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Studios in gno=polid Lluidisatica have boa ccaductod
in 4apored votcelo mith oircnloy cross scotion using ‘glasse
beado, xushed bouzito, baryte cad eanloite of pardicle pison
ronging £rcn 460 <o 977 piercan, Tapered veosels of cono
onglos 20% 30%, 45° and 0° were usod. Prossure drop dnta
vero obtadncd n the fimcd tod resion, at the omset of
fluldicotion end 48 o oxpamdcd Dl mono. Pressure posk
vhieh 40 charactardotic of tapored vesselo, hao desm obsorved,
fho corrolations for pressure peak ond minimun fluidising
velooity have boen oposeld s

Hindomum £Ans@ising velceily inm o %apored vepsol csm
bo predicted vithin o doviation of & 0% and Loy profoure
poek ae

| 094 <0 .80 0.9
DI ..B.. g ‘

i3 waé Zound that noarly 90% dato vary botween the
mGa o2 & 20%.

B2foct of nechanionl otirror tmo studiocd in fluidisp~-
tion 4n ¢apared vopsolO. Fluidization choractoriotden 1iko
pinimun ﬂuﬁ.ﬁm volooity cnd preooure pal vore oboeevod
0 bo affeetcd Uy tho prencaco £ nochaniend ctirrer. S20
pover roquired Lo particle geporation tos oboorved €0 O
rcduecd vhen ofdrpor oo uocd, Dlmonpionlooo corrclation
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1g proposcd £6¢ prefMoting tho minimum £luidizing velocity
in toapored bedo vith otirrer

vhich can RPedict nininun fluidistng veloeitios well
vithin & 209 Goviatlon £3¢a 4hose af oxperimeatel valuess
Tho follcring eorgalotdca 4s pwoponed for predi.cmng tha
progouro poak in fapoved bods visth oftrrer

. ..Z;:‘SD . ”m°7'57 010 =00y 2 foeog%
('A"éipn""a"h"*)=bti'53[go] [2en 'é'} [ROI)M} [‘%‘] { ”? 1

fheoretdonl voltoo predictel wore oompared vith ¢he
ozperinental &% ond doviatica uoo found %0 B0 T 20/ ¢ 6
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LITERATURE REVIEW



Fluidizaticn 1g tho operntion by vhich fine golids
are traneformod into a fluid liko stnate through contned
with o goo oy ligquid,

Phenonenon of fluidigation can be ozxplained by pnss~
ing o fiuid upvard through o hed of £ind particlen, At &
lov flov rate, fluid noroly percolates through the wvoid
ppacos botween gtationary particles. This s a fixed b,

UAth inorease in f£lov gnte, particles nove apart ond
- feou are pgecn to vibrato ond nove obout 40 rostricted reglons.
This i tho oxpanded bad,

A o gtill higher velooity a point i1a reachod, vhen
tho portiolos are all Junt suppendod 4n ¢he upuard flowing
gosg or liguid. A% this point tho £riotional force between n
pardicle aad fluid counderbolances the welght of the porticlo,
the vertionl compoment of tho conpressive foree botween '
adjacont porticlos digappears, ond the pressure drop through
any sootion of the bold ahout squals the treight of fiuid and
particles in thot gootion, Thwe Dol io congidored to bo jugd
fluidizel ond e reforred <o oo an inciplently fluidiaad bed
- 0% o bod ot ointoun fluidisation,

In 1iquid s0lid syotine an Anorcase in flar rote abovae
ninioun fludidigndion usually mesulto 40 o snooth,; progrossive
expangion of tho LC3s Oroos Llov inptabilitics sro donped



is coell in dionoter containg o doep bed of ¢olids, tho
bubdbles poy grov until thoy £111 tho ontiroe oropms~peoticn
of tho vesscl. Bucccooive Bubtbloo thon <eavel up tho
vessol, soparated by tho clugo of tho golid partioleo-
Oporation ip erratic and unstablo,

Fhe £luidigsed dcd hao both dooiradlo end undosiradlo
charnctorigtioo. Theso on Do Iwought out qo Lollovns

1:2:2
1) The caooth, ldguid like flov of particlen pllovs

continnouply sutcaatically conteollcd operations
vith capo of hgndliaao

2) Eho =opid nizing of oolido leads $o néarly ig0=
thortal ecnditions Shroughout tho raautor-&r
vossol, hence tho operniion can bo eontrolled
ginply and reliadly, '

%) fhe eireulntion of colids botvecn two fluidized
belo nakes 4% pogsible %o tranopert ﬁhb vosh
gquentities of heat pinauﬁoﬂ or nocded in 1orgo
reactord.

4) I% 1o suitcd 40 lorgo peale opcrntione,

5) Heat end nacs $wanofor rodos botroon goo cad
pasrtielos oro hidh vhon ocnposol vith othor
podon of son¥noting.



6) Sho ro%c of heat teonofor betreen n fluidised bel
ond an dnacrpcd obJoot 40 high, boneoe heat oz=
changere vith in £luidised bedo require rolabivoly
a1l curfoco oreads

1) ho ai22icnlty ¢0 doseribo tho £lcy of gno, bosaupe
oi’ ito lm'go dovintions fa*cn plug flor ord $ho byﬂ
poaosing of salids by Imbbx.aso represonto on meﬁn
fictent contnetdng cyo tee

'2) Frinblo tolido ore pulverisod ond catrained by tho
cap, thay then owet bo roplnoed.

3) Irosion of pipos end vépecds £rca nbrasicn by particlos
eon Do porlous,

4) Por non=catelytic oporntions at high tonporatureo,

| Yho anglconergtion ond aintering of f£ime porticlop
eon necessitato o lovaring 4n Scporaturo of oparne
Slon, reducing tho reneticn rate eonoidorablys.

Fiuidisation hap Do put ¢ neny applications 4in

petrolenn, chenicald ond netelluszicnl induoterios oo givan
bokcas

1) Fluidised beds provide o nore officlont, scvericat

ond oscacnienl voy for Gronoporiation, deying ond
heating,

2) ¢ ip vidaly uocd Zor nizing tho povdory .. naterdclo



intirately Ly oirculantion i tho storage bino.

3) Fluiddscd bedo havo boon uocd oxtonsively fop hoat

ozchango, in both physicnld oporations and chenieal
proaoaseo bocouao of thoir uniquo ability to rapidly
$soneport hont and maintain unifown tc:lpora%ﬁro.

4} Tho tookniquo is usod for coating of plastie naterials

5)

6)

7

8)

9)

10)

on notal surfacos.

Pluiddaed bdBeds havo hb uosod gor deying and sising
0f pouvdory natexials.

I% 1o alno uocd for particle grouth ond condenandion
of oublirateo nasSerialo,

Fiuidiscd deds have Deen froquontly applicd fox
abeorpéion purpoooss

A aunbor of gynthotle rcretions aroe carericd ous in
$ho £lutdiscd ded. Eho oadn reascy for choosing tho
fluidised bded 4in proforeieo $0 tho fizmed bded Lop
these g01id eatalysoed gano phago Feactlong is tho
deopnd £or ptedod tomporatuwro condrol of ¢ho rcaction
0NV,

Fany chenieal ¢Gpounds are propaved in tho fluidisod
bed only,

Gho breakdown 02 hydroeorbono into lovor moloculay
woigh$ naoderinls (erackiny ronadions) ond thoiy
oyashosis 4nto 1ot nolosulor woight natoxdals (ro=
Roxning pcaections) are carsdcd caly 4n tho fluldised
bcla Lor haviny: = (a) bottor control of tcaporature



{ thoso nro oxptheamio reaouoni (b) eardon doposito
are rcaovcl, (o) largor quantdtios are handicd
guocooafully.

11) Foeoo dods aro uscd in thosnel oracking.

12) ©ho applieadions ore nade 4n the earbonigadion and
gonadificadicn of cond,

13) o uco has bdoon ando in tho caleining elinkering.
ond dryinz of neny natoxialo. ) '

14) I¢ 1o uoped in tho ronating of 0.

1.4

A typloald wnriation of pweaéﬁre drop with aaparfieial
volooddy 4n oylindrical voosol 1o shomn in FPig. 1.1 thore
¢ho dcozardithn @ o proosure drop in plotted ecsninst tho
logarddthn of £luid volooidy. Tho otwaightliine Zzca & 0 B
ropregonds tho varindion of 1o proc3ure Arop shrough $ho
bl wa<h 23uld velcoddy durdng tho pordod of 24zcl Bed
oporntion uwhen no notica of ¢tho partiolos occuxrg. Fluild
noroly poreoclates theough o vold ocpaaon botwoen gtationnry
pavrdielas cd o pFocoure drop 40 givay by Kosayyp-Caxnion
.QQW)%iOBo Brcadually tho preamo dsop oquads tho Lorac of
gravity on $ho porticios (point D). Bcd has bdoecao wnagtablo
nouv d o ndnoy nNovcicad and readuotaicat of tho particles
4o 9ho bed begin o0 vWako plaso 40 oXfor ¢ho nazinun cxonn
coodionnl arocafor fAov, DA ompando dlighdly vith tho
graing atlll An emitnote Fho chango 4n tho gtzuctwro of ¢ho
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bed produces o deviation fron the sinple relationship detuwoen

¢he progsure drop and veloeity ohoun in tho goetion A to B,
Ina%abiiity of the bed continucs aos thoe veloeity 1o inorensel,
until ot point O <¢he loosost arrangenent of particies in
contaet 10 establiched: Uith any further :!.ncicaae in the
volocity of £1cy pone of the particlos in tho bed aro no
longor in pernoneat gontact with ono another and beoono conti-
nuously ngitoted. This point '0' 4ip kmom ap the poing of
inedpicat fluidization, A% this poimt of fluidisation,tho
bod begins to oxpond with inerensing fluid veloclty thus nore
and nore partioloa loogding vontaet with ethors. Ad point tpe
fiuidizntion 4s conpleto and nll ¢ho pardiclea aro in notidon,
Fron point 'C' %o 'D' thero ig cudd@ca though glight fall
in tho proosure drop due ¢o0 unlocking of particlos £ron ench
others Iurthor. inorcase in £luld volooidy Doyond poing D'
cousen olight incrensc in prosgura drop vhich 4s rogquired o
overeona tho ineronge in frictionnl losoes Detreen £luid,
puopended polidso and walls of tho ecaininor. Porticlea novo
noro and nogo vigorously, siirling aboud and ¢ravelling in
rondon dirootions, Tho emitento of tho tubo strongly reason=
ableo o boiling liquid,.

The linenr velooity of tho fluid bhottreenn the partioles
io nueﬁ highor than tho veolooldy in the spaose above the bed
congequently nearly all dho pardticloes drop oud of tho fiuid
above o beds  Bven wvith vigorous fluidisation caly ¢ho
onalloat grains aro onteaincd in tho 2ludd ond earrdsd oinye
As £iuld volocity Lo furthor inoromscd tho porogity of tho
bod inercapos causing tho ded to ozpand, Piradnnont



beeonas apprecinbls, thon gevere, thon conplote, A% point
'E' all tho particloo havd been catrained in tho fluid, tho
porooisy appronchos tnity, ond tho del as such han ceascd
%0 omiste Tho phancncaon then boconmos that of the einule
foneous £1cr of two phasop. DFrea point D' fo 'EY and
boycad progosuroe drop rines with fluid velooclty very sloviy,

1.5

Mhea fluidizadion i carriod ous in the vossel of
conoton$ oxoss seotion, solid nidning rate in longitudinal
dircction is quite sovero inm eage of gng-s0lid bods. Thio
will rosul$ 4n %o the sttrition of porticlos, o phenonemon
vhieh should bo avoided in eextain cases. Duo to attrition
pagtielos beocho enllor ond enllor in plzo ond ap Ho
linoor velocity rconing cane in oylindrical vessel, o £lc
rato 2ized £or o porticular sise of partiolos will ecouoo
catrainnent of cmllee porticlog, In ease of peactions liko
czacking or »eforning $n fluiddgcd dcig, tho polido used 4o
geaorally the ocoglly ooftalyot and tharefore 1% 4o inportant
to ovodd attrition,

Tho ek nizning of polids, as orcatod by povers apolids
nizing ¥ato io supposed ¥o bo roduced 12 flutdisation i
oithor onrricl out in long nevror tadbo with high L/D potios
or in multidotages. If Lfluidigsation ig earricd oud in doep
beds with hishor L/D ratios, 4% 4o quito non=uniforn. Sinco
in cnoh beda proogure drop is quito subptanéinl and being o
conpressible £luid goo goas om ezxparling ns 1% pooses thrcugh



tho befl thua thore 10 o conocguent rigo in L8s volocity.

thien tho uppor poztion of the bl 40 nado 0 Lluidise ontic-
fagtorily, lcrer porticn of tho bed 1o not fluidiged at all
wvhile vhoan ¢he gno veloodty at the baoo corfcsponde éo Uy
velue L.0. botton 1o mado t0 fluidize eatisfactordly, tho
upper part of the f:ea 19 slugging badly. Thio 4a gerious
specially for unifornly oised particlos whoro 1¢ io aifficultd
to fluidize <he bed at all,

If Ziuidization is carrded out in $aporod/conical
vosgolo vith ench o toper that cuperfieinl gns voloeidy 1o
nore or loss cmstont oround U,, volue ns the goo rices up
througls tho bad, %o vholo bed enn bdo £iuldisel unifortily
thrcughout i¢e height, This is caly tvrue for doep bod of
dongo patorinlo o vith uniZornly siscd soorso/donoo natorialo,
Solide nizing rate wvhich was povoro in oylindrical beds 4o
roduced 4dn cuch voooelo, smil fotaining othar dopirabdlo
inpoprtant propexdios of ¢ho fluidiscd bed. Fhis may o
posoidlo boeaupe of the cafer porcion of tho ano whieh Llcro
through tho bcl as large practienlly polid~froo-gas dubbdlco
vhilo tho 00lids are ouapondcd by o rolatively slcy noving gags

Another advontego of tapored vesols 4o that nized
oiged particlos ¢an Do fluidizod pinulénngowcly, tho £inos
or lightor boing at tho <top vhile tho coorgor or denso at
tho boticn with intarnedintes in betreon.

