5 .4
-1 0

L,2
a2

24.4
17.9

-23 .6

STAT
.08ü 2 79.+
.û942 8ü. B

avuu, a-aJ

.o9'i5 B'1.1

.v99Ü 85.1

.1U53 86.6

.1i23 81 .g
,L247 89.3
.1 303 90.6
.1415 91.8

-i Ãt:"1 L2 I
.LJ¿J /J'L

.I12L 94.2

.Li29 95.3

.2L99 96.3

.255'J 97.1
c5v)t: Yl.9
.3784 98.6
.49 LB 99. i
.675C 99,5
.8633 99.6
.948 3 t)9 .1

A/-1/1!L

.ü116 1i.5

.ú109 10.4

.ü1ú'r 9.4

. Uü94 8.4

. U0B7 1 ,5

.ü0BU 6.ó

. ü073 5.7

.006 6 4,9

.aa5g 4.1

.üt52 3.4
,0045 2.1
.û039 2.r
.0032 L.6
.QO26 1. l
,4a20 .7
.û015 .4
.tiolÛ ,2
.ü006 .1
.0002 .0
. C,0ûû . û
. u000 .0

FR 1

.OÜ91

. ü089
/-l r'ì Q Cì

. UU86

. Uv84

.0082

. üü8ü

. aûl1
, üû75
.Aul7
.0069
. aQ65
.0u62
. üu5g
. oa53
.0u48
.üü42
.0u36
. cü30
.uu25
. Ù424

SOLP
r .lUÕ
.09¿i
¡ I U(J

.l1g
t Ilv
t LIY
o L37
. L53
.161
o ! lU
¡ 18)
r .L9Õ

.¿l-O

.244
tZ [ö
rJl-ð
o 2 la
.458
.5 63
.134

I.246

REC
^ ')EY.L)

10.20
^ 

'lË>.L)
8.47
Eo33
1 .15
7.79
6.53
6,2-I
5.88
9.40
5.05
4.67
4.Ú9
3.59
3.14
2.63
î 10L' L9

I¡ I (

1.?6
..)v

9.0
B.ó
8.2
7 11
?1l.L

6.1
6r2
5.7
Ê.a)aL

4.6
4.1
3.6
J'

2.
2.
1.
1.

a

a

t

a

aì

5
0
5
I
I

4
2
2



*ä

RUN GROUP [,10.= 10 FEED iìATE= .I880Ë+01 N=2Û

XBAR=.3291ç+A2 YtsAR=.411óË+Ü1
A=-. L4I9 79 [+0 2 B= .5 6218+OÛ COR!ì=
SXX= .251üf+u3 SXY= .L444f+Ü3

i NTERCfPT=-Alll= .25?5Ë+CI2
SOLP GASV Y(1) VPB/\R Vl
.166 ?8.48 B, l7 1 0.1 3 6.92Ú
. 160 31 .86 6.64 9.1 6 6.695
.I76 31.23 6.91 9.39 6.468
.l84 36,61 5.32 9.00 6.236
.1g4 35.91) 6.44 8.61 6.ÜUU
.2A1 35.31 5.76 8.22 5.76Û
.2I1 34,75 5.39 7.BI 5.516
.236 34.L3 5.24 7 .4U 5 .265
.252 33.5Ü 4.51 6.98 5.0Û9
.259 32.88 4.?2 6.55 4.746
.282 32.26 3.80 ó.10 4,414
.301 3I.64 3.13 5.65 4.L94
.323 31"02 3.O4 5.18 3.904
.35t+ 30.40 2.70 4.7C' 3.601
.4Ct5 29.71 2.44 4.19 3.284
.456 29 .r5 2.r8 3.68 2.949
.521 28 .53 1 . 84 3.14 2.593
.645 27.9I !.51 2.rB 2.¿09
.17i 2'7.29 L.3r 2.A3 1.789

1.Ü16 26.61 .89 r.43 1.319
XtsAR= .1690Ë+Ol YtrAR= .\2598+tJi
A=-.5991 48E+00 B= .10998+01 CORR=
SXX= .5841f+Ù1 SXY= .64308+Ü1

.9858f+Ü0
sYY=.f3358f+Û2

VZ
lL.915
11.493
11.005
1ü.510
1U.üúB
9.498
8.98Û
a al) J

7 .g11
loill
6.817
6 .25I
5 .615
5.099
4.49?
3.988
) aL I )

2.651
2.Ò31
i.415

LN(Y)
2.1'ûL29
L .893 4?
L .9 4268
L.67ZzL
1.86391
t.1 5231
l.ó8590
r .6 5ó48
r.52t50
r .44032
1.336U0
1.31676
L,1I422

.99 482
,89rt2
.7 8246
. ó 1413
.453 49
.21 LL9

-.11507

LNV
2 .3 1632
2.27946
2 .239 6B
2.19815
2.15394
2. 1 0684
2.45643
2.40222
I .9 4365
]. 87979
1.8Û972
r .7 3221
1 .6451 6
1.541 65
Lt452v4
r.3a?15
r.14544

.9 5148

.7 ö943

.25954

.9917f+Ûû
5YY=.7LBgf+01

GASV
38.48
31 .96
31,23
36.6L
3) oYY

34.15
34.13
33 ,54
32,88
'3¿. ¿6
3L.64
3L.02
3A .44
29,77
-)cl 1trL/'L)

21.9L
27.29
26 .67

SCLP
.166
. 16ù

't 1La¡ lu

.lB4

.lg4

.207

.217

.L3Q

.?52

.259
,2Bz
eJUl-
. J LJ

.3 54

.406

.456

.5 21
Lr.E.l)+)

.11 L

1'016

ntrt DcUI.L¡ J

.159

.L62

.L61

.r72

.179

.184

.19 2

.20 r

.2IT

.223

.239

.256

.219
c )Q I

.345

.39 5

.467

.916

.l41
1.094

DIFF
-4 .3

1.7
_ri n

'6.3
-8.2

-10.8
-'r 1 ?

LL'¿

*I4.7
-1ó.0
-L3.5
*I4 .6

TJ 
'A-13.0

-14.8

-'1 1 )LL'A

-3.0
7.1 1

STAT
.7269 19.9
.1322 8L.2
. LV7 9 82,5
.r445 63.9
.1517 85.'¿
.L59 5 86.5
.1689 87.8
,r792 d9.0
'i911 9v.3
,2Ù49 9L.5
.22L6 92.1
.24TCI g?.8
.2652 94.9
,2951 95.9
.3348 96. B

,3862 91.6
.459 B 98.3
.51O 5 9B. g
.7426 c¡9.3
.og r3 g9 .7

AlrÉ\\- \-

.û174 11.û

.0165 10.1

.0155 9.3
rUl-¿tO ör¿t
.0136 7.6
.0176 6. I
.u11ó ó.Ü
.ü1ü6 5.3
r vÜ96 4.5
.0û8 6 3.8
.C,Û11 3.2
.tJ061 2.6
.0057 2.0
.0û47 1.5
.0038 1¡1
.ü029 .7
.üCZL ¿4
.u013 .2
.tJUU / rU
.ü0û2 .ü

FRI
,0144 9 r 0
.0139 8.6
.Cl35 8.1
.ü13L 7.6
.OL26 7.1
.0122 6.6
.ü117 6.1
.0112 5.5
.U1U7 5.0
.010L 4,5
.0ü96 4.0
.oogo 3.5
.0084 3.0
.a077 2.5
.0û7û 2.a
.0O63 I .6
.0ü55 1.1
.û047 .B
.û038 ¡5
t U\Jlö tZ

RIC
6.a2
6,25
5.68
5 .43
5.75
4 .83
4,6U
4 .2?
ótYô
3.8ó
3.54
3¡22
).v>
2.82
2.46
Zo !2
l-rO7
I.55
I .29

.98



åùß

RUN 6R0UP ldo.= 11 FErD RATE.= .2560Ë+01 N=19
XBAR= .32ggl+A2 YBAR= .44508+01
A=-.1319721+02 $= .55488+Û0 colìR= .9918[+Ü0
SXX=.22C3E+03 SXY=.L2221+C,3 5YY=.ó893L+t2

INTfRCEPT=-Ali3= .2486t+02
SOLP GASV Y(T) VPIJAR V} VZ LNI(Y)
.2A9 38.48 6.98 10.41 1.1iJ4 L2.3A5 L.944Û3
.216 37.8 6 1.59 10.Ü4 6.88U rl.8Z5 2.Û2684
.229 31.23 6.82 9.66 6.652 11.338 i.92072
.239 36.61 6.73 9.?8 5.421 1Û'845 I .90159
.248 35.99 6.05 {J.89 ó.186 1Ù.345 1.80i43
.259 35.31 5.61 8.5Û 5 .947 9 'B3B I .12456
.277 34.75 6.01 8.10 5.1O? 9.322 1.79388
.298 34.I3 5 .36 1 .69 5.454 8 '79 9 I .67999
.316 33.5O 4.67 7 .21 5.2C0 E .266 I.54177
.333 32,88 4.32 6.84 4.939 7.725 L.46425
.352 32.26 3.89 6.40 4.6JCr 7 .!14 L.35843
.385 3i.64 3.13 5.95 4.')94 6'613 L,31793
.4I2 3i. U 2 3.72 5 .49 4. lÜB Ô .A42 i.316'jÛ
.452 3U.4u 2.99 5.01 3.BiL 5.460 I.Ü9829
.5()9 29.11 2.65 4.52 3.5A1 4.869 .97116
.569 29.15 2.21 4,Jl 3,775 4'268 .81984
.647 28.5'3 2.LO 3.48 2.83U 3 '659 ,146?8
.763 27.9I 7.64 2.94 2.¿+62 3.Ö44 ,4981L
.g3B 21 .29 I.33 2.31 2.063 2.424 .28576
XBAR=,IB19E+01 YBAR=.1380t+01
A=-.17955r1+A0 B= .1187[+01 CCRR= .9956f+00
SXX=.34A18+Ü1 SXY=.4U38[+ÜI 5YY= ¡4837Ë+01

Li.iV
2.34297
2.3068û
2 .26864
2.2284r
2.lB57r
2.14Û4Û
¿.v9 LY {

2.04Û06
1 r 98414
i.92352
1.85718
i.18444
L.7 ü357
r ,6L21 2

r.54947
r.38',978
L.24899
1 .07964

.'à6496

GASV
38.48
37 .86
3lol2
36.6L
'i5.99
35.31
34.15
34.13

32.98
32.26
3i .64
3I.02
30.4Ù
29 .17
29.19
28,53
21 .gr
27.29

scLP
.209

') 1 L. A IU
) -A.LL/

oZJY
.248

', E (l

tZ I I

oZ9ô
),1 /,

.333

.552

.385

.4I¿

.452

.5 09

.5 69

.6 41

.7 63

.g3g

DELPS
.2'ú9
.Z I4
.220
.227
aL))

a La*

.254

.266

.296

.'3 L6
,34L
tT lt)
.40 B

.45 6
ç')1

.)LL

.6L2

.143

.954

RTC
4.18
4.62
4,36
4.18
4.t3
J e öþ
J.ÞJ
'i o 3J
3.L6
3.Û0
2.84
a ËnL.)7
2.4 2
2.2I
1.96
1 ?Ê!.1)
i ÊL
-1. J'Ì
1.31
1.06

DIFF
.1

L.U
_2L

-4. I
-Ã 1

*5.1
-o 19a!

-10.6
-r 1 )

L!'L

-io.E
-9 .9
LL'J

-1ü.U
-9 .6

-1fì 
')LV'L

uaa
_Ê, 2

-t 
Ã

L' J

11ro I

STAT
,I6'33 -l o.U
. i705 19.4
.1785 8u.9
.187? 82.3
.L97 0 83.1

aí.t10 otr 1. LV I Q A ) 
' 

L

.2?O 0 86.5

.234C i3 7. B

.234L 89.2

.l(¡ð9 9v c5

.29i0 91.g

.3i13 93.Ü

.34t I 94.1

.'3'ó9 L 95.2

.4391 96.2

.5Ü69 97.1

.5998 97,9

.7327 98.5

.9463 99.r

ACC
.ü21 ü L2.9
,û255 I 1.9
.ç24Ú 1Ü.8
.'v225 9.8
.ü2Q9 8.9
.U194 1.9
.ü179 7.0
.û164 6.1

rì1/.O 
^ 

2
a vl-Î(.) ) a J

.ùL'33 4,5
rl'¡1IU 3t (

rUlt¡5 5ov
. ütE g 2.4
.üul4 1. B

.ü06ü I.3

.0c47 .9

.UUJ5 t)

.VV¿3 ¡ 5

.ü014 .l"

Ftìj
a v¡wu

.u184

.018U
,ü176
.vLlZ
.0167
,4L63
.0i57
.0152
.u146
.û14ü
.ùL33

i,1tLa v f ¿u

.ü119

.t11ü

.û1Ül

.ûû91

.üiigü

. CIO68

9.0
8.6
urt
7.1
{tj
6.8
6.4
5r9
Ê t.) a+
4.9
4.4
3.9
3.4
2.9
Lt*
Ir9
I.4
1.0
.7



5rü
RUN GROUP li0.= 12 FËED RATE= ,325Ûf+01 N= 18

XßAR= .3319Ë+02 YtsAR= .48488+ui
A=-. L5A3?28-+O2 ts= .59BBE+Û0 CORR= c9963f+00
SXX= .IBIZ[+ü3 SXY= .LI21f+Ü3 5YY= .67641+Oz

Ii{TËRCEPT=-AlB= .25IÜE+Û2
SOLP GASV Y(I) VPBAR Vl V? LN{Y)
.264 38 .48 B . 27 lo .24 6.992 lZ.lo5 Z.ll21 O

