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IIM M AR! 

The thesis entitled * OAS-SO =DIU ON IN 

ANNULUS*. is presented in seven Chapters. 

In Chapter4 a brief introduction to fluidistrtton and 

scope of the present work are presented. 

Chapter-II contains the literature review pertaining to 

eeiaims fluidising velocity, pressure drop and baffled fluidised 
beds. 

Chapter I presents the equipments fabricated for condue- 

ting exPerimate in annulus and straight tube. Nxporimentel proce-

dures for the determination of physical properties of materials 

and for obtaining data in annulus and straight tube, are discussed. 

Chapter•IV deals with the experimental data obtained on 

variation of pressure drop with air mass velocity in straight 

tabs!, for three materials viz., spherical glass beads, crushed 

calcite and bauxite, in the sues ranging from 440, 629 and 

927 microns. 

Exp wizen 	ta pressure drop with air 

seas velocity in annulus is presen in Chap r-V for identical 

conditions as in straight tube. The weight of the bed per unit 

cress-sectional area of annulus was kept the same as in the 

corresponding straight tube. 

The pressure drop experienced in annulus was higher than 

that in a straight tube. There was noticeable circulation of 

the solid particles upwards through the centre ere down, along 

the wall of the corumn. 
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At velocities beyond minima 	sing velocity', the 
bubble else was observed to be small in an annulus than in the 
corresponding straight tube. 

Chapter-V1 embodies the 	erimental results and 
correlations to predict minimum fluidising velocity ( Oar) and 
pressure drop at the onset of fluidisation (AP►) in an alumina* 
The two correlations are as follows* 

DA  ° 55 	£1 I 

AP 

 461.90 

002 

0.78 mf 

In the annulus wit1 a 
oat was found to increase appr 
weights* 

area of cross sesstion, 
bly with Increasingbed 

Large sited  particles rood ed a higher value or 0010 
and f3,ner particles resulted in higher P. 

Ag the annulus eisa was decreased, the we effect 

factor, DA/ D a  was found to exert pronounced effect on 
the quality of uidisstion and on the 7sluei of Oar and 	f. 

Chapter 	deals with the conclusion based on 
present study and scope for further work* 
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I 0 	C ATIIR 

A 	Cross-sectional area of fluidising column, Cm2  
Croes*sectional area of annulus, Cat  

A2 	Oross•sectional area of outer tube in annulus, cm 

Di 
	

C.C. of inner tube in annulus, cm. 

2 
	

1.D. of outer tube in annulus, cm. 

so e(D20D1), equivalent diameter of annulus cm 

DA 	e  (Dequa , cm. 
Diameter of particle, mi rone. 

( 02110/ 8. Dp), Proud', number, dimensionless. 

980 cm/seo2, acceleration of gravity 

So 	vs 980 gm. cm/(omot) see, conversion factor. 

of 	Fluid mass velocity based on empty column, grama2ar 

mf 	Fluid mass velocity at minimum fluidisation gm/cm2.1kr 

GmfA Minimum fluidising mss. velocity in annulus, gmlbm2.hr 
%fun  Minimum fluidising ass. velocity given by Levels 

Equation, Eq. 2, 
ortionslity constent  

L 	Height of the solids bed, ca 

Ile  Bed height at minimum fluidising condition, cm 
AP 	Pressure drop across solids bed, ga/cm2 

APla 	Preesure dro pat onset of fluidisation, 	cm2  

AP 	Pressure drop across the grid plate, CmIcis2 

al6r  (Dow. O/ P) Renoldts number baled on empty 

annular crosemsection, dimensionless. 



m(D 4 40), particle Renoldes number, dimeneionlesef  

per cent grid open area. 

at. 	Superficial fluid velocity at minimum fl 	sing 

condition, cm/ssc. 

W 	Weight of solids, gm• 

Ore* Vmbats 

Vold fraction, in ,a bad at aird 	fluidising conditions  

dimensionless 

Tiocarity of gas, gm/cm.oec. 

Pt  ps  Donslty of fluid and solid respectively, sm/cm 

m M/ (V/A) • dimensionless prossure drop 

Si Sphericity ea particle, dimensionlsos. 



INTRODUCTION 

The principle of operation of gasseolids fluidized 

beds i i now well known because of their wide use in the 

petroleum, heavy chemical and metallurgical industries. 

Fluidised WO:ave many attractive features, the solids 

are mobile and well mixed, heat trmasfor Is good and tempers.- 

tore gradients. largely absent. However, the good mixing has 

its own disadvantages in that gaa•solide counter-current 

flow is not possible in a single stage bed. Although fluidi 

sod beds wry used as long ago ss 1921 in the German Winkler 
gas generator it was not until the fluidised catalytic 
Cracker was developed in the U.S.A. in 1944 that they 

became widely used. Since then more and more use has been 

made of fluidised beds not only in catalytic processes 

but also in the heavy chemical and metallurgical fields, 
e.g. the Fluosolids pyrites roaster, lime calcium and 

drier. 

►espi e the extensive use of such beds very many 

of the factors controlling their performance are not 

properly understood, for example why bubbles are form 

what is th• gas flow pattern in the bubbles and why► the 

heat transfer between the gas and the wall is so good. 

A better understanding of the important rectors involved 



ulnae of existing beds can be 
Lit. 

11 more of an art than a Lecience: 
lied to a bed of solid particles 
at bed from a settled state whore 
roue solid, to a state where it 
ierties of flow and surface lever ng 
k ships: It implies, too, that 
ay mobile: 

fluidisation, where the whole of 
Rs a homogeneous fluid is probably 
ice the term is loosely applied to 
nod to a large degree in a state 
rent of fluid. Attempts to define 

slation have been made1 92= but the 
.011 indeed it does not appear that 
.able to all cases can be made. 

re presented by literature on this 
on by gases follows a distinctly 
illation by liquids. Prior to 
id state, however, the functioning 
flcriairing•flos of gas is passed 
solids resting on a support plate 
eventually reached when the bed 



can no longer remain stable as a static entity. At this 

particular gas velocity the individual particles loosen 

themselves from the permanent contact with each other, and 

become freely supported on the rising current of gas. As 

the gas velocity is further increased, the bed takes on a 

more and more 'liquid" or "fluid" appearance. Bach particle 

is no longer constrained to a definite position as in the 

fixed bed state, but is free to move through out the Whole 

bed. 4124, entireness looks like a liquid in continual 

agitation, possessing a mobile but nevertheless definite 

interface between itself and the gas space above. Also, 

as the gas velocity is further increased, the particle 

circulation within the bed becomes more and more rapid, 

analogous to that of a vell•stirred liquid. 