1,6 Zlndddangson dn Fnacod Yangndn
Uhen Zluidization 4g carzicl out in n occaienl apparatuo
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tapering domward, thore io a conaidémble preoguro peak at
tho 1inid of peadility. Shio peak 1p nuch larger dthan ; preosuro
at tho onget of fluidisaltion in a voessel vidh comotan® ezoso
seetdicn md 4o duo ¢0 the condead fowm of tho dod. In sco
exporinents tho presoure drop before tho onsot of fluidiane
tion vas two W three tines groator than tho valuo 6atab-
1ishod afder tho linit of otability. m::: phononeaon wao
exploinod by tho gbaomﬁog W in ae:aiqal voosolo the bod
paoses An %c' tho fluidiged atate cmls oftor nttainnent of
fluidizntion anuypef portiong, 8Sineo st this %ino tho gao
veloociddes in Sho lcrer and niddlo pards 0f tho dod ave cone
oiderably greater thon tho ozitieal fluidigation voloaitlon,
tho promsure drop 4n tho odatdonary bod portions incronscs
rapidly oo acapared 40 Tthat at o linit of gtability 4n o
oylindrieal bed of the cane heidhat. Immcilately doyond tho
1imit of atobiliy tho woeosuro d&rop falls %o approxinately
the ugunl thooritical volwro, cogual to the produet o tho bod
donpidy ond its baight rogordleons of tho bed confimzration,

Ag tho £luld voloodSy ip furdhor dnorcansod tho prosgura
drop doos not anain constand bwld 4n contzaot %0 tho oylin-
drical bed, boging %o £olle Fho reasca®® boing that ao the
£yactional voldage °'&' inorenson, the bed helght Ancraeases
olovly than ite volune guch tha$ the produet I{l=s) goos
ca doerenoing.

Exporinca$s havo rovonlod that dn ocnical vooselo thoe
point of Lancipiont 2luidigntion 1o no% ag clcay cud ne 4n
oylindrionl vonsole, Purshor, an tho upward flow of fluid
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through the fizod bed of particies in o conical vossol io
incoresscl,a conpacting offeet ip notod, This offoot io sem
7011 bolcy tho point of ineipient fluldigntion. Fho expla=
nation appcara <o bo -ehe.'t o pordiclon ncar tho bHotica of
the bod exporienco o substontinl upward deag forvse, dug $O
rolativoly large veoloeldy of tho fluid noar tho Dottca of tho
’bod., $ho upsrard deag foroe vill Do greater than the foree
of geavity on tho pardiolas. AS thoe oano tino, tha voloeity
noay thoe top of the bded is volativoly low, so the foree of ’
gravity ca particles near tho top of tho bod in greatoer .’mm
tho mpuard drag Lorce oxzartcd on thea by tho £luid. Tho
resuliant foreo ¢ tho particlos nony the botton 4g upvard
mad on tho pardiclen noar thoe top 4s dommwazxd., Tho bod
hoight reachie o nindnun value duo %0 Walo ccapaetion aoffedd
and o nindntm obooEved porocity 4o thua wealdacld,

In ease 0f gns fluidisatica polids nixing snte in vere
Glend aireeﬁ:!.on 10 quito novare 40 ylindeienl voonolg.
ﬁrotaz‘ asia Re::anz alntod ¢hat <tho nizing '-*mta inarenson vish
ﬁm@weasing £iuld velooity. [onot of ¢he nizing of ao\liaa in
. %ha f}.u&diaeav bed occurs by the Bulk novenont of the golid
ootarial, Such tulk novenendn oro gC0rally aosceigted wish
cddioe in lli.qn‘.m f_@nﬁ.&moﬁ bedn on¢ with budblos in no
£luldized bodas ‘ﬂ;ﬁ.a govere Dasknizing in lonzdsudined
dirootion causes dpok nizing of polids in tho beds Lovay
ot 7 uhilo ptudying tho rostidenco ¥no diotributdion of golid
pagzticlcs 4n a continuong mo=polido fluidicged bHed obgagvcd
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shat¢ solids bdehavo opproxinately as tho eontento of ci (Jou Ty
dinuvouply otirred ¢ank or poxfootly nized vonsol. Spread
of vesidence ¥no 4g very uvidc indeed. GShis wido rengo nay
be roduced if fluﬂ.diaa%ﬁ;on 40 %0 Do carricd oul eithop in
nulﬁsﬁago@ vAth o narecy ranze 02 golido roplidcieo Wno in
ench mith overpll comtoreurrcat 21ct of gao zind golide ox
%0 noko tho bed very deop in relation to 1tx-dlancter in
opdor 0 nkto ni?ﬁag‘ of tho uppor ond lcrer roglons of the
bed nore Qifficuls, 5Shio, houvgver, cnuses non=-wmifornidy of
ded leaddng 0 poor quality of fiuidiention,

32 deop bBede are caployod dn eylindrieal veéae&a tho
proogsure drop dotroon bHot¥cn ond Sop of the ded, vhich ip
neoded €0z tho gono £iov 40 ceawr through %o-m&toa bed and
S0 overecne ho rooictonco offered by tho polido and thus
finiding tho ded, Deccaon cubotantinis Sho gaa. volcoity
ingreages conglidcrably duo 90 e gno exponolion ns GO8 PACHRD
shrough the Ded L3¢ Dottca 40 op. A0 neano that 42 ¢ho
gos velocdtvy io caly. mﬁa oufficiont o give nogapl fiuwidize
ing condidtions dm tho upper veogiona of tho deld; Bo bago oFf
tho bed will bo ecop¥toly stagaonts I tho gno voloodty do
incresped until fivddisnsion oceurs imedintaly above o
supplat plote at #ro botien of the ded, ¢hen a0 bod 40
violontly ngitatcd at tho top, =@ tho colido noy bo earriod
ooy -

IS vno osiginally ouggestcd by Onae and Ie‘umltawe.s
£z 1iquid £Inidieed beldoy ¢hat o pooodibdle oolutlion o0 ¢ao
problon of coooth oporndion of doep Lado would bo o0 inevcnno
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tho bed erooo=goctional area uprardly shrough tho dbod g0
that dnercaco dn gono voluno eould B0 aseconodadteld .00 €0
congiract o bl Sapordin tovaxdo §4%0 dDaso. . Tho £irod. ouoch
bcd wao eonptruolcd md oporotcd by hovay ob ol (1950)3 Lop
¢ho ccnvc.‘?aioa of uranivn oxido o uroniun Fluoride by |
£1uidication vith hydvogcy Pluorido gao nizcd vith Mtvoge
ao a diluont to nodorato tho Teaotion and cafry ooy the
heate Spheriolnlly chaped tl‘03 pm%ieloia in olge sango 2040
nech vere fluidized in 4-5Y qylindrienl tudbos ard for dcd
holgo above 0 £oot: Tluidigntion wop highly uniforn
vith violent bod eruptions ond incfficlent ocatasting of
tho £luid. Fluldizstion vap obmesved $o begin at the uppor
surfnce of ¢tho del pnd proecoodod dovmvard through tho bed

ao o inled goo voloelly voo rolioed snd vhen $he goo voloe
¢idy vno oufficicat $0 Finidigo tho bod conplotoly, tho
upper portion of tho bod vao clusging. 8inco tho oupor~
ficind oo volcooily inercacon oonoildorably nlong ¢tho bod
cﬂng $0 tho oxaponpica of tho goo (tho proscure drop dedng
approzitntcly 1.75 poi/€d) $ho babblo voluno incrcasen
otcadily olonz tho body, ond thug dosper tho beld end highor
$ho portdclo Acacdly oF mizo, tho grentor 4s tho tondeney of
tho el $0 olugs. In doep bheds n mueh hicher goo veoloeidy io
rcguired 20 fluidipo tho wholo by, thon that for o challow
bel. %0 ecopenpnto £or tho gos coponeion ond thuo $o haveo
conplent puperficinl oo welooldy clon tho bed, o suiiabdblo
taporcd tube wao coployed, e englo of tapor Lo the
ideally £iuddiccd ted woo cadoulateld oud for oonienl vopsol
oo f0llowd
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@ = tan”t (o, Pp/2 2y)

Here g, is the digtanco normagl t0 tho loagitudingl axio
0f the column betveen tapored sides. Pp s the bulk density
of tho dod ond Py 45 tho prepowro at tho inlet of tho bedo

In guch.bclo 4% was noted that preosure drop=flow wato
curvoo ore Jiko fhoso oxdinavily eacountored in fluidized
bedae M.!. the propertion cuoh 03 ﬂcﬁ-'ability of tho bed
and good haaﬁ il nnge txongfor vore rodainod ond tho bed
- oxponiolon was rclucod, gno bubblo foma%ion vas largely sup=
progacd cnd nopt Anpoxdans of nll, ﬁ;so aoound of nixing
betroca the uppor ond lovor rejiono of tho bed vas reduccd.
Is vda notcd that at volcoitics cubsinntinlly above tho ninde
D, bubblcs Q0 appoar but thay do not ecalesee cad in noay
cnoea dlonpponr boforo poaching tho uppor surfaco.

Amcraiaa 20 Ronoro annd Johanacas tho reduesd znte of

nizins of golids is Gouocd Ly metﬁaa o:looc 20 ¥ho nindnun
Liluddiging volooitw.

| Stxtheﬂcsnd? carricd out nixdng gate experdnents ueing
o Sapored bBod of coppor chot, olzed betveen 30-52 nosghe
Hickel sphores of the oano glge cd denodty ncted as o tracer
natorinl vhich wore 0ddcd (about 1B of tho bed waight) £ren
tho top vhilo ¢he bod wos under just fluidisation state and
thea dnarcaoing tho gan valodddy $0 ¢ho dopired wnlues,
Qualitntivoly, tho carvoo of Hickol ccnecntration againet
ting 2@ vordouns probo loeaticao ohovod that vortieal goldd
nizdng #afo vas geeatly cluecd 4n tho ¢aporcd bela, I
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taporcd £luidincd bcdo of Fonotangulay eropé=goesion, Gao
voloaition up o 1108 adovo <o nindnun £inidiging velooilty
and ded hoight %o dionotor ratios of 8 and 16 ¢o L vere
onployad. It wag notod thag nt @ns velooitics cloge $0 ninde
nun £luidiging volocddy axinl golida nizing rate wvas quito
icr,

A% ¢tho pindnun fluidizing veloelity tho bed 1o acting
00 o fiuid nd Sho progsuro dsop 1o énloulntcd ty

AP = L (A=c)(P =2,) /5. = =
o'g 0 %vg

Hoeo L A4g bed height, U tho beld volcht ond Aavg" tho

aveRtyio arogaencetional avex of the dd,

Gcl*parmm dordived ho f£ollovwing dhooroeticnl ozprocoion
for preooure poalt, A asswning that tho gos notich was quiso
laning in tho bl and £luidising gao voo unifornly distrie
budeld over <tho bl exoos=goetion throughout the dbed heighl.

| i 2 ey

vhere U, is guperficinl £inid velootly at nininwn flu=
1disagica snd K 40 tho consiand 4n tho oquation, relating
Sho reodadonce of tho £izod Ded cnd tho £1ludd volodddy noo
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Euta ond ’?a s OFC the hoisht and dulk density rospectively
0Z the stationory bl and W, 10 superficinl fluid velocidy
at the Bago. )

mother thoorotieal cquntion ag doxriveld by Gol'perin
ot i, walid for loninar 2oy 4s, for £ixed dod pressurc
dzopy

AP = KU, (D/D, = 1) 2 tan ¢/2
ho cooffiolont K 4o givon as
R = Cp/213

Tha voluo of congtant C tno nod given by ¢tho authors.