.259 31.86 7,21 9.87 6.168 1I.624 1.98483

.21I 11 .23 7.28 9.49 6,54ü 11.I36 I,986'21

.287 36.51 7.04 9.11 6.3O9 iu.642 L.95i71

.?97 35.gtt 6.39 8.72 6.Ü74 iU'i4l i.85624

.'IUB 35.'i1 6.L7 8.33 5.834 9.632 L.82C)34

.322 34.15 5.60 7.92 5.589 9.ii.5 L.12¿83

.345 34.L3 5,33 7.5I 5.34v 8.59U 1.67439

.367 33.5 Û 5. OB 7 ' Û9 5.t)84 E.055 1 .62594

.392 32.88 4.71 6.66 4.822 7 ,5r2 \ .15099

.4!4 32.26 4.4L 6.22 4.952 6.958 1.48518

.449 3i.64 3.90 5.17 4.'.273 6.394 I.?6251

.482 3r.OZ 3.64 5.30 3.985 5.820 I.29312

.524 3A .4ri ?.23 4,8 2 3 .684 i .236 L .L7 546

.59i 29,71 2.98 4.32 3.37U 4'642 L,A9?43

.655 29.L5 2.62 3.81 3.Ú39 4'U3B .96535

.154 28.5'J I.82 3.28 2.688 3 .42-1 ,6'vArI

.886 2'r.9L L.44 2.72 2.31t ¿.810 ,37132
XÛAR= .184Ü[+û1 YtsAR= ,1419Ë+U1
A=*.188347f+Üu b- .L2?28+01 coiìR= .9955Ë+uÛ
SXX= .2659Ë+01 5XY= .321 5f+01 5YY= .40728+Û1

LNV
2.32694
2.29Ûû3
2.25L25
/-t4. lv!2
2. I666i)
2,L2üL9
Z¡U Ivô/-
2.Li1 39
L.9597 6
1.89731
1.82883
L.1532{)
! a avv / t

L .57'i 89
1 .46540
1.3387i
1.18829
1 .00258

GASV
38 .48
37.86
71.23
1L L 1JU. U I

35.99
2 À )-7

34.7 5
34. 13
3t¡Jv

32,26
3l .64
3 r.a2
30.44
29 .17
LJ.T)

27.9L

SCI LP
.264
o /5Y
.¿ I L
. ¿g-l
.297

1^Q

o ) ll
.345

1/1rJO I

')^at):lL

.414

.449

.482
t: - ,/,OJ¿+

¡29L
.655
.154
.896

DELPS
.249
.254
.262
.27 Ü

.28Û

.29 r

.3üb

.'32ú

.3 6a

.386

.417

.458

.50g

.516

.661

.7 g5
,995

RTC
3o ló
3 .86
JoOY
3.48
J o 50
3 o Z'*
To]-v
I c óY
l. I ¿
2.55
2.4r
2,22
2.O"7
l-oìtu
1.69
L.52
1.?2
L.LZ

DlFF
-h o

-1 ti

-'t 
'1

J'L

-Ã Ã¿a¿

-5 .4
)aL

-5 .2
-1 .o
_-7 '7tal

-a 
1ua¡

-6.1
-6.9*4.9
-2.8
-2 .4

Ëç.
)a)

12.3

STAT
.r92L 11 .3
.2010 78.8
,2110 Bu.3
.¿zlg 81.9
.¿342 83.4
.241 7 84. B

.2636 66.3

.2'ð 15 ó7 . I

.3o22 89.2

.3264 9U.6

.355I Il.g

.3895 93.I

.4325 94,3

.486! 95.4

.5564 96.4

.6495 97.3

.7E"tZ 98.1

.9838 9Èr.7

Ala
ñLL

.0383 15.4

.435ù 14.1

.u338 12.8

.43L5 I 1.6

.v293 LA.4
,u27L 9,2
.a248 f . i
.ü226 7.ú
.ü2ü4 6.ü
.U182 5,U
.ü16CI 4.1
rUlJð 3oj
.0i17 2.5
.c097 I.9
.0079 1.3
.0059 . B

,üa42 ,5
.u021 .2

FRI
.0179
.4L77

!\1 1l. wJ- I L)

.o!7 4

.aLl ?

. 0169

. uI6ó

.úL63

.ü159

.û r5,

.0150

.ûI45

.0139

.4132

.QI24

.0114

.ü1u4

.oü92

I cl
6.9
6.1
6.4
6.1Êô
J.()

5.4
)a!

4.1
4.3
3.9
3.4

2.5
/.o I
1.7
7.7
.9



rhü

RUN GROUP NO.= 13 F[ED RATË= .3L50Ë+Û1 N=14

XBAR=.4691Ë+02 YBAR=.20958+01
A=-,124?0ç[+oe $= .3tr96E+00 cORR=
sxX= .g7gzE+ü2 sXY= .21228+Ü2

INTERCEPf='fi/ $='401ÜË+Ü2
SOLP GASV Y(T) VPtsAR Vl
.462 50.91 3.58 7¡60 4¿9BZ
. ga 50.29 2.82 7 ,28 4.196
.5I2 49.61 3.10 6¡95 4.646
.51I 49.05 2.98 6¡61 4.4II
.609 48.43 2,6L 6.27 4.27L
.619 41 .80 2. 18 5 .9 1 4.005
.72L 47.r8 2.15 5.55 3,193
.192 46.5ó 1.85 5.)-1 7.512
.Bóü 45.94 1.74 4.18 3.343
.955 45.?2 1.58 4.31 3.143

1,ü6ü 44.1ü 1.40 3.95 2.8r1
1 . 16 1 44.Û7 1.23 3.50 2,584
1.349 43.45 1.06 3.A3 2.299
I.428 42.83 ,99 2.53 1.990

XBAR= .16098+01 YBAR= .66418+00
A=-.1246388+01 B= .1 1B7E+01 CORR=

SXX= .15068+01 SXY= .17888+01

.98Û9E+Ü0
SYY= .8162ã+01

v2
9.266
8.834
öt395
7.943
1.482
7.01C
6.525
6.028
5.5L6
4.ggg
4.445
3.883
3,305
2.1A9

LNIY)
L,271 6ô
1 .036ç3
1.1331t
1 .093 06

.96042

.78009

.76841

.618 37

.5551 r

.459 62

.339 49

.27423

.06248*.00180

LNV
2.A2866
1.9ô551
r,9394I
1.88991
r.83636
1,17812
r .71439
1.64389
1.56518
1.47618
I.31395
r.25471
1.1105ó
.9?l84

.98238+Û0
SYY= .22CrCIE+01

GASV
5Q.g!
5t .29
49.61
49.05
48.43
47.8CI
47.18
46.56
45.94
45.32
44.10
44,41
43.45
42.93

DT LPS
Ãlq.

.531

.5 63

.59 2

.625

.665

.711

.168

.837

.g 25
1.037
1.190
L o4v5
L.133

Dl FF'
11.6
9.1

10.0

211*1.9
-r.2
-2.9
-2.5

-2.r I
2.5 1

4.2 1

2r.4 I

STAT
.4657 90.2
.4941 91. i
,5L7 B 91.9
.5496 92.1
.r852 93.5
.6277 94.2
.6163 95.4
,13>g 95 .1
.9075 96.4
.8983 91 .A
.4L21 91.6
.1691 98.2
.3A14 98.ó
.718 5 99 ,I

ACC
.û162 3.1
.0151 2 . I
.0140 2.5
,Ü13Ü 2.1
.0119 1.9
.ü1CI8 1,6
.û097 L.3
.0086 1.1
.0û75 .8
. ü064 .6
.0053 .5
.4042 .3
.0032 .2
.ûa22 .l

FRi
.0339 6.5
.4726 ó.0
,a?!3 5,5
. ü3üü 5.0
.0281 4.5
.4212 4.0
.Ct257 3 .6
.0242 3.L
.U¿¿b lo I
. 02 0g 2.2
.0191 1.8
.0171 1.4
.0150 1.0
.0128 .7

SO LP
.462
.491)
.r12

î,a1a) I L

rÞUY
¡ó lY

a ^1. I ¿L

.192

.860
oY 52

1.060
1,ló1
!.349
T.428

REC
2.76
2.04
1.95
1,15
1.64
1 .47
1,38
1.26
1 'lL
I r au
1.04
.94
.86
.14
r /U



xt
RUN GROUP N0.= 14 FIED RAT[=

XBAR=.46878+CI2 YBAR=.21OtE+irl
A=*. L6?1631+ü2 þ= .4069[+0Ü CORR=

SXX= .g7g2L+A2 SXY= .3518[+U2
INTERCËPT=-AlB= .4A248+02

SOLP GASV Y{I) VPEAR V1
.596 5Û.9I 4.1! 1.52 4,936
.624 50,29 4.5I 7 .2A 4,15Û
.617 49 .67 3.58 6. B7 4.5r9
.136 49 .A5 3.56 6.54 4.364
.712 48.43 3.ür ó.19 4.'16'3
¡óL2 4t o0w 2.83 5.83 3.956
.9ü-l 41 .Lg 2 .1O 5 ,46 3 .1 42
,983 46.56 2.52 5.09 3.52t)

1 . oç7 45 .94 2.06 4.69 3 .28')
1.19 2 4t.32 2.10 4,28 3 .048
L.?46 44.70 1.82 3.85 2.793
L.449 44.A7 ï,62 3.40 2.523
1 .67 8 43.45 1,39 2.93 2.234
L.937 42,83 I.34 2.42 I.919
XBAR=,15898+01 YtsAR=.9179Ë+ÜC
A=-,81\217Ë+00 B= .7L21 E+01 CORR=
SXX= ,1596f+Ü1 sXY= . lB00Ë+01

.5U5(jE+ü1 N=14

.'Yl59Ë+Ü0
SYY= ,L5¿98+Az

v2
9.L74
8.736
8.294
1.842
7.319
6.905
6.479
t.919
5.4ú4
4.814
4.3 27
3.762
3.19ù
2 .582

LN(Y)
1.55150
I .507 63
L .27 551
-i ,27 18c)
1.10499
I .040 79

.99314

.925 L2

.7 2398

.14525
,64O28
.+öJ5U
.32934
.291 r4

LNV
2.OLB77
1 .975 10
I.r¿|J33
1.B7BU4
1,82364
L.16435
L.69921
L.6213C
r .5466-l
L.455't7
1.34911
r.22511
I.A7 566

.E8776

.9725f+00
SYY= .21478+01

GASV
5O.97
5t.29
49,67
49.45
48.43
41 , BC¡
t,'7 1 ô+ f . J()

46.56
45.94
45.32
4L*o (\¿

44.A7
43 ,45
42 .83

5ÛLP
¡?YO

L . J..vLa
.u I r

¡l7O
c I l/

o-2.. A LJ
.9 ô7
.9 83

l. ü97
! t 19Z
I.346
I .4 4c)
l-.b/ö
I .9 3"7

DELP 5
L L')

.6 ð9

.7iB

.l )L

.:792

.840

.896

.9ó1
L tU4)
1.150
i.286'r.47 

C

L a I -A
') '1 22C'LJJ

REC
1 L"fI'U I

1'6Ü
r .41
1,35
I.29
1.2L
1.10
1.tJ1

.91

.83

.74

.69

.59

.5L

D I FF STAT
lI,2 .5887 EB.B
rü.4 .6183 89,7
6.2 .6519 9v.6
2.? .6891 91.5
2.6 .7332 9¿.4
2.0 .7 844 93 .3

*1.1 .8445 94.2
-2.L .9r40 95.(j
-4.6 I .0u24 95. B

-3.5 1.1i12 96,6
-4.4 L.2i¿l 91.3
1.4 i.44Ù4 91 .9
3.0 i.7ú33 98.5

1ü.1 2.1L30 99.Û

ALL
.ü313 4.1
.Q293 4.2
tvllS 5có
.v1)) )aJ

,0232 2.9
¡ì-11 1 E.VLLL L.J

.0190 2,1
,Ü169 r.7
.ÜI47 1' 4

r.\1 1Ê 1 íìavrL) tav
.ù104 .g
.0093- .5
rU06Z .3
.ua42 .1

FR T

.0428 6.4

.ü41? 5.9
r\^,\ /tVSJO ?r)

.03{30 5.0

.0362 4.5

.4344 4,0

.4325 3,6

. ü3û6 3.I

.02 8 5 2.1

.û263 2.2

.Ç24U 1. B

.02!5 1.4

.ü188 1.0
, aL59 .1



ffi
RUN GRûUP NO.= 15 FEED RAÏE= .6910Ë+01 N=13

XBAR= .46568+02 YBAR= .29418+01
A=-.19142A1+AZ B- .47428+00 CORR=
SXX= .7Û348+OZ SXY= .33368+02

INTËRCEPT=-AlB= .4Q368+02
SOLP GASV Y{I) VPBAR Vl
.763 5v.29 4.74 1,13 4'7Q1
.838 49.67 4.29 6.80 4.5!6
.891 49.05 4.64 6.46 4.3L9
.956 48.43 3.63 6.11 4.118

1.021 47.80 3.43 5.76 3'910
1.102 47.L8 3.35 5,39 3.695
1."t79 46.56 2.9t 5.00 3.472
1.305 45.94 2.5V 4.61 3.239
1.412 45.32 2.16 4,r9 2.995
1.60Q 44.1U I.65 3.16 2.738
1.684 44.o1 L.75 3.3I 2.465
1.896 43.45 L.51 2.83 2,!-12
2.I28 42.83 1.53 2,32 r.852

XBAR= .1531 [+01 YtsAR= ,100t8+Ü1
A=-.159460E+00 B= . I 144Ë+01 CORR=
SXX= .1480E+01 SXY= .L6958+Ü1

.9IAZË+00
5YY= .16538+42

v2
I .644
8.201
7.141
7.283
6.807
ó.318
5.816
5.299
4.166
4.2L6
3.648
3 .0 6'3
2.462

LN(Y)
L.55672
I .45638
1.53682
1.289 43
1,23503
1.21010
1 .0ó68 1

.92904

.11416

.5067 6

.56520

.45628

.428 67

LNV
'r.96522
r .917 82
1 .8668 1

1.81153
r.1512'3
L.68493
1.61140
1.52889
1.435t1
r.32634
1,198Ü3
i.04169

,84421

.96008+Û0
sYY= .21068+CI1

GASV
5A .29
/+9 .61
49.05
4B ,43
41 .gO
47.lg
46.56
45.94
42o51
44.10
44 ,41
43.45
42.83

DE LPS
tó19
. Bó5
.9t7
.956

1.012
1.081
1,1ó7
1.269
1.403
r.515
l.Blt
2.152
2.686

TITtrtr

8.ó
t'>)aL

1.1
.0

-1 2.