At higher gas velocities 	gas ceases to pass 

uniformly through the homogeneous gas solid mixture. 

Excores gas now starts to flow through the system as 

pockets or bubbles relatively free of solid. In this state 

the system is very similar in appearance to that of a boil,- 

ing liquid, a further similarity being the ejection of 

particles into the free space above the bed as the bubbles 

break the interface. When the gas velocity is made to face 

tne particle terminal velocity, these ejec ted particles 

can never regain the main bed, and so the bed Will gradually 

be completely e-ntrained in the flowing gas stream as in 

pneumatic conveying. 



The whole of the region between the fined bed 

condition and pneumatic conveying is known as the fluidised 

state. The condition at low velocities, where the whole bed 

is entirely homogeneous, is sometimes called the state of 

incipient fluidization, whereas at higher gas velocities where 

bubbles of gas constituting a second phase appear, the condi-,  

tion is known as the boiling bed state, It in this latter 

type of fluidised bed which is largely employed in contempo* 

ram' industrial applications of the technique. 

A liquid can equally wee, be used as the fludising 

tedium, although at present this is of less commercial 

importance than the gas system. Zn liquid..solid systems 

an rt   increase in flow rate above aimfluidization usually 

results in a smooth, progressive expansion of the bed, Gross 

flow instabilities are damped and remain small, and large-

scale bubbling or heterogeneity is not observed under 

normal conditions. This isthomogeneauso or ,particulst 

fluidisation. 

When, however, the activating fluid is a gas, only 

a limited degree of mnooth expansion is reported, occurring 

just before incipient fluidisation. The.iititeri, particles 

are thrown by up bpbbles bursting at the bed,  surfaceend 

the action gets more and more violent is the flow` rate 14 
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stepped up. Until the bed is transformed into swirlin 

clusters of particles filling the fluidization vessel and 

ultimately being transported in the gas streams This is 

"aggregativa" or "bubbling" fluidization. 

Wilhelm and Kwank3 	e suggested using the 

Proud* group ( 

fluidization ob 

g. dp) es a criterion for the type of 
ed, in general aggregative fluidization 

is obtained at values above unity and particulate fluidise* 

tion at values below unity. 

It is generally accepted that liquid-solid, systems 

result in *particulate fluidisation* and gas-solid !wets' 

in *aggrogative fluidisation'. Bat in extreme cases it was 

found to be the °therm,. For example, lead shot fluidized 

in water and hollow paper cubes fluidized in air resulted 

in aggregetive and particulate tluidisatioi respectively'. 

From a consideration of the stability equations 

for the bed-fluid interface, Romero and Johanson' suggested 

that the criterion between the two modes of fluidization 

may be given by 

(Frat) < 100 r  particulate 

> 100t eggregative 



QUALITY OF FLUIDIZATION 

Although the properties of solid and fluid alone 

will determine whether smooth or bubbling fluidization occurs, 

many factors influence the rate of solid mixing, the else 

of bubbles, and the extent of heterogeneity in the bed. These 

factors include bed geometry, gas flow rate, type of gas dis-

tributor, and vessel internals such as screens and baffles. 

'Slugging' is a phenomenonstrong-]7 affected by 

the choice and design of the equipment. Gas bubbles coalesce 

and grow as they rise, and in a deep enough bed they may 

eventually become large enough to spread across the vested. 

Thereafter the portion of the bed above the bubble is pushed 

upward, es by a piston. Particles rain down from the slug 

and it finally disintegrates. Slugging is usually undesirable  
since it lovers the performance potential of the bed for 

both physical and chemical operations. Slugging is especially 

serious in long, narrow fluidised beds. In such beds, 

beyond the point of the onset of fluidsation, the pressure 

drop viii increase above the value calculated from the weight 

of the bed. The pressure meets over the theoretical value 

is due to friction between solids slugs and the well or the 

vessel. Since one would expect the heavier solids to slug 

more readily, it may well be that such factors as particle 

shape and site distribution may also be involved. 
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position is defined as a function of time and the properties 

at any point of the bed are same. The only major drawback 

is that the batch systems are not suitable for large scale 

operations. 

In single stage batch fluidized systems solids are 

endled as batches and gas is continuously passed through 

the bed. The time of operation is usually governed by the 

system requirements. The contact of the gas with solids 

is once through and the quality of solid product is uniform. 

The efficiency of operation specially with gas !glass will be 

low. Depending on the gas velocity the system will be either 

in fixed bed state or at incipient fluidised state or fluidic► 

sad state or at elutriation. Thus in single batch fluidised 

systems, the permitter* which govern the behaviour are : 

(i) Solid and fluid charecteris ice. 

(ii) Minimum fluidizing velocity and 

(iii 	Bed pressure drop.  

The solid and fluid characteristics which affect the behaviour 

of the fluidised bed are solid particle size, shape, density 

and fluid density, and viscosity. These factors are normally 

utilised in the prediction of minims fluidising velocity. 

INFCRTANCB OF T PRESENT RT r 

Where large 414antities of beat must be transferred 
example, in exothermic or endothermic chemical reactions 



on catalytic ourfacos0  the fluid-oolid proceso my be found 

advantageouo, Those typos of reactions may arm require 

rigid constant tenporature control° which nay bo difficult 

to achieve ulth a otationary bed oicatcayst. In addition°  

seas reactions form hot spots in the bed and destroy the 

catalyst by sintering°  decompooition° volatilisation of 

prmoters0 atc. Ors  if channeling occurs°  ao la readily 

posible in fizedc.beds0 only part of the catalyst nay be in 

active me°  the catalyst contact time may be decreased and 

temperature control may prove to be difficult and inaccurate. 

