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F .ui2izattci to tbo operation by t hi ob fine Bond e 
are tane2Qrcod Into a fluid like state through contact 
vita. a ,C g or liquid# 

Pho oteaoa of f uldt5ation can be e*p1aiAG1 by paaa o 
tn,cj a f] utd ups throub a b1 of find partieleo, At a 
Xo fort rate, fluid ioo rol ' percolatess through the Void 
opacoo botieea otattanary pa ti. oao Thin ie a fined b 4  

tL tuoroaeo in ' .oci a to particles novo apart and 
fe i are aeon to vibrato and flow about b restricted regtona0 
This to Sao ozandod bed. 

At ► Otill iiAor velocity a point is z'eaobod rbon 
to partiolos are all ,swot a poncaoa In tbo uprard flo4nt 
aaG or liquid* At this point tho frictional fordo be reoa a 
partiolo and fluid, c torbalnncoa the izeight of iio pa ticlo9  
the vertical coupousat of the 4Qapre3cive force bet reen 
ad3aoont partioloo di ppeaz'ap and Oho proeeuro drop tbrouah 
ctfl7 SeCtiOn Of io had about eq le the treieht of f2 aid and 
p tiol'ao in that aootiot , bo bed to conoidoroci to be just 
flutcttoe'1 and to referred to as an incipiently fluidizod bad  

o r bud at nines fiuidization 

la liquid c0114 a `otouo an arC3ao in fl c r zq.to above 
nininun fluid ation usually reaulto in a ouooth#  pro oeeiw7e 
epanoion of the bcd a farooe fot botabilit tea are &tziped 



is =all in dit neto' coz'bn.irLo ; doep bead of COIIdDD tbo 
bubbles noy rot until tLoy fill. tho ontirc 	as—aoatic n 
of tho vousal. Stica000fvo buthioc tlioi trco3. up tho 
veos W. Q co '©ted by tho o.Utja of tho aolid poz'tioloa • 
Opmtion is Ito and unctcblo. 

c fluidized be Lino both c1oairblo ando abl 
ooa oto~ tioci Thoco n bo Tou .t out co f011Ot7OS. 

) hO c oatho l+ ui 1 lika flop of prhtioloo aUciu 
cot uou.a ` cu' csaticaUy coma .cd opeat&ono 
tiith coo of onlinrj. 

2) Aso cpid miz of ooi& lc o to nc~ly ico-w 
tbori. c ditiot o throwj1out the roactor or 

VOEJOOIp, hero tho oporotim oon be cOntzO ol 

amply and r & ll 

3) ho circulction of colids btiocci trio fluidzc1 

bed o ac koa It po oibie to toncport to 'cot 

u t .ties of l e t othiod or o o in lcro 

reaotoroa 

4) It to nuitc to 1oro COGIC opa tiono. 

a:wa 	~i ■+ate 	ri■'.. 	ors■ iM s■a (a■ 	L 

portta3.ou sro )iic. b tou caapr oL t?ith oirr 
nod.o of contaOt c0 



6) Lo rcto of hCat t tmofor bottioc a fiuiai1cl . bed 
d on inacood ob joot I,o bieja, bonoc he t oz 

h e ro vith in flui?1i o t bcIo rocjuire rolativoly 

c L1 cu 'coo ere m 

1) 2bo d ifficul r to oocibo tho f]. r of COOP  booruoo 
of ito lorgo doviattono frc p3. fiar ni2l tZo by,- 

pctainj of solids by bthb10o p 'opreacnto cfl inefe-
f icient o+ #o.at24j cjctct. 

2) Friable co do oo pu3ortcd cn. treined by tho 
co thcV the r izat bo r-op1t c . 

3) ocion of ,pipoc ct v0000la arc & r oion by p ,rtioloo 

cry bo toriowo4 

4) For not t.lytic opo .tione at hi a tot porn roc 
tho 	x ore Lion chi ointot of tie p 'ttct oo 

en a 0031 atO 1 101=jt .n 1cporotUo Of Oorcc  

ion rodu,ain tho rccot r ato oonotdor .bi10 

lauidl ation 'hoc bo a put to ncy o ii tioniin 

potrolcunD o i ioOi ord cot u lea induowloc no jiti  
bol s 

1) ?iutLtct b o provi io o coro offioioit,o  c 	is t 

and ooczonicaI stay fo tnoportc ti ¢ dry1»j •d 

2) Zt la trido3, r t ocd for rizinj tlio po'dory  



Snt te3.y b,j► oirou3, .on i t!io .atoo bino. 

} Pluidtgo1 brio hrt o boon taocI ottonive1 for host 
ozncjo0 In both phyoic€a . oport tiono and eharitoal  

pr0000000 booauoo of Choir uniquo ability to rapidly 

4)' o toohaigi o to uood for co+ ttn3 of plautia uterit3o 
on riotai curta0000 

5) 2it4tno eta hcvo born mood for crying and oiciintj  
of podory 	it 0 0 	 - 

6) it to o].00 uacd for ptrtta10 gro tt . and oondonor~ti.on 
of ciubiato ctorio2o0 

7) »uidic3od beds have been froquent apa]iod for 
c be orption £tar?00000 

0) 4 n bor of Lotc rc cttono t o ;wed out 
to tluidtoci bed • io riok re3ocn for o1oor: 	to 
f ,uidtiaed bed n proforenco to the ftzcx1 be t for 
th000 ooLtd Crtoltood o } boo 1oettons Is to 
d= nd for o,.ut tot poro,ttro oontrol of tho rono on 
Sono► 

9) ate ehatci1 ocpoundo c ro proptrcd in bo fluidize d 
bed only* 

{ 	~! 	Mr. a~: i ~ ~r ~ i' w * d: ~ a Y~ ■ '_ is • 	. ~ w ~.-, r• a c _ q= 

Voiaht rmterl it (oruoktzj ro totiono) and thoir  
oyn aoato into ) C? noloa a or voiGh s n ,tort to (roe* 
goaj rc ottono) aro crird c1 In Io 3.uidiBed  

bc10 for hnvtyj ' (c) bottor oontro3. of t po tre 
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thou► co ozcrbEcio re otion) (b) •carbon dopooita 
aro Vc out (o) 1or qa411tttioo Orr ban11c1 

3 2) o apPliooti000 are ac io 	to art* iz iom ona 

go{ . 1co' ioi of cots * 

z! 	~:' 	n 7 i• 4 sY 	0. 

14) It ire uood ir tio oaat.xg c or000' 

Atypicalvtricioz of eoouro drop tii1 i upez'fioi3. 
voIQoO Incyllnc .*o . v00003 is orn i Via* 131 t oro 
tho 10 fttn of 	p?OOOO droop to plotted, , x ,xa tho 
ko, 	.!1r of 1ui1 VOlOOitjo Sao ataijtUnó fcD A to 33 
ropreaoZtO I,o 	aot3 	Oo oc3uro. C ►p 	"ou( . ? 

badcwt, 'l*ai 1 v33.car du it 	o pooio 1 of f c1 b 

opotioz ton no ao c of c.iocto1oa oCC OQ 1u t  .+ 
nordl r p zo3ato '1u'ouitNo 	op aaa be roo a s on y 
p ito1oo c t o ociiuo op .o . !t ty Zo c t 
oquatlon Bua13y th peoo o} oq*cs tho oroo of 

. on thov Uc3.oci (point I) , flo baQ bocc o tittsb10 
no 7 c4 a z ►r oovctc and rca3uat3cjt of to p fiioloo 
An Zia bc1 borjin, o taro p3aOQ z o or tho tainutt oroaa 
aoot.ontt3. orodor 	ro D o c 1O 	 x t! o 
am sac otL ► In O=pia%. ZO +AGO is tho ouoaro of tho 



• 7 

bed produces a deviation From the airiple relationship bettroen 
the proaauro drop and velocity shown in the eootion A to Bo, 

Instability of the bed continues na the velocity io Increase 
until at point 0 the loosest a rran c eat of particloo in 
contact is aatabiiahed6 With 	ftber inorc no In the 
velocity of fl c, ooae of tho pa'ticloa in the bed are no 
to oz' is par cat contact crith one another and b000no con ti 
nuoualy itatodo  Thie point '0' iss 7motin as the point of 
iucipio t fluidization. At this point of fluidi tt Lon,tho 
hod begins to odd. tth increnoing Aui1 velocity thus Wore 
and Wore pc tioloa loQ8in contact tiith otbara« At point 'B' 
f1uidirxtion is conploto and a ,l the particles ao in notion 
Pion pOint 'Q0  to 'B' there i Ottddcti though,  alitht fail 
In tho proaeuro drop clue to unlocking of particlaa froo enoh 
otber4  'urtbo'• inoroaoo in fluid volootty beyond point 'B' 
cau000 alia t inoreaao in prosouro drop uhicsh to roquircd to 
ovoroono the incroaoo in frictional looses bet loon fluid  
euopdcd Golido and aallo of tho oc t inor* Particloo novo 
t oro ad moro vigoro ugly D 	irUnj about and travoUinin 
reader dir rotiona, ¶ho aoatonto of the tube atrcgiy reason 
ablo a boiltn liquid. 

The linear velocity of the fluid bottreeri the pt rticiee 
to much hil3hor than the voloai r in the apace above the bed 
consequentlynamely all the porticlea drop out of the fluid 
above the bad0 7o tith vi jorouo "lraidizntion caly the 
OZlaiIOOt Grains are a .trainc3 in the fluid and cried a lay. 
Q.o fluid velocity to further tZUYXQa3Cd tho porosity of this 
bed inorcn000 (musing the bad to o arand0 Mtruinnont 



boaot es 1pproot blob  thon aarcreo  thon aonplotod At point 
' 31  tall tho partioloo br'vd boon c raincd in tho fluids  tats 
porooity ap 	'000! oo tniti1, mad tio bad as ouch ha aeec1 
tc ozi t o phcaommon tf c bocoro# that of trio einuik' 
tanooua f10 r of o pbaeao. P point 'D' to 'B' and 

bcyaid prvoouro drop iøoo city fluid Velocity va ola lr. 

'hen fluidication $a ciocl out in the vosoei of 

oonot mt 1 000 + ootiou # Solid i1flG rntuin lonaitudinai 
dirootiot, is quite r auero in case of , as-soli i bolo. !bio 
till rooul.t in to the, attrition of pt rtia1oe, ta. phononenoa 
thich ohouid be avo .dot in oe 	!aura. Du.o to attrition 
pnrUoloa boccz o t1az nd c U in o .no nd no to 
.nor velocity rn.o co in O3tlindac o& voo Sol ,  

rata fixed fcw a pa tiou z' oleo of p ti .oB tdU aauoo 
o?ainacit of co1 is paxttoloo0 Zn caøo of rcnotiono 3ikko 
craoIci or r c f o inj in f :uid ecd bolo to oo3.tdo not to 
acnora12r the 000 .7 a a1rot nnd 1&cra o; o it is inportant  
to avoid attrt Diana 

o irncst sizing of aolido, no ormtod bi Quota solids 
ii*&nj rata to suppososupposed to btu roduoct if fluidiation is 
of oz' oarrcl out in long nary= tuba rt h biC Z/D ratios 
oT 

 

in titioncjeot If flujaizatton to cnrriol out in doep 
bode crab hor LID ratiou0 Its to quits n antto , 81noo 
in cuO1 beds proouz'a drop is quits substantial and bow a 
coopr000tb3e fluid ns 000 on aspca1ina no it paoaao through 
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tho bit hhuo thorn to a Conooquent rioo in Ito volocity0 
'ITaozk tho tppor portion of 1,o bcd to uado t3 ftuiaieo ootto 
faotorily, lcaer po icn of tho boa to not f uldioo1 at all 
while r on the as vc ooi at the bat o corrospondo to U'n, 

i value i. eo bottom,  In rlcto to fluidize Batiaf ctort1y tho 
upper part of the bed to Qluaainj badly* rhio to ooriouo 
opeotU.i for u ;ifo ny oioe p tioloo ahoro it to difficult 
to f1UiJi.Q ie bed at all0 

1:' utdtatioxt Is carried out in tpo/conioal  
v0000la rtth eizoh a taper thzt cmperfiaial aa voioeicr ID 
ooro or loon ocetait around U 	value no fi a* ao ri000 up 
throuCh tho botp ►o thole bt cars bo flui&toc1 ualf 
tbz'Quhout its boi o This is onlytrue for doop boCL of 
donco xttc 	.4 c itth uM2ornly Qiaoi oaox'oo/d zoo natorialo0 
Sol ido nlni a rate trhich rrao o oro in oilin(lrical  bode a t o 

oduoo . in rob v0000log still rot trj of xor dogirab2o 
inportazit prop+c ioo of tho fluff :sc1 bed*  bio txty bo 
poeoibto o uoo of the r s►' portion of the coG ihtoht ci 
throes the bcl no largo practically  colt1t froc'.cjao buhblco 
whilo tho oolido are auopondci by a r ative ' dlci aovi 

othor ad" to of taporot 7000018 to tb t ntzo 
oiz parttdloo crn be fiuidisod oiaultanoouc 	the f ; 
or 1.i or boij at the top ,ilo the ooarQor or denao at 
tho bottom crtth t oriedictteo in bo .zeon0 