-1.8 I
-1.0 I
-2,7 1

-.ó 1

-'1 Ã 1
L'2 I

7.5 1

r3.5 2
26.2 2

STAT
.7369 88.8
.1180 89.8
.8250 90.9
.8793 9L.9
.94ü7 g2.g
.0149 93. B

.1ù60 94.7

.2L36 95.6

.?538 96.4

.5323 97.2

.1129 97.9

.1209 98.5

.6627 99.0

ACC
.0466 5.6
.ù434 5.0
.0404 4,4
.0366 3.8
tU!51 5oZ
.ü298 2.1
.u263 2.2
.(iz?g 1.8
.0194 L.7
.0159 1.0
.t\25 .6
.oog2 ,4
.0ü6r .2

FRI
. ü45 6 5.5
.044ü 5.0
.0423 4.6
. ü4ü5 4.2
.0387 3,8
.0367 3.3
.0345 2.9
.O?24 7.5
.0300 2.l
.4215 1.7
.C248 I.3
'0218 1.0
.0184 t6

C./'ìr D

,163
.B3B
.897
.9 56

L.Q27
1.102
1.179
i.305
I .4r2
1.60Ü
1.ó94
1.896
2. r28

REC
1 a1I'JL

1.19
1.11
J- . \-,, ¿+

.97
r9U
.84
.16
.70
.62
.59

.46



,vr

ApPEìilÐrx 5'r ?ii:ä:rlå":oi"311#li'1*;"ii* Íl'olå'
flrh reo

( I ) Prcparatlon of thc $r0

fhc startlng mtorlal u¡cd ras flnc, puro nlokoX.

noao¡¡tdlc ¡uppllcd W tbc Hond I{tokcl Cospany. Tha flnc
podltr ra¡ nl¡e{l rlth aufflglant ratcn to f orn ¡nall
pcllcts andl thctç pollotr rero thcn flrcd ln en clcotrlo
furnacc ln a ¡geotal- ocrenlo onuolbls ( rsfltfünltcr) at

1ÞOoO fon approxlmately fatr hour¡¡ Th6 rcerltXÈg

hâr{ancd pcllets rcra ærcen¡cl lnto threc slse rangor,

vts. ,5/\a( ,uan {^na trgl& (ryrcr m¡h). rha stntcred

mtcrlal ças ooslt lv cly ld cntl ft c{t a a l{r0 ( Bunrant tc ) by

X-rüy dllffraotlon analy¡ts nnd no lnpunttlc¡ tronG

üctcotcdl.

(e) sa¡ çectfloatlon¡

fhc gasGË ud çclro ¡upplta¡l in ÌrlSh Drosüulc

oytlrdcrr by Oomonçcalth fndustrlal oase¡ (¿u¡t.) pty.

I,td.¡
( a) orygan flcc nttrogcn

99.9É tra

W¡tæ væour <O.O? */or¡.u. full oylladtcr

.{S narc gerct
02 < 1A vol. p6r iO6
earbon andl oarbon aon¡pormlt r (10 vol. pcr tO6



3ffi

(u) S¡trogcn (rnanrtrtat)
gg.rfl n2

Tfato¡r vepour < O.Oe g/ov,,a full qyllnilæ

.l¡Í Fa

.l É orygan

OO, erpno*. lOO vol. pcr {06

m üpplorr {ffi vol. pc¡l 106
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ApPE$DIX 3.2

Â!. ?.'l

bD + oO + .... r fR + ¡t + .r..

thc ü{ull!,ür!.un oonstant fr fc dcftntil W

Chonloel tqutltbrlun ard hcat of ratotlon f,tor
thc rctuetlon of I{lO rf th Mrogon

Ohcnloal ogulllþnlus

?hcwyr (nmoun ct al (7l))
For a rcaotloa

f.

rharc tr r tha rqulltbllun oonatent¡

f- r aot!.vlty of æcof or X at agulllbrtu;,
and" a&o r rtmdtnrdt froc Ënægy otrangc for thc nootor,

;!ræc oo ' f (tcnÞo¡ p?G!trr?ü¡ @dl oonrpo¡ltlon)

P.98lr

fho stadarqdl froc cncr8ff changc f,or a raactlon

at zÍ46 uey Þe Ffttcn¡

l* 
o uo,' E^$of(proauotr)' ãa eor(rr"rct.ntr)-¡] ?l50A

rhorl Onof rcforr to thc ¡tardar{ froc crlcr¡nr of fìrrmatloa

of a oonpounil t?on lt¡ clonantlo If vúucr of, ¿tof

i,Fo rrrllahla for a ¡rangc of tcruperatuÍa! tho cquatlon

r lrp.ltg.... r
.j



my bo glttra¡

rl
L ao on' za onf,(protuotr)- 2aool(r,cactentrl J

35t+

t

tfbr cqul.llbnttn oonrtant for turour r¡aetlonr
(Rrf. Xougçqr¡ -fltaon, ¡nd Rsgat;, Vol. !¡
ù. 't0f 6) '

L"3.312

In tha rquatlon

Xr

,..].t:i

fgr.llgq q r..

rb .tot
-1

I
*JI 0.r..

thc aottvltlc¡ ( f rt) ¡rV bc mpncrcntod! ln tcntr of æ1r

fipaottonr uå fugaolty oocfltol¡tr¡

r, r (IrD$ ) 8nv

rhrpc ÍÞ . Ëü1r f,rrotlon t r

E r totrl pãf Ëgqt, .

and. v !tr. fugaotty ooofflolcat tor I et totel prorruatr

co.f,flotant¡ of thr garor itrâ .{ual to ualt.'r thoa thr
qrrrrlon for tr Þcooncrl

Ltr ffi_ g !+t
tttl

-b -c



3r,

;trloh tn tcrn¡ of tho nunbcr of molr¡ of a rpootor precant

(q') 1r¡

t *{ r+9+.. )-r rï lgrrrr
n fr

bE.? Ogrrrr 'Qgc.o + tlp*4¡oo. +r?t-.1l

E r t- jtrl I-.L nþ r¡

a

iI
nH' + n frgQ

ünärr

(b+o+..)

rtrarcrl , lr thc nunbcr of nolcs of lnort grsçË prolente

f n tha ceac of a hctcrogcnoour ga¡-aol!.ll rcaotfon thc

eotlvlty sf thr ¡olld nay be talrcn a a unlty provldtcdl that
tbc totel prcaarro on tho ryatan dloca not dllffæ muoh

ñon thc rtandarü rtatc¡.

flanEa for thr roaotnoa¡

rlo( E) + na( s) ' rr( r) * %o( *)

l -tl n ñ^o*rn¡

Eoaoç tf thc crturt of thc ¡paaotlon et cqulll.brlu¡r lr
nca¡urolt by thc oonvæalon of hy{trogea to tatcrl

l- -1

" -L F* I rharc ¡ tr tþ dtesrroo of oonværton
,st +f,

valucr of aoof for. $ro an{l þo arc tabulatcû by }rrtrorr
üú 0tEtsan (t). fbo¡c varurr arc rcpnoduscd tn TAEE
Å5.â.lr togathcr rtth salculatr. varuas of aoo*, tr ¡ndr ro
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ro-Ha
TAF,B A3.2.1 å¡mary of cqulllbrtum dtata fon tha il

rcaotlon

1{0rtE! I(r6.rpt-33 1
F?

ard

T - absolutc tcmp. 9K,

aoon - sta¡dar{ hcat of rcaotlsn at T9K,

R * gaÊ oonstant r r.gs| oal/g-nolc pcr k.

!r
Dcgrrac
of
Conlcr-
¡lon of
II^ at
eã.r

.gg9g
.9985
.9980
.9973
.9965
.9998
.99h9
.gg5g

aoo
n x

PGf 6-
nol,o
sro(.1

963
665
t$t
572
28lr

255

r9t
16a

oal/g-¡1s1¿
Hro( r)

-hr065
-5rl60
-6116f
-7r05O
-7r 850

-8r 670

-9rhlo
-10r12O

F¡.oc ct of

^nofro( ")
aoorrro, 

, ¡

aat/
8-t[olc

aaL/
ß-!EOl.o

-5rl. r6Y
-53r?fr
-5?t3&)
-5{rl50
-h9r 9{o
-h8r âlO

-hT ¡35o
-b6ro jo

-50r57O
-bg,360
-l{6, aoo

-l¡h r lOo
-h2ro6o
'39 ¡97Q

-37 )9|,1A

-55r9lO

lf cr¡p.
oK

1

298
¿loo

500
6oo

700
800

900
ooo
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i+!.2.3 lfcet of loastlon

xa thl¡ rôotlôn thc hcat of rcactlon for thc rcaotlon
rfo(r) * na(;) 'trt(¡) * xa0(g) lc oalculatcd ar e
fuastlon of tmpcratu!¡cr rlFhc rtanda¡ü haat of roaottoa
lr û¡flncû rr thr ohangc fn anthalpr rc¡ultlug from thc
proocdurc of the ncaation udcr e prâe¡urc of 1.0 atñ.r
rtarttw and cndlns rtth olt urtarlal.r at a ooartrnt
tcrÞareturc of A5oo.o

ÉÎho hcat of forrnatron of a ohcrotoal oorçound 1¡
a tprotel oatc of thc ¡tanilar{ hcat of a ohcmloal lçaotloa
rlrcrrln thc roaotanta erc thc naçearety clomnt¡ andt thc
ooqpoundl ln qucettoa 1¡ thc onxy produot fomd. Thc

uola1 haat of fornatlon of e ooryoucâ lrprcrrnt¡ ( unl.om

othcrrlrc ltatrd) tbc hcct of rcaEtlonr At,,, rhtn I nolt
of ttre ooupoud l¡ forncil fron ttra alcmnt¡ at 25oc enü

1.0 atno pFÇürEFr ;tth tho roaotlng alcrncnta or{glnelly
tn thc ¡tetct of rgrerrcgatlon rhlch ¡ra ¡tablo at thc¡o
oondltl0a¡ of tompcraturç endl prcmülrrÉ (noucmr ct rl
(zt) ).

thc rtrrdar{ hcat of rôaotton nny bc oaroulatcû
frou tbr rtarderü hcat¡ of fornatlon uetng tha follorlng
cquatlonl

I

L o4 ' ¿aË$(pooiruot¡) r ¡Â*(raaot¡nrr) :l üoa
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;aær a{ : ltrdrrü Èrat of rceotlon

unu a ti r ¡trrúard hcet of lbrnat!.on

!fU,r ¡nrlfrLr ola þr r¡tcüdrd to oaloulatc thc hcet of,

poretloa at rrry tepalatorc T rlnor¡

(o4)r ' (Å{)æat * {
( Å or)t, cl

29t

r-l
bmso i-^ 4 ' t4(oooáuot¡)- ¿^ 4(Fcaotrntr)-

î

ç

lor tho lcaottoar

rlo(.) + te(r) ' rr( 
") 

* Bf(s)

tho vrl.uer of 
^ + for þllroßrn rl$ atolrl lF. t.!o, Þrmt

i

thc bcet o,f raotloa rt trpcrrturr 19f lr

(^rg )r to{tEdr - ( o4t"ro}}tI

Yrlur¡ nC ( a4)ç fer ËeO rDá IrrO rrr taþu1¡tc6 Èt E LIOîT

üt OLIIT$E (f ). thoro trtr rrlr rçruCtuotd tn ?AEl
A3.?,o2 togrthar rtth ( ah)t for r rihgic of terçoratçcr
f,For 29Ë to looot.



tAE[,ß A3.2.2 Hcate of fornatl.oa of þO ad XtO andl lpats of resotlon fæ thc r:aaotloa
rro(") * eg(e) 'rt(a) * Eao(s) froa a rangc of tanqparatuncs f¡ræ

æE-lrOOOk.