The fluid process alleviate° many of the temperature control 

and heatfttranofor difficultloo encountered in stationary bcdo. 

Mitten or removal cf hest is done by passing either 

otc or cooling =ter. Units vitt) internal heat-trannfor 

element° are extensively used in industry, The amtornal 

heatotranofor ourfacoo have severe limitationo as far no 

ratio of heatwtranofor ourface to reactor 'alum° la concern 

uhereao internally heated or cnoled reactors 	bo equipped 

alth virtually any anount of heat-transfor surface. L 	1 

vcetical cylindrical tuba or rod may be employed°  ao the 

internal beatotransfer element in viol of its follouing 

salient feature° $ 

(a) simplicity of dosign 

(b) ease of inotallation and rcioval 

(c) no interference u4th emptying tho bed 



(d) no defluidised regions (dead spots) occur 

(e) additional area is available for beat-transfer 

purposes 

rods of smell diameter occupy only * all 

of the •volume of the bed. 

Coaxal introduction of such a vertical tube in 

cylindrical fluidising column alters the geometry of the 

column to result in an annulus. Formation of such an annulus 

affects the flow pattern. The two extra walls pnovided by 

the inner tube cause the change in velocity distribution of 

fluid. In a cylindrical tube the fluid velocity is about 

equal to sera at the two walls and is maximum at the center 

of the column. But on the other hand, due to presence of 

four walls, the fluid velocity is about equal to zero at 

four points in an annulus. Also the velocity of fluid will 

be IMAM= at the centres symmetkcal to each other in the 
ennulus. 

Wall Street  

Based on observations made during fluidisation stu-

dies, there have been certain reporte on the influence of 

container well on the fluidiSation phenomenon. Lewis et al 

obtained pressure drops at the minimum fluidisation velocity 

higher than the theoretical ones. Such deviations of experiii 

mental results from the theoretical ones were considered to 



11 

boon indication of a frictional drag on tho voila of tho 

unit°  and tiro found to bo indopcndora of too 	ratio, 

During a diocu aim on tho phyolcal bang.° of flat-,  
diaationo  Hormach oboorvod that tho volociV of flow 10 

not unifava mar too ontiro croon000et.Vmri of too containing 

colvano  boring ranter at too otntro and tending to soro at 

tho troll ourfaco, Vhcn tho fluidisation ph oilman Tana 

aboarvodo  tho part-taloa coon to too walla noro coon to bo 

falling continuouokyagainot a rising currant))  thoroby prgracr,  

Una raining and preventing any iarticlo attaining a otca07 

panition, Such affects aoro roforrod by Hanecot an t:all 

offccto on fluidised condition°, 

Nora°0 found fluid bads of largo or he 	porgy, 

clop to bo inhorontly unotablo vith a otrongtondoncy to 

aogrogoto and to fora a non-unifora bad containing riving 

curronto of colido concentrator, Sea° of thew curronto 

troro °boomed to bo locallsod& othoro ontondod over tho 

ontiro boa, Tho particloo being olovatod in th000 current° 

obcorbod hinatic moray from tho gap °Ulm, Thio kinetic 

onoreg ran evontual4 loot by collisions among particloo 

and agoinnt too walls 

Robuorto and RAIZ7  rnportcd toht vaocity prof to 

for gam° gloving through a podrod bad to not Plato  but hao 

a caul= valuo opprovimatoly ono pollot di actor from thb 

St 
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pipe rail* The 1:13/12.0tEl or pratt velocity ranGeo to 10009  
hishor than the castor velocity ao the ratio of tube diao 
motor to particle diameter dcarcaaeoc, The diverseneo of the 
profile fr.= the aasumption of a uniform velocity to less 
*than 200 for ration of DvD og Dore than 30. Application 
of tho thcorig baoed on the concept of mencntua transfer and 

variation of void fraction with radial poattion0 magenta 
that it is catiofootory to assume that void fraction io 
conotant at ito at .01 value upto a distanco of tuo pellet 
diaaetora from the wall* At larGer radii void fraction in- 

PC300E1 rapid 

At a differential diotance fron tho troll the void 

fraction will approach unit r0 since the particle° can matte 

only a. lino or point contact with tho colunn curfew:d gear 
the colter of the column the bed obsuld not be affected lig 

the 'all; hence in thia central core void ft:Notion will 

:MVO a constant rim value* now clam) to the wall it will 
r=ain constant to a function of the 0130 of peones X? 
only void apace is conoiderado the velocity profile would 
have a flat central sectiono  tiith the velocity increasina 

on either side ao the pipe 111,1 to approached* Actuall70 
the wall win mart a frictional force on the Gaao  oo 

that the velocity acsain dcarca000 and approrschoo a DOPO 

value riaht at the vall ourface, The developnent of a theory 

for the volooity diotribution lo particularly difficult, 
beer:moo of the co=pleuitioo introduced by 'the pat:tin:30 
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Xf tho concept of fluid flow in pacttod bed° dovolcped 
Cahuirts and Caith to =tended to an annular body it 

may bo =pa:4W that malacca velocity may CCa ? at a abort 
au:mance fron tho wall and then decre3oo frcmt that point in 
both direetionot  ccradually toward , thol  contort) and oharp2y 
tovard tho roll* nowovoro  oinco tho curvature° of tho 
outor tind innor tuba aro quito diffarcnt ??C:1 each othoro 
tho orientation and tho told fraction-  of oolido trill bo 
difforont from that in a cylindrical tuba which in turn will 
affoct tho volocity diatribution of fluid in the bcd• Homo 
a bur:11012a° of tho volocity diotribution in an annular 
fluidised bad to important in analysina tho (*oration of 
catalytic reactor° otce for which a dotailed otudy ohould 
bo madoo 