Uhca fluitieation In c.tc out in a ccatoa3. appoxatuo 
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I taper, dmnv rd0  there to a conoldorablo proonro peak a t 
the 3.ir3tt of o bili' y.. Thio pc k to nuohiijvo 'tTna preocuro 
rat. the cmoot of 21uidiresiion In a vowel with coon t 02'000 

aoottm d is duo to tho aoaic3i form of ho bod0  In co 
oxpornezito tho ga000 o Crop bec2oro the oneot of fluidiaae* 
tion was do to tbroo tttioo rotor thcu 'the 3*o ootab1 

I 
l i ehod after tho Unit of otbiii o Thie phono uon rao 
ezj1tinod b7 tho obnorvntion 	in osaict 'ooao) o the bed 
paoso :t 

 

to the fluid e Otto Off'tttor Etta2r3ent of 
f luidi tion a , uppor portione Since at thia to the coo 
ve.00itiee In the 1c1e and nidd .o prta of the bed are con - 
oidorab1 r  wester th the critic3. fluidization voio a .tioo 
the preeaure drop in theottionary bad portiono incroaOoo 
rapidly cto o aparod 'to that at- the .unit of otabii In a 
oincIric1 bcd of the cito hoi t I 	i tot r beyond the 
limit of otobUir the 'on o drop Walla to app a iaate1 
the ix o3 thoortttoa2 va luoo  oqw3. to the product of the bad 
don i 	d Its heit ro ar iooe of the bad t 'i ration;, 

Ao the fi n roiooity to f 	or incronoad the pr000uro 
drop d000 not ron&n ocnotoat bat in t ontaot to the oyliww 

dries]. bed o beaLuo to 'r .l.* 	ho roe or l0  b 	that ate ' o 
aoflont1 VQ dc3O Its" inoreoeo0 the bed hoiIit inoroasea 

cs]oti7 thz its vo3.uro such that the product 	► ) goon 
doorai o 

Bwir3cto ba1t e  roroo1d that in ocnio1 voosolo the 
point of inotpiorii flai n tian to not coo c31cr cut as in 
oy1ndrtoaL vooaaloo Purtbor as the upuard t10 of fi*4d 



thuough the fizod be of particles in a conicalvonool to 

inc 	od,a cotpaotin off oot to notoda " "hie effect io aoc. 
troll bolo the point of Incipient fluid iation, The ozpl 
nation ►ppc tr to be that i' o petrtieloo ncr the bottci of 

the bed ezp tenoo a subet ttal uprd dz forco, d+ao to 
rGlttio3y 3ro volocit►oftics fluid foal' the bottci of to 
bol o 2ho utzard dr a force trill be ,[ eater than the force 
of city on the p tiotae8 At tbo oao tito, the ro .octt 

0 

nor the top of this bed io relatively 1Ot1I so to force of 
gravity c prti .oa near the top, of the bed totjreator tht 
the lamed dr. force oz etc on than by the tlutd,T .+o 
reoult t f`oz'ca cm the partioloo near the both to uptta t 
~~xi. •■ 	ens ra 	. ec X ey._ .;1e 	'♦fir 	1•rxca'■ 	ec 	Mer..i. 

40. ~tM. 	- r„a.~+o ,• i~ ..a' ■►.~ ra: ►.a t kM 'r• 	c~ 	r 	.~'. 	. 	•x ■.`.' bt~'8. 

■_~ ■ ~ ■'.tisra~ ••rsrr~ 	• •srd , 	■ 'rx .■ -sue, '. r~~i . 

ZA *nee of o fluidi t .a aolide ntz1xj into in *r- 
ti 	`action to quito o c o inc rltc3. v0000lo. 
Droto ad 	rA a tad that the miningrate inoroa000 uith 

1roaot fluid v oot , foot of the riizinj of oalido in 
the fluidized  bed occurs b tho bnUk aovenont of the solid 
natc inlo Such tul novanaato c ro cioral3 a000iate1 r . 
o.dioo i .tqq d 'lujijl3Q4 beds and itth bubbloo in 6ao 
f laidiaad bQdoo ZAa aovc o bncknidj i loniiizial 

direction cauoo beck riiiM of colido in the bole Xovey  
of al IaWao otu y~ the roc .donco tine diotribtton Of oolUd 
partiolco ina conttnuoao o' lido fluic2trjod bad obaa rat 
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tht t oalto boMvo app oximately r o tho oont nto oo tt occow 

tinUOUO2Y oiL2reG tnk or poxoot1y minedvooOO16 S ead 

o oaidenoo ttho to vo'; titdo i4eo1. hio lido tjo no 

bd roduood it flaidigatIOM io to bG 	Lct ou41 ei 
f 

Qutco ttra a njz'c7 z'cja o£ oolit o rocidoco zo tis 

each tijth ovooU 00ox ouz? t f1C7 of Grua r ad kids or 

Rr~ 	o s 	- i' ■ '_ I'~". 1 	• 	7~ C 	~. 	3 f7 	■ :i R 	'fit. 	a. '. 1 A 	■ • 	7 v 

bed civic O.t2fioait hir D hone yaau000 to 	if city of 

'b cd l c,•d 	to poor gsaa 2 it r of flu i ation* 

	

It door, beds cro c ploy 	o d.ctl vec3!Jelo tho 

prouu az'o drop bo om bottcci od to of the bo1 tiieh It 
neod ed fc 	o xe f3.O to occurtbrouah the 	od bc1 oi tr 
to o?er0cz1e 1&a zoQiotc1noo of 	1 by tho i o ido a d thw3 

"luidiso tho bcl0 boocDQa+c botsa iaaho,erg r olcoit 
i cer $ea eon .dc 'ably duo to i o Caa onaiort ;ae cø poa oo 
tact the bed fcz bottomsto top 	iO ricno that if t 

at velocLty ta, 	o tuffiotort to atvo n 	aal .sv* 
inj cmOttiono i to tte1 rejioto of thobc1 0 &o b tao of  
the bed will 'tom oe ol7 a' Wit* If o rø 'cluloOit7 is 

c r oed Utz'»:fluidization000 o izedictol r cbo7O fi G 
auppezt pInto a to bottom of tbO bed r, t 	no bed La 

iiolontli aiitttcdat the Copp, cad the cUdø F to oarriod 

It tr o o t o .ly oudrjeetc1 by Ociuo calf atruka ►as 

Pct liquid f idizcd bcdoQ that ct p000iblo 001U QU to the 
probLon of tooth opo tio of doop body wouldbe to incz oaoo 
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tho bcI oco#coot onc]. rOa *aprrar 13& tbrout1 tho bod co 

,that oars- oo 	o voluao ooh to noocnnodaw tso0 to 

conotruof a bc1 tcporizi to r to Sto ba000 . rhw firot outh 

bNC *rao oonotaatc1 cat opora-tc1 by Lorr cr 1 (160) for 
tho ccv&bicn of ur i oido to a ziut P1uoriA by 
f1uXdi ,c tjo.L vitI h rdro3c riuorido a uizc vith Noo 

8 a tilncrnt to t3.o c to 'tlfo r c` ion nx1 ea r t by the 
boat,* Spberio&1iy ohc p tTb porti+ oo i oie ro 2O 4th 

d 

ceoh troro fui1icd ia 45D (WUmdrio . tuboa , 	for be 1 
host o c bo o taco f,00t : 171ui I lion vc o h y uniform 
alit$ viol t bod eruptions ozd o fiolont Cat ; Of 
tho fluids i3.uidiztion t `oo obcrvct to b@Gin ,tat tho 'tzppor 
ourfc o of tho bed .rare p 0004of. do t rd tbz'out tito bed 

so thO inLot CMo voioott" coS 	oioc1 ox t costho cao voio 
of i' to oizffioiort to 	i ioo tho bo1 ootploto , tho 

leper portion of tho bod i7no c1ucj o 2 Sao o t bo cupor  
f oia ,moo 000it incrc3000 ooaot+ic bly cioi to bod 

otitnj to Oho ox►zolc of tho tae (tLo pz000uro Crop bon 

t p 	tc j,1 ?5 poi/ft) ' ,o Tabb10 volut o nozoc000 

otc~di r along tho bo1, tad .mo dooper o bc1 and h1hcr 

tho pc'ti 10 lac oit7 	oio tho Cmontor to the tordcac  
'iho b to o1u  Zn iIOp bola a tuob hi o oiOoit3r to 
rcziro1 to fuidico o rho3.o bC1 thc,n O * for a dial 

bola 20 oozpE c • to fo' the o ocio cnd fi ua to bavo 
oonotiO oupC total cao roioofty alo j tho bc, v t ciaitst to 

flaps c Sabo 77C cnplO7c4* 	io enGlo of tcxpor fc the 
it 	.y aiiiact bc1 ttao c ulatc1 of t for oonicl "Powell 

no fo; rm 
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a 	tart 1 (o P/2 2 Pb) 

• Hero 	to the diotiUco flozii to tho to .tW anal aziO 
of the colutn ' ttro taporod 000. PD Is a bum densi ' 
of ho bad and P., 8' tho, reoowo at the i of of the bc 

ouch-bl o it tan rotod thctt irooaure t o lot' z ato 
c voo are iko th000 or1incri1r aacouatorod in fluff 2iz 
b 1o, AU the opcwtioo cuob rte► C 'Qb ,li € of tho bed 
ndfood bt and Caen nc for troro rotainod and tho bcd 

ozpccio tao r+ izood co t t blo ciztion t7as ictrco ► oU] . 
pr000cd cad moot portazt of cZ1a i o arourLt of a1ithj  
betioca the uppor and 1oior r jic of tho bed uao roduood , 
It trap iotd that at vo1ao t oo abotiaiiy above to aiaic 
nt0 bubfi cg do ap ax' beat tbcr coo not Oc ZGeive c d In n= 
c3000 dint }poor before rcctntj the upper t urfaooa, 

c A w r r : 	■ ' . • - f . a 	s . , ~. a .e~ 	t .s~ a 	o• .. a•~ r ■ 	a s _ 

■ tai 	•' rs 	1e 	a s~►-redl ~r •sec • 1•a ♦. •as ti 	ads ■ Y 11 

j 7 i_ oll . 

'~ 	_a n 	■ » ~ 	x.•s : 	_ w:l 	s 	a 	z«= •~.{ ~a ' ~ 	ar: ~ - 	'_ r s a ■ 	:~. a ~ 

a tapored bpd of coppor oho t,, oizcd bot.tTeefl 30-52 aoaho 
hake aphorco of the aano ciao d dent1 den 	 octed ao a tracor  
tat s. tahloh ts o add (boils 	Of tho bed tioi t) f 
tho top ilo o bed tics under ji©t fiidiiation auto cnd. 
thcz 	cao1j tho co v i.00 ty to taa doo d Zuoo 
quail tivayo the curvoo of fltcko3 oneozitraflon mot 
tea fcz 'z.ouo. }robo locat c o ohovod t cat vortioa. oolid 
a.tinj rata iaa "cam reduce n tho 	orad bedo4 Z t 



taporcd fluidisc t facto of oat t jut orooe"ooction. to 
voioaittoo up to 11O3 cbovo o niniirti fiuidisin velocity 
and bcd boi t to 2ionotor ratios of 13 arid 16 to I c ere 
oripioyed It'aae notod 	t ut aria velooitioø +loco to riini 
nu f2adiBiris voloaiV auia1 solids t iin rato tine quito 
i 

At tho z4iirtur f1utdizth vo1oeity tho bcd Io cottnj  
fluid and thø p'O0Eu2O drop to ca31oulritcd by 

tip  . i (1-000?g ) s/co 	
A am, 

Uo o L iø bcd heijht , Ti the be voi, rt and 	tho 
avo o 00000etoriri1arc3 of the be # 

Gol porin 0  do ves do fo3.oriritj fih 0000tioa3. onprot +ion 
for pr000uro 	An oou3n 	at tho can notion Sao quito 
ianinar n tho bc1 and fluidic a can titrn unifozi3.y diotilic,  
butcd ovr'e"r the bct o'000'aootioii tbawjiout -tho bed boicj tta 