Dagakov ond Gal'porint’ precontod the £ollowing oquation

AP = Oy A -%il (RR;) UG, D (gﬁg) (87-r?) v2

¥ho cocfficicat €y ond 02 oo tho propoocd wvoluon of
Brzgun-~ %hnt 4o, 03_ = 150 ond 32 = 3.675n

A = (/g B2)(2=c?) /0% cnd B = (P00, Bp)(1=a)/c®

Actunlly ¢he nesunpiion for undforn Gdotribution of
gas 1o oy fxca prooticas ¥For this purpose x‘zhoy pz-opoc;cam

AS = P (DfDy ten &/2)
vhich 4g %wuo Lor a odndo gao colid=agyaten,

Mo rooct ompordncatal gtndioo nado by Paskas'? hao
rovenled that eondond or Sapored wonsod datn Gan bo gorroiondcd
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by coquation 0f Bacnkov 1if ney waluwoo of coefficienss Cy
and 02 roro pubglitutod for Mo eylindrieal vonsol coof-
fiotlonta, evéa vhare tho apex angle 4o cmnll. Shay subotde
futcd azial digtance 2 for rodial dlotence R omd o D
Lor Dyo thuo introducing o particlo chape factor. Conotond
01 gna'cz are sirongly dopondend ¢ he geonotry of tho
beds Ao pointcd out by Parkas tho proosure drop 0 Bo uscd
above 4o AP, , only due €0 £friotionnl losses in tho bed and
in given by the zclation

APg = ARgons = DPheatie

1,00 subtEnosiny 22¢n tho Groon vnlue tho *otatlie hend mlue!
for the bods: This Laed can Do verificd fron Barnoulliato
oquation,

B +on

gimatect? voro eonduotod, adr=-polida 2iuidigation in
sho tapercd vwaosol with oivroulasr croos oocetion:A corrolation
foy tho promoure peak uas proposed 0o

Aﬂom}"ﬁ u 259 (D/%)Za% {¢nn 64/2)”3"‘19

At 1o pressure peaky D 1o tho dic of the upper 1linidd of
tho ded ma G, 2o the din of lcver linit of colum 4n cno,
¢ 4o the oome anglo in dogreos.

in liquid fluidisntion atudios in topored voosols wi%ﬁ
%apor Teaging fren 10 %o 120° ¢4 eonroo eiso golid particlos
(Glass bdonds, Qunerts cad Caleito) have doemuged Lor gtudying
tho ofZe6d of phyolienl prodexrdico 0f tho nntoerial, deld woight
ond eono anglo o Lluidisation cﬁamotqﬂaﬂoa@ Pollouing
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dincngionless correlation wag propooecd £o2 preogsurae pealks
- "‘3-025 ; 00712
(-25-) = 1,02m0° (—9) > (om ) (33;953) .

I$ vag obgorved that coooth fluidigation oeccured caly
in lovep cone anglos 1.0s 10, 15 ard 200, In 50 cna 45°
cones particlo novenont wao dinilsy to that obagervel in
opoutied Deds, In over <¢aporod vossoln of éﬁae anzlos
greater than 45° and upto 120° nizing of solido vno acn=
fincd ¢ tho contral part of e bHod only with &ick pardiclo
layer yeonining otationary ot tho vesool wall, ‘

Studiog 15 0 comduc':zcd in ono=polid Liuidigntion 4n taporcd
voosels uodng gphorieal glase bondo and erushoed paréiclos
tuzitie ond ealoito and cono cngles ranging frca 10° %0 0%,
Cap 00lid ecatnet wao oboervel ¢ bo nore efficiont with
larger particlo eiaaé cmd gmller eono anglos (100 o $09).
Por thaller é:iizod particlon end Inrgor cono onglos tho
£luidizasion wno 1initcd $0 o coutynl ecre widh layors of
- particles reanining otrtionary noar tho valln., Blugging
vas predcoinemd i callor onglo oonop whilo dn larger anglo

cones 1% was ocaploteoly aboemts A correlaticn vao obtained ao

AT | =2 0.497 gy =0,08 00426
(FFo=} = 3.00m07 (/D) (ton §)° ‘poml
1.9 Ahinaf of_shn Reancag Hork

in o eylindrdenl vogsol, orono sootional aren of £1cy
io comgtant throughcut and tho ontire bod fluldises at tho
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pone tino. Prooouro dvop bofore fluidisation L,0, in fizcd
bed region Snc::c::xoos wvith fluld voloeity oand aficx fluidisg=-
tion, 1% boeeonoo aloost oc:;nmtm'h. In o ¢apercd vensel, nren
of ovoos sootich inereaces £ren Tottcn to the top ond thuo
tho linoo® voloeity of £luid doarcques in Y upeard direction,
A ded of oolid porticlon 4n o tapared vossel 48 codd t6 bo

in fluidiging otato vhon ¢he entire bod 4o Lividizcd., Bu¢

1% hao beon obgorved thaé vhen tho Lower part of ¢ho bed io
in fluidizing etato, tho upper par¢ still reaing in fized
bed condition ond prevsurc drop increnses vith incorcase in

alr 710v wate. Propoure dvop eontinues o #ipe $111 the
entive bed geto fluldigced ond pressure drop vnluce oro quito
higher in dopered beldse A prossure peak 1.0, naxinun pressure
drop voluo io oled observed An capo 0f tapored veosscl, Thoro-
foro, power roguirencits Lo punping vwill be cubsiantinlly
high in euch eaveo. |

12 tho upper port of tho ded 4o alightly dhotmsbed by
ptno nethod kooping tho lover part of ¢he bod in Lluidiging
ptato, the catdro bod o Lo £inldiscd nt icvor olr Liov
rote and thuo proscure drop and pFresgure poalt veluoo noy Lo
voduged. Ono of cuch wothods 4p to neto woo of piirrer,
The prenent studion ‘&n‘oluﬂo tho upe of a stirrer Loy dloe.
turbing ¢ho upper pord of the bed ond %ﬁfﬂo cffeot on ol
£lotr rato,progoure drop ond precouwro peak valuos., A con=
Pafativo otudy has boen nade ¢a pover conpunption and powoy
oaving vith ofirror.
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ao algo choun thag thio offoet 4o Lound cnly wish deop belo
of denoe DaSarialo cad CAly,al £lov zatos loss than 308
above ?ho ndninm fluidiginy volooidy <0 ded hoifxts grondor
thon 2,0 200%. BSuthorland olgo obpervod liko Levay o ol
#hat payrdiclo novenato and bubdling in wtaporod txdg bogon
at Sho top of tho bod na the alr zate vag inarcancd md S
by tho $4no particelo novciont wmn obpoxwod at tho bose, tho
dop wao odlugging violontly. In toporod bBods, it wao oboerved
that tho fluidisntion at lovor velocitlon vns moxe ovon with
bubbles appearing in tho Lloror ng weall ap dn the ‘Qppe:e pars
of Shoe Delds Onco tho £lcov rate reachod 1,2+1.3 Mnos of

U.p o hotovor, the vholo Ded bogm o rams- and appearod vory
ainilar $0 tho corrooponding nonetapored beds. In condrnod
40 aylinderienl bBcdp, o nore procico wluwo of Uy uoo
obiained Loy tapoxrcd Dodo. Shus nain offeet of taporing
would appesr &0 bo ho otabilining of tho Juet fiuidiamcd otato
shrousghoud tho dopih of o LS,

Loter work of Sutharland and Rowe® wao diroetcd ad
olueidnsing tho nizing noohonica. A bHod of coppce shote ras
ovarladd vdth n Hickol chot layer ond Lluidized 208 vorying
poxzdiodne X% wno eoneludcd that without Tubdblen in the held
thore uan no Nimng and tho »ango of £1cr gaten 4n vhioh <$ho
bod vne £luidizcld tud tubdlos were aboeat Yno YOIy AoTPCTs
Only in thio rongo aeould tho Bod bo opernted ao o oonbinuous
plug £l Reastore

Iai.tﬁnmg alao eonparcd tho oolido nizing zotes for
dcaco partiolos (=140 ¢ 200 noch coppor) N otwalight and



CHAPTER=-II
EXPERIMENTAL SET-UP AND FROCEDURE
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Tho exporimental pet-up upcd for tho study of tho
fluidizotion in Capered vessels conglsts mainly of a Yapered
Lluldizing vessel, rotameter and manometer., The air inlet
cone and calming scction are ueped to get uniform d4stribue
tion of air while entering the column, The schematic diasgranm
of the experimental set up is chovn in Fig. 2,1, Plato 2.1
ghous the photograph of he bxpartmental agsendly,

The ealining saetioxi hao boea providced at the bottonm
portion of the taporod columm $0 havo uniform distributica of
"air. Raschig ringe were filled in o gection of 4.0 ome dio~
moter o cheock tho channeling of the inlet pir, Tho apir
inlet is an inverted conicel seofion with 12 mm botica dip-
metor ond 4,0 capg top dimmoter., Tho votal heigat of oconical
poeVion 1g 10 aag, For the lino fittings 12 vm mild cteoel
gocke?d 4o voldcd at the bottom port ond o 10 oms dlameter
flange nt the top portion. Four holes with 10 mm diemeSer
have been drilled in tho flange ot 7.0 em pitch circle dip~
moter. Vire mesh is provided to support the raschig ringe
at tho junction of the air inlet cone and ealming gection,
Both oir inlet ccno pnd enlming vection are showm im Fig.2.2.
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Tho quality of bubbling fiunidisation is strongly
influenced ty tho type of gno distributor used. For fou
cir inlot openinge tho bed density £luctuatos approciably
ot oll 2ot rates (20 to 50 of mean valuo), though more
goveroly at hida 21lcr »Patoo the bed donsity wvorios vith
hoigat ond gac chonncling Deocomos severe. TFor peny air
inlet oponings tho fluotupntion 4n bed domoity is negligidlo
at low olr flov rates but again bocomes appreciabdle at high
£low rates ond becomos uniform {hroughout, Aleo; the dubblos
aro raalleor, and aivr~polid ocontacting is more intinate wvith
lose chonneling tondencions

Contacting is suporior vhea conpolidated porous medip
oy plates vith meny exall orifices are -ﬁazﬂ. The grid plote
uged in thoe ozperiment ig shovm in Fig.2.3. The holes are
rillcd in on area of 4.0 e diameter. Tho thickness of
the plate i 5 mm, The totnl Alametor of thoe plato is
10.0 cms, The details of the plate are as £olloup

finteriel -  Aluniniun
Thiclmose = 5 n.m,
Holes sizo = 15 mem,
Piton = 4,5 n.n,

%he Zlor rate Of nir vas mexoured with tho help of
rosaneter vhich givos the €licy snto in noraal litres per

hour, Mo rotameotors vore ugod $o cover tho entiro flov
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range of eir. Tho lightor pardiclos ond the emallar ded
hoights noad cnly loager flov gaten vhilo the heavier
particlos ond lergar bed hoighto require bigher sir £low
raton, Rotamotoro having the flov range 0 to 12000 and
0 = 35000 BLPE woro uncd,

2:1.4 Znnoxed Columng

The ¢apored colum Lo tho main pard of tho apparatus.
fhe ¢aper anglos 0f the columnp taken for the oxperiment |
are 26°g 3°°p 45° and 90°, The bottom diameter of the
column has been chogen arbitrarily as 4.0 .omm This dia-
meter equalo the diameter of Che calming geofion. The
10 cng £longe 10 weldod ad tho bottom of the column for tho
necesoary ittings. In order{ obocrve tho f£luidizntion
vigually 4n tho Sgpored columa, the {ranoparent perospex
811t of 25 m.nm, vidth hao Doon Lixed in tho eolum., Plato
2.2 ghotrs tho photograph of the tapared columno of difforoat
. GONO anglos.