-h98
-ggo

-{lrll0
-'189O

-2?.bQ

-2570
-288O
-5tho

-57 r,þt
-57 't}o
-561 8F
-561600
-5611*6o

-5613to
-55r I SO

-5i6ro70

-r7 1798
-5grOllCI

-59'-27A
-5i8rl¡9O
-5gr7m
-:i8,8&
-59ro60
-59r?tO

290

h0t
5æ
600

?oo
000

ru
lffi

ú
,27
227

327
tt27

527
627

727

¿rgP
B

"ro( ") 
* fra(s)'Fr( 

") 
* ffao( r)

o"t7g-ãol" Fro(,l

^4rro( 
")oal/g-¡e16

^4nao(l)

oal/g-nolo

9rOrr
t

fraats of raacttoañeate of formtlo¡lFrrn -

r^r
tãt
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ÂPPENDIX 3r5 îhr analynlr of t
BÀL{$AOWffrI st aI

ht nciluotlon nodlcl at
(6)

BA¡¡'DAO!TSff'I ot aI ( 6) proporcd thc follort¡rg ratc
cquatton to {lccEnlba tha ffxc{l bcd! rctuotlon of l[l0t

!r !n * !g r 11(i-e)po'b5+ts3({-e}(e)po'o5 (¡.5.1)aaaaa

rhcrc tl. * ovorall ,rcaotf"on ratç, g rcrc xzo/g rnol¡ lnltt¡l
ïrr0 pcr nln.

e - total g nolaa of l{r0 rcdtuocdt p6r g nrolc I{rO

ohangat,

L1rI2. rat¡ oonatanta, ard

p ¡ gartt a1 prGGüuFo of Ïln ohargct , atn¡

At 'f .O atn. protrurc thtr rquattoa rclluoa¡ tor

r ' tl(t-e) + k2({-e }(e) (.g.r.a)

and thc oonltantt I, anl! ke oan bo cval,uat¡û by pXottLrgl

(îå,) vr. e aad oaæytnß out a lincat r.cßpcr;lon ¡lnort

(*') rlt +kre ( 4.t.5)

aaaaa

aaôtú

ËA$Dnoi¡tffir ot el (6) pubrlahcdl Grparlncatel rc¡ultl for a

run at 29loor 1.o atn. pFGrrur¡ (nun 6¡) but dtl{t not
cvaluatc thc oenutants for thl¡ Fun or oonpero thalr



5Éf

oæG lnfãtrl rÇü¡ltr rlth th¡lr noâ¡1r tfhclt oonrtrntr
r!; rvaluatc{t 'ln ttr!.r .*ppBNÐïx rrÉ tho noitrl pæ{ltotlonr
Irre ooüpard rtth thr rporlnaatrl ralultr.

fnttgratlon of tha rrtc reuatlon

Equatloa Â.!r! nrf br rrtttlal

$t ' tt + (rr-r, )e - r*a!l aaraa 4.5.b

thtrcfon to ælvc lbr g u ¡ fuaotloa of tlm¡

I
I

J - I! tt + oonrt. r r. r. Â. j.!

;trrt t r ttsar nla. Lrt trrr, (l'-lt).b rd or¡e,
than ;r otn *ftc thc L.l{.$. of tho rquetton

+

tt {
, Jffi,, .
r+!e*af2

;hlsh lf g r Þl-lro l¡ rqurl to

TI,2Gl+L-s:
-Aae + Þ + g_, r FFoî1,d!üü tbüù Þ3-&æ > Or

I
qtr 1n

lfhr ralstloa of cqurttroa A.!.& thrn Þoourrl
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å,o[*grgtt] r t + eontrt¡

I
{

rt+ 1n

oÐ qt

( ¿.3. 6)

( ¿.r.7)

(e.5.8. )

aoaaaa

xor tho only bounr âry oôndll t!. on¡ avd t ablc arc r

t$r 0!û

rhloh ncan¡ thc rquattoa bcoouo¡

1nI
q [-?oq.,r,,.þ - o

Lzoe+b+c I ugl
l_ b+g i

*!
¡

"J

1. !.

oaaat

aaaat

a|laaa

!)aa!a

ln l'* aoe *.þ - o
LzoO + b + q t*üi:l'era

lFha forryn of cguatlon 4.j.8 lt trçontant a¡ tt svoldr tho
poaclbttlty af nGgËtlvç 10pÉrttlrn¡ çtd.oh oen ooÊsF ln
forn J:,rt.7.

fhtc cquatlon oan bc ¡olvad for el

e. (,q. !.9)
Io t

Fron thla valuc of e tha retr tlmc t oan bc {tctcrnlnad
fron tquatton Â.1.9

t.tt(t-e) +ks(r-e)(e) (*"!.a)

tfbc bouadary oondllttonr t.Or erô ara outrldo thc rragr
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O.Ot < e < '¡tÊ¡n al¡lrot for ilp vrll,Êftf of tbt rþûrl.
flrt r ¡rt €rurr thr uo{trl to gLvr trrûtr our rrcrultl for
ntt vr. tlrr ut frrsülonrl r*tuotle¡ vr, ttmr

Â cotgerlßa btl¡rrrn tb rÐ;r'!'tcrtrl ruultr of
tñDnor$I tt rl (6) (aggoor l.o rtn¡, Ben 6A) rd ürrtr
mdrl t¡ rhorn ln rAEt Â.].1 . I br oonrteatr k1 irrd La

¡rr obtalnad foç a llarlr lr¡¡rt¡rtoa bctrrta (Tå,) rtr e

for. O.O! < e < .gtt th! r ßrvt Il..{ Þ! rat l,d.t8OE.
Å rlaf,l,u ao@æt.ron lt nd¡ la î.Â.ñE À.1.! bctrrcn thor
trtr ef ilIÐnOWsKf rt r1 ( 6) fot .O!i < e < .9!l rnû

thr drorptloa ædcl F!@olrd ty ttrr ;rltæ - ... rotloa
?.1.e rEurttonr ( r5.t) tÉ (3l .g).
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Ooçart æa of e¡pcrl nontal ( nsn 6¡,
BAþB$S'S(I tt ¡1 (6), .O5(e" I .95,

¡ 'l.O atar) arg mdal lcaultr,
'î3n3 andl kr*.5808.
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.10.15
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.(mo{ 22
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.A?-&17

.01560

.oog.l59
.oobg?8
.o0?927
.t]01552
.ooog6b
.000!88
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.21711

.2r i3

.t 968
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.r1 32
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.,2196
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.5772
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Llräåi.) ar¡a ræbcl Þropoaed ln seEilon 3.1.2 roi ó.øïe"ä.Ë; ç')

Lrtttr

Sma
.oog7g7
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ÂPrB$mxx 5d+ S¡rþürt d *l¡rimr rndl elttprr rumrnûwrfsry üh æ$*r d tüÉ par*rutçþ *,

Ad+rl M rrgrür¡tm rqmttm
{*rlr ßÀ*fflûir utttlgr tür ùre¡¡lÇirrl sû m¡ttlpta

l|ftffir tiüflfrËäfm (rS)* îñ* ånr*üry¡ü äFtatr far tùir
analgatr l,n l"oq6ll ^tbn fæc;ffi¡at vsrtataß Çm tÉ
ud Inqq(A), tüËür t f* thr nma ¡nrt*ot* dt"rætmr
TË¡osa üatn for û,hc çtgùùæn ftnu silru tneün f,rol fie&fÆ }rã
s¡rd, srg tåþutgtoû tn E¡IBIð Àrllrl e

9w {&r |nntryÉrlr

(¡l tqoô r tr
f,$, * *,
r.ry'o(t) r *r

A ltnffir rçl*ttø¡ û¡ o*l¡¡nt¡rtüdl ffish tüatl

Ë*l+üf+0t ir¡rr.(**¡rd)

ffim î tr $ prtd,l6t#t telm ôf y,
&r rnlç; 0# &r gerfiflotrætr *r bl ü rül

*nlgu3.atffl üÐ¡ôh thtt

(ü)

rrüil{ nf,t}

kgHl Iü l* earr¡mü tüßt übõsü åc ne üütüreÊttss¡ hoütmtht tfif,æt sf tcm¡wlqturt mð ncrtl,clo clsrr
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Qr

taaal ( ¿.t¡.e)

lTc hrvr thc follorlnF maultr fron partt.al dltffrrøttrtloal

Q r ¡(v r¡ Y )
2 1¡ e rlntnu¡o

u(r.. - Y.)? r ã(tt- r -bn -o¡t)3

l$Êrorã-(y-r-btr-or)

t$$*0.ã-dt-l-Þ¡-o!)

* $$. o rå - ¡(y - É - br - o¡)

[cnor ;r orn rrltc thr nornnl cquetlonrl

È ¡d¡'l) + ol dr-ï) I x r(r-Í)

gï$potnt¡ ir i, ? ncrt bc on tlrt ll"no, thrncfo!.r

-lr-i*Þí+oï

a.lri

oaôôÒ

llaar

aaata

¡aÒat

aaaat

( A.tr. 5)

{ ¿.b.lr )

(*.b.t)

( e.h.6)

( A.[.7)

( t.t.E).nûÞx,r(¡*!) +oår(ri) rx ¡(y-i)

lho¡r rquetlonr oür þo ra;rltt¡a¡

b( tre - ¿ú) + 6(ã ¡r -ã ¡I) . (å trr - å4l) aaata ( A.tt.9)



ffi

rü Þ(rrr- ¡¡i) +o(¡oe-¡¡i) r(¡NV- åf)
.....(å'.ll.l0)

tlaor i . 2¿
û -&,

¡l
-I a * , thc rquaüloat brûoü.,

b( ¡ re -,#rt, + o( x ¡r èhfu ) - &r - 4¡å.¿,

(a.ll.tt )

I
¡
Y,

a

enû Þ(ZÍJ-

¡ ã¡gr rt

a t

¡ry- , I¡, Ef
ü (l|) r -1.â39â08Í?I

å+) +o(;ã¡?-LåIe¡

ìt .åt

aotra

alaaa ( a.h.r a)n

lbcrc cguatlonr (¿.&.lt ) end (¿.b.ie) nt Þ¡ rolvcd for ü

üd o bf tb¡ trtc¡mlaent u;tbot, utLng tha ô atr ú¡ora

þolort thc auncrloaL valuar on thc rtght hald r!.dc are

saleulatrdl ffq6 tlrc data ln TABI,E A.b.lr B r 18.

ãf - t*rla (r) I o.20h576

ått -
¡r rt (¡l r -o.ooor 89or

a

ã,e - tÈr}t s (¡) I o.o57ta8fl
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al¡o m saloulatc the total varlân€r of Ír ¡ (y-i)â

.'ãy2-lå¿I2 r (a) r 7.67427fÐbbl¡

4r¡ - åJå¡
B

b(5)+o(:)*(6)

T (6) T ooozl 6næs

andor (r)
(l)

(r)
(5)

If, ra rcrnlto aguetlons (A.b.tt ) and ( a.h.la) raçaotlvcltl
url.ng thctc data, t hay bcsonet

b(r)+s(5)''(h) ( n.b.i 3)aaaaa

alaaa ( g.t¿.tl¡)

anð thc dlc'termlnant ¡olutLona of thcto oquatlonr atrGt

br (t¡)

(6)

(r)
(g)

(r)l
( 5)l

(r)
(:)

( ¿r)

(6)

(5)

(l)

Frrlu¡tlng thaac dlatcrntnents ytcldlrr

(r) t ' -6.o6Fl¡6&Ûr
( 11) 6 r o.rð651s8i 6z, an{t

(11f) I r i - bÏ - oi,' 8.gt{6gag{69

thc rrogreast,on cquatto¡r thcn baooçrc¡l

A largc nunbcr. of flguncc la nalntalnadl for
9oræutetlon of the tlfntfloansa of a, b, o rnûtha rcgrc¡d,on.

¡ l{otrl
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tqÍloå . 8.9b7 - 6.o65 t#l + or fi651Çlo(il)

arat. ( ¡.tr,.l t)

A.{.3 füü ;lgnlfloanoo of thç rcßrrtllon

lfhc run of thr rqrranar of tho altrtatlonr otr y,

:(y-ï)â, lt tqurl to thc lrd,äual ¡un of lguart! plua

tha rrgncr¡ton n¡a of rguærrr

u (r-ï)f .
sqr

f7 ûf

I(r-v)8 *
tg lo¡11!.

t5 üf

¡(r-i)e ..r.. (Å.&,16)

l8 hÍte

t llf (two slope estimates are made)

tlaor ¡(r-ile . (t¡)r + (6) a t ?.1tio866a

rrú z (y-i)2 - 7.67ke7gdl

lf tlffrrcaor

Et lrrtâ . . ol Í5{ Þ64

Iun nurrtf m. thcpcforur

(rl rt a ¡r Oo0lOe{ 266t



w

rd ( g) ¡g:tqT. r ,.?6o5b$

lbi.r glvm r vætrnsr mtlo or {¡ . å*#å{åt6 . !6ä"pfr

rhlah nürn; thât tlrt rcgrcrrlon lr "æy btfhly dgnlflaantr

¡l.lt.! llrc rlgniftroanoc of tha lrgpGü;ion eosff,ts!.cntt

It oan bc ¡hom tl5) thet¡

v(b) . ¡l z (trzl a f rrr. (l.l¡.{?)

rd v{o) . ,2 ¡ (r.,i)8/¿ ( r,b.t 8).atta

rbeirr

Ar (r)
(s)

(l)
(t)

ratl r2 . rrrldteal LtrË rqs¡lt,
,ü4,, 

B11,r ' r O.ô,l0li 066:

ttno¡ x(¡-I)2. ¡*(*-i) r ã¡â - L¡dlle. (r)

¡ (¡-i)s . "¡ d¡-i) r x ¡2 - f+Ie . (¡)rn6

halcatlon of thra {lct¡palarr¡t glvrra r o.ol{7¡gatr

.'. { l} v(t} : O.Ohg9?Ð'f

ffib : râ?Stl ( rtl'úare cüloü rrtl¡rt¡)
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rn ! ( tf ) v( s) r o.t 776rt7

gBo r .h?.15t (;tan¿ana rrror c¡tfntto)

By æplç{ag thc t-tcd to thc net!.o¡l

-å% -T--ffio. 27,12! aadl . O.8l{5lr

tt 1r cçtdcnt that thr ooeffteLent b ta Ìrfghlr otgn!.floant

ülrdl thût thc ooefflolcnt eTræ ¡ 6}fi shånoo of oonlng frffi
a populatlon nhosa tnuc vaLuc la gcno. fcnoa ft fa
oonoludc{t that the ooeffteicnt e is not d.ßnlfloantr
Fpon thls tt nay bc oonorr¡ilod that thc parttolc ¡!,sc factor
lr not ¡f.ßr¡tft.6rnt t.n thlt ar¡elya!.¡.