` boo;'j'
(' 

tibere '1.0  Le auperfioict3 fuid vo1oaitr at riniriwi flu' 
id i do ;cad 1 in o Oon0tEt U to oquatiou , ro1atinC 
tho zc oiotanoo of ttio fi d bed c d to fluid voio ci Y ago 

4P 0 1 Rot 
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HO,ta r ~t 00 ,ta arcs tho bo1pht an t bulk don®ity roopootivoly 
of the stationary be c 	t to upov2iøitl fiui 1 velocity 
at the b o  

Ano' 	a thoo'otic3l ouction ao do ivc1 by Got' pera 
at t,L . "' ", i lidd f 	' lo1iA mac is, `o? tizoi bci preooiiro 
drop 

Al? t* I UD (D/D0 — 1) 2 	c/2 

Tho va ..uo of conotot 0 ciao no ivon by the as .oz'so 
Dctcakov cnc1 	' p in l eoontod the ol3.otiizij equation 

C .ti 4 (aE0) U0 C2 x () (a3.a) u 

2ho aooSfiotcit t 3. anti 0, t o the 	opooc1 	luoo of 
; gun -, %at 	.00 0 	.= 	50 ant 02 t* ioi5o 

Aotuclly the c oouc ' .on for uifaam c t r bution of 
Gag 

 
to frr fc 	cGtt*O4 Wc thia purpose they p pact 

' (v/p0 an a/2) 

rwhicS to truo for s ai o Sao cicote 

o roocnt oa1jQcsal. QtUdiOc zuc10 by  b7 	2tas `2 he o 
rovciica tIit onicz or  p'ct voce . data  dctc cn be oo o tc1 



W • 

by ogtuation of R3c&ov if w valuoo of c efficiento C 
and t 2 taozo oub iutoa fc 	o cylindrical 70000l cooS- 
f to onto : ovozi tftcwo io apoz =310 to c .l, Abcy oabotli 
tuwc1 cam dint rnoo 9 for rcdic3. c1iotazoe It c 	40 Dp 
for Dj,o thwo irit'otiueinj a 	tic10 oh,apo faotora Conotc 
03, 	' t 2 	o strongly dopondoat c tho tcc,notrr of tho 
bed* Aa poixitc1 out by P Irao tho pr000t re dropo to bo ua t 
abovr to fit ' o only duo to 	otLOnal losses is tho bed t c1 
is voL by the ro ation 

L.o0 ubtaotij fc tho Groan lTalUe the #otatic acrd value 

	

for t o bad* bic fsot on 	 vorifiod fr<x B ou lio'o 
oivattoa 

S dloo ti .o conduotoc ,c "-solids fluidization in 
rcz tapozo1 voosol titb circularoroon 000tion• A corn ola .on 

} t 	'rfA. a 	art' a sr! 	o 	w swM [ 	t a a 	} 	s ~a R 	■ e 

t sq p 	2.33 (D/)2*  

Az in proems pc.kD 	I) 	La tho din of the uppez Itoit of 

tbo bed cad d to the • din of lcr er limit of oo3 ut in cno # 

a iei the cone ctncjlo in doreoa. 

Xt liquid fluidization otudioo in taj orc '7oo olo frith 

t por rctjintj trci io toi ° p14 ' oot ao oiso oolid pr ctioloo 

(Glaso boada,a 4uoz"ts cd Caloito) have boaiuood far study i 
tho effect of phyotoz pwopertioo of tho 	ortc bed ioiaht 

and coao azjlo o3 flutOtzation 	rc otgz'iotioo. 3'oilotri 



I, 

N 

di m oao correlation crap pz'opocc1 for oornaro peak* 

vaa oboo'7cA that cow tlti ii atton occ urc1 Cn4 
I 	0c~ar 	arc . * c ~► 10 o .5 	'9 Ia 	and 450 

oonoo 5aYtic.ø novet2ont o c4nilz to at obierirct In 
opote be1e In over taporod rosao1ø aidcoo nijloa 

Bator then 450 and upto 1200 nib o oolido. tine c0 n1 
" 	► tho contral port of 'fie boa only + ` th, f, ckpnrtia3o 
_ q. r 7[ 	:' 4~. i - 1 	4:~ 	A ~'"i `!1 • 'f # ~ F 	L ' 	~r~ • 7 « fi~9 G 	• a 

►̀ ' C .Qt ,00ad ctcd In GQ003.id 2t11atton In taporcd 
vooeolo uoiD3 opborio 1 cJlt s bondo at eruahod pzrtto3.00 
t ui to pJ31 +c1oito and coao c .00 rand fs c.i 00 t 	0. 
Ccxc 0O L i4 ocot trap oboorvc to be no ro off 1.oiont with 
1tom" 'er particle oizoo cnd a11oz c~: C? t a o (100 

P'or czc ..ar oiaod ipertioloo cd 3.azjor cone one ao the 
f luit t i ton crap 1"tcd to , oonto3. acre t! . 1orer oZ 
panicles rcoinio of ionary norir tho tio11c U1urjjiag  
vco pret1coint n c 1lo. onla oonoo trhio zt iarc or zm10 
canes it uce ocnplotoly bo t. A correlation uao ob ainaa no 

In oylindrical V0o001D eroio 000tionol area of f c 
is conotant throe scut aad the orrire bad fluitaoo at to 
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cane t5 o0 Pr000nro drop bccro fittitlieation i.od in find 
bcd r' .tom cc ooa aritb fluid voiaoity cnd nftc' flut gg-* 
Lion, it bocomoo moat COn trat# is a tpOXCI vet c+ p, area 
of oroco aooticn inorcooa from honor to the top cn4 Chao 
tho UflO3' O1OOity of fluid 1OOXC)OOB in Vice 	ard diroction. 
A bct of aolid 	tic]ao in a tapered Vo ool io cii to be 
in f3.uidiing of to boa the ont »re bed in fluiaizc0 But 

it Sao be 	 t t 	tho f or port of tho be La 
is fLuidizin at too tho upper port atiU rcici3.no . isocl 
bod orn&ttion azd proosuro dropIncreases r : in Sao in 
air Lo rate.oomo drop eontinuet to ciao till the 
entfro bed Goto fluidinod cind proasu drop vciluoc ore quito 
bigbar in toperod bca. A prooauro peak i0o0 ixioun pro cauro  

drop vtlue to t.CO oboorvc1 	exam of p+ c voiaclo ' for 
f oroo pouor  roquircxtc for puojin, trill be oubotontinU,y 
hth in ouch 00OCo o 

. the upper  part of tie bod to< ht1ydiobcc t 
oco cet cl hoopi a the .o cox' part of the bod 	dim; 
otatop the cflro bod oa be fiutdiac1 it lcr air .o r 
rate and tbuo oa 'o drop a precouro ponk vauoo cio be 
►etuoedo  One of cuoh Dotbodo: is to into uoe of otir21oz, 
The pr'ae t otudiocInO1udo to uao of a ettrror for dio**. 
turbinj tho upper port of the bed ond to off oat on air 
florr tO ,PZ0OaUDO drop cad procoo peak ValuOa A OOD 

porotivo aatzdy hciø boon r ado < . pouor conomption mud poior  

1'r STt th otirror, 
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uaa also chotin tht to Otoot is foundcrt1iii d000 bc10 

of Qo oo natc'ia10 c d 	fig watch Lose than lS3 
aboOO a ctititii ith1izit3ro1Oot y 'ta be1 hoiittu t ctto 

thi 2O foot Suthoriz4 a1ua obocwvo t :Lilco Levey c a .3 
ha p lo mov= to and tiabb1izg b unttpt of t 1 a bow 

attio tip of Vie bod as tho a r rata uaa gnoac1and Oat 

t G► the Uno pttti1O za cDoi s a ob000 at tho baoo0 TO 

top =a OU&&ViO1OA3 	In t parad bOdOD I ursa oba rc~3 

that tho fiQi1it3tiOb at 1 O? e1o.taoo vas more OVGt tiith 

b b1oo pct ire o ici co t o% . a+ in tho upper p 
of h tho bcia Onto tho fiotito r+ 	od i.21.3 tiaoa of 

V v hOtIOOZ tlio ahoio bad 'bocjz.0 to o]ucj nd apps od wo 
simito tho cozroapoac1&nc ow4pocd bodo4 ZE watraOt 

o .i a is . be loD a Toro ootoo a.uo of U 	uao 
Obtacd 20 + t c cd bodo 	ba raz affect at ' apc ij 

would c p of r to bo %o Otth3L3ixi of tho , aat f tidia t otato 

-throu ou trio do h of o bc1's 

dater trot? of fry h1tnd at floio9 uao dfrootclt i 

o1ucid a n tilt nacj Qoobcuit A bo k of oopc abotc time 
o orIc ►d th a Sli±c koi phut ;for cad fluidinod forvryintj 

po iodo 2t t ao *O22Q2Udc1 thet 7& hout ebb .00 is to b 
ore Sao na Oi j and tbo 	of fl 	tea is thiob tho  

bod vast fluidci but bubbioa to abaoat r7AO oZ as 	0. 
Only in thio ra Q could tho bod 1 Ope'ctod as a OOntAUOUG 
i1U 1C? c*toz  

al 	tr 9 aloe oomparod 	o caii r i 	too far 

dciao ctioioa (t*144 ' ZOO roi coppor) in otzciht and 



CHAPTER-II 



. 	a1 

Tho ezperirntal oet urp uocd for the study of the 
fluidization in tapered vessels consists mainly of a tapered 
fluidizing reeeelp rotanieter and manometer* The air inlet 
cone and calming section are u c d to Cot uniform diatrib e' 

Lion of air ihile iterinij the cola . The schematic dt 	m 
of the ezperimental. set up is Aotin in Pig. Z63.. Plato 22 
ohotre the photo apb of the ezpei'imenta3. assembly, 

The ca1nin. eaction haa bow provided at the bottom 
portion of the tapered column to kvo irniforn dietributici of 
air* Rasobig rings were filled in a section 	 40 cna dia- 
meter to chock the ohzanne.ing of the inlet a Q  The .r 
inlet to an inverted conical section. tint 19 mm bottc dia-
motor Qnd 4O +tea top diameter, The total hoi t of conical 
ooction Is 10 CZils0 Per the line fittings 12 mm mild d otoel 
socket is vel4cd at the bottom part and a 10 ems diameter 
flange e at the top portion., ?our holes with 3.0 mm deter 
have been driUed in the flange at 7.0 am pitch circle 4ia-' 
meter*  'C1iro mesh is provLdod to cupport the rasohig its 
at tho junction of the aix inlet cone and calming section. 
Both air Wet ccno and cnlminj aoction are shovn in Pig, 2,, 2. 



The quality of bubblinj f'l.uidtBation is ot'ongly 
inflUen*04 t7 the type of o distributor used,. For •fen 
air inlet oponin c the bed density fluctuates appreciably 
at all 210t? rates (20 to 50% of Deafl value) v  thouGh Moro 
ecveroly at hiti  flci rat cc the bed density rioc rrith 
bot tt end Caa channeling becozice covore. Per meny air  
inlet opc .:fie the fluctuation in bed dcnctty to negligible 
at iou air flour rates but again becomes apprecicbio at high 
flori ra tee and beoomos uniform roughout, Also, the bubbles 
ro allor o  and a r solid contacting is more intimate -aith 

loss Channeling tondenotoaz 

Contacting to ouportor 	consolidated porous media 
or plates cite my cmii orifices are uacd, The grid plate 
ueod in the ozporirnent to shourn in .x.2.30 The holes are 
drilled in an area of 4.40 ems diameter. The thickness of 
the plate is 5 mm, The total dianotor of to plate is 
100 cues The details of the plate ore as folios 

Iateriel 	 Alunitnium 
Thickness 	 S Moms 

Holes size 	00 1.5 n.m. 
Ptt oh 	 =° 4,5 m. o a 

the flotr rate of air use me cured ciith the help of 
rotsmotor vhioh gives the f1ci rato in normal litres per 
how, is ro sotc o troro used to cover the ontiro fiov 

2z 
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raneof air. The 1ihtor iartto1oe and do 	11c bad 
hoighte nood onlj 1ooc er floti rc teo rrhilo the heavier 
particles =4tjor bed ho ,t a require h er air floti  
ratooQ Rocamotoro having the flat? range 0 to 12000 and 
0 35000 TLPH tr 'o u ocd 

The tapered co1r to tho 	 part of tho apparatus, 
The taper floe of ie coluinncj taken for  1io ozp tmont 
are 200  0  300 , 45 and ' 0° . he bottom diameter of the 
column has been chosen arbitrarily as 4.0 ems, We dig-- 
meter a ua3. the diameter of the oa3n1n section. The 
10 c e f lan a to re1do4 at tho bottom of the coluan for the 
neoeaoa ► fittin o In oxdoxt obos vo tho f1tiidizction  
visually in to tapoxod oolutrno  the tranoparent poxoopoo 
alit of 25 memo tiidtb hüo boon fisod n the calms, Plato 
2 2 ohotia the photosph of tho tapered coluono of different 

The main part of the agent sot up is an electrically 
driven stirrer, Thio is used to disturb the bed to sea ito 
effect on air fltzi rate end pressure drop valuo. The stirrer 
used to veX7 simple in eonatruotion. This is located in 
tho centre of the flutdisinj vosool and its pocLtion can he 
ohan od in uprsr& and doe ntr d direction eoti by moiitj it on 
ite shr ft. It baa trio flat biados, Tho speed of tho act or 
to rid juoted b: the variac tranof nox,, An aiuraotor and 
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voltmeter sere employed in the line to note the current 
and voltatjo for po icr computation0 A voltage stabilizer 
is uoed to eliminate the volts fluotuationo. Pate 2.3 
ebot a tho photograph of the stirrer used. The atirror is 
obotrn in Pigs 24 and its epeeificatione are givca bolos* 

length of the obaft 	505 rn,in. 
Diameter of the eft 	7 mom, 
Type and number of blades = flats, fro 
1►msgt , Of a blade 	 33 .m.m. 
U±dth of a blüdo 	:= 12 ma z 
Thioknoao of a blade 	= 2 MOMS. 