Dutra °tofu%) p=vided bai tbo introduction of a 
ortical tuboo increaoon tho attn friction conaidorably 

which in turn incrca000 tho pr000uro drop acrooa tho bed, 

particlo rtovcacot io rootricted approciably and tall 

afoot cay bo moroe HenCo intor•particlo friction to 
arcator ditch would roquiro a highor volocity to unloct: 
tho particloa at tbo onoot of fluidisation condition, 

'Rho inn= ortical aurstc o may holp in oupp 
MO rata of trabblo mouth by brand tho bobbloo at tho 



. ALP Cli? 0 

UTSVITD1113 1131713t1  

Nialtnt3 fluidlang volocity (Ct3f) tar47 ba dofinolle  

ao tho !moo floe rrito of fluid aufficicnt to atart tho 

	

ongonolon of tho bed tth000 portioloo oro arranged 	tho 
moat l0000llr pacttod but °t ill otabio bcd configuration*, 
Ma moo flow leoto usually-  coincidoo with tho floti state 
of tho intoreootion of tho fined bod pr000nro g.radient 
lino and tho loobario fluid bcd proacruro drop lino if 
channoling dooa not occur, 

emf raot only.  aorta• a lotror Dalt on goo rnto to 
tho flaidlocd bcdo  .but oleo la Uaofel for prediction of 
bcd cxzpanalono  1)0p calculating he3t UPI:motor ratoao  in 

tho analysis of hinotic data and in calculating proaouro 
drop 

Proaeuro dip acs ow) tho fluidised bed influoncoa 
tho casing.  of tho blotIor or comproosor thupglring tho goo 
to tho glxildloca 'bed and la uooful. ao an Ingo of 'lt' 
&toed bcd collar) invcntory, 

Proaauro drop is flaci boil boa boon otudioa 

ortatal..ufoliv and tho tlogto 	Diohoo  Zulu" and P1 

Chilton and Collmrao Cam n9  Milan and Icma aro loportant,  

Ergtri9  propoacd a gcnoralloca corrolotiont 



(1' 	P u 	(1.00 eu at 150 	 + 1 75 
*3 D2 	 Dp 

16 

(1) 

Where the first term Eq. (1) accounts primarily for the 
viscous energy losses, vhersae the remaining term is 
primarily related to kinetic losses. 

i0 Lev* at al considered the ►ncipient tlu ding 
condition to be the extreme point in fixed "bed conditions 
and attempted s correlation for Get in terms i  o f the 
wattle properties*  shape factor its 	and bed voidage 
at minimum fluidising conditions, itir  Lava" modified 
the equation by expressing the tuttnovne ti and law  as 
tractions of R 

Gmf D rP 1.82 (Ps  0 .94 
JP *88 	(2) 

Where Oct is in lb/ft2/hr i  Dp in inches, P in lb/tuft. 
and P in centipoises• Based on a large volume of expert 
mental data covering a vide variety of astern's, -.Wen and 
1%8  developed empirical correlatiOns. In this regard works 
of Miller and Logyfinuki2. van Beerden et al13. 
and Ivauk3  are significant. 

Itarasimbanii.• Pinchbeck and Popper/59 Goddard 
and Richardson16  proposed correlations for predicting 
the minimum fluidising velocity using the concept of 
free falling velocity. 

and gave an empirical correlation as 
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Corrola.tiono for predicting minimm fluidising 
volocity bacted on drag force conoidorationo 12C1V 0 boon 

3ttcaptod b  Pranta179 fora of ato Pillot  and RE:40 
Rao19 and Dalattriohnon and Raja Rao a nurthy and RaSo 
Rao21 attcaliA od to amour° 	and conoludoa that tho only 

oaf° tray to obtain Qmf to to moziouro it for individual. 
anaGoolid oyotena° 

Tbo premium! drop a fluidized trod (10 mnY 
bo aPouttad to conolot of the pr000uro drop duo to tho 
diotributor and that duo to tb.0 bit troight of tho 
particloo° Tho firot factor to often r-v-111 and tho 

to tatC71 oqe31 to tho app3ront might of the oolido° Th.to 

to gToquantly in orror duo to tho anhorcat abnomalitioo 
prooent in aup0000lid fluidarlod bed mmoly chmnolingo  

bubblinrj and alumina° Adlow and Copp:3122  oboorvcd that 

tho obannoling teradmcloo arioing from tho proforatitIcil 
?lotr potho dmolopcd duo to nen-unifolz vctdo or poor 
goo dlotribution oavoroly Indraccd tho AP and hone° tho 
)?orticlo fluid contact° 

E`abbling to ono of the inherent c3 airaotoriotleo 

of any mio=aoolid fluidised mrotcno Tho mechanic= of tho 
bubblo formtiono  'oof" h and rico velocity hallo boon of 

conoidorablo intoreot239211% Dovidoon and narrtoort23  

oboorvol thot tho plug gicu aczzioncoo at an oquivalcnt 
diamotor of about 1/3 t'a 1/2 of tho bod diamotor° Reciao 
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at le Important that to avoid bubb1ay30 tho diatributtor 
doalgt obould bo pretpor and tho Wa haisht amnia bo 1=3116 

Oroboo25  hao oho un that tho quality of tho bubbling 
fluldination lo a Panay influcncod by this typo of tho sao 
diatributor. Hie finding may bo ermarisod as folloues 

Vor feu air inlot epatinao°  tho bcd &malty 
flucttntoe approcciably, It to nor() °more at blah 
solo volocity and sao ohanno.lina may bo oovoroe 

Par many air inlet oponinso tho fittotvaticn 
In tho bed donaity Jo nos:lieOle at lots nett ratoa 
and bccamo approolablo at hit hor flat/ ratoso treually 
tho bubbloo aro t=iallar and channeling is l0000 

Deneoly coneolideted poraue media or platee t■lth 
many c=t11 orificoa provido a auperio? contaotina. Ent 
coniorcial cicala oporatton Talth =oh diotributore bacro 

a °mime dvarbach of hish proaeuro drop and bonco blab 
porter conetEmptiono 

	