202 Biixxins

Tho main part of the prosont sot up is an eleoirically
driven ptirrer. This is used %o disturd the bed to neo ilto
effect on alr flcr vate end presoure drop value. Tho stirrer
wsed is very simple in congtruction, ‘Ehia is loeatcd in
the centre of the fluldising vensol ond i%e pocititn oan bo
changod in uprard snd dovmuard direction by moving 4t oa
1%o shafde I¢ hao two £1a% blados, Tho speed of tho gtirrer
10 ndjusted biyp the veriac trensfarmor. An ammoter ond
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volimeter were camploycd in the line $o note the current

ond voltago Lor povor computation. A volioge stabilizer
i used to climinate tho voltage fluctuations. Plate 2.3
shovs tho photograph of tho stirrer used, 7The ptirrer is
chovn in Fig. 2.4 and 1%s specifications are givea bolows

Length of the ghaf$ = 505 m.n.
Danecter of the shaft = 7 m.m,
Type ond nunber of Dlades = £lat, tvo
Length of a dblade = 33 meMe
tidth of » bdlado = 12 mom,
- Thiclmoss of a bladoe 5 2 M.
Iloximun opeed of plirrers = 120 rp»
H,P, = 1/20
Curront = 0,6 athp
Yolimedor rongo = 0 = %50 vold
lmmoter Fango = 0 = 0,5 anp and
0-1 pmp

The alr drovn £ron the comprogsoy and regulated through

é ourge {ank ot the rcquirel pressurc, i supplicd to tho
fluidiging column ot a uniform proegsurs.  The Lfluotuationo
coused by tho ocapressor vere eliminnted complotely by using
cuzEn $ankt,. %Tho alr io £od €0 tho main oquipaent throuch o
rroscure regulator vhic: Givos o congtant el oupply.

Thio alx £rom tho prosouro rosulator 4s paoscd thecugh tho
| rodanoior, vhoaro tho plr Zlow sate 40 poaoured, Fhis mcagurced
aly 1o thon fcd $o the main fluldising colwm, In betwvoen tho



25

aly inlet conc pnd tho main colurm tho calming section hap
been providcl vhich cnouros tho propor distribution of the
air through the bel. %The Raschig ring packing havo been
providod in the calming soction. At tho top of the calming
section the mrid plnte end O bynos wire cloth are ﬁxéﬁo
Thus bofore pasping through the colurm the air 4o proparly
dlotridutod. Tho otirrer wes £ized nt the top of tho
flniﬂiz:lng colunne The stirrer can Do moved in uprard emd
dovmuard directions. Tho prossure differcnce for the ded
is measured with the help of pancmeter. fThe pressure Qife-
ference is directly measured s the diffexrcnce of oms of
vater. Thus ve, AP (s of water) = AP (gme/an?),
directly get the pressure aifferenoef in W/-szn

The rotamoters vore pro-calibrated with tho help of
dry gao flow meter. Zho pir at different flc rates through
the rotemeter indieaton tho €icy in litres por hour, Tho
pano oly from tho rotametor enid 4o allowéd <0 pané throush
tho gas Zlov metow. %o gap £1cy moter givoo 1t%e actusl
readings according ¢o tho aly florrade. Sufficient data
have bocn taken at diffoexent £lov rates and both tho rola-
metors are ¢hus calibrated uging olandord oo £107 moters
ho calidratica ourveo ore chown in Fig. 2.5 ead Pige 2.6,
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CHAPTER~III

FLUIDIZATION IN TAPERED VESSELS
{RESULTS ARD DISCUSSIOR)



tho pressure drop ond air 21¢? rato data are obtained
for glaoo=bendo, bauzito, caleitoe end baryte in tapered
vessels of verying cono anglose Tho parameters studied
includo particle eige, particle density, bed height and come
anglo. 7he datn obiainod are given in Appendiz~I in Table 1

to Toble 23 ené are chowm im Pig. 3.1 to Fig. 3.6,
RESULTS AND DISCUSSION —»

Fige 3.1 and 3.2 shov the variation of pressure drop
rith air flov vate for glnes beads gnd baryte regpectively
in tho sizo ranging from 460 miorcas to 977 miorons in g
taperod vomsol of 45° ocae angle keeping the veigat of the
paterinl ag 1 Kg 4n 0)l enoome It 1o obearved that for tho
oono matoriol ond bed velght, ninimum fluidizing velocity
increaned vith particle oigze ao observed in cone of o
oylingrical vopscl, It wop aloo Observefl that prossurc
poak voluoc increagef vith the particle olze both in the ocase.
0f @lans=beads end baryte as well, Hovrover, it vas more
pteop in cape of baryie for thogme sige of particlos com=-
pared to glass-=beads.

Fige 3.3 4o tho plot of vardation of progoure drop
t7ith iy £lov rate Sor difforent materinls in tapered vessel
of 45° cono englo fca-'cz conptant Ded welight ond porticle sine.
I% 4o oboorved that prosourc peak valuo dnercascd with porticlo
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£1ov Tato in taporcd vessols of como angles 20°, %0°, 45°
and 90° 2oz camo voight ¢€ natorinl in tho bed for Gloso=
beado, 14 40 obsorved frc;n tho f£igwro thet with Ancreaso
in ccao anald; prepouro dsop rceducod. Presouro poak valuon
nloo oo noded to o rcduecd in larger anglos of eonon.
This reduction in presourc drop cnd proessure peak is causcd
by the Lluidisation of caly o liwited pord of the bod, -
confincﬂ %0 tho contral pordica 4n thoe tapered voessel. | The
oolide near tho vall renpino gtationnry oven at high aly
£iov mtes. HGIOver, the minimum f:&u&-ﬁiaing veloocity do=

greages ot the cono onglo doorcagcle

305

FMuidisnticn 40 obgerved ¢o o nore wniform im taporod
voopels of 167eF come caGlos. In highor anglo omes,tho bed
 behaves liko o gpouted boih Solidp movo dovn along the

valls ond rico up in tho oontrnl pordion jJust 1iko o fomatain
of poriicloc. Tho popticles ca Lalling, Lorm & henp vhich
40 ccavon upvardo. Dub oneo $ho aaglo o€ eono L£alls bolow
tho voiune 02 anglo of ‘z*eponé of golid perticlen, thoy havo
118810 tcadaacy %0 olido dom. In 90° como tho fiutdizatica
10 Linited ¢o tho ccatzal pordion only. In tapercd veoeoclo -
of larer oone pnglos, olugging 4o more pronounced cad 1%
roducos vith incrcage in oone pnglos bBut in lovrer ocno
angloo, vholo of tho bed 40 in o slate of fluidisatica,

- 8imiior phencmenon has besn obaerved By tho provious vorkors
0ls0, %Zaking all above faetorn im ¢o conoiderantion thoe
£luidioadion 4o o $apercd veoool of 45° como nglo 4o cand
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t0 Do quito uniform. The studios have been carricd oud
vith ¢ho oono englo of 45% '

3.6

[Hininun fluddiging velocity for any fluid-golids
syoten vill depend upca physical choracteristiocs of solids
vig. Pgo DP ,% end © p physical characteristics of fluid
vige COpo By and geometyy of the vescel 1.e. %an &
ho cozrolatica for ninimum fluidiging velooidy in tapored
vopeel all %therefore Dapsically have ail the ZLactorn governe
ins ninioun finidizing veloeity in oylindrieal vesool ond
the geostotyy vhich differantintes the taperod vepsol frca
o aylindmdeald vessel. Thus o dimenliicnlosa corrolation of
~ $ho typo |

P <P
(Boy)ye = & [5'3‘ U’ —J (tan ﬁ)b;,. (3.2)
nay bo propoocd,

Baoed ca oxporimontal dnla, the progren for evalunting
tho vailuos of the oxponcate a, b and conptent X was run @
computer IEI 1620 (Appendix II) and the following correlaticn
io obtagned.

o+ 6}
P ﬁ? 0183 X
(..B....E..E!i?.) e o 1359 [f( £) Dan_aﬁ] [tan 51 [ 3, ]
| b )

weo (3.2)

The computed voluoo of the ninimum fluldising veloe
eitdlon vore comporcd vith omporimendal valuoo and more thom
00% dota woro Lound o0 Lo wiihin o doviation of 23F3 oo



shewn in PFig, 3.7. Frem the cerrelgtien, it is evident
that as the taper angle increases, fluidigatien tends tewarde
nen~mitermilty.,

The fellewing cerrelatien is prepesed fer predicting
the pressure peak

-0,94 o 0.8 0431
(A=) = 020251 Tt 5 T (Repgy)

o (3‘3)
The cemputed values ef pressure pock were ebserved

s 1ia well within &+ 20% deovigtien frem theso ef experimental
values ng shewn in Fig. 5.8,
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CHAPTER~IV

FLUIDIZATION STUDI®S IN TAPERED
VESSELS WITH STIRRER
(RESULTS AND DISCUSSION)
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Tho pregoure drop and alyr flov rato data are obtained
for Glase-beads ond barg:e _i.nﬁaperad@;gga'&i gi ym%“ chapin
cone englos using a stirror. The parametors studied includo
particle sige, particle density, ded height, ccme angle,
spoed of ptirrer and depth of stirrer 4in the ded. The dato
obtainecd are given in Appendix I in Table 1 %0 23 and are

g
chown 4n 4.1 %6 4,16,
RESULTS AND DISCUSSION —»

In Pige. 4.1 propoure drop io plotted againet aiy flov
rata 20r glass doado of @lze ranging frem 460 miorcano €0
977 nderoap 4n o toporod veosal of come engle 45° with
obirror. Fige 4.2 %0 4.4 chov {ho varintion in preosuro
arop with air flov mato 262 glasoebeado of oige 460, 650
and 977 microao respoctively 4n o tapered vossel of 45° eono
ongle vith anﬂ' ﬁiﬁhon%' ptirrer, kooping tho woight of moderial
ag 1 Kg 4n all capes. Similarly Pig. 4.5 chovs tho varia-
tion in pressure drop vith aly flor rate for baryte of elzo
vanging from 460 nicrons to 977 microne in a tapored vecool
of cone anglo 45° with stirrer, Im Pig. 4.6 %0 4.8 pressuro
arop is plotted agesinst olyr flov rate for baryte of size
460, 650 ond 977 microas roppectively in o tapored vocdel
o2 45° cone angleo vith ond vithout stirrer , keeping tho
veilht of paterial as 1 Kz im all casoon.



22
amd.

I% 18 observed from Fig. 4.1 4.5 that pressure poak
velues were rcduccd in cases vhero stirrer vas uocd. Also
varintion in pressure peak values with particle size was
decreapged ond tho olr £flov vates Lor £luidigation wore
reduced in bedp vith etivrer. I¢ io seon fream Fig, 4.2
%0 4,34 ' for glass=beade and Pig. 4.6 to 4,2 . for
baryte that varintion of pressare 4rop vith oir flov rate
vith stirrer; folloved the came trend no that obtainod in
the tapored Dods without otirrer. But 1¢ is clear fron
0ll thoso plots that the prossurse poak and nininun aipr flov
rote for fluidigation were much reduced in case of beds
vith etirrers In ¢ho boginning, in Lixzcd bod regloa, the
proosure 4rop ie sglmost equal 0 that of the dbed vithout
stirrer, However, Droocurc Arop voo ouch reducel in the
noighdourhood of mindpun Lluidizing oondﬂ.tiong It i
becanse at this sgtage tho 1cror pord 0f tho bod vas fluidized
ond tho upper part wasc digturbod by tho optirrer and “hus
tho entire bed wop fluldised ot o lover air £lov rates.