N ,zimuz speed of otirroro c 120 rm  
H.P. 	 =1/20  
Ouz'rcmt 	 # 0,6 amp 
Voli ietor ranjo 	 0 • 300 volt 
Ammeter range 	 = 0 0.5 amp and 

0—I amp 

The air rcrm from the comproocor and regulated through 
a purge tn2 a the roquired pr ssurop is cupp1id to tho 
flutdi.Zng column at a untt*zm ,proosuro a . The fluottationø 
cauood by tho ccm eeaor bore :e .iniimtcd completely by uotntj  
cur tak, Tho air is fod to the Eoin ouipuent through a 

ooc o r alator VMCN t3i ae do conotant air CUPPUO' 
Thto fr from the procuro rcLtor to paosod hr+ a the 
rotaootor 7horo the air floti rate is moan oi2. Thio r.cz cd 
;sir to thon 2+d to the main fluidising some  In buns. tho 
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air inlet cone ond the main colwm the calming cocoon lisa  
been prouckt Tvhiah ouawoo tho proper distribution of the 
Qir throw the bcd a The Racchitj rtnj packiWj havo been 
provided in the calDing ooctioi o At the top of the calminG  
section the rtd plate end o br acs tiro cloth are ft od o 
Thus before pasoinG through the Column the ciii to prop `3 ` 

etributodo The stirrerteas fixed c t the top of the 
fluidizing colna The cttrrer can be moved in uprsrd end 
dour r rd directions. Tho presoure difference for the bed 
is measured *iith the help of comet. The prooaure dtf 
ferenee to directly measured an the difference of we of 
trier. Thus Aso,, A  (cme of water) = AP ( e/om2 ). 
directly Got the pressure difforc ce in  

The rotamotero acre pro- triad iIith the help of 
dry gas flOi meter. Who air at different Pao ratan throurjh 
the rotamotor indictco the 2lc In litres per hour# The 
oaao air from the rotametor o f to allmod to psoo tbro ► 
the ,tea 1O7 motor The , o Lletr motor tvoc ito actual 
rc dto according to the air flotimto, Sufficient data 
have boon taken at different flay watoo r d both the rota' 
motors are thus calibrated tieing otan&rd , o flcti moter 
The calibration curvoo are chorn In Pig, 2.5 end Pig. 2,6. 
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~LAT~ 2.2 Fl.UIDIZlNG COLUMNS 

PLATE 2.3 STi~tREE3 
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CHAPE -Itt 

FLUIDIZATION IN TAPERED VESSEi8 
(RESULTS AND DISCUSSION) 



4 v 

The pressure drop and air f1c f1+ rato data ere obtained 
tor alaaad1bcado baurtto c,lci a and bryto in tapered 
vessels of v317 	cone ajvjlcoc The parameters etudicd 
inoludo particle GiBeo particle dennityO  bed height and cone. 
awe. The data obtainod are givcn In Appandiz"I in Table 1 
to Table 23 and are choun in Pig o 3.1 to 1 ig. 3.6 

RESULTS AND bI SC USS ION  --P 

Pig, 34 and 3.2  shoir the variation of pressure drop 
tritb air flov rate for l.a bcde and baryte rospectivoly 
in the size inglng from 460 miorcue to 977 interone in a 
capered vaacol of 45°  ate angle keeping the tee t of the 
Z3atCiat as 1 K in all OOOOc Zt is oboorvcs that for tho 
QODQ flatorial and bed trout, nimu fluidizing velocity 
inc rmood t ith particle also so oboorvod in case aC a 
cylindrical voosci tt veo aloe oboer red that prossuro 
peak value narez oc d ii h the particle Dias both in the oco, 
of Oleos -buds end 	to an tic. Rotiovorn  it tIW 3 more 
oteop in ease of baz7te for tI0910 size of partioloo cca' 
pared to g ce"bc ads. 

i'3t, 5o 3 is the plot of variation of procouro drop 
vi' h air f ov rate or different materials in tapers d vessel 
of 450  cone angle for a constant bed tieight and PflZtiOlo cinea 
it ie oboo vcd that pros ro peas vacate increased with particle 



Eol 

floe rtto In taporcc voa203M of cono ant les ° %O , 45°  
and 'Oo  tar o o toih of nato i In to bcd for al.aoo ' 
bcAado0 It to obsorvod from tho 2ijuro thot frith tnrcoo 
in àcno 	1o, procouro drop rct.acod 4 Proornaro po k v1uoo 
aloo x c.o noted to "ice rcducc in 3 rjer an(j1oo of conoot. 
Thia retuctton in procouro drop o.dpressure peak i oauocd 
by the fluidization of caly a limitedpart of the bod9  

confinc t to the con#ral ports ► in the tapered rosselb The 
oolido nc. r o tic l roams of .o ► oren at ivjh air 
f ,ori ratea. R c rer, a mini1!un fui•Uiing voiocii do" 
+a cases to the cow 	].o dot es 

„dieaticn io oboorvcl to 'to more nn1fcrm in t poz od 
v000a ..a of 10 i cono ciOoc, 	, hirjhor en(J10 oonoetho bod 
behaves 1iko a opouted bode Solids move down elonS the 
va .lo na rico up in tho oontr1 portion Baca 1i1 o a foxmfiain 
of Porticioco Sao } tiO1 Oa ca a.itj o  f Farm E heap? Ube,.Ob 
is o voz undo. Dot once the io of cono gene bo2.ocr 
tho t10 <f anio of rop000 of o114 pcz'tlo1Go, Choy halo 
lit .p tcadoacr to o .do dotm0 In SOO  IIono the flutdicatic 
i o Uiitcd to the C 	]. portion only. Zn tapered V000010 

of lotor cone 	] oop oluting It) more pronounced and it 
rcduooc tsith inorcoo in cone an loo but in loner ocao 
anloo vholo of the bed to inc otate of flutdisctic i0 

Slmtlar phenomenon boo boon oba od 't • the previous 70rkOro 

of oo, 	in allabove f aotorc in to Bon oiderction the 
fluid c tton. in , taporcd v0000l of 45 cone oxicjlo to f nd 



to bo quito uniflo2Th The otudioo havo been carried out 
with tho cono r. o of 4506 

T1i lmun fluidizin velocity for enyfiuid-oolida 
eyotom. Hill depend upc phyaiea3. chcz' ctoristioe of oli6c 
V.o. eg  Dp D0o  end c D physical oh otoriotice of fluid 
vie. Pg o p and geornty of the vessel i.e. tn a 

a coolcticrn fox ninimum £lui&tzina velocity in tapered. 
v0000l t.i thexeoe baotc alit' have eli the £actco dove '' 
inc iirnira iut(izina voiooit ' in cylindrical vecool read 
tho t000try vhici dUforcntttoo the porod voocol f 
a cyli edricc l veoeol.,hue a monticzloaa corrolatIon 02 
tho typo  

b 
) 	 ry 	 ( 	)& . d (3.1)  

tf 

Meg be propoocd0 

ood c o tionta1 6t tho pro,ra for evo3.uc tin 
the valuov of the ozponcato ao  b and conatenfi 3 rice run Ca 
computer MB 1620 (Appendix ii) end the to lowing correlation 

• to obtajnod. 
o'61 

3 	 0 93 	1' 

3 	 2 
 

(tan] E  NO 

of* (3.2) 

Tho oa ►pta o 1 nluoc of at va14iium fluidizinj veloc* 
ottioc wore oor poz'cd uith oz orimc2tai luoo end more then 
00% data cioro 20 4 to bo rrith a dovi Lion of 	cc 



3d 

shown in Fig. 3.7. From the earrelatien, it to sc ident 
that as the taper angle increases#  fluidization tend* towards 
n.n iflrmlllty. 

The t•Uedng gelation is pspaeed for predicting 
the pressure peak 

'094 	a  0.8 	0*31 
3.10 	.. "' 	( 	)  

The computed v1uee of press peak were observad 
to Ito moll within 1 % deviati n from those of experimental 
values 30 'Shewn in Pig. 3.8. 
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FIG. 3.4 VARIATION OF A P WITH AIR FLOW RATE FOR DIFFERENT 

BED HEIGHTS OF GLASS BEADS 
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C HAPTER'~IT 

FLUIDIZATION S UDIES IN TAPERED 
VESSELS WITH STIRRER 

(RESULTS AND DISCUSSION) 
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he promo drop and air flotr rato data are obtained 
for , e, '-beads and b yte in tape?edvessels of varying. 
cone anGioo ueina a stirror.  * The pararnetoro studied include 
partio3e oleo# particle dnoitrD, bed betcht s, acne agtet, 
opoed of stirrer end depth of stirrer in the bed, The data 
obtained are atvci in Appendix I in Table I to 23 and are 
ahotmanA4.to4.34k r 

RESULTS AND 3lSeUSSION -b 

i Pigo 43 . pr000 re drop to plotted Minot air fl+tm 
& 	8 	• 	_ y~ 	r 	i C 3. 	ii 	! 	' Y~ 	4 	G ~1 [ b 	r 	! it 	4 . k 	Il. 	• 	~l 4 / 	■ 

977 Bator o in a t por od vocio of of acne anti+ 450 tii th 

ottrrcr. Pig. 4,2 to 4a 4 ohot7 tho vnri tton in p'reosuo 

drop ti th air f1m rato fc geo'bc ado of a4.ze 460 v 650 
and 977 microic zoopoctively in a tapered voaool of 450 + Ono 
tie iith and without stirrer, toopinrj do it ht c material 
an I. ICg in all canoe. SiDilarly .Pigs 45 oh ro iho raria, 

Lion in pressure drop Itth air floe rate for torto of eizo 
ranging from 460 morons to 977 miorona in a tapered viol 
of cone anglo 450 itb etirror. In Me 46 to 4.8 procouro 
drop Is plotted agenot air floe rate for baryte of sizo 
46O o 650 and 977 miorono orono roopootty rin a.. tapered vaeDel 
of 450 ~cono angle tith and n out of rrer g 1 coping 'moo 
tioijht of material. as 1 Sig in all eas000 
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cvrid. 
It is observed from Pis* 461„44 5 that preocure peak 

values core rcduood in cases uhoro stirrer use uocd„ Also 
variation in preosure peak'unitaeo t ith particle size use 
decreased and the air flou rates for fluidization tore 
reduced in beds titb stirrer., It i0 soon fit Fig. 4.2 
to 4.4 	` for glass-bc do and Eg, 4.6 to 4,9 	for 
beryte that variation of precst a drop utth ai f1ot rate 
with otirrorp foUoued the s no trend acs that obtainod in 
the tapered 13od. itbout stirrer, Bet it is clear from 
all those plots that a proasuro peas and minimut. air flotar 
rate for fluidieafiicn u000 much reduced in case of bolo 
uitb otirrer, In the boCinningO i fizcd bed re ioi v the 
procoure droii is almost equal to that of the bed without 
stirrer, Eot aro'or 	ooct ro drop. txo mash reduces in the 
noihbourhood of minimum fiuMizing condition. It is 
beoc use at this oil the lozor part of the bed ma  was fluidized 
and the upper port too diaturbod by the stirrer and 1huo 
the entire bed t-rao fluidicd at a ]over air flou rates. 
The proaoure posh which use quite cubotantial in beds vith-
out stirrer, reduced sharply in beds tiith stirrer. If a ,r 
floc rate is increased beyond nbtimua f3.uidizinij condition 0 
pressure drop mao atilt vor in bode frith stirrer, 3oti. 
evere stirrer ran not found to b3 of much use at V hh 
air fltcr rates, Pressure drop values boccie almost equal 
at vim' hii air tic T ratoo in tho bode vith and crithout 
ogee', 