Wo hydrodynamic rat ataxic° of tho grid 	t 
bo of a co sin =Gaited° if it to to diotAbuto tho 
fluidielna oc 	manly. who arid roolotanoo dopcnde 
on tho rata of floc at tho goo° but it cay also bo altorcd 
by °caw of lumbar and also of opOrt11700 In tho ode Oho 
and foci area vorioe ulthin tho coPtia o 	a 
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or tho total #91,-900-,ciootional arca of this twit°, Ztat arida 
trith t frog arca hiahor than go bay° also boas cnployea, 

2ho followina 'rolation rap tho fractional fro° 
arca ononrina porfoot tainina in tho boa has bocn obtained 
from omoriricnto trith rids- haira frogarcao ranoina 
from 2 to 1000 

tL 0o9 
a 17 ( 	 

tihoro 	donotoo tbo fox) arcs omroosed as a 1 of tho 

total and  arcan and (5/a7) is tbo ratio or tho oporating 
(t9 and gricipicnt fltsidisina volocity (s) 

For bolos fre:3 5' to 10 Raitn diamotoro  and for 
fra^:tional frogarca° from 5 to 400  tho folio 	=0.71- 
cal roll:Alon is valid: 

a 1044 a 103  ( 

whore arg, is tho 	prosaura drop in tgit  
Ur)  in ra/peo, 

Vasa prcatotton of tho bad anon is ncgoacane 

for oDoolrrins the botght of tho Maid bed oquipracoto 
Boa ()mansion haie ho t;n atudiod bNatoson2 0  nt000n 

al290  Davidson and liarricon230 Berramalvth7 and Glabba 
Sal Itaju 	Irmo obtainod galteralincd oqtr3tioaa for prediotina 



bed ozpanal013 or s ,1,4 s suataitlaflutdirsca %toga by =trading 
tho oramtion of notion of a (Anglo pc rticlo in a fluid to 
a ttoltiparticlo oyoticno They' kayo aim abota that tho 
boil =pane/ion cborovtoriatico0 	=man? opncoo aro . 
not idfforent frco .th000 taboo no long ao tho ratio of 
D 	Dv > 

Doffloo  

1?aff1oo or othor oolid objooto Ct?Q uatzally 
yca in a fluidlood bcI (a) no aSologo0, nortoloaD  probooD  
and otructural mcaboro nocoscavy for tho propor aporation 
of a procoos0  (b) ao horizontal or vortical tuboo for 
beat =change carrying0  for ortomplo0 at= or oczOlng 
t7atore  (c) ao objecto itmcwocd. An tho bod for proc000ing0  

ooge, for dryiriaD  hooting or coating 	(t2) no obotacloo 
rittod in tho 	(i) 	breatt up bub'bloo and co prt=oto 
naloothor" fluidimat2aon or (ii) to divido 'Ma fluidised 
bed werro, t into a rambor of otagoo 	parallol or in oarioo* 

Tho offecto of (a) on tho behaviour of tho ritra 
dived cyotc aro raroly reported in tholitorataturoo Tho 
problcno c000ciated vith (b) (0) and (d) havo rcoolved 
mach CIOVo attarittone Tho majority or atuttoo in the 
litoraturo aro concorned iitb comas (b) and eld) abovoe 

Ao ilorisontal raffloo t. &Inwood horisontal tuboa aro 

a CC:MONS fcaturo of flnidisca bode to vbich heat to 



omplica or ismovcde To bcmio proportioo of tho hovisontal 
tubo oyeatc:3 that havo boon °tufted aro 	tho filmy Patton 
of particloo and of Sluidisina fluid in tho noishbourhood 
of tho tub000 and CU) tbo ratan of bca/taba bast tranoroye 
Glaoo and Harrioot131  hawk doccsilibal a photoartiPbite intronti° 
csation of tho flow pattorno of portioloo and of fluidising 
fluid near a horizontal tuba in a fluidised bode Di tbo 
airc.fluidised export:lento* a tuba tray Placiad 07120,0triea317 
about one quarter of the tw up tho port ion o bed frcal tho 
diotributore `lbw confina that the particloc ciraulato 

upuardo near tbo oidoo of tho tube and dountmrda further 
at 7q tho circulation io c3ooth and continuo= in tho 
non-blabbling rotor-fluidized ivotaio  but bubbloo in tho 
of fltaidiaed bed cauoo tho circulation to bo arratio and 
diocontanuouo 

to oy-  tc=atio met hao boon dono on to 
affect of an array of horisontal tuber' on fluidisation 
behaviour. Glasa32  oboorved tho afoot of thirtom 
1 en dienotor oylindora nountod threo hoTisontal 
ratio on a a cm oquaro pitch on tho behaviow of a tzto 
diricnoloncil at fluidised be ho bubbloo abono tho 
array t7OPO not notice 3b21,7 different from thooa bolo's lOse 
obi a oboorvationt otronaly =accepts that unl000 tho 
array of taboo olmoot fill° tho bed tho tnfluanoo it 
hack on tho avoraao bubo .o o2.so to 



Xf haat tranotor to to bo (wad thon tho marfacto 
of heat oanhanco nooda to bo brought into Contact ao 
rapidly no p000iblo sith frooh particloo from rogiono of 
tho boa acv frog tho ourfaco0 Tharoforo a dofluidisca 

region of tho bed neap a horizontal tuba mad bo dotIlaco  
mental to good heat tranofor and tbio indlostoo that tho 
heat tranafor to an object in a fluidised bed will bo a 
functlen of tho orientation of tho object in tho bed 

Tho brood concluaton from Norganoo z.orZt33  is that 
at moot fluidiaing flow r;atoo slightly botter heat trzanofor 
la obtained by :arranging tuboa vortically rathor than 
horisontallyo Horizontal tubs :3 nay also bo proforred to 
vortical tuboa at flow ?atop high onough to clvo vim 
to bribbloo =. or Dingo a  which anvolopo vortical taboo 
ovor moot of their loncthoe 