The pressure peolt vhich wao quito cubptanticl in bdeds vith-
out stirrer, reduced sharply in beds vith gtirrer. If pdr
flov rate 1s inercased beyond minimun fluidising condition,
Pressure drop vas otill lover in bede vith stirror, Hou-
evor, otirrer vas not found €0 ts of much uge at vewry high
alr £1lov raten. Prossure drop woluceo beccmoe almogt equal
.ot very high air f1cr ratoo ia tho bodo with ond wvishoud
piirrce,

ML
Therefore, stirrer ip found to De useful at tho mind-

nun f£luldisiag ccadition op Juot in itoc noighbdourhood. Tho
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upge of stirrcr in not¢ roocomncnded in the f£ized bed rezion
and alpo Zor oir £lcr ratos much higher than tho nininun
fluidicing eonditiong.

In Pig. 4.9 propsure arop 1o plottcd ogainst alr flov
rote for difforent materinle of came oige in topered vessel
of 45° oono angle Loy a‘oanetent bod velight, congtant speed |
of etirrer and conotant dopth of gtirrer in the bed in pld
capges. It is obooxved That voriotion of pressure drop with
o> flov rate vith otirror fdlloved the same trenmd ap that
obtained in tho tapored beds without gtirrer. Though
preésuro peak vnluo incrcased with par<icle density but
these values wero Zover than that obiained 4m deds vithout
peirrers It is alpo notved that tho minimum fluidizing
volocity vas move £or moa=~gphorienl particloo than that for
sphericnl particles. Buty thego values of air flov rate for
min%mum fluidisation in bdedo tidh ptirror vero again lowor
%hngzgho cace of bods without stirrcor. Hore nlso, the
otirror 4o found to bo more upoful at tho minimum fluidice
ing condition or Juat in i¢o neighbourﬁbod. The use of
ptirrer i not found suitable oithar in fixzed bed region
or £cr tho air flov ratos vhich are very hich ap ecmpared
<0 tho ninimun fluidiging velocity oondition.

8.3 PELook R Bef Hrdrhd

In Fige 4.10 ond 4,11 preseure drop is plotted agninet
air flov rate Lor glaoo beads and baryte of particlo gize
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of 650 nicron respoctively for different bed heights keop—~
ing specd of sptirror and depth of ptirrer 4in the ded ag
constent in all tho capes. It io observed from theso
figurens that nature of the plots renasincd the gome as it
vas in the deds vithout stixrer. For tho sano particles,
pressure drop, pressure pesk and mininmun fluidizing veloeily
veluecs increaced vith bded height. This increase in pressure
drop is justificd Wy the faet that at onpet of fluidigation
tho pressure Grop A6 ogual %0 tho not welght of particles
in ¢tho bei and thuso the resoure drop increased. 24 bed 1#
tapered vossel 1o in 5 fluidiged sptate vhon the catire ded
goto £fluidiced, Hconoo as tho bded hoimht inoreasen, moro

air fiotr yate is required $o Linidigo tho vholo bod., This
is the renpon that sindrmm £lunidiging velocity inoronsod
wvith ¢the Ded helght.

But pressurc drop, pregsure poak ond adr f£lov xate
Zor minimum flulidizing ocnditiono wvore found €0 o much
redueod ;n‘bcﬂa vith otirrer ne eppored ¢© {ho beds of
particles vithout stirrer. The otirrer wae found to bo quite
offective at¢ tho minimum fluldizing condition end Just in ite
neighbourhood.

4.4 EEfanj of Cona Anpln

In Fig, 4.12 prosoure drop ie plottod sgeinst air flov
rate dn tapored vessoln of ecao angles 20°, 30%, 45°, ona
90° fex pame weight of matordnl im the bod for glaso=beado
keoeping otirror ppeed ond dopth of gtirrer in tﬁe bed ap
conotant in cll capgese IC 40 Obsorved that tho trend of
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the varintion of pressure d4rop was sinmilar o that in ¢tho
beds without ctizrex, vith iacrcase 4in con6 ongGlog pregsure

~drop wao reduccis Progoure pHeak values algo vore found to
be reduccd in lor(er cone onglen. But thooe values of
pressuroc drop and pressuro peak vere lover than that in
bedls wichout otizrresr.

Pige 415 ond 4.14 shov the variation of pressure drop
vith eir Llou yate Lor glass=beads and baryte reopoetively
of pize of 690 microm for varying dopths of ¢ho ted keeping
velght of the bed end stirroer speed congtont. It i obsorvod
£rom tho plots that in fized bed rezion, pressure drop was
nlmogt same in all tho ¢nges for the semo particlog. Presgsure
peak end ninimun fluidizing velocdidy voluop were found to
be reduced ao tho depth of stirrer in the Ded increased.
A% very high alr flov rates, pressure drop valucs vere cLain

pame. Tho important factor im thip case isg the ratic of tho
dopth of stirrer in tho bod %0 tho tod dopth dteclf. IL

this ratdo 40 very emell, omly the upper layor of tho bed
will Do influenccd Dy stirrer and rost of tho bef will renpdn
almost stagnnt. The proper cholce of this ratio will alwnyo
be apeful.

In Pige 4,15 preocure drop 4o plottod ofininod olr Cilovw
rate for glooe=bcade pnd beryte of olizo of 650 miceca Doo=
pectivcly for varying opood of stirrer lkeoping ¥ho voight
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of material and .depﬁz of ptirrer in the bed constant in gld
capep. It 15 obperved from tho plots that pressure arop

in 2ized ded reglon, vos conmtant ixrospective of speef for
o particular matkrigl. %ho progouso peak and agr Lo

rate valuop £ nininun fluldisegsion vore reduced for highor
ppeed of gtirrer. 3Ba¢ thore vao no gimificant decrease in
theix vaiuoa. A% very high odr flow pates the pressure drop
vas ognin found 0 T2 steady fo nll tho cnses. Only in {the
noighbourhood of minimun fluidizing condition, tho hisher
gpoed < ofirrer vasc found w0 De useful.

Prorticlos in a packed Bed in ecntact vith each othor
can b9 poporated in o fluidiging coluwmn ol Y possing
£luid aaroos tho bod & Ly agitating the bed vith meohanienl
ptirzes or by both. Eaxex(y roguirenonts will Do highor i€
alr ig used o0 achiovo tho poparation end moveacat of pardiclos
in ¢ packed bed. then mochanienl stirror ip used in the bod,
tho flu&ﬂ&zéﬁian chnraetoriotics 1ike pressure drop, mininum
fluidizing voloelly ore oxpocted to Lo diffeorent from thoso
of the Ded without ctirrer. Tablo 4.1 shovsg tho comparicca
of opdr £icy rate £ minimum fluidization with and without
stirror, in tapored vossel of .450 cono engleo, Ady flor zoto
roquirced 40 achieve the onagot of fluidieation 4o oboorved So
ho lover 4in beds vith stirrer comparcd $0 that of tho Dedo
vithout otirror. BSinmilar obmorvations cre nado with rogord
0 pregsure poak vhich chows a dotreaping tcadoncy thea
ptirror 4o upod in %o bef ao chom inm Toblo 402,
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| Tho powar, required for achieving tho unlocking of
particleoo in {aporod voosol 4o oboerved ¢0 bo lovar vhen
nocaanienl otirrer is uwocls Toblo 4.3 chovs ho comparicon
of tho povor rogquircionto at the oasoet of Lluldisatita in
tapercd vogtelo with end without otirrer. It 10 obocrvad
that ¢ho porecndage caving in pover inercacop vifh ineresse
in pardiclo oize ond bed had gt Lo o glvea natorial.

In tho fized bed rcgs.cnp o mroncure drop in bedp
vith otdrres 4o oboesvod 0 bo lover than that 4a Deds vithe
out oiiprer, however, the chongo in propowre 4rop 4o not
olgnificons, At tho onaoot of conwom the prossuxro drop
in bodo with stisrer 4o 2ound 4o bo nuch 1cver ap composed
%0 tho bcio vithous odivrers AT very high olr Llov ratoo
of dir tho oo in proocure drop &n o todo with apd
vithout sdizrcy ognin boccnoo vory oll. Shorofcro, tho
stdzrer 40 found $o bo moro useful ot the onoot of fiuwidiza-
tion rad 390 noighbdcurhood.

4.8

Hininum £inidising velocdty f£or o fluid-colid pyoten
vith giirrer will dopcd upen tho plﬂa&ﬁnl cheernetordotico
£or thoe daperod vossel mmd tril.l indludo tho physienl chorac-
tmmioa of the piirrer, The folloring corrolation &n
proposed Eca.» rredicting tho ninfrun fluldizing voloeily in
topared vopoels wiih otisres
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%ho prodictod wnluop of ninimun fluidising velocdtios wore
feound ¢o bo troll within 2 200 devigtion £xom thoso of oz-
perincntal valnoo and 4o chowm in Pig. 4.17.

tho folloving corrolatica 48 propoocd Lo prclicting
tho propsuvre peak 4dm ¢nporved beds vith otivrrer,

0:19 *0'57 =010 —or4) ~6180
)m..sstaepﬂfz [%en 5] rmx -2 [ 3]
sse (462)

Theorotical wvaluen prodicded vore coaparcl with tho
onperincatal dalo ond Aovingtioa was Lound $0 Lo 2200 as
ghotmn in ?i{]s 418,
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CMS. OF WATER

Apl

CONE ANGLE = 45
MATERIAL - GLASS BEADS

WEIGHT OF MATERIAL = 12000 GMS

h = 20 MM
30 ' n : 40 RPM
PARTICLE SIZF
28}
o) 0 0977 CM
201 0-065 CM.
24 O 246 CM.
22}

| | ] | A | |
4 8 12 16 20 24 28x10
AIR FLOW RATE LIT N.T P /HR )

FIG. 41 VARIATION OF AP WITH AIR FLOW RATE WITH STIRRER
FOR DIFFERENT SIZES OF GLASS -BEADS
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CMS. OF WATER

AP,

CONE ANGLE = 45°
MATERIAL - GLASS BEADS
WEIGHT OF MATERIAL - 1000 GMS
PARTICLE SIZE = 0-0977CM

L = 78 5 MM

h = 20 MM
4C RPM
O  WITHOUT STIRRER

@ WITH STIRRER
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FIG.4-2 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHOUT
STIRRER FOR GLASS BEADS




CMS. OF WATER

AP,

24, CONE ANGLE = 45°
MATERIAL- GLASS BEADS
WEIGHT OF MATERIAL - 1000 GMS

22f- PARTICLE SIZE = 0-0650 CM
L = 74 MM

20k h = 20 MM
n = 40 RPM

. O WITHOUT STIRRER

WITH STIRRER
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FIG. 4:3 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHOUT
STIRRER FOR GLASS BEADS
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CONE ANGLE = 45

MATERIAL - GLASS BEADS

201 WEIGHT OF MATERIAL 1000 GMS
PARTICLE SIZE = 0:-246CM
L = 71.2 MM
'8F h = 2C MM
h = 40 RPM
O WITHOUT STIRRER
16k O WITH STIRRER
1 4
2l -
{e] 3 o
! 1
8
6 -
a4l f
2+ X :
{
\ l
i 1
i {
| [ | { | | [ |
0 2 4 6 8 10 2 4 16 x10°
IR FLCW RATE LIT /
A A noTp /MR

FIG. 44 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHOUT
STIRRER FOR GLASS BEADS
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CONE ANGLE = 45

' 34 MATERIAL - BARYTE
WEIGHT OF MATERIAL = ICOOGMS
*r h : 20 MM
30 n : 40 RPM
PARTICLE SIZE
28| 0 0977 CM
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FIG. 4-5VARIATION OF AP WITH AIR FLOW RATE WITH
STIRRER FOR DIFFERENT SIZES OF BARYTE
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FIG 46 VARIATICN OF AP WITH AIR FLOW RATE WITH AND WITHCULT
STIRRER FOR BARYTE
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CMS OF WATER

L P,

CONE ANGLE = 45
MATERJAL - BARYTE

WEIGHT OF MATER AL = 1000 GMS

30 PARTICLE SIZE =C.-046 CM
L : 656 MM
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26k n = 40 RPM
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() WITH STIRKREK
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FIG. 48 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHOUT

STIRRER FOR BARYTE
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FIG. 410 VARIATION OF AP WITH AIR FLOW RATE FOR DIFFERET
BED HEIGHTS OF GLASS BEADSUSING STIRRER




cCMS OF WATER

AP,

40

36

32

28

F

45’