2horooro, stirrer icy found to bo,uooful at the mini~- 
©tin fluidizing ccid.ttion or Supt in its noicIibourhood, 	o 



use of otirror is not r000Tcndcd in the fined bed rejion 

tsnd also for air floes ratoo much higher than tho ainirnuta  

In Vice 4*9 pressure drop to plotted against t4r t1ot~ 
rate for different materials of same also in tapered vessel 
of 450 cone antjle for a constant bed freight v ' constant speed 
of stirrer and constant depth of stirrer in the bed in all 
cases. It is oboorvcd that variation of pressure drop xrith 

air floi rate ,th stirrer fO1lo sod the same trend as that 
obtained in tho taporod beds vithout stirrer. Thou& 

pressuro peak value in cased iith particle dczaity but 
those values trero Ewer 'fin that obtainod obtain 	 In beds without 
ottrrer, It is also noted that the minimum iluidizin 

volooity ttao morn for non'aphorica1 particles than that for 
spherical pmticloo4 But thoco values of air f10t7 rate for 
minimum fluidisation in beds ti stirrer tiero again iotor 

e 

AnL 

than;,-tbo sass of bode tithout stirrer. Bore oleo, the 

stirrer to found to be more useful  zit the mnimwn fluid .o" 
Ina condition or just in its neighbourhood. The use of 

stirrer to not found suitable oithotr In fixed bed re ion 
or For the iz f'lot rates vhioh are very high as compared 
to the minimur fluidiatag velocity condition 

In Pig. 4.10 and 4.11 pressure drop is plotted against 
air f10 i rate for glass beads and baryte of particle Mize 

33 
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of 650 micron respectively for differs t bed hei to koop_ 
.na speed of stirrer and depth of etirrrer in the bed ao 
constant in all the cases,. It is observed from these 
f i ureo that nature of the plots remained the ono as it 
ryas in the bed & without stirrer. 1`or the cmo partidles9  
pressure drop#  pressure peak and minimum fluidic velocity 
values increased t itb bed hei it. ThLs iacroase in jressuro 
drop is justified fiy the tact that at onset of fluidization 
the pressure drop is oquel to t o not uoight of particles 
in tho bed and thus thepressure drop increaood* A bod. in 

tapered vosoel to in a fluidized state thoa the ontiro bed 
Coto uidizcd. ionoo as the bed hoi t inoreaaeav  more 
air f .cri rats in required to fluidizo the iiholo bed, This 

is the reason that raiaimn fluidijn velocity increased 

iii th the bed height . 

But pressure drops, pressure pout and cir floe rate 
for mid flutdi4nj conditions ioro found to to much 
reduced in beds tiitb stirrer me cparod t the bed a of 
particles tithout otirror, he otiror roe found to bo quits 
otfectivo at the minimum fluLdiinj condition and Just in Its 
neighbourhood, 

In Via* 4dl2 pressure drop is plotted eiinot air tictr 

rats In tapored voo5olo of cons 5aLloo 20 c, 3000  45O  cad 

90a 

 

for same usight of materiel in. the hod for glaoo"boado 
koeptn stirrer speed tend depth of stirrer in the bed as 
conotant in all ca000o It to obaorvcd that the trend of 
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the variation of pressuredrop tiao similar to that in trio 
beds without oti ror vtth inorc too in cono efClOv preoouro 
drop Arno roduac:d, Procouro Vcak valucs aXoo wore found to 
be Zeduac t in dos *0110 onale o But thODO values of 
pro uDo drop and proasuro pck yore lotic than that in 
beg a without otirroio 

Pic. 4g13 .nod 414 oboti the rariation of presto drop 
with air flow rate for ;1aesbeade and brito roopo otively 
of oimo of 650 micron for wing doptho of tho bed keeping  
t of t of the bed and stirrer speed oonetont o It in oboo vod 
from tho plots that in fined bed regioa0  pronouro drop v 
almost same in ll o c000a for the eamo partioloca Proenuro 
peak eat, minimum fluidizing volo+itr vcnoc yore found to 
bo reduced oo the depth of otirrcr in the bed in 	oedo 
At vez hijz air flott ratoo0  presouro drop valuoo rere c in 
oamo0 5ho important factor in thin cac o Is the ratio of th 
dopth of o irrer in tho 'tad to tho ted depth itoc if o It 
this ratio to VOX7 EUnU9  only the upper icyor of the tad 
rill be Influenced by stirrer and root of the bet niU roman 
almost ,stint. The prop 	choice of We ratio t7tU al%Tcgo 
be uoe:u, 

rate for G1aoo'bc3do and boryto of oizo of 650 oicrc roc 
pectively for varying ,opood of stirrer ? oopine tho roi t 



of material and depth of stirrer in the bed cou ,tz t in aU 
cacao, It Lo oboowvcd ft 	io plots that proocuro drop 
in ica bod wooion0  uaa conotant i ospoctivo of op®cd for 
1 pctrticu1r ma ia10 xho jOaMO peak and air f .oti 
rata valuco for minim= f1uidic ion tiara reduced for highor 
speed of stirrer. Btat Chore tao no significant decrease in 
their irnluoa. At very h  air fior rates the precauro drop 

s min found to bo steady tc all iio cr ow. Only in the 
noightourhood of minimum flntdizing condition,, the higher 
coed c otirrer ree found to be useful., 

can bo oopoatcd in a f utdtøin, col.uan of 	by ,IOO 
f iid ao ooa the bad c' by ctjftating the bed with mocthani . 
otirror or by both 	arO s , r Uir nonto tiill be highor if 
air io used to o,ohic vo tho co j tion d iovcont of p 'iolo a 
in a packed bed. Milian mo 	s:io, : $tirrafi Is used in the bo , 
Cho fluidiztton obarmctoriotico liTio pressure gyp„ aiinum 
fluidizint volooity are ozpootcd to be different from th000 
of the bed without, brow, Table 4,1 ahoue tho onparicen  
of fr t1m rate for minimum fluidiaton nth rnd without 
ati r 0  in tapered vessel of 45 *Ono an2o Mr 1c►i rata 
requiredto achieve the oneot of 'luidizatica to obao'wcd to 
bo lovar In beds nth stirrer compercd to that of the bcdc 
without otirrore, øimilar obdorvattono ore mado tiith wocjcz4 
to p oar uro poak tihici ohoro a dooroaoin t doncy tfiici 
ottz'ror to ucod in io bed ac rho it blo 4o 2 

i 
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a e 	•i 	R~ 	6 	" • 	a ♦ i 	o T 	1 ~( 	.i s►. 11 	t~ • 	1 _` 

pai tioloo In tcpc od v0000 io oba o to bo 1cior tboa 

r3oOniflco1 otirr•c to uocds '2ab3.o 4.3 chat, Qo coip icon 

0$ tho pt t7Qi1 roqui nanto it '&O onoot of f uld:' . ttlin 

tapcü v0000lo ciith and uithott o 	Or, It to oba 'vo1 

that tho poccntco ca.vtj i fro +c ca000 vi inoro co 

in jrtio10 oizo rock be hal t gta t ivcrn ootcrz'ial0 

x 	ii 	r~: 	~e 	:air. 	r a 	r me aa1 s v.: it 	r 	10-1 a 

vith o rc r to obocod to t,o lover tbnn that in Bodo With'- 
i- 	s 	 . r 	s a Y s z e! s 	t   	r,r  

iz "kola tiith Dear to CUUa t bo t1%Oh 2, c co i pt of 
• .'"A i 17 ■ r 	i♦ t 	■ 'S'. 	ax 	a 	r ~i: l k. _ 2 	i 	 r 	-=s s a 

of .? do 1c3O 	oao o drop in 	bodo Utb 
vi 11: ou1J o 	' a.Gci3rin boactico vorr 5: al, %d*ozr oi. cy ov tho 

otfri'or to fom to bo iiioro ucoful at o onoot cftLt z  zac- 
tion c4 Ito AO tbourbooda. 

.IIin.trauvi ' 1iijsij voiQoi t 	oz Cl .'l d ' O .it' oyotci  

t7tt a air x,fl iopcz rm tho h o . chocctoriottca 
for 

 
tho tcporod vosa o . cal try. Lucl o tho p ioio ohc- 

to?iotioa of 'h a otiroz. ' ho foUoiiiij 0001ctton to 

prOPO tied 2c' prodiotir;' the z44n 1 	 tiij volooit " in 
tipccd vaoo&o tiith otiz 't 
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CONE ANGLE = 45 

MATERIAL - GLASS BEADS 

WEIGHT OF MATERIAL = IOOO GMS 

h 	= 20 MM 
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AIR FLOW RATE LIT NT.  P /HR 

FrG:4- 1 VARIATION OF L P WITH AIR FLOW RATE WITH STIRRER 
FOR DIFFERENT SIZES OF GLASS -BEADS 
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MATERIAL-GLASS BEADS 

WEIGHT OF MATERIAL- 1000 GMS. 

PARTICLE SIZE = 0. 0977 CM 
30 - 

L 	= 785MM 
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n 	= 	4C 	RPM 
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26 
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FIG.4.2 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHOUT 
STIRRER FOR GLASS BEADS 
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FIG. 4-3 VARIATION OF A P WITH AIR FLOW RATE WITH AND WITHOUT 

STIRRER FOR GLASS BEADS 
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FIG. 4.4 VARIATION OF LP WITH AIR FLOW RATE WITH AND WITHOUT 

STIRRER FOR GLASS BEADS 
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MATERIAL - BARYTE 
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MA rF REAL 	GLASS BEADS 

PARTICLE SIZE = 0 065 CM 
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FIG. 4(O VARIATION OF A P WITH AIR FLOW RATE FOR DIFFERET 

BED HEIGHTS OF GLASS BEADSUSING STIRRER 



CONE 	ANGLE 	= 45° 

MATERIAL 	- BARYTE 
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FIG.4• II VARIATION OF p P WITH AIR FLOW RATE FOR DIFFERENT 

BED HEIGHTS OF BARYTE USING STIRRER. 
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MATERIAL-GLASS BEADS 

WEIGHT OF MATERIAL- 1000 GMS 

PARTICLE SIZE = 0.0977 CM 
30 L 	= 78 5 MM 

h 	= 20 	MM 
28 

n 	= 4C 	RPM 
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FIG.4.2 VARIATION OF 1,P  WITH AIR FLOW RATE WITH AND WITHOUT 

STIRRER FOR GLASS BEADS 
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FIG 4-3 VARIATION OF P WITH AIR FLOW RATE WITH AND WITHOUT 

STIRRER FOR GLASS BEADS 
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FIG. 4. 12 VARIATION OF OP WITH AIR FLOW RATE FOR DIFFERENT CONE 

ANGLES FOR GLASS BEADS USING STIRRER 
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F IG.4• I 	VARIATION OF A P WITH AIR FLOW RATE FOR DIFFERENT 

DEPTHS OF STIRRER IN THE BED FOR GLASS BEADS 
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FIG.4. 14 VARIATION OF AP WITH AIR FLOW RATE FOR DIFFERENT 

DEPTHS OF STIRRER IN THE BED FOR BARYTE 
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36 	 MATERIAL = GLASS BEADS 

PARTICLE SIZE =0.065CM. 