A.l¿.b lthc rcgra¡ston cquatlon rlthout tho d^¡c faEtor

Thc rcg¡lG¡slon cquatLon beooncl

¡r*a+b¡ ( ¿.h. r g).aaaa

rtrrpobr 1*Y' fii . -6.o65t76,18
qÎ 0r

n I

¡r2 - tå¡¡2

æt a ü i - þtr n 8.27167f 6

Agaln tha iun of thä rqua!Çr of thc dlrvfatlsa¡ of y lr
oquax, to thç rçsldlual run of rnueras pl,u¡ thc rag¡ardon
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run of lquartrt

¡(y-Í)a û r(y-y)â * ã(y.-Í)e

$9 Ro¡ldt. 8.î Rcgr.

t7 dlf 16 üf 1 ¿rf

ry ûlfftrüno.
. SA-fffß" r o.oroopSr{5

$$.-Eggg.
{ - 7.5137877

I

sry

( r)
( 11)

2I ¡nd

tht¡ glvar a varlanoo ratlo of F

crtrcnaly ¡lgnf floant o

1 6 * 7'19 rtrloh ll

îhc flnaÌ. cquatlon ln tcrn¡ of loSrOO *O #
thcrafo¡re takc¡ thc forn¡

logr'"A - {8.271? - 6rf!6¡* * ,rol¡ (*,L.ao)aalaa

ïtth SEloarot r¡ 0.100?.



Yt¿l

ÎAW,B ,A.h.l Data tabuletlon for analyats of varlanor on
üho æpc¡rlrrantally dlatel'nlncdl valuea of tho
Baraaatcrr À

Run
Ilo.

I
2
5
lt
5

6
7I
9

10
16
17
18

{1
12
15
rh
1'

t,osro t
!

a2

89620
1l

It
rl
rl
í
ri
a

-1 .97?.66

21
rt
rt
í
n

Ia-1

r{

i. .
-{ "8965

I

0.015{

127

1a&3

tl
Í
r
1f

o
|l
It
1l

rt
il
fl
It

o
n
rl
Í
ü

a0

o

t8.:
x

1,7b5
1.672
I .605
I .rh1
1.1¡86

.7ttï

.€r72

.605

.51¡5

.h86

.1t35

.h33

.lr 5l
7U5
€''72
605
Sttt
l¡86

I
"l
,l

t
{
I
I
1

't,
1.
1.
1.
l.

i.
1.5806

loerOÂ

v

-2'.393,62
-1 .75696
-'l .35819
-l .OO{ 7r
-o. S1 pl¡8

-2.lll+l+91
-1 .8'1816
-1.29ô75
-{.Ot}5i5
-O.886O6
-O.hOr4O
-o.357511
-0.5Ob&6

.lÐ892

.991 kO

.q1|¡5t¡

.02595

.85e68

-2
-.t
-¿l
-'f
-O

i.
-1.3125A5

â
t{otto1
Pararnctc¡r

.OOlr0h

.o{ 75
.oh5g
.ogg6
.{ 5l¡

.oof59

.o15â

.a512
,om5
.1 3O
,995
.bp
.51 3

.OOlr91

.o{o2

.o5&5

.09&2
,1117
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.ÀppffiDrx lrtl tryü'lnø¡tu{l nau}ts fþr tt¡¿ tw€¡nærrt
ü&lstlÞr of, HrO rl,tih b¡ñloüm

Iho ¡raût¡ wtrt€f¡ frLtw are tehrL*¡td. fon osdr

Fm groqn üral,gnatd. ln loi'NBL:¡; 4"f I ceatr p{rgn oûrrss,pof;¡û¡

to a ñm B$sr¡Ilr

¡



-TlÉËÊffSff,. tÉ.,îriflr:$,. üLFt4, - ,,k'¡...Vttfn n,,f¡¡ir,,ryør¡r f- f,f¡,- flffÍî'ttg
R¡a gno'q¡ lfcr I
AælDa¡ tcql. * gooPc

B3

78
76
7,1

fú
6¿+

39s

fr3
5Ð
3e3
585
585

¿åSå

9tt
ffi
F¡
li.9+

¡195

¿¡æ

tl¿o
t&3
¡tåO

¡tå0
l+ão

5dl
5ilr
916
5ffi
5CI6

508

t|l
t-&
f-I
{-+
t-5
f.6

ê*
ifft8ä !,nletRe{¡ctor sttgsrtl oü

8ota,1 IIAO ae$bed f,or ns¡ grtotp s
r 3.590 e

.#7t

.iJ7S

"t9O
.11+1

.Êâû

.3[rS

.5fi70

"3Ð6
.li15B
.l$tr$
.ffi,
.4æ.5

6ro
3.5
5.O
tr5
t¡.o
3"5

rffibl
.0ht¡8
.t59.t
.06€l+
.t?tl8
.'t l{g8

âO.I+ll
''l9.1B7

I8"55ål
t8"ïB
1 8"112,

?.6.3Ø

?Q.l2Lr
{9198â
1g.g&
eQr.$lf0

a0.09"7
2grî-fg

l*{
1.4
l-3
f -{+
f-5
f-6

ltal.ldg ttêit
ratr(sJsa)

;iol.lüs flN{Êtstrf3
d:lop - el'trf
¿cals ( apr:æ. ln
lIPû

I{Lsry¡ator
Esttfng

Îlfd¡oæo, rmlæ rgr,
ûlbrfte at ?aO tar
sr,tttl end Ët!'

Fru&¡c¡t(d
tNrO+ !{,

egto

)

Fæd, ;gÊ.

,.:åJ

rb
Hor

I*d¡iID¡E{i}$ *nrii I},.,,ï,.iEi'SÐ BilL¡iI{Cd Ð.,1å

s
Ër



TÉ+,,'.!,Ir,¡J:i,tfL ri¡"[rf¡í:4, f{', ,JìiLS,.O - jhf,l?tE¡grt¡fl æS¿lfd¡-,{S. j#/"6O 1{,Í9

Iüm gnoup llor 2

t{d,nal 'fenr¡¡ * 55ooc

1æ
93
ût)
()î

76
6tr

I¡{ B
t¡¿iO

lr1 9
t¡eo
Li{ 5
i¿'t 5

557
5S¿

953
558
553
559

1160

t¿6o

l+60

li60
¿$55

¿+55

5ãs
555
558
w
551+

5r5

24
y2,
þ3
ad¡
w
24

frrytt **ffitot¡üetIte€¡{ltÊ
trJåA

Srff**rtnffiuoffotuå#qä a#t

rotar þo åd&srtled. fcr rn¡n l.'xotoldp æ

77,755 s

.ù7ü
t\J (ë

.aT7

.;)78
tù;96

.èiñ

e 5*&
.59iú
ri95{
.39${i
. iü51
.li$î1

6.t
5.5
î.0
I¡-5
Jut
3'O

"û5{¡tf
.o57l+
.o660
.1i+l O

.{ l¿{ l¡.

lg¿+6¿l

9.968
9.I*bC'
S*&9r

1õ'-73r.
I 6'6$9
ä5.8O8

I O*ûS
{ o.r 05

9.fr?
?T.OJ€
{ 9.95?
29.882

âd
2:4,

2-3
â-{+

2-Sl

?.-16

',cJ.1f.r pr€ssurro
tso-: - c¡;.rt
cc"ic (r,rr¡rrox. fJr
ìi2û¡

b]'ld"s reû{l
ferte
( ¿¡lsec)

i'Ì.otyrutor
nettlng

ilfi-nogen ¡',æJce ui¡
cüb.ftÐ rit' JaO ln¡
water $nd. 75Tf

p rodr¡ct
(s)

t'zgSr

7t( i'{r0 + ti

*Tå**
(tilo)

Ìltrr
$or

F;"lliÏi.:.ii;,i ?I; :., t-:i:ii'Jû IÈ-'J* iiü; J,,,l,'

t{
ã



qq${$o$p nFç$,çf,Iog g¡r $fq= snnaF,rr,-r,tal Fçsuttr fu¡L48/.6o xrp
&rn group l{o. 3
füúBal tcw. t fuoo

9'1

88

8l
@
57

\z

IrlrS

\55
b50

hl¡5
uh7
hho

58'.
608

595
59tr

6t¿
e)¿r

b88
|t90

het
b90

hE8
t¡85

609

67
609

6'lrl
607

&7

Þr
uÐ
,-,
t-ll
,-j
þ6

or EF
ga ;al1 gaü ralL to'p

îotal Ëeo d sonbcd for run T*f*.

.O8?

.O86

.CI85

.l3t

.1 68

.2\3

"T182
.l¡OCI2

.l¡fJ0ll

.ltarz

.tú?h

.ho55

5.O
l¡.5
lr. CI

3.O
2.5
2.Q

.Q872

.O872

.09{o

.t960

.19¡3

.F98

9.O69
8.58.1

9.b55
15.868
15.628
21.?ltll

lo.o2.f
t0.oo5
10.otl
20.ooo
20.ool
30,oo6

'--'lþ2
?t
,-h
>,
?6

golt{l r prt sn¡Fü
flræ - Glrsnt
gsale (anorox. ln
A?O )

sollal c fcd
rata
(elæc)

Elorrato¡r
aettlag

ïtntrrogen naake upr
cub.fto at 7¡O la.
çatcr end 71-?

Prodluet rxt.
(s)

(rro + r{1)

Fr€ll rst
(s)-'

(Flo)
a

h¡
So

n
a

RE gfjlf,?i0B TIHE DÅ.ffiTASS BåT,,q$TE DATå

st



IRA¡qryo&P Rggîrçqïffr$q 4rfl, -JInq-rn.ntd. Fesr¡rtq feF 1816o1 ¡qrg,

Þa ßro¡æ Xo. b
Furd.nal îcmp. ,. 7ÐOoO

F or n d ! c!

7rt
7Ð9

7Ð9

7Ð9

719

7ï)g

711

5e5
,74
570
,63
,&
55}i
57Ð

@z
6gz
690

697

708
6w
Øz

,25
51o
,17
510

51o
t195

51o

95
88

8¡
59
t49

6z
86

ll.t
bz
h-5
q-h

þ5
þ6
w7

rotal ñao d ærbad too oåå.,gg1 I

.o7g
o077
'.o8t
.{ {o

'.{51
".28j
.õ75

.ß19
.gî7
.l¡{ 78
.j920

' .l¡l33
.h'lOl¡

'.1¡2OO

3.5
3.1)
2,5
2.0
1.5
1.0
h.O

.1CI60

.1O5lt

¿lOAtr

.2{80
;2?r2
;3Ð'
.21h8

8.?hO

8.2t3
8;'069

{ 6.?l¡0
1b.5fu
2{.8hO
16;t55

9.99tt
l0.oli8
lo;t r .l

19;99t
20.o45
8;9æ
n.a37

l¡-l
l+-t
l¡-5
h-b
l¡-5
tt-6
lr.7

$olldl s
dlroo -

prÇ8EurÊ
ahert

( mp¡ox. tn;cal.c
E*,

$ollil ¡ fcail
rlett
(s/æe)

Hloçrator
rattln¡ç

XASS BÅIIIITCË DAÍA
Fcatl

(e)
( Hio

lgt.

)

Pmiluet
(s)

(Nro + x,
wt I ffydr.ogen naka ûpr

c¡È.ft. ctt 7.O ln.
reter and 7fe)

Iua
üo¿

BEST}iRICE fl}TJT DÂ1*,

$
rÉ



hzîRA¡'¡'SpOm R-.TüCTTCÍF OF !S-

Run ¡¡roup lro. 5

g-

Fmlnal î . . 5OooO

,-,
7-Z
,-,
5-lr
î-5
5-6
5-7

toll
5s6
5{r
¡48
,Q5
50h
5ûl

95
,97
95
375

387

380

373

nt
50{
Solr

507

,42
511

\97

590

585

385

373
578

372
36,

67

5h

,2
80

52

57
57

oor GTt

s¿o d ær$e{l for run grou¡r r
'l'l -{¡6 e

çotcL

.117
.2j?
.1r20

.26'l
1.Oi2
t.olt8
' .211

.ho68
.['121
.l¡050
.hcgg,
.fr91*
.bob2,
.hl5h

7.5
?.O
6.5
&.o
6"o
6.5
8.5

.ofìa
.o355
.o636
.a273

. .086j
, .1001

.o{ ho

t9.b2ù
{8. fg8
18.872
19.gfi
1 6"8p

'.5.674.n.æg

20.olb
f 9.9olr
20.Ol¡9
2Él.O8l¡

æ.a92
2:).925
'f 9.91¡1

,-1
,-2
,-,
5-h
5-5
t-6
þ7

Soltd r preaãura
ürøp - ehart
eoa1c (appro¡. ln
n2O )

$oltatc feoü
rstc
(s/æe)

Floçmtor
ættlag

IVd rtgGn makc up,
ouþ.ft. at 7.0 ln.
raton alú 65oF

Pr.oduot lEt.
(s)

(Hro + H1 )

Fad

)

rgt.
(s)

(rro

RBSTI;EI{Ûñ îIHE ÐÁSA,H4Sß BÁ,LA:;TE DgTÀEua
fro.

Xotes Â
illftsea le*
lnto the
apparatus rar
ill eoovarcd
ilurtng thl o
group of run¡o

t¡I



Î4$IrsFOfiF 8FÐggçJW or {fç : e*,a?rtatar, ¡'cpqrtp rof ,.4,2,/lr8l¡lg
Sua group ITo. 6
ìImlnal ltsr¡p, . .gþoo0

59

5z
l¡9

b8
,2
t7

hao
h15
l¡15

hoj
hco

boo

1tt6
5t1t
562
559
5u6
555

ttfi
ltF
un
lt25
hrE
hlo

55t
59'
558
5Ø
958
558

6t!r

lotal frAO dsorbeü for nun group û
t2.r95 q.