CONE ANGLE =
MATERIAL - BARYTE
i PARTICLE SIZE =0065CM
ho= 20 MM
noo: 4C RPM
SYMBOL | WEIGHT IN GMS |
: ———
o) 1000 :
| 1500
| ]
2000
/
/ / — 0 =0 - 0 A
+
O
S W
| | | | | | ]
o 4 8 12 16 20 24 28 30x!0°
AIR FLOW RATE LIT o, /HR
IG.4-1l VARIATION OF AP WITH AIR FLOW RATE FOR DIFFERENT
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FIG.4-2 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHCUT
STIRRER FOR GLASS BEADS
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FIG 43 VARIATION OF AP WITH AIR FLOW RATE WITH AND WITHOUT
STIRRER FOR GLASS BEADS
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FIG. 4+ 12 VARIATION OF AP WITH AIR FLOW RATE FOR DIFFERENT CONEFE

ANGLES FOR GLASS BEADS USING STIRRER
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FIG.4- 13 VARIATION OF AP WITH AIR FLOW RATE FOR DIFFERENT

DEPTHS OF STIRRER IN THE BED FOR GLASS BEADS




CMS OF WATER

AP,

CONE ANGLE = 45°
MATERIAL - BARYTE
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FIG.4 14 VARIATION OF AP WITH AIR FLOW RATE FOR DIFFERENT
DEPTHS OF STIRRER IN THE BED FOR BARYTE




AP, CMS OF WATER

CONE ANGLE =45°

36 MATERIAL = GLASS BEADS
PARTICLE SIZE =0.065CM.
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FIG. 4-IS§VARIATION OF AP WITH AIR FLOW RATE BY VARYING THE
STIRRER SPEED FOR GLASS BEADS
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FIG. 4. 16 VARIATION OF AP WITH AIR FLOW RATE BY VARYING THE
SPEED OF STIRRER FOR BARYTE
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CHAPTER-V
CONCLUSION AND RECOMMENDATIONS
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Baged on tho prescat satudies ¢the following conclucions

con be dmpums

1)

2)

3)

In tho vespele with {apor angle more than 45° <$ho
£luldized bed tends tovards nca~mniformity ca the
ralle of the voosel and spouting tendencios are
obgorved at thoe contre of ¢ho dell. |

Pressure poak velunog rciucoe in fapered vosoeln with
lorgoe oono=apsloo vhich 4p cauped by tho fluidization
of caly o Msitcd port of the bed oomfincd to tho
coatind porsica of o voz:vaeia

[Tindinun fleldicing volooddy ond <he prooosure penk 4m
taporcd vosools e De ccmputed uolng tho gaoralizoed

- goxrelations vide cquaticas 3.2 ond 3.3 roopoctivoly.

)

5)

Sho fluidization charpotoristion suda oo nininum
fluidizing voloclidy ond prcgsure=-peak oro obporveld

£0 be lcuor in taporced beflo thea nochanical siirroy

wag cnployed no odonpared  thoed in ¢ho dedo vithoud
stivrer. Houover, the trend of variation of pressuro
drop #ith odr Ll rate in beds vith otirrer tvas
similar %0 that of the bedo vithout otivver.

tUhen mdchamiaal o%irroz e vocd in o {nporod voosel,
tho porer reauired Loz unlocking the poarticlos in the
bod 40 lover than tho bed vithout otirrer,
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6) Mininum fluidigzing velocity snd the pressure peak
in tapered vessels can bo cemputed using the gene~
ralized cerrelatiens vide equatiens 4.1 and 4.2

Further, work in fellowing arcas is recemmended +o
be carried sut o0 a9 te nmapke the mere goneraliged atudies:

1) %he size and typs ef the paddle of stirrer may be
varied.

2) Bed oxyansien characteristics in tapered vessels
with stiyrer nay be studied.
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ZABLE~},
Fluidizntion Studies in Tapéred Vessoels
Run Mo, 1 Cone Angle = 45°
. Haterial Gloog Beado Yoinght of material = 1 kg
Particle Sige = 0.,0977 em Speed of stirrer,n = 40 rpm
Depth of Holght of
stirror in - fixed bed, L, = 78,5 mn
the bed, h = 20 mm -
S. Alr flov AP aoross AP aoross " Pover consuned
o, Poto bed . bgd uaing by%stirrer
LiTN.T‘p\/HQ | (G of weten ) | ‘?ﬁr&f TN (wa ?'0)
1, 2100 269 2.8 4.3
2. 4160 7.0 6,7 41,2
4o 0150 19.8 18,4 41.1 )
5. 10200 26,9 20,5 40,2
6, 11200°* £7.1% 16,7 39,2
7, 122007 25,4 14,0 39,2
0. 16600 17.8 4.2 96,3
9. 20000 17.4 15,0 56,2
10, 23700 16,1 15.7 ) 36,2
11. 27700 16,3 16,3 56,2

¥ Prosoure poal vith and wvithout ptirrer

** M flov yote for minimum Fluldigation
174%h and without gtirror.
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Pluidigation Studies in Papercd Veesselp

Bun No.

ligtlripd ,
Particlo Sigo = 0,065 oo

ZARLR=2

- 2

Dopth o2 gtirror

Glaes Beado

Cone anglo

Yoight of
naterinl

45

e 45°
= 1Kg

Jpoed of ptirrer,n :: 40 2o

in the bded, h = 20 em
Hoipght of £ixncéd
bed , L = 74 om
sv. Alr flcv g ~ ‘A? acroges bed Pover coroumed
Ho. rate H Om uging by stirrer
IIIT/m a‘ @v Etiﬁ’l‘@l‘ ﬁattan
H.T.Ps %}:@Eﬁ (cas of water)
3, 2180 4.8 4.8 30,2
2. 4160 11,1 10.5 39,2 .
3, 6170 18,1 7.0 38,1
b 8150  21.0 19.8% $7.5
5, 9180%% 21.8% 15,1 3703
6o i0z200™* 18,0 13.8 36,3
1. 11200 14,2 13,8 3603
8. 13400 14,2 14,1 $4.6
9. 16600 4.4 324.3 34.4.
10, 30000 3444 2804 53,5
11e 23700  14.5 - -
*  «4 Prepsure pcak vith tma withoud stirrer
L oL

viith and vithout ptivror.

-3 Ady £1¢r roto ¢ nindmum Zluidication
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Fluidigation Studies in Topored Vossele
Run Hos = 3 Cono angle = 45°
lintorinl ~ Glaos Beads Yoight o2 = 1Kg

matorial
" Dopth of gtivror ia tho bed;, h = 20 mm

Hoight of f£izcd bed L = TN.2umm

8, Ads flov OP aerons AP soropo Pover

Hoe rate bed ded uping congumed
1LI%/HR {Cno of ptirrer by stirrer
N T.P, water) (ems of {vatts)
- veter )

1, 1200 5.4 5.3 39,6
2, 2180 0.6 . 10,3 39.5
3, 33180 17,5 17.0 39,2
4s 3620 19.1 18.4% . 38.8
5.  4160%" 19.5% 18.2 38.1
6o 4600%* 16,2 12:4 30,0
7. 5130 13.5 12,3 37T
8. 6170 13.3 12,3 375
9 7200 15.1 12,4 36,8
10. 8150 13,1 - 2204 56,3
11, 10200 13.2 12.7 36,3
12, 11200 13.3 13,1 35.4
13, 13400 13.4 134 35.4

14, 26600 13,5 - =

¢+ Propouro peok with and withoud otirrer

+¢ Ay £1lov rote Loy nininun finidigntion
rish and wvithous otirrer
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Fluidization Stuldies in Topered Vessols
Run loe = 4 Cono=anglo e 45°
faterial = Bayyto Yeight of materinl= 1 Kg
Particlo Sise 00,0977 enm Speed of ptirrer n= 40 »rm
Depth o2 otirrer 4n tho bl h = 20 om
Hoich¢ of the Lized bed L = T4om
- B My flow AP awoss @ P aeroos Povor
Nos ¥ate . d uoing congunod
LIT/HR tirrey by ol
7.2, (omo of cas of - {untts
, ) watar) ) tyg-&o:)
1, 2160 2.4 503 39,3
2, - 4160 '601 506 3858‘
30 ' 6170 lloS 997 33#5
4o . 8150 18.2 15,3 58.4
5 - 10200 27.6 21,2 38.1
G, 11200 50,9 22,0 37.8
T. - 12200 33,47 23.7° 37.3
8, 15000 30,7 22,6 3703
9 16600 28.9 2.2 37.2
10, 20000 25,2 19.0 37.0
11, 23700 21.8 17.7 ' 56,8
12, 27700 19,0 17.8 36.8

+ Propsure peak with and vithoud otirroer,

+¢ Aly T1c2 mnte £ nindimun fiuldipation vich
ond without otisror,



RABLE=S 48
Fluiddization Studios in Tepored Vessolo
Run Ioe - 5 Cone anglo e 45°
MoSorial - %o Uedight of materdal = 1Kg

Particlo Sige~ 0.065 oo 8peed of gtirrer,n = 40 o
Dopth of ptirrer in the ded, h = 20 m.n.’

Hoight of £ixed ded, L = 68,5 meto’
g ’ Ai;a glaow AP %goae %iaaméa Povor |
HO, , icing congumed
gfgfgf ° {eap of 3@1?3? b%vggg &=
o vator) vater)
1. 2180 3.6 3ed 99.2
2. 4160 9,1 7.6 38,9
'3,  6LT0 16.3 13,0 38,6 \
4o 8150 2404 19,5 . 38.4
5, 9180 27.8 21.8° 38,30
6, 10200% 29,9° 2004 37.70
7. w0800°* - 23,6 16,3 37,20
8. 11200 25,0 16,8 36,80
9. 12200 25,0 16.2 36,50
10, 15000 19.1 264 36 .50
11, 16600  17.6 16.6 36420

12 20000 17.4 17.2 §6.20

* ‘Propsure peak with and vidhout stirror

¢ My flov rato Zor minimem fluldization
vith and wvithout otirror.
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ZABLY=H
Fluldization Studiep in Topered Vessels
Run Ho, - 6 Cone angle = 45°
Haterial = Baryte Yelght of material = 1 Eg

Particlo Bico = 0.046 on Speed of stirrer,n = 40 wpa
Depth of ptirrer 4n tho bed , h = 20 n.nm.
Height of fixzed bed L = 65,6 e,

8, Aly flovw

20000 16,0 Bl

AP across OP \awﬁsé' Povexr

Hoe. rate the bed bed using conpgumed
LIT/HR, tizrroy by the

o TePo {cas of {cae of stirrey

vater woter) (ratto)
Lo 2180 8.1 8.0 57,00
2, 4160 18,8 18,3 37,00
3o 4660 21,5 19.% 36,80
4o 5130 24,3 21,0 36.80
5. 5660 24,6 21,47 36,50
6, 670%™ 25.4% 21,2 3590
7o 67200 22,9 20,1 35.70
8. 7200 21,9 19.0 35,70
% 8150 19.4 17,0 55040
10, 10200 17.6 16.0 35,40
11. 12200 16.6 15.9 35040

12, 15000 16,1 15,8 35,20 -

13 35020

* Prossure poak with and vithout stirror

o Hix £lor pato Lor nindnun flu&d&zégion
with and vithout stirror. .
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ZARLE=T
Fluddizntion Studics in Tapczed Vessools
Run To. -7 Cono anglo = 45°
Hotorial = Bauxito Yoight of materials 1 kg

Particlo sico o= 0,065 e 8poed of otirrer,n= 40 Ipna
Dopth of S¢irror in the Deds h = 20 mm

Hoight of £izct Dod, L = 95,2 am
8, Adp 2lov AP poross AP acroos Povor
- Hoe Pato bed =~ bed using conguncd
LIT/HR : tirror by otirrer
o %o Po (ong of eng of (vatts)
vater) vator)
la 2180 ‘ ' 5&6 ' ' 5:04 39080
2. 4160 12,0 - 11.3 59.60
Je 6170 19,3 17.8 35.40
be 7200 21,07 18,4% 38,20
5o g150. ** 1804 © 15,6 38,10
6. 9180 “15.% ' 1396 38.10
T 10200 13,8 S 13.3° 37670
B, 11200 157 © 19,2 97.70
9%, 13400 "13.7 13,9 v 37.30
10, 16600 14,0 3.7 37,10

11. 20000 141 14,0 96,80

+ Prepsure peak vith and withoud etirrer

++ Alr £lov rate for minioum fluidization
vith ond without gtirrer.