WEIGHT OF METERIAL :2000 GMS.  
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FIG. 4. 16VARIATION OF A P WITH AIR FLOW RATE BY VARYING THE 

STIRRER SPEED FOR GLASS BEADS 
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SPEED OF STIRRER FOR BARYTE 
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3aoo4 on tho prOaQt studies  tudioe the toUoting cone cionQ 

1) In the veeoele ith tpor ir1e more 	o the 
fluidized bed $ do toi do nc*-iiorrnity 	the 
s s . c 	s o t a 	3. ♦ s 	c. 	a. 	 . ' e 

obaerved at the oontro of the beds 

2) Pressure peak raiQoa ,mcLuoo n tpeed oeotL txith  

of 	a 11x►ttc4 pzrt of the bed one nd to the 
ocatro j7ortc O io aoO3,: 

3) NlniQ t $lulitn voioaLt tad " o pz'ooauro pc3k I3 

tapered eeooo oen be ocaputcd uainj the coro1izo4 
oo e1caair no vide outicr 3.c2  Lnd 33 z eo poo tvo1 ra 

4 	.,~i 6 	_ 	7n.0. 	■ 7 	t yai - !L ♦ 	i~ _ LT 	• R 	G^ : tai 	■ 	A 	Y 	1i .ifs 

f1uidiøin vo.oeAy and co -Pc3k are oboorcd 

to be 1cror 	tailored bt2o uzc , moehnicX stirrer 

raa cpoyed so omp 	to tho ss In the bode trithout 
stir ii er. 	 ob 0 the tread ria 11i of a sou o 

drop with sir flot rate in beds with stirrer trss  
similar to that of the bedo trithor stir 

5) Uhcrn mo*off stirrer is used 	a tprod rc0001., 
the poor rc gti.rcd for 1oc 	the particles 2n the 
bad to 3otor on the bed ritthout suer, 



6) ir4nurn fluidizing Velocity and the pressure peak 
in tapered veaze1e oen be reputed using to gene"` 
ra3iod correlation vide a Liens 4.1 efld 4.2 

Pur,  k1er, work in foiUming areas is reoft= nde is 
be carried Out 8r as to na1e the more geteralized studies% 

1) Thy► size 	tY 	►+ paddle ` st .rr may 
varied. 

2) Sod expansion oharaoteristias in tapered vessels 
with atirrer zae be studied, 
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APP E N -DI)(-  I 

Pluiiizotion Studios in Taporod Vessels 

Run No* 	1 
rlatorial 	Glaoo Bcado 
Pu tic10 Size = 0.0977 cm 
Depth of 
atirwo? In 
the bed #  h 	=20 mm 

Cone ,€n431 e 	= 450  
11oiaht of material = I kj 
Speed of o'tirror,n = 40 rpm 
Hoieht of 
fixed bode 	,s  •• 78.5 mm 

S. Air rimy 	a p acrossaoz'os 	P acroos 	Poor oonouod 
Boo rato 	bed 	 bed uaing 	by otiz'rer 

4 'v) 	stirrer 	(rift' c 
) 

it, 2100 2.9 2*0 41.3 

2. 4160 7,0 6,7 41.2 

39 61.+70 123 110 41.1 

4.  0190 1908 3.3.4 41.1 

5.  3.0200 26.9 20,5's 40.2 

6,  12"0*̀  2V..1 ' 10.7 39.2 

7,  12200" 	` 25.4 14.0 39.2 
C. 16600 17.0 14,2 36,3 

9.  20000 .17.4 15.0 36.2 

10.  23700 3.6.1 15.7. 36,2 

11.  27700 3 16*  3 36,2 

oeou.ra poak with 	tilt hot N otir e r 
++ Air f .otr rate for minimum f3.uidi,zation 

ri 9th azd without o rror s 



4 r~' 

` 	Fluidi rxtioxc Stuid .en in %pe rad 'ooselo 
Run go. 	2 	Cone anijlo 	45° 

Glaoo Boaao Voight of 	= I E 
Partiolo also 	0.065 cm 	material 
DoJtb of oti oz' 	 Speed of oUrrer,n = 40 rp 
inthobcd 0 	h=20r 
Height of f'i~td L = 74 nm 

'lob 
o.. 

AP corooe be Potter 000urnod 
rate zat o:i, by stirrer 

eb ifi, 	R 
 

otirror ►~,tte. 
T T* P* ( con of tracer) 

• 10 2100 4*8 4.8. 	. 3902 

2, 4160 114 10.5 	. 39.2, 

30 6170 184 17,0 3801. 

40 8150 21. ..0 ' 	, 3703. 

5a 91 	' 2 ,0  15.1 3 .3 , 

6, I020O++ 1'8,,0 13.8 36,3 

7. 11200 142 13,8 3603 

$. 13400 342 - Mal 	. 3404 

• 90 16600 1404 14.3 	, 34.4. 

100 20000 3.44 144 3305 

no 23700 14.5  

+ 	" Wecou~rn pcddr grit ► d lu out stirrer 

" 	Air f1 r to fcr 	iiaam fluidtco ion 
r .th and trithou otfrror, 



4G 

uidisation Studios inTapered Vesso l o 
Run floL 	 3 	 Don* cnLj1e 	= 45° 
T 	a 	 - G3.aos Bede 	tf+~ .a it of 	1 IEC 
Psrtiolo $!mq 	0.046 tea SpoodE of oUrrsx0a = 4v rpa 

Depth of ofirrcir. xi the bar, . = 20 mm 
Eo bt of fiuc be 	I 	71.2 mm 

a, 

 

Air 	 .or AP across AP to 	o. Pdtycr 
1700 	rate bcd bod uo1n aoncivmod  

LIT/E. (Cx r of otirrer b► ct rrer 
star) (c 	of Naas) 

t7atOr )  

10 3.200 5..4 503 39.6 

2.  2100 1006 1063 39*5 

3.  5100 1705 1740 39.2 
4o 3620 1901 1804. 3808 

5. 4160++ 1945k 1802 38,61, 
60 4600++ 16..2 12.4 3000 
70 5. 305 12.3 37.7 
0. 6170 13.3 3. 2.3 3705 
94 7200 13.1 1204 36.8 

10. also 3.301 12..4 3603 
110 10200 13.2 1207 3603 
3.20 3.3.200 13.3 13.1 3594 
3.3.10 13400 1364 ].3o4 3504 

14,E 6600 13.5 co es 

+ Procuro pck tiit and l7itbout otir ror 

¢ .Air flo i rata f or m it um 23uidi tJon 
tri 	nd it iot b oti o 



I 

IM■ 

P1utdi tioA 8tuto in 	d, Veasolo 
Run Uo 	- 4 	 Gono"analo 	45° 
Iteri1 	". Ba'y'to 	 Uelijht of mut@rit~1= I Ittj 
Pax't1C1Q 81Oo 0,0977, c i 	Speed of ottrror a= 40 rpm 

Depth of otter in# o be o h =20mm 
Rte' of the ftzc8 bcd 	I = 74 cm 

S. .r Tlo A? across P aer000 Potror 
i o o rate be 	. bed UOInG t onatmod 

LX /fR 
( 

ror fu .e` 
teas 

, ty 	or 
e of of rattti 

Dater) at or) 

16 2100 204 503  

2. 4160 . 601 5.6 38o8 

o 6170 1105 9,7 3806 

40 0150 18.2 3.5,3 338.4 

5. 10200 27.6 2.42 30.1 

6, U200 30,9 22.13 37,8 

7. 12200 334+ 23.7 37.3 
so 15Q00 30*7 2246 37.3 

90 16600 28.9 2162 37.2 

100 20000 2542 3.940 3700 

.10 23700 2108 170-7 36.8 

12. 27700 1900 17,8 36.8 

Proosuze pe&z with c4 vit oat atiror. 
tarf1cr rc te, 2cr ainirnum fluidization t7itb 

end without ott 'roro 



P1u33d1zatton Stidio® in Tpored Voost .o 
Run I'o o 	► 5 	con c 	. a 	= 450  

Ueicbt of m t ia1 = 1 
Pcrtie3.o Size 0.065 an 	Speed of atirrar 0n 	a 4th 

Depth of otirre nebcd 0  b = 20 z.n. 
Boiofftodbod ,0 	L = 68 a  5 za bn. 

S e Air f1ot AP. woos ` ap 	es Pcuor 
100  ratty bed %cd aoin cone n ed 

(oz o Of (titta)  
trator) t ator) 

2180 .+a 

 

36 34 39.2 
2.  4160 9.1 766 38.9 
3.  6110 16.3 13.0 38.6 

4.  also 2464 19.5 30.4 
so 9180 227.8 2..& 59610 

6.a 10 200' 29.? 20.4 37.10  

7. 10..800 236 18.3 37,20 

0. 11200 0 *0 3.6,8 36.80 
96 L 3.2200 2500 16,02 36.30  

100 15000 1901 .hie' 36050 
116 16600 17.6 3.66 36.20 

2 -20000 3.704 3.7.2 b 

+ P t oouz o peak v th tnd iUzoutand 	otirror.  

' ` !ir flo't: 'ato for maw f1r t Lion 
t7tth 	tiithout atir'ror'is 



4 

iidizaticn Studies in Tapered Vessels 

Rum ifo, 6 C ono en1e 	= 45°  
Material Baxyto t1eiaht of material 	= 1 TIC, 
Partic10 'Siza 0.046 	am Speed of stirrer.n 	= 40 rpm 

Depth of stirrer in too bed 	a 	h 	= 	20 	m,m. 
Uei, 	t of fixed beds  Ià 	= 	65.6 m,m. 

. iz f1øi AP across 4P a oas Potter 
1o,  rate the bed bed uaina consumed 

• LIT/HR. ttirrozr by'tho 
L, T,b P, ( ems of a Of stirrer 

(ia'tto) 

Ile 2180 84 84.0 37600 

2. 4160 18,8 183 37.00 

50 4660 2105 19.3 36.80 
.4e 5130 24.3 21.0 36. 0  

50 5660 2444 214 36.50 

66 611O 2544k 21.2 35.90 

f a 67o 22.9 20.1  35.70  
8.0 7200 210,9 1900 35.70 

90 8150 19.*4 3700 35.40 
10, 20200 17.6 160 35,6 	► 
11. 12200 16.6 15509 35.40 
12s 15000 1644 15-08 3540 
13. 20000 16.0 35.20 

' Preosue peak tith and i ithout etirror  

£30x' f10 rata for mifl&tWi fluidlzo ion 
t7,i th and r thout oti or 4. 
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PJjaicUzation Studios in Tapc,cd Veaoo10 
Ran X'o 0 	 - 7 	t cat on 10 	450  
flotoric1 Buxio 	Voi, t of material= I kj 

tiolo oce c-  0,065 a 	8poe of .otirrer,nt 40 zzi  
Doptb of Stirror in tho be o  h 	20 mm 
iio t of $tact "bode 	I+ a 95#2 mm 

so Air floti LP c erocoL A? aer'oao Povor rte rc to btu bcd usin ooncurncct 
LIT/HR otirror by o 	or 

170 TO P, (urno on of ( ttto 
tistor) tutor) 

1. 2180 596 5,4 59,80 
2 4160 . 12.0 11,3 39060 

50 6170 19.3 17.8 /9040 
40 7200 21.0+  184 38.20 

50 3150. '+ 18.4 1506 3840 
66  9180 154 15.6 33.10 
7.  10200 . 13.6 13.3 37s70  
8.  11200 ' 13.7 2.5 02 3740 

90 13400 . 1307 1309 37.30 

100 16600 144 13.7 5740 

11.1 20000 144. 3.4.0 36.80 

+ Proc8ure peal with and without stirrer 
++ Air fl ci r gate for miniium Xluidization 

tiittt and without ctirrero 

t 75 289 
LiYRAI. LIRA ^v !{;►cg51TP OF ROQ f J 



Flidicattca Bttdioo In Tapered VOcQole 
Bm Aat, 	-- $ 	0zo e clo 
1 toi'io1 	- Ct1a.ttc 	Voitjbt o icric1 
Portiolo oizo o 0.065 cm 	Opoed oo otirroron 

Depth of o rer in the b40  b = 20rm 
Haft a f&zcd. bed 0 	L =68mm 

= 45° 
I gG 

40 rte, 

Q 	Air f1ci 4P Cioroeo AP c oroea Po for 
do a 	rate bed bcd vith cau;dnea 

► 
t 	21610 (cmo of 

tirror 
tow of 

b 	ati rer 
(watt e 

tra ter) t east) 

10 2100 6.5 6.3 5903, 

20 4160 15*2 1348 3808. 

30 6170 23.2 20.0 38.8. 

44 7200 2569 224-1̀  33.6. 

50 8150 26.0k  21.9 50#4 

6, SWO-# 24.0 19.4 3804. 