.o7{
.o8.1

.agg

.'l90

.278 .

.796

.399O
.l¡Ooh

"l¡o5fr
.hCI89

,fr57
.ha26

9.5
8"o
7.5
7.8
6.,
6.o

.OJllt
.0585.,

.Ol¡6lt

.{o70

.12?,

.{ 968

9.928,
9.172
3.897

,7.551
t 7.olth
2l{.806

I "896lo.olo
to.055
2O.O32

tg.g85
æ.9q1

ç1
be
ç3
Êlr
ç5
ç6

8oltal a fecdl
rstc(ç/æcI

$oltd
ilrop
scaL0

pt3ËraufG
ohart
âpp1€Io

ta E2O

a
¡-

Elonator
actttng

R9gIDS¡TOE TTEF DJ{Î^[

Ënb.ft. at 7.O tn.
çater æü ??Ði

(
oIn((

a

)

U,À$g BA.Lf."}TOB DÂTA
rl8t. ue

ß)
*

rogsn
(s)
Fto fir)

t¡Pr
Run
Foo

6-{
*z
6-3
6-lt
t9
ç6

H.*



O - n+e'rp,eq!.ar trgsult¡t.rpn. bzh8fnn[
lun p.roup So. 7
IÇonlnal . r GoCIoo

{07
102
98

95

91

76
85

l¡60

46tt
h59
h50

h55
hl¡5
b5f}

593
59'
ø7
6ô0

590
&z
Ø7

,179

lr93
ttg5

\95
h9z
l,t9r

h9o

612

60l*

,fu?
&iz
6iIt
æ7
æ7

7-1
7-2
V-3
7-tl
7-5
7-6
7-T

or !AG

fotel HaO g:roup Id æ,rbod for run

.A73

.o78

.o79

rogo
.o86

r1 6O

.Ð94

.]975

.921

.:Ðo{

.ho89

.n91

.3798

. f8l{5

7.5-

7.o
6'.5

6.o
5.5
b.5
5.o

.o7gt

.O8¡P

.o865

.1775
Ò{ 829

.?922

.1952

11.689
8.bt g
9.5CI9

{ 6.{ll7
I 6.678
2k.?J27

t5tg7h

'lO.O11
g.ggà

9.959
20.o79
æ.Q63
fo.(Ð6
19.985

7'1
7-2
7-3
7-,h

7-5
7-6
7-7

Sot l¿l r p¡r€ßsr¡l¡rc
ilçop - chant
aea]'c ( appro¡. ln
H2o)

Sol!,d e foc{l
ratc
kl*c)

EIoçnator
scttl ng

nT;T* "*t'
(rro + n1)

rydrogen nake ûÞr
oub.für 8t 7.O Ln.
rator ad æoF

(

I

Ü8?t

ãìï{(

oFcaü
E-F; $Tl}E}íIË îTÞTF DASAlÍå,$g sll r,-rrç6 råçAlun

Fo.

Ë



raåF,$Fonr npgçgr.o¡t.OEJro. î E?ìe!"{ Frçral t'g¡S!1t,f, Íg¡. 
ttz4þftîtg

ha grouB Ho. E

. .700oc

00

th
86

6E

tl|{

61

66

15l¡o

,fr
5æ
528
5{O

505

5{O

æe
@z
697

7rJ7

696
697

6qv

55'
568

57Ð

57Ð

5Ø
,55
561

7rb
71'
7û¿r

715
697

70t
711

8-.|
ç2
8-t
8-ll
8-5
E-6
8-7

coaxLto G!et1

%o at ærÐcd for run group rfotal
.97h s.,)

.a75

.o76

.og2

.0go

.152

.?fr5

.1 37

.3967
.386A
.581o
.bo33
.lJ.149

.59g

'lr0b2

5.O
b.5
Ll. o
j.5
2.5
?.O

3.o

.fo26
.tA52
.'l0Jh
.21 56

.2150

.52rt0

.2158

8.ü9lr
7.9r1
8.e8lr

15.79
I q.750

21.5n
t 6.ot{6

' 9.982
lO.Ol¡,l

' 9.992
79.962
19.91{o

F.O28
?.r .?35

8-f
b2
8-5
8-tt
8-5
8-6
u7

tlollda pr.etsuro
ilæp
æ11 (

)Eaoln
C apptrO&
- sbrt

goltdr fGGd
râtG
lslsçe)

Elærator
ættlng

IErdrogrn ilatc
cubrfü. at 7.O
ratcr üd 7{oF

uPr
tn.

PfO€tiGt lfto
(s)

(rfo + lr1)

IrÊAl llf,t r
(s)

(rqro)

RÏg[}Ëi'g*$ ?THß X,ATAN,{SS tsÂ,L,{:TCE TJ4TA.Rua
So'

f,¡f
IEld



TB4¡r-Î,Pgï:r qEquær-q¡L oFJto -- ns'gs¡4enlat npsurtq rop s/31 filQ
lua group !{o. 9
ñ I

76
86

7Tt

7o

@
68

66

388
Hl
5; 3
385

38'
]80
575

w5
509

be7
500

503
he7

he8

t€8
4r5
ItlO
hlo
blo
l¡1CI

h07

,o5
506
50t
505

503
h98

to6

9-l
9-P
9-5
9+
9-5
9-,6
9-7

6Êctorcrl coolarctorRoaoct Fo

aL %O rð carbctl for rua group r
12-lQ2 n

lot

.o9o

.'lOl

.l12

.212,

.1 gh

.b]9.
zzÊ,

a ,l!',

.ha3e

.Þ16

.hOO?

.b'l80

.l¡'l70

.l¡CIh8

.3991

10.o
9.5
9.O
9.5
9.5
7:5
8"o

.oo80

.o170

.ol8E

.o556

.Ð681¡

.lg3

.a676

to.566
9.852
9.576

18.671
I s.601

26.687
,t 8.6811

10.o79
g.gb6

,lO.OOlt

20.O53
.l g.gF
F.o39
n.r52

9-l
9-2
9-,
9-lt
9-'
9-6
9-7

solldG prossurr
,llroo - ohert
aoaic (aopnor.
tn H2o)

Solld s fcc{l
latr
( a/æa|

E[ovrator
ættlng

¡l¡rürogen nakc up,
Gubofüo et 7.O ln.
çattr üÉ 67ot

PFdlUGt rEt.

rnr[sJo, r

Fto{t rlfto

t$få r
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îrÂ¡YqËjRÍ,FfiÞtIGrIOr oF rto - ErtertfçÊtat nFasrtr *br Slþ2 4tg
Run group lÍo. tO
!{mlaal ?arp. r5i6a3

61

58
55

58
55
6?
66

b20

hl8
turb

bô8

5s8
boo

t98

155
553
5&
55a
,u6
558
,&

It25
l¡F
hao
h19
btz
,$7
lloo

,53
555

555
55h
555

558
5511

tO-t
1O-2

rfÞ3
{O_l¡

{O-5
l0-6
lO-7

o!oo Ë!*iilî"or nlçtBcaetol
eã3 ¿fnlct*ållooc¡lt*""3lloo3o.

?8MPSRåTTNE NAT"Â

Total ffaO d sæÞGð for Fun groqp .
'15.1¡b2 ¡

.1 fO
.{ 61

"27'
.h5lr
.823
.978
.2fi

&2fi
.h'l l t
ú8b2
..58S5

.39fr2

.59lrl

.5953

9.5
9.cl
9.5
8.o
7.5
8.o

.lo.0

.Afrlt
.Ol¡8t¡

.or62

.{ l¡57

.1522
.19A7

.tF3

9.fr6
g.385
8.810

,6.976
7 6.272
26.77A

9.6?6

'1o.6¿Ð

io.o?5
9.989

20.oo5
19.976
jtl,o35
to.029

'lO-{
lO-2
lO-5
fO-4
{O-5
{O-5
fO-7

¡ro¿ls r rGæ
letc({çal.

rrotld ô PrGçsæt
d rop - chg't
sûrlc (a-opnor. la
E2q)

ruoÍra?or
Bcttlng

IXfuFOgGn FaKe Wogub.fü¡ at 7.O ln.
ratcr aadl 6tor

YFtætlGl ÍFEo
(s)

(Nro + F1)

*[*li.'Run
llo.

MSl}EIffiB TT$Ë DAîdfÂSB Bf*î,,i.'=Gll DATå

utr



{
R:T REl) c8{

Bun groap Xo. tt
O- FE t F fi/

{05
68

62

56
5lr

t6
hlr
l¡9

b50

h45
b45
ttfi
hbo

b38
u37
hl¡5

&o
591¡

60l¡

609

ft7
608
6oo

&z

tt75

h8l
h80

h80
h75
u7'
\73
t17,

6zt
&6
6a8

&l
&z
608
60h

&6

I l-l
1l-2
71-5
1 l-l¡
I l-5
71-6
11-T
{ l-8

Fctstor eoolcrp
o

Eenator lnlet
rsl1 oC

Rcesto¡r lr¡1et
r". oc

Reaat<¡r crlt
refl oc

Roaator cd.t
o". oo

lotal ËeO ad¡orbadl for rr¡a tloup r
19 -27t1 a

.o9l
rlO!
.18
.1 61

.m6

.?89

.?b8
-rqo

.lt{ 70

.b7OO

.h209

.uQ27

.h1g

.hO85

.n62

. i?oCI

9.5
8.o
7.5
7.o
6.5
6.0
6.5
7-ô

.o7h7
.a827
.o906
.o927
.ogn
,2113
.1932

8.6t5
8.u52
7.967
g.2F
7.792

15.987
t 5.620
{ 6.c}h.r

{o.o08
9.9{ I

1f}.060
9.996
9.982

20.103
n.ao7
?ô.086

t 1-l
17-2
11-3
1l-l¡
I l-5
'11-6

'l1-7
I {-8

Eoltf r prËaattrc
dlro,p - clult
rcaie ( æpro¡. tn
u2O)

rktltdl r füüll
rÊtü
(s,/æcl

Ël-orl.atol
ætttng

t$ nogan ñalcc
oub.ft. at 7.O
rater aad Ttof

l¡P r
ta.

Prod uct ;s.t.
(e)

(aro + n1)

u"lnT*'
(nio)

RSSTÊEfiSCB TTHE NÂTAHASS 3AI.i*TtB ûASÁ,&¡n
Ilo,

sâ



En{Ëqpp&FsqffIgt-os rto - næcilnc+tql,. qp¡lnr*s îpr Î/befÍrg

Fæta;l lfcu¡r. r Toooc

81

t+7

53
l¡8

59
flt

,15
505
ll85

h85

u95

5oo

685

696
697

70t
6w
698

523
5æ
505
l¡98
l¡98

510

?tsr

7a,
7t2
706
TTIO

7a3

i e-t
12*2
1*t
1A-h
1?-5
12-6

Reactor ooolcr*r$fr*ot nlat*"TlfoÍalcto*liooSrttoïSo;o'
ÎffiPERATüRE n;'{TA

fntal HeO d ærbtil for run grorrp r
l\,752 s

r Fotsr ttæ l.act tço
oolrnnns of dlata pnc
aot pre sentcdl aa thc
nanoncter llnea bacantc
blookcd durlng thta
run ß¡roup

I

6.o
5.O
lr.O

5.5
6.5
7.O

.{ol 5

.l o56

.10{ 5

.{oh8
JA22
.{o03

7ðû
7.561
6.îo
8.289
7.869
8..t b8

9.996
10.051t
g,957

9,979
1$.157
lo.o25

&¡n
!{o.

-

t ã-i
',*?
,*t
lZ..lt
1?-.5
1?-'6

Soltdr prrsñ¡lo
ilròp -
æa1c
tn frO

(
)

ohrt
SppFoIo

&ltdl s ftËû
ratc(ú*a|

Elonmtæ
ættlng

trÉrogan ¡¡sta upr
strÞ.ftr at 7.O ln,
ratc¡¡' rndl 6jPf

Frod ¡rot qçt.

lxrå*nrl
Fceil rtt.
t$får

NESTI}SHCT TIHE Ð.A?ÂTHÂffi trtl. A¡{CB DåTA

þf
c$\t
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ri*P*r'rx &{s *ffiiiåi ff*ffiH*,'Tffi,ffiff ot
ænnogtlon and, prcngsrulo clrop dåt{¡

Tt¡G ô,8üå ln ttrle r¡ppèndlJc {¡:¡rÈ ths r¡oeuLte of gr

gralysla of, tlra ðata 1& .ü)ï:'i:IfIlIX ¿+.'t nsdû rrlt¡r tùs

ald, of m I.B'M. t6AO wrputar. lho rçslrÌ.ts ri¡rB
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th¡ ôats tTtm $urr 8¡lsup { â sgr nedc ås üuürig ttrte so¡d.oo
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tìor nur Êroqp t reæetnüudrû but no n¡rthfrr år¡r.ûysts

of tLrcrc ôsta rae madc ss thË nLtrogg¡ laskêÕ tnto t¡Ë
ap¡nnuün ûnrtng thla ect sf, cr¡¡ent¡wrtsr
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-

g

g

g

g ory8pr¡
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ltl

ñ r rÀ1

rl I lNt

1
I

't
L

I
1a
'1

l

1

f:Þ^l lD 1u,\.-v
N!^ f l: ffl
l'{U¡ ìLLs

L 24.124
2 79.982

¡: / ..\.J r'J.>Ov
4 2C. t4ü
t: 1(' i (]7
J L9av/ t

6 29,119

N-6
PRODUCT
-/\ l.a1
LV.'l I I

1ô 107

10 
^8,/,LQ a ) )'t

10 11QL). I L\)

l_8.192
26.269

NlOl'4I hlA,L TEN'1P. = 500.
HYDRCGEN RËD TSAR GASV DELPS REC

,O576 .106 5A3. 40.11 .A1I 14.Ü78
.11 l-9 ,2.01 515. 38.79 .C7B 12'808
.L42A .263 5L6.36,16 .090 1I.092
.l-5BB .293 510. 34.50 '141 7'Q56
.178 B .329 5C4. '32.22 .22? 4'499
.3415 ,424 5C5. 3A.25 '346 2 '888

ntrt Þc. ÞFryLLr v

.070 I4.2BO

.c72 13.881

.a71 I2.915

.078 l2'808

.096 Il).394

.232 4.300

DÊLPS REC
.082 12.180
.086 11.611
.083 72,A33
,r34 7.428
.169 5.912
.245 4.061

þlASS ßALANCE
INF'LCW

ToTal FIED 'dGT. = f 29.982
TOTAL HYDP'OGEill b]GT.= o9908

OUTFLC\¡J
TcTAL NIO+l"iI Ì¡JGT.= I21,31)1
TOTAL"^lATIR l,'iGT. = f3.59C

RËS I DUAL= I l''iFLOl^i-OUTF LO;^,i= -/+. OI4
RUN cROUp 2 N= 6 flOM I NiAL Tf l"iP ' = ,54 '
RUi.I I\iO. FIID PRCDUCT HYDRCGEN RfD TBAR GASV