175289
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QBLE=8_

Fluidigatica Studioo in Topered Voonols
Bun oo - 8 G0 anglo = 45°
Hoterdonl = Calcito Volght of poferinl = 1 Eg

Pordicic plse © 0,065 ea Spoeed of gtirror,n = 40 rmm
Dopth of ptirrces 4n tho bed, h = 20 mm '

Hoight of fizcd bed, L = 68on
Be Aly 2icw AP peross AP acrcos Povrer
foe rate bed bed vich consuned
| I?fg{i?‘i (o of ggrgg Fgaﬁgim |
' » vater) ~ water)
1o 2180 6,5 6.3 89,3,
2. 4360 15.2 13,8 38,8,
e 6170 25,2 20,0 36,8,
4o 7200 25,9 22,0% 38,6
5 8150*" 26,0° 21,9 3804
6, 9100%* 24,0 18,4 38.4.
7o 10200 19,8 15,8 38,1
0, 11200 15,8 14,8 57.8
9% 13400 14.6 14,3 5708
0. 16500 | 14.8 14.6 373
11, 20000 15.3 15,0 3703

¢+ Pressure peak vith and without etirrer

+4 Mgy flov rate for ninimum fluidigation
1with and vithout stirrer.
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Fluidinadion 8¢udioo ia Thporcd Vonsels
Run Toe = 9 Cono nnglo = 45°
Haterinld - @lnpo bonde Woight of natorial 5 1.5 Kg
Particle 3120 = 0.065 &0 Speod of slirroer, m = 40 TPhm
Dopth of stirror in tho bed, h = 20 umm
Holght of £4med bod, L = S8 mm
' ¢
- Aiy £i6r AP garoos AP poross Porrex
WO »ato bed bed uvadng congumed
LIT/HR tirroy by ctirrer
WeT.Pe (onno of (omo of (vatio)
vater) vater)
i o 2180 '5¢ 4 50 2 37 9110
2. 4160 11.8 11.2 36,00
So 6170 . 2040 . 18,8 56,80
1138 83150 L 29.9 . 277 56,60 -
5, . 9160 . 34,5 50.2% 36 .60
Go . 202007 . 56.5° . 2904 56,30 -
7. . 10800%* . 3303 . 26,7 55020
8, 11200 3240 . 22,0 56,80
9, = 12200 27.7 22,90 34,70
10, . 16600 . 18,0 - AT.0 94,40
13, 20000 48,4 - 18,2 94,40
12. 23700 18,4 18,3 34,20

¢ Preosure pozk vith ond without otirrer

¢+ ALy flov rote for minimum fluidication
74%h pnd without otirrow.

-
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ZABLE=Q,
FPiuidigaticn Studiop in Tapored Voosolo
Run Mos - 10 Coao angle = 45°
Hatorial = (losgbeads Yoight of mateorial = 2 Eg
- Particlo Sigzo = 0,065 o Spood of stirror,n = 403
Dopth of gidrror 4 tho Dedy, h = 20 mm
Hoight of £4ixod bod, L = 115 nm
| 8, Ay £lov AP perosc AP oorogs | Power
o, rate bed bed using congumed
LIT/HR. tirror by stirrer
HeTPe (cas of enp of {maeta
wnter) vater)
1, 2180 5.6 5.4 359,20
2o 4160 12.4 11.8 39.20
Je - 6170 . 210 _ 1%.4 59,00
4o . 8150 3000 2802 38,80
5, . 9160 35.0 . 320 38,80
6, 10200 57.5 34,0 38,60
Te . 11200 9942 55,0 37,70
8.  12200%" . 57.3 5004 3770
% . 15000 3360 25.8 57 .00
0, . 16600 29,7 _ 28,2 95,90
1l. . 20000 . 25,6 :2133 95,20
12, 23700 21.% | 20,3 55,20
13, 27700 21.4 . 20,5

35,20

¢ DPresoure peak with cnd vithout stirror
+¢  Adr flow rate for ninimum fluidizasion
7ith nnd wvithout otirroer.



FABLE=),
Fluidization Studics in Inpercd Vogsels
R o, - 11 Ccao englo = 45°

Hateriol = Baryto Yoight of matoripl = 1.5 Kp
Porticloo Sizo=- 0,065 om Spocd of otirrer, na = 40 2ra

Dopth of otirrer dn the Ded, B = 20 mm

Hoight of £ized bed, L = 05 m
8. Mr flov AP poross AP norope Poves
Bo. rato bed bed using gonpuncd
LIT/HR, tirrer by stirrer
TeBePo {ems of enp of (vatts)
vater) ~ water)
1o 2180 440 4.7 39,20
2. 4160 122 11,2 38,80
' 9 6170 21.9 19.6 38,80
4o 0150 . 33,9 9002 38,60
S 930 59.9 31,0 58.50
G, 10200 4250 32,4% 50,10
7.  10000%* 426" 5240 5780
0.  11200%° 4049 51,0 57,50
9. 12200 58,2 2340 57020
10, 16600 29.4 o2 56050
i1, 20000 24,6 21.4 956,10
12, 23700 22,6 21,5 -+ 35,90
13 27700 22.7 21.7 55,70

+ Prepsure peak with and without ptirrer
¢+ M3 floy rate for minimun £luldization
vith and without etirror.



Fluidiznticn Studicoo in fnpered Voosels .

Bun Ho.
Hatorinl
‘ Poxrticlo Sigov~

Deopth ¢of gtirroer in the bed,

=

12

Baxyto
0 gOﬁs ¢a

Hoicht of £imed bod,

Ccno anglo

55

Yoight of material = 2.0 Kg
Spocd of gtirror,n = 40 P

h = 20 neie

L = 102 Neidoe -

8}5 -

Ar 2lov

AP aorbﬁe ‘ A P norose Pover
Toe rnto bed bed uedng conguned
LI%/HR. gtirror stirrer
Do%oPo (ong of one of vasta)
tator) wator)
1. 2180 6.0 5.8 58,00
20 4160 13.4 12.4 97.80
Be 6170 24.8 21.6 37.60
4o 8150 373 0.4 57.60
e 10200 45.4 $7.6 37,60
6. 11200 44 .6 $8,6% 57,50
7. 12200t 45.0% 57.4 36 .80
8,  16600%° 3506 25.9 36.60
% 20000 50.0 25:.4 36 .00
10, 23700 26,6 25.5 35,20
126 '27709 26 B 26 o7 34 070

*  Prpegpure peak with ond vithout stirrer

**  Ar flov rote 2or nindnwn fluiddsation vwith

and without piizpcr
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RNBLB=13
Fluidisnticn Studioo in Tnpored Vopselo
Run 1o , 13 Cone anglo = 20°
Haterdnl Alaso~boade Voilcght of nntorinl = 1 Kg

Porticlo Sizo 0.0977 e 8poed of gtirrorn = 40 P
Dopth of otirrer &n tho bdbed,y h = 20 gm

Hodght of £ized bed, L = 151 om
\
Be Ay flow AP e.oroea' AP peross Pover
Hoe »al0 bed bed tofas conguned
LIT ptirror by stirrer
HoFePo {ono of (cmp of {(vatta)
vator) vabos)
1, 2130 26,0 - 2740 tw{a
20 4160 6202 57,2 39,8
S 6170 7504 68,0 59.8
4o 0150 76.8% 68.8% 39,2
5.  10200%* 6746 60,0 36,4
6. 11200 64,0 58,0 38,0
7. 22200 61,0 57,0 $7.6
0. 26600 56,8 55,0 57,0
9. 20000 56,0 5504 9602
10. 25700 5546 55.5 36,2
11, 27700 56,0 56,40 .2

< Iresoure peak with ond wvithout stirraer

+¢ Alpy flou rato for ninimum fluidization
vith and wishout otirror.
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RABLR=-1 4
Pluidization Studios in Toporod Vosscle
Ron Ho, 14 Cone nnglo = 30°
Hatexrial - @Glooo~bonde Usight of material = 1 Eg
Particio Sigo = 0.0977 en Spoed of ptirrer;n = 40 o
Dopth of ptirrer dm o e, h = 20 mnm
Boisghs of fized bded L = 123 mm

- Ady fi.ou AP aeﬁ'osa AP peroso Pot-mr

Do, oto Ded bod uedng congunod
LI12/8.R. ptirror b gtirrey
o PePo (onp of (enp of {va‘i}te
vator vater)
1o 2180 10,2 1040 59,80
© 26 4160 2404 22,0 3950
e 6170 4004 3460 39460
4 0150 5405° 42,0° 59, 20
5o 20300%* 5300 58,0 38.80
6, 21200 5004 36,0 38,60
7. 12200 4660 84,20 37540
8, 16600 4200 34,40 37,00
9, 20000 40,8 35,2 96,20
20, 23700 40,0 96,0 96620
11, 27700 4042 $7.0 96420

+ Proooure peak with ond without aﬁiri'er

++ Az £1cY roto for minimum fluidization
74ith and wvithout gtirroz
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ZABLE=).G
Pluidization Studion in Tnpored Vessels
Ru o =15 Comoe anglo = 00°
Hatorial = Q@laos=beads Veight of materinl = 1 ki

Particlo Size = 0,0977 e Speed of pitirrer,n = 40 rpm
Dopth of gtixver in tho Ded, h = 20 mm

Hoight of fized bed, | L = 62mm
05, s aow OF agroes | %‘2&“522;‘2 sonsuned
B
vator)
1. 2180 1.6 1.5 39,60
2, 4160 4.0 . 3.7 39.40
3, 6170 6.8 6.2 39,420
8o 8150 8.9 8.1 59,00
5. 10200 12.6 11.3 38,60
6. 11200 13,2 - 11.8* 38,60
7.  12200%* 14.4° 11.6 38 040
8,  16600%*  12.2 10,8 38,00
9, 20000 11.4 | 11,0 37460
10, 23700 11,8 11.4 37,60
11, 27700 11.6 11.5 37 .60

¢ Presoure poak with and without stirrer

&+ ALy £lovw rato for mﬂninﬁm fluidizagion
7ith ond without otirrer
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SABLE=)G
Fluldigaticn Studiocs in Tapored Vossols
Run Do - 16 Cono angle = 45°
lMaterial = @lacs~beads Yedph?t of material= 2 Kg
Particlo Sizo = 0.065 em Spced of stirrer,n= 40 rpm
Dopth of g¥irrer in i’:he Bed; h = 40 mm
Height of €ixed bod, L = 115 mm
S. 'Air £lou | AP acroés . AP ac:i"ose Pover
0o, raso bed bed using consumed
LIT/HR, otirrer by stirrer
BeTePs (s of {(cme of {vatts)
vater) trator)
1. 2180 5.6 Y 39,80
20 4160 ’ 12(&4 1108‘ 39060 .
Be 6170 ' 21,0 20.8 39.20
4o 8150 3000 2806 39,00
5. 9160 3540 30,4° 39,00
6, 20200% 375 29,2 36,40
To 11200 39.2% 2648 36,80
8, 12000% 37.1 21,2 %6030
Qo 15000 5300 19,4 . 35,40
10, 16600 29;7 19,6 35,30
1. 20000 25.6 20.0 35020
120 23790 , '21#3 20¢4 35620
13, 27700 21.4 - 204 35,20

+ Propsurc peak vith cnd vithout otirror

+¢ AMr fior rate for minimum fluidizati |
vithout stisrree, ation with and
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ZABLE=)Z
Fluidisation Studios in Topored Veoselo
Run Fo. - 17 \ Cono ongle = 45°
llatorial = @lnco=bhoads Peight of nateriel = 2 Kg
Particlo 8ico = 0,065 e Speed of gtirror,n = 40 Fpm
Dopth of obirror 4n ¢the bed; h = 60 mm
Hoight of f£izcd bod, L = 115 om
S. Alr 2lcy AP poropy %P aéroés Pover
PHo.- rate bhed ed using consumed
. LIT/HR. (ems of siirrer by otirror
H.%Pe water) (vatts) ratto)
1, 2180 5.6 5.6 | 37.90
2, 4160 12,4 12,2 57,70
3, 6170 21,0 20,9 37,50
de o180 ' 30 .0 2762 37.10
Be 9180 35,0 27.2% 36,80
6,  20200%° 57.9 20,7 56,80
7. 11200 39,27 19.4 96,10
8, 12200 370l 19.4 95,20
9 15000 35,0 194 54,70
10. 16600 29,7 19.6 94,70
1l., = 20000 25,6 20,0 34,70
12, 29700 21,3 20,4 34,50
13 27700 2.4 20,5 34050

4 Progouro pook with ond vithout stirror.
+¢ Aly 2307 poto £oF minioum £inidization vith end vithous

otirror.
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“eéBI!E'!Q
Pluidigation 8tudios in Taporcd Vogselo
Run Lio. = 18 Cono angle = 45°
Hatoripl = Baryte Uolght of materinl = 2 Kg
Particlo Sizo = 0.065 e Specd of gtirror,n = 40
Dopth of ptirror in the bed, h = 40 =
Hoight of fized Ved, L » 102 mm
8, Alr flov AP peross AP across  Pouer
Hoe rato bed bed using consuned
LIT/HR. gtirror by stirrer
HeTeP, (omg of {cms of {watts
wator) ratox)
1, 2180 6.0 5,7 36020
26 4160 13.4 12,0 38,20
3o 6170 24,9 21,0 38,00
4, 8150 37.3 29,0 57.80
5, 10200 43.4 31,87 37.60
6. 112007 44.6 29,2 37.60
7. 12200 45027 27,0 37050
8. 16600%* 35,6 24.6 36,60
% 20000 30.0 24'.8 36,00
0. 23700 26,6 25.4 55620
11. 27700 26,8 26,0 35,20

+ Ppogsure peak with end vithou$ otirrer.