Horizontal 60poona and Porforatcd Plato° tJhcm compared 
	.11■110.1M•110.10../.., 	  

with totntnfflcd bcdo  a bed containing horizontal ocrocno 
or perforated platoo has certain advontacos9  for *walla s lot 

(2.) Et bbloo °Loop ton to bo =altar and fluidisation 
pp r:3 to bo czoother ( Allo at a1340 Mall and Cliraloy35) 

(2.1) Catr-oolida contacting is improved (Lcuio of 	)0 
tfith a raoro uniform goo reoidemno tino0 higher 

chmical convoroiono hovo boon reported., 
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llotiover, to cob againat thoao adlrantogoo aoli2o 
mime 110 kapodcd by tho baffler) t 	o 4;4 ol3S s> and co 
9articles oorsrocation can OCCUP and it lo difficult to 
fluldiso all boa ecapartrionto oimultanceualy {Volt of t i )• 

D. Vortical fflea 4,  Vortical baffle° 	fluidiacd bads 
nay bo clamoificd aecordins to thoir Apo and acoordina 
to Choir ciao. Voltz ot al tooted vortical baffle° of 
variouo abanteo including tubes° holfceround occticnoo flat 
aoctionso and tuber with fins, Rot/overD 120110 of tho acrd 
eomplon Bec=etrieo t:ao found to be superior to the oimplo 
cylindrical ohapoo 	to aim) the °hap° of vortical 
bafflo Bch lo oiapioot from a dooiGn o tend, panto 

Vortical soda cay be claosified in two Gaga 

accord 	 to siao (a) redo trith dianoter Da big cnouGh 
that tbcr do not Imam() cm:clam:1d b 	bubblaso 
for thin condition to bo nett Diti‘bo  MatCPC3tar than 

about once thiard and (ii) rods sibich Ciro molly cneloacd 
by Aping bubblooD 1000 1/60  lane than ci bout onc-fifth 
60  to the dionoter of the *bore baying tho moan 
bubblo volume 0 

atthor d 	towel that olusaing waspra3otod 
by a Epinal° 7 ea dloaoter cylindrical inoort In a 414,  o 
diamotor bcdo ilho approach to olustana conditions to 
aceempanica by an ittercnoo in bcd onyanolon (Volt ot al  37) 
and a doercaoo in heat tranofer coefficient botwoon tho 

iwt391 -- 6.6m4 Sanidised bcd and tho outer veil (2tAtostama. 0  0 
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amount of heat transferred may be increased a however, 

if the vertical rods are used as heat transfer surfaces. 

L. 	Grace and Harrison confirmed experimentally 
that vertical rods reduce tho tendency of bubbles to 
coalesce obliquely and hence the development of nom-
uniformities of spatial bubble distribution ie more 
gradual when thin vertical rods are present. Batton"  
shoved that thin vertical rode cause a mull reduction 

in bed expansion ibr beds of diameter less than is and 
an increase for larger beds. 

Charm 	ve V 	 if two surf/m*5*re 
too close together, gas is drawn 	the surrounding 
particulate phase into the gap between the surfaces 
where it rushes upwards at high velocity carrying widely 
dispersed particles thus establishing gasechanneling. To 
avoid this phenomenon. Grace and •Harrison proposed that 
a distance crf atleast thirty particle diameters should be 
maintained between 413. pairs of adjacent vortical surfaces 

in gas-fluidised beds. 

Chemical Reactors Stith V rtical Baffles - Vertical rods 

which are too large to be enclosed by rising bubbles tend to 
promote slugging. A slugging fluidised bed has certain 
clearable features including good gas mixing charact .sti.ce 
and increased gas residence times C Hovland end Davidson)  

On the other hand, vertical rods which are enclosed by 
rising bubbles tend to occupy less space and to offer 
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better surfaces for heat transfer. By reducing the die 
of bubbles and improving the uniformity of bubble distris,  
button, such vertical rode lead to greater homogeneity with 
improved gair.solids contacting. Thus Bebden found that 
a fluidised bed appeared to be 'pacified*, by the addition 
of vertical rods and the carryover of particles was 
reduced. 

Rove and Stapleton44  faund that scalingrup'fluidised 

beds frost first principles presort a complex problems. 
Yolk stal proposed a criterion of scaleup. that the 
equivalent bed diameter (free crosswsectional area/total 
vetted perimeter) be between 10 and 20 cm. /or beds of 
disaster greater than 20 cm it was proposed that vertical 
rode be inserted in order to bring the equivalent bed 
diameter within the desired range. Chemical conversions 
in baffled beds were found to be es favourable as in 

open beds of the same equivalent diameter. 

In view of the fact that the six* of the vertical 
rod is an important variable in determining the behaviour 
of baffled fluidised beds, then the criterion of Volk et al 
appears to be over simplified. The importance of the type 
of vertical baffle is underlined in that .4areal and 

Davis 	reached • conclusion which is contradictory to 
the Yolk criterion, 1:44, Agarwal, end Davis, using vertical. 
plates at reigular intervals., proposed that small. beds be 
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baffled in order to single e conditions in much larger bade, 
whereas Volk it al added cylindrical rods to large-scale 
beds to make their behaviour similar to the behaviour of 
small-scale fluidised beds. 

On* of the prinoipal reasons for tadding vertical 
surfaces to fluidised beds is to provide surfaces for heat 
transfer. In practice, vertical surfaces in fluidised beds' 

46 may be associated with borisonta] surfaces (e.g. Hardin )  
Industrial processes where vertical baffles have been 
reported37  include the Fisher•Tropsch synthesis, gairwasking 
processes anl the Rytirocol reaction and 11-Iron reduction 
processes, In general, references to large units are few and 
this is -without doubt because an effective baffle system 
for an industrial application has obvious commercial value, 
and so it is rately reported in the literature.  

Surfaces which are inclined both to the horisontal 
and to the vortical are seldom advantageous, because such 
surfaces encourage the cherneling of gas on their under-
_sides and particle defluidisation on their top-sides and 
both effects are detrimmktal to good gas-solids contacting 
and good bed-surface heat exchange. 