2 L 10.ü3t 9.968 .1198 .442 563.43'29
2 2 iC'1ii5 'a.440 .1365 .îsCU 5'¿O' 40'98
2 3 9.997 8.894 .15ó9 '5Bl 561' 38'89
2 4 2J,A32 16.1?,I .3353 '62i 566 ' 36 '95
2 5 L9.952 16.689 .3362 '62/+ 56A ' 34'52
Z S 29.392 25.8C8 '58óC '126 56L' 3C'29

l''1ASS BALANCI
I NF LOUJ

TCIAL FEfD I,JGT. = )9.998
TOTAL HYDROGtII 'rJGT.= f .6109

OU T F LOv;
TOTAL ¡,lI o+l',lI itGT. = e1 .5?u
ToTAL hiATËR V'rGT. - 17,755

p,i5 I DUAL= INFLCVJ-OUTFLC''¿'i= -3. 6 16
RUN GROU? 3 N- 6 ¡'lol'4INAL TEi'iP'= 600.
RUi\ NC. FETD PRODUCT HYDRCGEN RID TBÂR GASV

3 I iC.'JzI 9.A69 .2C89 '712 603' 40'84
3 2 10.C05 8.381 .2089 .113 6L5.39.12
3 310.Oli B,t+55 .?IBC .806 610. 36.59
3 4 ZA.CAÛ 15.868 .4696 ,B7A 610. 32'A6
3 5 20.001 15.6?8 .¿¡12A .814 618" 30.01
? 6 30.L:06 2L.24t+ .7423 .9L6 615. 27.65

À, 
^ 

a C D ^ I ^ ^t-fI"I¡\JJ LJAL/-\I.t\-L

i NF LCì/,1

TcTAL Ff f D t'iGT. - 1oc. c44
ToTAL l'lYDRocEN 'n'/GT. = 1.3!99

OUTFLOì/J
ToTRt NIo+NI UJGT.= 78.645
IOTAL 'üJATËR !^i GT. - 18.362

RiSI DUAL= INFLO"¡J-OUTFLOVJ= 5.35C)



t*

RUli GlìOuP 4 ii= 7 NioNlIi'iAL TEþiP.= 1CA.
RUN iiO. F TËD PRODUCT I_JYDRCGII.I RTD ÏÛAR GASV

4 I c).t91 8.74C ' 253Û .938 I i5. 3A.44
4 2 Li. v3 íJ 8 .233 .2i16 ,9 28 1 i3 . 35.19
4 3 L0.iii 8.íi69 ,2581 .t4"3 7r2, 33.22
4 4"Lg.ig3 i6.?4Ù .52i4 .964 1L7, 34,82
4 5 2j.v45 14.53/+ ,528c .975 123. 28.46
4 6 29,96U Zi.g4C .71 6b .96t 7 19 . 25.79
4 7 2ù.a37 16.A55 ,5L21 .948 714' 4C.90

I"iASS SALAIICE
I i\F LOI,'J

TOTAL Ft[D iüGT. - i.2A.ii',3
TOTAL riYD¡ìOGil',i WGT . = 3.iALZ

UU lt LOv\
TOTAL NIO+NI i,,JGT.= 93,7iL
TOTAL t-iATfR i,vGT. - 22'4U5

Ri:5I DUHL= 1i'IFLO!Í-CUTFLtf i'i= 1 .J-63
RUi'i GiìOi? 5 N- 7 iìC¡ìiNAL T!-l'ìP. = 5ÙC.
RLrN ¡\0. FEiD PR0DtJCT HYDIìOGti{ RtD TtAR GIISV

5 L 2i.uI4 19.424 .073 i .135 5C9, 46,52
5 2 L9.9Û4 LB.69B .0860 .16rr 5Û8. 41.45
5 3 2A.Ç49 LB.Ei2 .Li4I .284 5I2. 42.67
5 4 2C.vE4 L9.935 'Û66I .122 5I2. 48.76
5 ,2A.u52 16.639 .2A9i .3E6 508. 4A,41
5 6 ¿9.995 2':.6-74 ,2425 .299 5!3, 42.70
5 1 i9.94i 2A.AA9 .A339 .C63 ii4.50,22

r/\CC a-^1,\Nr.'fI"iH*J.J TJALHI\\-L

I iIF LCVü

TOTAL Frf D ,,iGT. - 1ic.a39
TOTAL i-lYDROGEN !vGT . = . 865 Z

OU T F LOi,l
ToîAL NIC+NI fvGT.= I39.45L
T0T AL 'v\jAT iR |¡JGT . - i I ,345

RES I DUAL= I NF LOi'j-OUT FLC''l'l= . 1Ü I
RUN GROtiP ó N= 6 NOi''iI NAL TEí4P. = 55C.
RUN I.¡C. FTTD PRODUCT I-iYDROGEN RiD TtsAR GASV DELPS RIC

6 L 9.E96 9.528 .A150 .2Bi 555. 53.52 .A7L 14,Û18
(, 2 i0.ulÚ 9.!72 .A92C ,34v 953.5L30 '081 12'331
Ó i lù.v55 8.E91 .i1Ú9 '406 ,66' 49'93 '099 i'J'Û77
6 4 ZA.v32 'i7 .55I .2559 .4J3 566. 47 .'7 6 ' 191 5 '2L9
6 5 Lg,98i L7 .i44 .2929 .543 558. 45.I9 .2Bl 3.547
6 6 29.ggI 24.80ó .41v6 '5ti 563.43.30 .823 I.2I4

MASS tiALAi'lCf
I NFLOW

ToTAL F rf D l\jGT . - 99 .9 69
ToTAL HYDROGEN'i'",GT'= },29.i1

OUTF LOW
TOTAL NIO+NI WGT.= 6ó.998
TOTAL ',,!ATEiì vVGT. = ] 2.195

RfSIDUAL=iNFLOVü-CUTFLOVJ= 2.47 3

¡.rt Dc D;ra'
WLLI J I\ L!

rì?o 1 ) O/loavr9 r¿ouv9
.a71 12.915

rìc1 1) 'r.2.1
.VUI !L'JJ!

.11ü 9.063

. I51 5.584
a La I ) aaQ J

.a13 13.690

DELPS RIC
111 a q17

.ILl Qa)Ll
' -.1tL)1 +.¿Oi

,429 2.326
)r-/, 2 1A')a4ul )a t vL

r.r20 .892
1.104 .905
.213 4,694



åffi

RUN
RUN

1
1
7
7

1
1

GROUP 1
NO. FEED
I 1C.u11

b JU¡uUO
1 L9.985

¿ 9 ¡YYð
2 l) Öqi)J )a¿¿)

4 2C.e7g
) cwaevJ

I''l- 7 i\Oi'1Ii'lAL TEMP.= 600.
PRCDUCT HYDROGËi! RiD TBAR GAsV
11.689 .1874 .693 6A9. 52.5A
8.419 . ,992 .138 ó06. 5t.Ü3
B'5ú9 .2A16 .172 611. 48.u6

!6.I41 .425i .1 ð6 6UB ' 45.6I
16.ó78 .4390 .81Ü 609. 43.39
24.221 .7014 .866 612.38.99
I5.914 .11636 .368 6i5. 41.38

DILPS R[C
.al3 13.ó90
.078 i2.BûB
.ü79 L2.545
.09c LI.Ü92
.086 11,611
.1ó1 6,210
.094 1û.617

DELPS R[C
ñ1¡- i 2 -22^aV ! ) L)aJL¿

.a76 13.L41
,c82 12.180
.090 r1.c92
.r52 6.54r
.247 4 r'u33

a a/ t.i-| I [¡L34

DTLPS REC
.090 1L,C92

1 ¡'r o Q'7r.lJl 7.U l()
.!32 1,542
.2L4 4.67I
.ig5 5.1ii
.448 2.228
.34L 2.923

þ1ASS EALANCi
INFLOhI

TOTRL Ff=D i',rCT. = 12C.1Ù1
TOTAL HYDRCGEN IíGT.- 2.6291

0U TF LOI^l

TOTAL NIO+l"lI l,vGT.= IAL,64?
TOTAL !T'ATtR '!{GT. = lB.B35

RtS i DUAL= I iIFLClt-CUTFLOT,'= 2.?r2
RUt',i GROuP 8 N= 7 i\Ci'i I i'iAL Tf i''1P ' = 7AÙ '
RUI.,I NC. FIfD PRCDUCT I-]YDROGti\ RTD TiJAR GASV

B 1 9.98 2 t.4')1+ .2458 '9I2 11"? ' /+5 '95
S 21Û.04 1 1.93I .2920 '93v 114' /+3'45
g 3 9 .982 8.284 '2411 '9l.9 f i2 ' 40 ' 84
8 4 19.962 L5.13A .5118 '94i 123' 38'1L
8 5 i9.94ri 14.750 .5I5I .951 JÛ9. 33.12
S 6 3C.JZB 23.531 .7163 '951 715' 3C'11
B 7 20 .935 16 .046 .5L1 C .9 1 5 1 17 . ?5.94

þ1ASS í3ALANCT
I NT LChI

TOTAL FEID i"iGT. - I 2A.814
TOTAL HYDRCGII,I 'uvGT'= 3.C66i

1: !Tfl 
^r.iiJL/ | | Lt/vv

TOTAL NIC+NI i'"GT.= 94.712
TOTAL '!,/ATEIì UJGT. - 22.914

RËS I DUAL= I l.lFLOìl',-OUTI=LCril= 6.190
RUN GROUP 9 N= 7 i\Ol'iINAL TIMP.= 5OO.
iìUN NC. FEED pRCDUCT HYDROGÊ1"'i RED TB/iR GASV

g I LA.O7 9 10.366 .C193 .A7I 508. 56'52
9 2 9.946 9.852 .0410 .L52 51i.54'76
9 3 1C.ü04 9,576 .0453 .i68 5A3.52.L6
9 4 2A.A63 L8.67i .1342 .741 5A5. 5C.33
9 5 L9.93'J 18.601 .i651 '3'i6 5A7. 50'43
9 6 3C).r39 26.687 .3A25 .313 501.46.08
g 7 2Q.L52 18 .684 ,1632 .30¿ 506. 48.37

MASS BALANCE
I NFLOf\r

TOTAL FÊtD WGT. = J 20.2L3
T0TAL HYDROGfN \i\lGT.= .8708

OU TF LOyi
TOTAL NIO+NI WGT.= II2.431
TOTAL w"ATER l¡JGT. = I2.lAz

R ES I DUAL= i N F LO",\/-OU TF LC il= -3'.455



n
ñal'

l(Uj! Ul\ilUr j-v

RUt,l i\,Io. FEED
1U I ru.b+u
10 2 ra,¿73
1û 3 9.989
10 4 2a.aa5
iù 5 ic).916
lû 5'J'j.N33
l¡1 -7 1a i,rOau I L'J)VL)

¡\- I

P RODUC Ï
9.356
ô 2oqta)42
Q Q 1 i;:U'JIV

L6.916
L6 .27 2
26.,17 J
9,625

rr^\:1 \r 
^ 

r -fr:.'i¡l 
- r r."l\t/;"lli\llL I L|,r .- ))v.

HYDRCGTI.,i RED TSAR GASV DILPS RIC
.CBrl .29¿ 56A.58.12 .110 9.063
.11-73 ,43 r 55C. 5"s,98 .162 6.171
.1162 .5Ci 563.54'CB .229 4.431
.3531 .653 558. 5I.59 .465 2.L41
.36}cl '634 557. Lrg.31 .864 J".L51
.46A7 '568 565. 52.A0 1.036 ,954
.ü734 .27L 55?. 60.r25 .231 4,2i9

¡,iASS üALAñCI
I hiF LC\^J

TOTAL rt[D '''JGT. = } r4.145
ToTAL HYDiìOGfN UJGT.- f .i954

OU T F LC;.J

TCTAL i'lIC+i'ii i\iGT.= 97.195
TOTAL lVÄTËR ',íGÏ. - 15.442

RESIDUI\L= Ii,lFLOi,i-OUTFLCi,v= - .296
Rurf.i GiìCiP ; i hj= ô i'iCi'iI I'i;\L T[1 ,P. = åC-.
iIUN i\iO. F EED PRODUCT HYDROGII'i íì Ë; T TAiI G/ì5V DELPS R IC

i1 1 iO.ùÜ3 B'ó15 .1736 '661 6i8. 51 '61 'C91 ItJ'969
i1 z 9.9i8 8.432 .L911 .73S 6A7, 54.52 .iC5 9.493
i1 3 1Û .O6J 7,961 .2156 ,798 6i3. 52.74 .!29 1,1L8
11" 4 9.986 B .23o .2211 .822 614. 5A.48 .L62 6. i71
11 5 9.982 1.7g2 .224i .33i 612.48.1I .2',a1 4.3C9
i1 5 2A.1Û3 Lt.9g1 .5C53 ,93L 616.46.C3 .293 3.449
11 1 20..07 Lr.52A .4520 .355 610. 47.97 'ZiA 3'984
11 8 2C.uBó 16.041 .4ó15 .851 612.5C.35 .i91 5.2I9

- Á I 
^ 

À!-r
i"I AJJ DALÊ\i\Itr.