7. 10200 190 3.568 3801, 

00 U00 .508 14.8 3t8,  
9.  1400 14.6 14.3 37.0 

10.  1600 14.0 14.6 3703 
11, 20000 153 1500 37.3 

# Pressure pew with and 'without stirrer 

Ai flot rate for m1nimum fluidisation 
frith thid trithout otirrero 



`1uii&vtiøn $tudioo In 'i ,porc 	Voaoele 
Ran Ate o as 	9 Coro antj10 = 450  
TSateriel ° 	G1aoo bonds 	tloi 	of material o 3.5 K 
Pcrti 	o Siao ' 0oO65 an Speod, of otirror D  n = 40 xp1n 

Depth of ctirror in4 io bit p 	h= 	20 
Ht . 	t of fired bo4D  L = 98 Mm 

f 

8, 	Air CIM A P ac 	or d P Mvroøa Poior  
1To 6 	t&to 'bed bcd urin oonoumca  

tI T " irr or f b 	otirrer 
ii, 	OP* (eo of emoof (ratta) 

Fitton) 'p'ator)  

1 2180 .5504 5.2 37.10 

20 4160 11.8 13.:2 56000 

50 6170 200 1061 36.80 

40 8150 29.9 27.7 3 060 
90 9160 5405 542 ' 5660  
6 Q 0a00 36.5' 29.4 36.30 
74 ,1 	0' 3305 26.7 35.0 
8, ,11200 32.0 2200 :4090 
90 .22O0 7 Q7 2.0 54*70 
00 16600 10.0 1760 54..40 

110 20000 1804 18.2 54040 
12. 23700 Z.UC 4 1C3 3420  

Proosiiro pots uit cud tiithout otirrer 
Air flee a rate or nit a fluiiaticm  
Stith and xri thout otirro . 
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P1 i4test i.on Btudioo in' pore Vocaclo 
flun I706 . 	 10 	 Ccao cnr1e 	= 45°  
flctoria1 	G1aoobe ds 	1oi ht of riato2 is 1 = 2 K' 
Pcrtio10 giro 	0,,0€5 am 	Bpoo4 of s rrorvu = 40 

D th of ctiiror in tho be 	b =20 rm 
ioicht of fizod 'bode 	 = 1.15 mm 

Air iO 7 AP aarOSO AP 	OCs Form 
ado* race bcd be ua1n, conaumod  

7 ZT/Btu 
(c 	of 

tirror b 	stir or  
va 	aT (crt a of 

, uatar) water) 

1, 2180 5.6 5.4 39,20 

20 4160 1264 11.8 59020 

36 6170 2160 19.4 39,000 

40 8150 3000 28.2 58,0 80 

5, 9180 55.0 321.0 38.30 

60 10200 37.5 34,0 3O60 

7. 11200 39.? 35..0 ` 377O 

1220O 8 0 5701 30.4 37.70 
O 

9. 15000 33.0 25 3 37.00 
1.00 16600 29.7 244 35,90 
..Q  20000 25*6 21.8 35.20  

. 	a 23700 2165 20.3 55090 

130 27700 2104 2045 35020 

+ Prcoijizra peals iith cZd .thhut atfrro 
++ Afr fiotr rate for minimum tittidiz ton 

tiith c nd vi hou' o irr . 
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Fluidization Btudic o in 2peio4 Vacsv1a 
Rt 	Uo4, 11. Cc ►o 	nrj10 	= 	45" 
rI teria1 Vp Wit© UoiIz of r stc in L 	= 	1.5 1rj  
Pcrtioloo MOO- 00065 cm BDocd of otirror0 n 	c 	40 r ji 

Dopth of o 	In the bed0 h = 	20 	mm 
flei of SizcB bod e L = 05 	wu 

Be Air flot7 A? 	aroca o.P t or oos  
~3C~., rata bat be 	ueing oonts mcd 

LIT/ER. otirror by otirrer  

1.  2100. 440 4*7 39.20 

2.  .4160 12.2 x,10 9 30.00 

50 6170 21.9 3.966 30080 

4. 0150 33.9 30.2 35.60 

9K0 90 59409 15100 3f3030 
C, 10200 420 32~4' 30010 

7. 10000+' 42o6' 320 37.00 

0, 13.200 	x" 40,69 31.0 37.50 

9.. 12200 50.2 2500 37.20 

1O c, 16600 2904 21.2 36.50 

lb 20000 24.6 21.4 56.10 

12. 23700 226  

156 27700 226.7 21.1 55,610 

# Pressure peak tiitb aid r7ithout otirrer  
Air f1o¢i rate for ninginwi fluidization 
tiitb and titthout atirr,  . 
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.11td&ZLtiCU Studi o IA 'T5 i'od V0001a 
Run 110. 	a* 12 	 C i►o tng10 	= 450 
r2atoria . 	Dcryto 	1Ioiht of Matte 	2.0 .Ifs 
P0tic10 8isov" 0.o65 am 	Spool of otirror ~n 	40 r, 

Depth o steer in the bockD b = 20 m.m. 
Hoi, bt of fizød body 	1 = 102 M,ti. 

8.0 Air f10 A P DCXbOCS Q, P across 3~over 
ITO* auto bed bed uótntj coneutiod  

ZL'/Wt. ttxxor by stirrer 
(oi 	o$ a c (t'z 	t) 

tor) xator) 

1.  21M 6.0 508 38 000 

2.  4160 13.4 12.4 37,80 

3.  6170 2408 21.6 37.60 

4.  0150 37.3 30o4 37.00 
sd 10200 4304 37.6 37,60 

6.  11200 44.6 3006c' 37.50 
7.  1220C 45.f 37.4 36.80 
81 3.6600 35.6 25.3 36.60 
90 20000 00 25.4 36.00 

100 23700 2666 2505 35020 

12. 27700 26.8 2.7  34.70 

Pros '+ peak with and titthout otfrror  

+"°` Air now Ito to minimum f1uidisttion tiitb 
and 4thout SUZT' 
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1ut1iccttci 8tudioo In %porod Vocoolo 
flun fto 15 0 one cax to = 20°  
M- terio1 Glow-boado toiht of i c to is l 	= 	I It 
P 	ticlo $izo 0.0971 c 8pood of atirrorn 	= 	40 rc' 

Dopth of of re' 	ntho bcd c 	i. 	= 20 	mm 
goi& t - of firo 	bct 	L 151 Mm 

q. 	.Air Alan 	t P s oz'oae 	AP r c'ooe PouElLf  
X30 0. 	rata ' cd hod n oon 	ea 

LIB otirroz' by otirrer   
(ocio of (ciz 	09 (u a 	o) 
veto) uat 	) 

1. 2130 23*0 2100 4002 

2c 4160 61.2 57.2 59.00 

3.  6170 75.4 68.0 5900 

4.  0150 ?6.&' .& 39.2  

a 10200 67.6 6000 38*4 

6. 11200 64.0 58.0 '00 

716 1230 61.0 97.0 37.6 
• 0 6 16600 56.0 550 57.0 

20000 9 56.0 55.4 3602 

10,,, 23700 55.6 55.5 36.2 

110 27700 56,0 56.0 36.2 

. eEwuz'e peak ritb c without oti or 

+ M.r f10 rato for min um fluUittfluidization
With oud tithou"ri, otirror. 



P uidt tton Studios n 5nporod Voo®a1c 
Rtn £7o,. 	14 	 Cone tmglo 
Eater 	a- Glmao-bo o 	t eiGM of atorta1 
P t1o10 Sizo c 0.0977 a 	Spoed of otirrorx 

Dopth of of oar in to 'ice i =20 sm 
10 * of fined bod 	l = 123 mm 

= 300  

So 	Air floti AP aC'oac) 4P 	eroao Po for 
Do. 	rato bce bad. u con nod 

LIT/H.B. otfrroz by atirr 	► 
Ik e  2a PIO ( 	]e of (cc of fVatto 

vator tator) 

•,0 	2180 	10.2 	.10..0 	39.80 

• 2. 	4160 	24*4 	'22.0 	39*00 

5. 	6170 	4O4 	5400 	3o60 

4. 	0150 	54.3+ 	42.0k 	39,20 

. 5 0 	t 4' ' 	53.0 	36.0 	38.80 

. 610 	33200 	50.4 	36.0 	34060 
7. 	12200 	46.0 	34.20 	37.40 
0. 	.IGGOO 	4100 	'34.40 	37.00 
90 	X000 	40.8 	35.2 	36.20 

104 	23700 	400 	36.0 	36.20  
UU o 	97700 	40.2 	37.0 	36o20- 

+ ocauro pee1 frith ltd iitbou' stirrer 
++ .t .r ' .c rto for rnSiruiu fluidization  

frith trod iithout otirror  
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Fluidization Studioo in i pored Vo©eole 
Run ITO a 	 15 	 0 o anclo 
fateri€. 	- Glaas -bead a 'teicht of terit1 
Portiolo Oleo a 0,0977 cm 	Speed of atirror,n 

Depth of stirrer In tho bed, h 	20 mm 
UoiGt of fixed bed 0 	L = 62 mm 

930 

1 10 
40 rpm 

86 tiir n oi, 4P -morose , 	P aaroe Peeler 
Acs* to bed bed uoing consumed 

LIT/H.R 
TOP* 

(omeof 
rater.) 

tirror 
terra 

b 	atir2rer 
1t p of (u-att 0) ater) 

10 2180 106 1*5 39.60 

20 4160 4.0 3.7 39.40 
30 6170 6,8 6*2 39,20  

4. 8150 809 801 39.00 

50 10940 1206 11 ,3 38..60 

6a, 11200 13.2 11,8+  38.60 

7.0 12200 + 1464 11,6 38.40 

t o  16600 1202  10,8 30900 

9.  Voce 11.4 11.0 37.60 
10.  23700 11.8 11.4 37.60 
lie 27700 13.6 11,5 337.60 

0 Preaa a peak with and tuithout etirrorr 
#+ M.r tloii rato for r 4 iiu m fluids zati+n 

with and without stirrer 
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Pluidizat cn Studio o in oporcc Vass o10 
► go* 	s- 16 	 Como en10 	= 450  

L1cteria3. 	G1aoe—boa;do 	11c ht of material= 2 KG 
P ticlo 8izo 	0.065 cm 	Spoo of atirror 9n= 40 rpm 

!opth of otirror in tho bod'o b = 40 mm 
Beiaht c fizc bod e 	= 115 mm 

8, 	A .r f10 A P across AP across Pryer .  
ITO, 	rato bc bed uainG conoumect 

L12/H8, otirrer by stirrer 
(omo of (cma of ( mtts) 

rr tor) rater) 

14 2180 5*6 504 39*80 

2. 4160 12.4 U.S 39,060 

6170  21.0 20.8 39.20 

4. 8150 30.0 28.6 39.00 

510 9180 3500 3O,4 39.00 
6 * 10Q0 37,5 29.2 38,40 

7,p 3.1200 59.2 ` 26,E 36.80 

8, 12200 37.3 21.02 36.30 

90 3.5000 33.0 3.94 35640 
104 16600 29 ,07 1906 55.30 

110  20000 25.6 20.0 55*20 

120 23700 213 20.4 35620 

13. 27700 21.4 2O.4 .20  

Prorj u ,o po& ttb end riithout otirror 
Air fl t' rate for minimum fluidization tzith cM 
uithout otirror, 
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L am  
Fluidization Studios i► ipox'e6 Vooaolo 

Run Ito. -- 	17 Cono amts = 450  
Natorial Glae -bawds VotGbt of material a 	2 IC, 
Particle Sico 0.069 am Speed of atirrorn = 40 nm 

Dop b of oti 	of In the br- 	h 	X60 rya 
floc&t of fix-cL bOG D L 	, 	115 um 

8, 	Air f10 r 4P aarocs  ' zeroes Po rt 
Uo. - 	rate bce bed usij coneumod 

LIT/ BR. (omo of ettrror b 	otirror 
o T,* P gyrator) (tiatta) 

.6 2180 56 5.6 37.90 

2c. 4.60 12.4 12.2 37.70  

3. 6110 23.0 20.9 37*50 

40 01..50 30.0 27.2 37.3..0 

90 9100 35.0 27.2 36.00 

10200 6,* 

 

37.9 20.1 3G00 

70 11200 3? 39.4 56010 

8. 3.200  701 19*4 55620.  