It is not possible to specify a single type of 
baffle that is optimum for all possible applications, because 
each application of the fluidisation technique depends for 
its success upon different properties of the bed to varying 
degrees. Vertical rods warrant consideration whey* heat 
transfer is of first importance. 
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IDEPIIR 	AL BIT-IIP AND FROCEDURR  

3.1 IECESRIMENTAL 	"-P 

Flow patterrns of fluid solids contacting operations 
are conventional, iy ndicated by observing the pressure drops 
across tbe bed as the fluid velocity through the bed is 
varied. Therefore, the apparatus constructed for these 
studies consisted essentially of a fluidising column to 
hold the solids bed and an arrangement to obtain pressure 
drop across the bed under different conditions of air► 
flow through the bed. The experimental setup is shown 
schematically in Figure 3.1 

3.1.1 Overalleat* of the Apparatus 

Apparatus used in the present studies consisted 
of several perspea columns to hold the solids beds, 
rotemeters to measure the airflow rates and a water 
manometer to indicate the preseure drops across ths 
*aids beds. A scale was attached along the entire 
length of the column to meaeure the heights of beds.  

Compressed sir at 6 kg/cm2  was supplied by a 
compressor to a surge tank from which air was discharged 
at a controlled pressure of 1. kg/em2  end was also 



3.2 	SICAL ESOP TXX8 OF MATERIALS 

The three materials studied were spherical glass 
beads and crushed calcite and bauxite. Glass beads used 
were spherical in shape. Calcite and bauxite were crushed 
and ground to the desired particle slues. Sieving of the 
products vas done by a set of standard p.8. awes. 
aim* fractions of (-16. 18) r (-22.25) and 'NZ 4440) me& 
numbers were used. The arithmetic mean of the two apprtures 
diameters ©f sieves designating the particular material 
fractions, vas taken as the average particle use (%) 
The above mesh sizes correspond to an average diameter 
of 927 I  648 and 1010 microns respectively'. 

Determination of solids density was carried out 
by 31quidwdisplacezent method. The liquids used were 
water and kerosene. The following were found to be 
the apparent density of the three materiels bauxite*  
glass beads end calcite 	2.22 0 2.50 and 2.80 	ca3  
respectively,. 

3.3 IXPERIMINTAL d BURN 

3.3.1 preparation 	 Solids Deds49  

Wilhelm end We.  uk3, Lova et a11  and liar and 
1 Lo 	2gwinuk have a Adorably contributed towards an 

understanding of flow patters exhibited when fluid 
streams are passed through beds of finely divided solids. 
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trao rocogniaod 	lholm and ttrattt that alv.aolla 

fluidisation ogportacnta unramoro aonaitivo to the 

modo of boa preparation than tho 1140104,solid watcm, 

They porformod 

mo * n Ara and mi 

ozporimanta oundor conditiona of 

conaolidatione" trazimum consolidat.,  

ion 	acbtcvod by tapping the column with a tfoodon 

nallot and the minimum by aolf nettling aftor the bed 

ea° diaturbed by painting a stream of air. 

Lova at al and Millar and Logtanatt follomd 

tho lAtter procoduro though nano of th000 trorttora indica-

to tthy 011Ch 13othoda for preparation of boda ttoro follovede 

Data of Nilheln and Worn* and of Lova at ale ea initial 

bed voiaagoa indicato that they did not got uniform 

initial voidagoa for the as ln material and particla 

ciao°, during the varioua runt,* 

On tho othor and. Agartral and Storrov48  

Boma at al18  and oven Lova at a 
	

havo coon 

'Moir runs ,.th aollda bodo' obtained by /ust loparaing 
70 tho matoriale into the columme Ct= and rateon 

bold/gm:12 that mugh of tho diaagrocaent to be found 0130/11a 

tho earlier flat,  data on fluidised aat a la due to tho 

failuro to prcparo bode Ina roproduciblo manner° It 

moo  thoroforoo conoldorcd nocoaaary to define tho 

node of bed preparation moro prociaelY than had hitherto 

boon by previa= troVhorao Dodo obtained by pouring 



uniformly steed materials into the column from a definite 
height and through a pea•ticular funnel opening were just 
fluidised and allowed to settle freely. Such beds attained 
under conditions of mint um consideration were found to 
be reproducible and were used in the present work. 

HEASURM1ENTS AND  WORKING T 	QU 

Wilhelm and Kwauk 	Lev& et al 10  and IitanY 
other workers studied the pressure drop and air-velocity 
relationships at increasing air velocities starting from 
a static or minimum consolidated bad, whereas Miller and 

-12 	 a Logwinuk studied the pbenomenonettincreasing as well as 
decreasing velocities. Thil working procedure adopted 
in the present work is outlined below. 

A 	amount of solids, was oured into the 
through funnel provided at the top of the column. 
was first fluidised end allowed to settle freely. 

Then the bed height was noted which wae considered as 
the initial bid height Air was passed through the 'bed 
at •different rates by the control of air...inlet valve 
and that corresponding pressure drops across the bad 
as well as the bed heights were noted. The point at 
which there was a sudden drop in AP and particle move.- 

sent seen, was noted as the minimum fluidizing condition 
and the corresponding mass flow rate *as noted as See 
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EXPERINEITAh DATA AnD ODEGIVATIOga ga 	711133  

Vaporimento 'e'er() aondtaotod 	atmiaht cylindric. 
cal columna to obtain the relationship .bottioen air !moo 
velocity and proacuro drop morose the bed of solids* Data 
tioro.  obtained in cylindrical pompon col a• of Lod. 7 

and MO for throo materials vied 9  aphorical alaao 
bclettior  crushed calcite and bzsuaito of three difforont 
also° and they area presented in T hies IVc.1 to rtirce3. 