S+ M2 2lov rato for minimum fluidization with
ond wvithout otizror,
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AABLE=1.9
Fluidication Studios ia Tnpored Vossels
Run Do. = 19 Cono cnglo | = 45°
[laterial = Davryto Veight of natexrinl = 2 Eg
Particleo 8izo = 0.065 cm Speed of stivror,m = 40 rpm
Depth of stirrer in the bed, h = 60 nn
Helght of £ixed bed, I = 102 mn
S.o. Air Llow AP norons AP aeross , | Porver
rato bed bed using conpuned
LI?/HR, otirrer by otifror
HeTePs (cme of {oms of (vatts)
vater) vator)
1. 2180 6.0 5.6 39¢2§
2. 4160 13,4 11.8 39.20
Se 6170 24,8 209 39,00
4, 8150 5703 27,0 58,20
5, 10200** 4304 27.00 38,20
6. 11200 44,6 24,40 37.60
T« 12200 45,2% 24420 37060
8. 16600°"  35.6 24,10 97,40
9. 20000 30 .0 24,50 30,60
10, 23700 26,6 25.20 56,40
11, 27700 26.8 2600 36,40

+ Prosoure peak vith cad wvithout otirror

++ My Llcy rate for nininum Llusdigation
7ith and uvithout stirrcer.
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SARLE=20

Fluidisntion Studios in Tnpered Vessels

fun 0. - 20 Cone angle = 45°
Hoterinl - longs beads Yelght of materials 2 Kg
Particle Sige = 0,065 cn Bpecd of , '
gtirrer, n = 20rpm
Dopth of stitwer in tho bed, h = 40 mm
Heoight of £ixod bod, L = 115 mnm
8.  Alr flovw AP aeross AP nerops  Pooor
o rote bed bed using conpuned
LI%/HR, giirrer Yy stirrer
HoTePo (cas of (cno of (vatts)
vater) rator)
1l. 2180 556 5.4 T 530,20
20 4160 12.4 . 11.8 59,00
3. 6170 21,0 20.8 39400
4e  B150 . 30 .0 20,8 38,40
5. ° 9180 35,0 31,5 57.80
6. 10200 575 51,6 37,60
7.  11z00% 59.2% 20,2 36..80
8.  22200%* 57.1 24.3 35440
Y 15000 33540 19,8 3520
10, 16600 29.7 19.6 54,80
11, 20000 25.6 19.7 34,60
12, 23700 21.3 20,0 34.60
15, 27709 2.4 2042 54 060
& Drocsure poalt with ond vithout ctirrer

b Ay i’lm rato for ninimun filnidizafiion
ith nnd vithout otirror.
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3 B3
JFluiaigation Studioo in Topercd Vesselo
Run Do, - 21 Cene anglo = 45°
linterinl = Gloos=beads Yeight of material = 2 K@
Particle Sizse <« 0,065 om Specd of ptirreryn = 80 pm
Dopth Of pgtirror in the bedl, h = 40 nm.
Boight of £ixed bed, L = 115 nex.
8. Ay flov AP aovosp AP aoroos | Pover
Do, rabo bed bed uoing conpuned
| LI?/HR. { cas o2 tirrer otirrer
TeToPlo- vater ong of vatis)
vrater
1. - 2180 5.6 ~ 594 40020
2. 4160 12.4 11.8 39,80
s 6170 21.0 19.8 39.8
4o 8150 30,0 27.6% 39,60
5, 0189+ 35,0 26,0 39,60
6. 10200 3745 21.7 99,20
7. 11200 59,2%F 20.5 $9,00
6. 12200%° 371 2040 50,00
9 15000 35,0 19,6 38,40
10; 16600 297 19.6 90,00
11, 20000 28.6 19.8 56,80
12, 23700 21,3 2002 35040
13, 27700 2.4 20,6 950,40

*  Prosoure poslkt with ond without otirror

* pp Plov wate £or mindmum 2iuidizntion
7ith and wvithout otirror.
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SABLF=A2

Iluidicntion Studios in Tapored Vesseolp
Run 70 - 2 Cceno pnglo = 45°
Hotoxinl = DBayyle Yeight of materinl = 2 Eg

Porticlo Size = 04,065 an Spoed of stirrer,n = 20 ¥pn
Dopth ¢f otirrer in tho Dod, h = IO memo .

Hoight of £ized bod, I =102 nens .
8. ALr flou AP anerops AP aorosp Pover
o, rate bed bed using congumed
| é‘f %fgia {cmg of (B ggrgg ?i':aggi")'r &
vater) vator

1. 2180 6.0 5.7 38,00
2. 4160 1304 12,0 37.80
5. 6170 24,8 22,3 37.60
4 8150 3703 30.8 57440
5. 30200 434 53,0 37.20
6. 11200 44,6 33,107 37.00
1. 1z200%t 8502% 29.2 36440
8,  16600%° 3506 - 25.0 55,20
9, 20000 30,0 24.0 35,00
20, 23700 26,6 2504 54..80
il, 27700 26.8 26,0 33,60

¥ Preassure peak with end wifiout stirrer.

** My flov rote £or minipum fiuidization

vith and without stirrer.
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SABLE=23
Pluidisaticn Studios in Taperod Vessolg
Run Fo. e 23 | Cene onglo = 45°
lingorinl = Baryto Voight of naterinl = 2 Kg

Particlo Bfzo <= 0,065 onm Spocd of ptirrer,n = 80 o
Depth of ptirres 4n ¢ho dDed, h = 40 nem

Hoight of €ixed bod L = 102 n,m.

%, Mime angmee gRomer M

S LIT/HR, {cms of (eas of stirror
Ho?ol’q vater) vater) { wratk)

1. 2180 6.0 5.7 39,80
2o 4160 13.4 12.0 39,60
Je 6170 24,8 20,20 39,40
4. 8150 37.3 . 27.80 39.40
5. 20200 4304 28,20" 39,20
6, 13200 8406 26,60 39,20
7. 12200 4502¢ 25,30 39,20
8. 16600 - 35.6 26,6 36,40
9. 20000 50,0 24,8 56,20
0. 23700 2646 25,3 57460
1l. 27700 26.8 . 26.2 97,60

4+ Pressurc poak vith and vishowt stirrer

++ Ady flov rato for nindoun fluidicaqion
vith and vithout stirror.
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APPENDIX - I

MAlit PROGRAN FCp LEAST SQUARE CURVE FITTING
MeEeTHESIS ASMOK KUMAR
PROGRAM WAS EXtcUTED AT THL COMPUTER CENTRE AT SERC ROORKEE

DINENS!ONA§15015)-Xll5!100):XB!15)9C0¢15)nY(lOO)nER&ZOO)
READ1sNsMs Il
FORNAT(315)

N 18 NOe OF VARTABLES i 15 NOes OF DATA POINTS

iNﬂZ RELATION Ig YsA+O®X4eC¥2
READING OF DATA PCINTS

FORMAT(6E12,5)
DO% JemlsM
READ3s (X{IpJ)slulsl)
CONTINUE
IF (M=l GO TO 10 » [IF IM=2 GO TO 20 ,
IF{IM=-1)10,10s20
0015 I=1°H
DO 15 J=1'M
XtleJ)mLOGF(X(14J))
AMap
DO 50IslsNN
SUM=040
DO 40 J=1lsiM
SUMaSUM+X([sJ)
CONTINUE
Xgt1)y=5umsan
CONTINUE ¢
PUNCH 58
FORMAT( 5X» IIHMEAN VALUES/ /)
PUNCH 3+(XD{1)sl=1sN)
0O 60 IsleN
DO 60 J=lsM
XilsJdleX(1leJd)=Ap(1])
Nl=N=1
DO 65 I=1sNl
D0 65 KelsH
A{l+K)} =040
DO 65 JmleM
ALTsK) =A(TpKI*YLTI s JIRX(KpJ)
CONTINUE
00 70 I=2,H1
Ilsl-}
D? 70 J=l,11
I9sJ) 2ALJ»])
PUNCH T1
FORMAT( SX» 28HCOEFFICIENT OF ﬁQUATIONb//)
DO 80 IslaNl
PUNCH 3s(A(IsJ)yuslell):
CONTINUE
CALL SIMEQCANI,COI
COI1l =XBtN)
Do 2% k=1,N1



82
‘03
es
84
£6
&7
e8

- 90

100
ﬁos
110

115
120

CERUT) mIYUI)~X{NesI})®LI004/KNsI)}
CONTINUE

- PUNCH 131

IBI\FORMAT {5Xs1Z2HFINAL RESULTZ /)
FORMAT L

13¢

132

r

COIl =COI1-CO(K)*#XBIK)
CONTINUE
IF{1F=1183+83+84
COl =EXPF{COl1)
GO 7O 85

PUHCH 86

Col= CO11

FORMAT (5X922MCONSTANTS OF RELATION//)
PUNCH 87
FORMAT (5X22HA®4EL1245)
PUNCH 88s(COtK)oKa1aN1)
FORMAT (2XsSHU(I}=26E1245)

2»COI

DO GU K=m]leN
DO 90 J=lel

X{KsJd) =X(KeJ)+xBI(K)

DO 100 J=mlyM

Y{JIaY{(J)+CO(KI#X(KsJ)
CONT INUVE
IFCIM=-1)10541054120

DO 115 J=l,M
DO 110 I=1,n

X(LaJI=EXPFIX{L14J) )
Y(JII=EXPF(Y(J))
CONTINUE

DO 130 I=l.M

4

¢

GOHSERERERFLH IR B AR EHODRARS I AR RO DL RN GRS S g L ¥y
QHARG SRR N BLAARRDRERFFIRBREBEELGUHORDRURSHS ] )
U CH

€8

133 FORMAT(6X92HX1910Xs2HXZ 910X 2HK 39 10X 9 2HXS910% s 2HX 59 10X 92HX6)

140

PUNCH 132

B0 140 JelM

PUNCH3 o X (1o Jd)stmlsN) s TLJIeER(J)
CANTINUE
PUNCH 132

GO\ TO 2

ST
END
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o

10

20

25

27
30

35

45

47

SUBROUTINE s
DIMENSION A¢
MeN+1
DC201IT=1N
JT=1
IF{(JT=1)393,2
JulT+l
1s17
GO YO &4
I=17
JuiT
UtTeJimAtlsd)
IFLIT~1)7e7+8
MlalT¥-1
DO6K=1phil
Ulle)aUllsd)=~U{12K)PU(KsJ)
IF{IY~118s8y10
J=ie}
IF{I=N)Gs4e9
JT=2
GO YO 1
Utls J)oUlle ) U(TIsT)
JeJe+l
IF(J=~M)894,20
CONT INUE
DO30 I=leiN
D030 J=1,M
IFU)1-J125927:27
Ul(TsJ)oUllsJ)
GO TO 30
UlllsJ)=0,40
CONTINUE
2? 35J=1sN

J)aD’O
fileiy
=il
X{I)=Ul(lsh)

D045 J=1sN
X{I)aX{Ii-UltIngiuxiJ)
filsNl-1
IFtN1-1)4T7 94094
RETURN ,

END

)
15515)2U815915) 2 %{15)

€93
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