91D 15000 33.0 39,4 34.70 

10 IGGOQ 29.7 3. 9,6 54.70 

110  20000 25.6 20.0 34,70 

120 25700 23.3 20.4 34•050 

3.3. 27700 21.4 20.5 34.50 

+ Procouro pock tit cod w1thout stirrer„ 
t+ A 210 vato for Miaatrium f1tdasation xi.th cmd without 

o tirrora 
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Pluidication 8tut2ioo in apart Vooselo 

Rte, 110. 	18 	0Ono an to 	= 450  
flc torte 	&aryts 	Usigbt of material = 2 Kij  
Pztic10 Siza 	0*065 em 	Speed of etirror,n = 40 rm 

Doptb of at or in the bed b 	40 trn  
floichb of fixed bed, 	x 	i2 Ma 

sQ  Air floc A P Hosea A? across Potter 
13o. rate bed bed us a, consumed 

Lit 	t. stirrer bstirrer 
(ams of (ems of (rafts} 
voter) trator) 

10 2180 6,0 507 38.20 

2.  4160 3.3.4 1,0 38.20 

3.  63.70 2498 21*0 38600 

40 0150 37.3 29,0 37-80 

50 10200 43.4 31,x#  37.60 
6.  11200+x" 44.6 29.2 37.60 

7.  12200 45 2  270 37:x50 
8.  16600" 35.6  24.6 36.60 

9.  20000 3000 2468 36.00 

10.  23700 266 2544 35*20 
111 2700 26,8 26,0 35.20 

+ Pressure pCaI ti±th eM luitIlout  otirraz. 
++ AiL- Blot rata for minimum fluidisation rith 

and 1i out otizrora 
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s .iuFiVT  

Run tb. 	CM 19 Cone Onalo M 	450  
T7oitori 	. Ito Uoicht of materi l 	= 	2 Ic 
PO tio10 Sizo 0065 cm n Speed of oti 	oai,n 	= 40 rpm 

Depth of stirrer i► #io beds 	Ii 	= 	60 mi 
fleiht of fixed bed, L = 102 

8.Ito, 	M.zs  ?1oti 4? c or000  4 P 	crooa Potror 
to bed be 	unite conoumed  

II T/ER. otirror by otiror  
v 1.P. (eta of (ous of (watts) 

uc ter) water) 

10 	2180 6.0 5.6 39, 

2. 	4160 13.4 U.s 39.20 

31 	6170 24.6 20.9 39.00 

4, 	8150 3703 27.&' 33, 	► 

50 	10200"` ` 43.4 27.00 36.20 

6, 	11200 44.6 24.40 37060 

7. 12200 45.? 2420 37.60 

8. 16600 3506 2430 37.40 

9. 20000 30.0 24.50 36.60 

10. 23700 2606 25.20 36640 

ilia 	27700 26.0 26.00 36.40  

ProGoure peak tiith rid cr .thout oiis'ror 
+ Air flci rate for minimum fluidization 

ri th and tiithou stirr er 
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P1ui&tzction Stuclio4 in tpered Vessels 

Rtm flo, 	20 	 Cone t ng1e 	= 45° 

icteric1 	= 1aa beads 	ht of m terial 2 1 
Pa cle Size = 0.065 cm 	Speed of 

ettrre, n  
Dopth of eti e? in the bed, 	b 	40 mm 
to3,tjbt of fi d body, 	 115 mm 

S. Air flotT AP aeroco AP across Pcx C r 
tic . rate bed bed uoincj consumed Lri/1rn. etirrez by stirrer 

(ca of IT* '►Pa 
 

(cnc Of (TICLttG)  
vats) tr .tor) 

3. 2180 5,6 5*4 39,20  

2.  4160 3.2.4 11,8 39.00 

3.  6170 23.O 20.0 39.00 

40 83.50 30.0 29«8 38.40 

5.  - 	9180 3500 3105 37#60 

6.  10200 3795 31.6"  37.80  

74 11200  39.2 29.2 3.80 

Be 12200 37*1 24.3 35 

9.  15000 33.0 19.0 35.20  

10.  16600 29.7 3.9.6 34.80 

11, 20000 25.6 2.907 34*60 

1.2e 23700 21.3 20.0 54-60 

150 27700 21.4 20.2 34.60 

 z'ocw3ure p08 vith and tiitiout otirr 

1a4 	 flc rato for iniwn fluidization 
TIM b and tlttbout of 'oro 
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?1uidizsation 8tuioo in Tcporca Vccsoio 

Run g0, 1 0c210 t] 	1.0 = 450  
fcfioria1 G1co°beade 1Jet3ht of material = 2 Ij 
Paa'tiolo Size 0.065 Speod of otirrerD  = CO 'i 

Depth of otirr 1"' in the bct p 	h 	40 I1 oT 6 

f of 	of fizod bed o  115 m,. 

S. 11ir 	1OtI a P ac oer 4 P aoz'ooa Potrer 
1 o A . vate bed bed urintj consumed 

LIT/BR. (eio of tiDrer by otiirer 
id, TQP. Tinto twoof x Vte) 

hector) 

1. 2180 5.6 504 40.20  
2 4160 12.4 lies 59.80 

5.. 6170 21.0 19.8 39498 

4* 8150 30.0 27.6 39460 

5.  9160 	' 5500 2600 59.60 

6.  10200 .5 2167 59020 

7.  11200 39.2 + 20.5 59000 

0. 12200 37,1 20.0 59.00 

90 15000 3300 1906 38040 

100 16600 2.7 1906 50000 

U. 20000 2.6 1908 360 

12. 23700 21.3 20,2 35.40  

130 27700 21.4 2066 55040 

oecuro peak t b c nd tiitbout otirror 
Air flow rate for minimum f.ui+ imtion 
t ith raid without cUrrore 



P1uia.tcction Studios in Te orcc Veaso1i 
t 110. 	- 2 	C ono daa10 	= 450 

I1utoria1 	D yte 	i ei t of material = 2 KG 
Pc rtio10 Size — 04065 +m 	Spood of efirrcron a 20 rpm. 

Depth cam' ctirror in tto bad, b► =30 a.m. 
floicht Of f fined bod e 	L = 102 m.m.o 

8 e Air floe AP aor000 4 P ao .~oeo Power 
UUo, rato bcd bed usinG coneumed 

LTT/I ,R stirrer by stirrer 
(coo of (coo of (uafts) 
cuter) u~,tczr 

1. 2180 6.0 5.7 38.00 

26 4160 13b4 12.0 '37#80 

316 .6170 24,8 2203 37.60 

4. 01% 37,3 5068 37.440 

56 10200 43.4 330 37.20 
6e 11209 44.6 33,0 37.00 
7.   12200 	' 45.?. 29.2 36 40 
8.  2.6 	0" 

35.6 25.) `35.20 
194, 90000 5000 24.0 35.00- 

10, 23740 26.6 25.4 34.80 
116 27700 26.8 2600 3.80 

+ Preaoaure pCak tiitb andtri1ouc stirrer,  e 

Air floe rate for rnirtr m f uidizatjon 
t-r ,tIt and trithout stirrer* 

'6T 
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P1u dizaticn OtUdioo in Taperod Vecool0 
Run Igo¢ 	° 23 	 Cone antjlo 	= 45' 
TTatortol 	_"Ikto 	Uoijht of rnt ertt1 = 2 Ka 

Porticlo Sf a 	0 *065 +m 	Speed of . etfrrer on = 80 r 
Depth of ot1rrc in the be o 	h = 40 D efl. 
Rout of fixed bod 	 I ► 102 m,m. 

8. Air flot A P aoroos P acroce Potrvr 
Doe rata bod 94 ucin consumed by 

LIT /BR0 (4utG of (caul of' etirror 
V o TaPo  ueter) eater t w 	) 

10 2180 6.0 5,7 39180 

2.  4160 13.4 120 3960 

3.  6170 24.8 20.20 39.40 

4.  8150 37.3 27.80 39040 

50 10200 43.4 28.20" 39.20 

U200 6 6 
 

44.6 26.60 39.20 

7. 12200 45.2+ 25.30 39.20 

8, 16600" ' 55.6  24.6 30.40 
90 20000 50.0 24.0 30.20 

10, 23700 26.6 253 517.60 

lie 27700 26.0 26.2 57060 

Preoo iro pom1 vith and t ithou stirrer 

+a Air floti rate 1 orr minimum f1uidicaion 
t7itl2 i2d vithout otirror, 
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APPS -DD( - a 

C  MAIN PROGRAM FC LEAST SQUARE CURVE FITTING 
C 	M.E.THESI , ASHOK KUNAR 
C 	PROGRAM WAS EXtCUTED AT THL COMPUTER CENTRE AT StRC ROOR~CEE 

DINENSIONA(15915) X(15,100),XB(19),CO(15),Y(100)iERR(100) 
2 READ1,N,M, fl4  
1 FORMAT (3I 5) 	 A ` 

C 
C 	N IS NO. OF VARIABLES Gi 15 NO. OF DATA POINTS 
C  IM =1 INDICATES RELATIONSHIP OF TYPE Y*A0(X+~*U)*(Z**C)\ 
C 	IM=2 RELATION IS YsA+O*X+C*Z  
C  READING OF DATA POINTS 
C 

3 FORMATt6E12.5)  
D05 Jn1sM 
READS#( 41EJ1:Xw1#N1 

5 CONTINUE 
C  IF It4al GO TO 10 o IF IMw2 GO TO 20 

IF( IM-1) 1[!,10,2[% 
10 0015 Izi't4 

DO 15 Ju1'M 
15 XtI,J1=LOGF(X(I*J)) 
20 AM*~M 

DO 50i.# 
SU O.0 
DO 40 J 1*M 
5UMu5UN+X(I, J) 

40 CONTINUE 
XB( I) =SUM/At4 

°fI CONTINUE 	 c 
PUNCH 55 

55 FORMAT( 5X, 11MAMEAN VALUES//) 
PUNCH 3,(XB(Il,I=1,N) 
Do 60 t01i'N 
DO 60 Jv1 vM 

60 X(I•J).X(I*J)—Xr3II) 
Nl~t~t-1 
DQ 65 .I 1,N1 
00 65 KcI,tI 
A(I,K) *Ø0t) 
00 6.5 J=104 
AEI I,1 3 wA(I,K)+x(I,J) X(Y.e.J) 

65 cONT I NUE 
00 TO I*2,tJ1 
I11u l—I, 
D 70 Joie I1 
ACI,J  AIJ.1) 
PUNCH 71 

71 F(RMAT ( 5X, 24HCOEFFICIENT OF EQUATIONS I ) 
DOS 60 1t1.N1 
PUNCH 3,(A(I,J),Jo1,t ) 

80 CONTINUE 
CALL SIMEQ(A,N1.,C©) 
Coll •XB(N) 
o2 k1N1 

a 



I 

COi1 =COIL—COCK)*XBtK) 
82 CONTINUE 

IF(IM-1)83.83,84  1 c 
03 COI •EXPF(COl1) 

GO TO 85 
85 PUNCH 86  
p4 COIz COil 
06 FORMAT U UX,22HCONSTANT§ OF RCLATIONM 

PUNCH 87 .COI 
67 FORMAT (5Xl2HAM,E12.B) 

PUNCH 88,(CO(K1,K 1sN1) 
88 FORMAT t 2X,5Hu(I )wr6E12.5I 

DO 9V K019N 
DO 90 J=1,F1 

90 X(K.,J) cXI(,J)+XB(KI 
DO 100 J1 ,M 
Y(J)*Y(J)+CODU)eX(K,J) 

100 CONTINUE 
IF( IN—U 105,105,120 

05 00 115 J*l, M 
DO 110 I=1,t4 

1tL4 XCI.J)=CXPF(X(I*J)f 
Y(J) EX,PF(Y(J11 

1I'5 CONTINUE 
120 00 130 I=1,t 

ERU) *(V(i)—X(N,IJ)*1U0•/X(N,I) 
1301, CONTINUE 

PUNCH 131 
131\ FORMAT (5X,12HFINAL RESULT//) 

• PUACH 132 
132 FORMAT +t 44H 	*aas~ 	~r 	~ t +~ t 	+ 	~~ ~a ~►+ta ~r 1N* r 

U 4CH 133 
133 ORMAT(4Xs2HX2,iGX,2HXZ,1GXa2HX3,IQXs2HX4,IOXf2HX5JOX.2HX6) 

PUNCH 132 
00 140 Ja1,H 
PNCM3s(Xt I,J),l"1,t3I,V(J) •ER(J) 

140 CONTINUE 
PUNCH 132 
00' TO 2 
ST- iP 
CNd 

11 



SU3ROUTINk SIMt Q(A,t ,X) 
DIt4ENSION A(15s15),U2(15s15),U(15,1519XI15) 
MaN+I 
Q020ITcloN 
JT=l 

1 IF(JT-1)3,3,2 
2 JwIT+1 

I$IT 

GO TO 
3 I"IT 

J~+I T 
4 U(I,J) A(I,J) 

IF( IT-1)7*7*5 
5 M1aIT-1 

DQ&Kv1 uM1 
6 U(I,J)aUII,J) U(I+K)*ULK,JI 
7 IF(JT*1)8,$,10 
8 I=I+1 

IFtI—N)4.4.9 
9 JTx2 

GQTO I 
10 U(I,J)al(1*J)/U(I,T) 

JcJ+1 
IF(J--M)4*4,20 

20 CONTINUE 
D030 Iuirid 
0030 J=1 •M 
IFt I—J)25v27r27 

25 Ul{ I,JI*U(1,J) 
GO TO 30 

27 Uli 1sJIaO.O 
30 CONTINUE 

00 35J=1:$ 
35 X(j).000 

(41*i4 
40 Ia;d1 

X(I)=U1(Irt4) 
D045 J=1,N 

45 XI I)aX(Iy--Ul(I,J)*XIJ) 
3. Ni—). 

IFCN1--1)47940#40 
47 RETURN 

END 
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