I NF LO\.{
TCTAL FETD !,JGT ' - 1iÙ. i 5Û
IOIAL IIYDRCGEiT vVGT.= 2.461)

^r iTrr ^! !

ul.J I T L*./li!

ToTHL I'iIc+lìl ''/\iGT.- 88.ó3+
TOTAL'!iATfR 'lGT. = f 9.21L

RESiDUAL=lNfLCi"J-OUTFLO,v- 4.662

NC Al',¡ALYSIS FOR RUi'l I2
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sf a nsrætor ltnrc



tn6

RUN
RUi\i
RUN
RUN
R UI\
RUN¡
¡ìuh¡
R Ui\
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
Iì UN

RUN
RUN
RUN
RUN
RUN
RU¡.¡
RUN
RUN
RUI.J

RUN
R U]',I

RUN
RUN
RUi'J

J\\,.

NC.
i\l0.
i\o.
llo.
i\0.
i{0.
hio.
í\o.
NO.
flo.
NO.
NO.
NO.
NO.
NO.
t\o.
NO.
NO.
NO.
l.¡0.
NO.
,\o.
hio.
hlO.
t\u.
NtJ.
hr,ô

NO.
l.,lo.
¡!o.

1l
1)LL
'1 2
LJ

l4
1ÃL)

162'r
1^t
LL
)2LJ

24
1ÃL)

26
3I
32

34

5b
lLl

42
43
44
t,q+¿
46
41
U¡

o¿-
63
64
65
66

RES i DENCT
RES I DINCE
RES I DÊNCT
RES I Db"NCE
RLS i Df I'iCt
RtS I Dti,{Ct
Rf 5 i iJENCE
RESIDtNCi
RTS I DEI'ICT
RES i DfNCT
RiSIDËNCE
RES I Df I\Ci
RES I DENJCE
RES I DTNCE
RTS I DENCE
RTS I DTNCã
RTS I DINCE
RËS I DTNCE
RTS 1 DFNCE
RTS ] DÊNCE
RES I DËNCT
RES 1 DENCT
RES I DENCE
RTS I DINCT
RFS I DENCT
IìE5I DËNCE
RES i DÉ.,\Cf
RIS i DËNiCE
RES I DÊI'ICT
RES i DLNiCE
RtS I UfNCE

I I I"iL-

TIME=
T I ivìL=
Tii"iE=
I tt"lL-

'r I I ¿ r- _I I Pt |:-
T I iuif=
T i ivtf=
I i Mf =
I tl'tÊ.-
l- I l'1L=
TIM[=
I lr',lL-
T I i4t=
IlMt=
T r [i : -I I I'lL-

llivi L-

I lrvlL-

I I t',l L-

T i iv1Ë=

TiMÊ=
TIME=
TlMf=
I I t'rL-

T I 14E=
TIþ1f=
TiMË=
T i l'4L=
TI14f=
I I¡VItr-
TIivic=

.29v5 E+0 I

.3Lv2E+ui

.3449 f+u i

.5592L+0t

.9A¿4t+ii
, L3u 8¿+UZ
.27 +ç r+C i
.¿BJ3A+üI
.'j o'l 5 L+ 0 i"
.309 6E+0 1

.38598+Oi

.891 4 f+ü i

.3318ä+Ûi

.3-iL Ì t+û I

.3222t+C I
,5237f+Oi
.6446 r+0 I
.9369L+01
.3A448+Ul
..jg/41+C i
.302 7E+0 i
.44jlf+0r
.51L¿i+0i
. i 06 9l+O2
.26L8 L+C i
.2g28E+Ol
.J327Ë+01
.40ù1[+C1
.'159 4E+0 i
. tL2l-r+ù2
.3'ú148+'J2 SL.JG F UCivl



fft
iIUN
RUN
RUN
RUN
RUN
DIINI

RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUIi
RUN
RUN
RUN
RUI..I

RUN
RU''J
RUN
RUN
RUN
i1 r.J l\

RUN
nl tÀ!i\\Jt.l

RUi'l
t{ ul\
KUl"i
D I 1i\!

RUN
i\: ,*j i t

n I tÀlt\ ur\

fi\Jl\

NO.
NO.
No.
NO.
N0.
NO.
NO.
i\io.
NO.
l\u .
À10.
NO.
NO.
NO.
t\u r
NO.
N0.
NC.
N0.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
l\,lu .
NO.
NO.

¡ 1ù a
r.!{,r .
ii1-,.

l\!r.

l\r/.

SLUG
SLUG

F LO v'¡

F LOW

7L
1aIL

13
74
It
76
17
B1
B2
B3
84
B5
Bó
C)t
9t
92
93
94
95
96
o-7

10 1

10 2
10 3
10 4
10 5

l-u t

11 I
11 2
li 3
11 4
i1 l¡

11 6
i1 i
ii B

RES I DENCE
RES I DTNCE
RES I DENCË
RES I DENCE
RESIDENCT
RES I D[NCE
RIS I DENCE
RTS i DENCE
R ES i DENCE
RES I DENCI
RES I DTNCE
RES I DENCE
RES I DENCE
RËS i DÊNCI
RES i DENCE
RES I DENCE
RES I DENCE
RËS i DEhICE
RES I DENCE
R ES I DENCI
RES I DENCE
RES I DENCE
RES I DFNCË
RES I DTNCE
RE5 I DENCE
RE5 I DENCE
IIES I DENICE
I<LJ ¡ 

'ÊJ\LL
RES I DENCE
RES I Df i\CE
ni. Y--ÀrtËi\tr.JIvLl\vt...
ÎES I DTNCT
RTS I DINC:
ÊF- t a è\l-?
trLJ It...L¡,]lì...
ÀÉâ ?A?^t--r\tJ1rL.-i\¡lC

^ear-Pi.,t -lIL,L.¡\L,j

TIME=
ïIMf=
TIME=
TIiviE=
TIME=
TIMË=
TIME=
TIME=
T I lvlE=
r r À¡r-I ll'lL-
TiME=
TIME=
TIMf=
TIME=
TiM[=
T I ir4È=
T T \/ T -I I l,rL-

TIMË=
TIMf=
TIMf=
TIMf=
TIMË=
TIMf=
TiivlE=
TIMË=
TiMf=
ïiMË=
T I ivlE=
? r 1r! r -I I r'rL-
î i i¡18=
TIME=
T I 14[=
+ r ¡.4-i I i'ri---

T I f''18=
I Ii"¡L-

r I l'rL---

.29188+0i

.3I46 L+0 I

.33L0[+01
,35298+0i
.'lrz¿ Ê+0 i
.6797t+01
.39448+OL
,29L2E+0 1

.306 I r+0 1

.?38 3 f+0 1

.35308+31

.609 5 E+0 i

.9785f+01

.5396r+0i

.?646 Ë+0 i

.4222Ë+0 i

.54v68+01

.8384[+01
,1 656 E+0 1

.175UE+02

.13898+A2

.429 2 E+C' 1

.641Et+01

.9 527 E+0 1

. iBó48+02

. ó 16 61.-9 8
,4L1vË+02
. i 0ü2 f+uZ
.3526f+01
¡ JbJ)L+tr i
¡ 5 UUþ L+U l-

.6586f+01
ô111 ^É.41.CrIì/wLÌUa
1r f 

^.-. 
A1.LL)>L.-fVa

.LC31[+ûZ
â^ÂâF. 

^a.üv-l-?L-fi-r



3ls

f{s*trD*r b'r+ ffit#"%iäffi;ffi-fffi'åt*
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firoat baû rsts ûqþtton

!!hr sclcr¡.Lati¡r¡ ar¡d. lls€ of tha taln'rlatedl êats

lr üüorpûbÊdl t¡¡ ttotlm lrç 8.Sr ttro att¡ of ûn*a an
pr¡¡ratcü fbr caoh fi¡r¡ g!frtp ltltoûr r4¡r eûseryûndü¡8

.

trLurr ofr

(l) l[ : t {t+t"ro} tra(t+l.oþ.oJ + I'o I

Òrr. (¡.te)

mË,

{ff) ffi: - tn({ryr)

ilhaËr tt r ¡brr*ü &sFÉ of aadr¡cttel
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tr
Ruti GRcUP NO.

FT
.115158-c2

r ^ 1 -^r ^-oLiL/.5L-vL
.r62231-42- /\-c4ZLL¿l-v¿.
.La712r*01
.22267Ë-0 I

RUN GROUP I..iO.
FT

1 1a-7 1F-rl')
. lvL I aL vç

. LV J 2 )L 'VL

.r29558-Ù2
,13!2?ç.*42

- 1.^
t lv /-O 4L-v ¿

.1Ûó56E-Û1
RUN GRCUP ITO.

FT
-f-a!)wJ.ts vL

.r49448-c2

. i4149 [* C 2

.37 A7 rl-A2

.55BL6l-o2

.1 16C4f-C1
RUN GROUP ric.

FT
1 '> L1 t.ç -A)a LLVL+¿ vL

f /\ô

o Ll4Ól)L-'J¿
. !L)1L¿ VL

^/ar- - ^1¡ZO1))2-vL
.479rtE-42

r traìa.r-fì'l. L)viLL wa
t'JJ'JÕtit-J,

RUN GRCUP i.'¡C.
CTtt

1 1'7a t.--(\,)aIalJ+L v-

.151231-Û2

.2r1 448-C2
a lwaJ)l vL

.16715t-01

1 Àt- Il- ,\- u
FY

.I1204E+0 0

.2319 3E +0 C

.305 I 6Ë+0 0

,3461 2 E+O C

.39B9BE+00

.55164E+0i)
¿ i\t- o

-Wrr
.583398+00
.693148+00
.B69B8t+00
.961588+00
.91816Ë+c0
.L2946f+Û1

? Lì = A

FY
.I4784ã+c1
.148288+01

1L2Õ Atr+n1aLaJ)sL,v¿

.204028+01

.2A7148+01

.24169E+01
-a+ l\l- I

FY
.?180óE+C1
.26310 r+c 1

?ôc'Áqr-Lo1
a L ) t l) J L I e !

.3?2428+01

.368-cBf+C1

.32rSB[+Cl

.295658+01
t ft- tro l\- )

FY
,329898+00
.4L5518+00
.524248+00
.64A558+00
.7 B 3078+0Û



¡+OÛ

iìUtì GRCUP l',¡C,
rTtt

.1 13408-02
¡- r\t

c ! 32+6L-v ¿

,r4944í-42
^1¡lOY I IL-vL
fì.

¡lÕÕöIL-J¿
.6 19 241-J 2

,2rrd4l-c2
RUN GiìOUP ]'ìC.

FT
^-oIl? I)L-Q¿

.L21 B9l-42
^-.L)J I IL VL

1La1aE-(\)
alu/ ¡ lL vL

- 'a
t-lwvIrL vL

.L2641i-rìi

.39336î-42
RUI.] GiìCUP NO.

r1tl
,181?91-c2
.2411 3f-C2

aÕ,/,Q1tr-1?
. J J A J IL

.93286Ë*02

.1 82321-C2
2 Q L- i t F-r'r It)9/L)L
)/,L12r:-¡',1a c- / I )L

1-^,t | ñ l.l^i(Ul\ lrl\UUr ¡\v.
FT

.2497 3í-i2

.5 632Ai-02

. ii994í-0L
t4J li ?L-ul

laì17er-rl',l
.LJL I )L V¿

RUi.,i GROUP NC.
rTtl

¡lbY t {l-U¿
.18041Ë-U2
.3393 a7-j2
.5BZ23E-C2

aô1on Ê'-tl?a u ) L ) l)L

.l758Bt*01

.LJJ) I'

.E5Bo9f-oZ

-f i\- l

FY
.1l6C9t+Cl
t!r3g4L+Ut

, - ^.oL4ló+L+u1
.t54178+01
. 1 6ó07t+C L

.20û99r+01

.20249i+01
ô Àr- 1Õ r\- |

FY
.243C4E+C1
.261 9 2[+C i

,)tr1rrr:!a\1
.LJL)JL I VL

.29-7 r9i+AL
,314658+Ci
.3lJ4658+0i

^ 
t . ê a.-, î1

c l4c>, i L-ru i
-1> r\- |

FY
.13646 E-01
.16487t+CC
.183928+OA

r | 
^. 

1¡llJ2OYtruu
.36528i+00
.46680f+ÜÜ
oJstsb /L+¡'ru
1a' Àl- ãt_v i\- )

FY
,353828+00

r: ¿ ? c 1r ti'tî
a)9JÇfLrvv

a I W) ! /L I Vv

.1 05848+01

.37979E+00
I L\t- oA I I\- U

FY
.10817E+01

11aÕ/,ÊL^1
a L J J taL I v !

.L59 94t+0 1
r 

-ÃF^r-.11o L (l iYLf \., I
^- 

r 
^1oLlllÖL-r-Ul

/ - t 
^1oZC, l3 OË-ruI

.!93 1 ÛE+0 1

.1903.EË+01


	20180531094923
	20180531095408
	20180531095731
	20180531100133