'het atudies,in straight colzans Moro conducted 
filth andondcavour to ocapare the tluidiciation bohaviaar 
with that in an annuluo, To onable ouch a comparisone  
the ratiottfeight of the bed por unit arch of column crops-. 
ocation iee tai cp 'ffat3 ?opt tho same in both tho coaoa 

Tho velocity proaauro drop rolationship obtain 
od in thous Cylindrical columna la a voo-lar to that which 
boo boon oatabliahod by twiny roacarch vattZtora, It tma 
obaarvad that only aphorical diaaa baado rosulted in 

=tooth fluidisation, Vow largos alaad particles9  tho 
rociuirod ear highor, 

In all the throw columnar)  the obaorved Qg 
valued ttoro (treater than the value° calculated cosine 



in severe bed height and pressure 
made the observations sore difficul 

31# 

Rqua.tion (2) proposed by Max Levu". During 	operation 
it vie observed that only * part of the bed fluidised. 
The pressure drop recorded it this velocity was only due 
to the 'weight of that part of the bed supported by the 
rising stream of air. But at higher flow rates a 
better distribution of air was observed. 

Yn so far as the evidencee of slugging is 
mod • it was found to increase with increase in aspect 

ratio (LA) Slugging yes less predominant in 7 ca. . 
column. The crushed bauxite and calcite rely slueged 
whereas the spherical glass beads fluidised smoothly 
without any splashing and bumping Slugging resulted 

fltetAiations which 



65.5 
130.  

194 
208 
224 
256 
288 
344 
142 
492 

Run Nos 4 
(D = 927 0 

	

2.1 	5.8 

	

4.3 	5.8 

	

7.1 	5.8 

	

7.3 	5.85 

	

7.3 	6.0 

	

7.3 	6.6 

	

7.1+5 	7.2 

	

7.55 	7.6 

	

7.75 
	

7.9 

	

7.8 	8.0 
* 316.5 glut, 

65.5 	1.35 	507 
130 	2,9 	5.7 
194 	4.7 	5.7 
240 	6.0 	5.7 
260 	7.5 	• 5.7 
272 	7.3 	5.7 
304 	7.3 	5.8 
3" 	7.3 	6.0 

TAM,B Iv .1 

ZEIRIMINTAL DATA • BATCH FLUIDIZATION IN STRAIGHT TUBS 
COLUMN DIAMSTB11 • 7.0 ca 	Matelal ► (liftoff. Beads (614 

39 
3.2 3.9 
4.1 3.9 
4.7 3.9 
4.7 4.0 
4.7 4.1 
4.7 4.3 
148 145 
4.9 5.1 
5.1 5.6 

un No.3 • W al 4a2 gms 

35 1.8 7.6 
95.5 4.0 7.6 
160 7.4 7.6 
211 10.65 7.6 
224. 10.1 7.7 
256 10.1 8.2 
320 10.1 9.3 
393 10.3 10.0 
414 10.4 10.5 
492 10.6 t. 	11.5 ,...........„................_...........___ _____________ 

65.5 
130 
160 
176 
208 
22!+ 
256 
272 
344 
142 

393 	7.4 	6.3 
442 	7-6 	• • 7,3 



1 
	2 

Run No. 603aturlte 

	

3.3 	8t0 

	

4.5 	8.0 
111.5 	7.1 	8.0 
P7.5 	7.4 	8.1 
113 	.7.2 	8.4 

	

7.2 	9.3 

	

76 	7.2 	10.2 
10.7 

	

7.55 	11.5 

	

o 	7.7 	13.5 



TABLR 17•2  

RXPERIMINTAI DATA • 	If FLUIDIZATION ZN STRAIGHT 

Column Diameter 

or 
imeom2br 

5.0 em. Materiel dlnere beads 6 

Run 6 
98.4 1.2 
160 2.4 
191 2.8 
197 248 
254 2.8 
345 3.0 
502 3.2 
627 3.4 
770 3.6 
866 3.8 

2.0 
2.0 
2.0 
2«0 
2.2 
2.7 
3.4 
4.0 
4.4 
4.9 

Run No,10•Wre 196.3 ye 
68.4 2.6 6.3 
12803 4.5 6.3 
191 6.6 6.3 
254 9.0 6.4 
285 9.0 
311+ 9.0 7.1 
379 9.2 8,.4 
502 9.4 10.0 
565 9.55 11.1 
627 9.7 12.2 

Run Ro. 9t W 13.86 018. 
37 1.0 542 
98.4 2,4 4.2 

160 4.0 4.2 
222 5.9 4.2 
200 5.85 4.3 
254 5.9 4.4 
314 6.0 4.9 
379 6.1 5.8 
439 6.2 6.1 
627 6.4 6.8 

2.8 8.4 
5»3 8.4 
009 8.4 
10.8 8.4 

• 12.4 8.,5 
12.4 9..1 
12.4 10.6 
12.6 12.4 
13.0 1540 
13.2 16.0 

Run No. 110  W I. 261.72 gm. 
68.4 
128.3 
191 
254 
291 
314 
379 
439 
6.65 
627 



nun 170013 Faun to (927 
68•4 
160 
214 
325 
31 
3t1 
30 
379 

502 

1.5 
3.9 
6.0 
9.4 
9.3 
9.3 
903 
9.3 
9.6 
90? 

9.0 
9.0 
9.0 
905 
908 
10,4 

12.2 
13.0 
14.2 

(MA 0) Lio,0150  tatazdto 

Pablo xv,2(contag ,) 
not(3ht or chrwcso 196.3 coo 

2 	3 

atin rio, 12 g nage) bca 0 1,5100) 
37 1.9 604 
93.4 4.5, 6.4 
160 7.35 6.4 
191 3.9 604 
202 3.8 643 
2224 8,8 6.9 
25?..% 9.0 704 
314 9,2 0.1 
379 9.4 9.0 
439 906 907 
Utan tio tap nalanio (6 43) 
68,14. 203 8.9 37 2,7 900 
128.3 4.7 0.9 98.4 6.3 900 
191 6.9 809 160 902 9.4 
254 947 8.9 171 9.3 9.7 
260 902 9,2 191 9.3 10.5 
285 9.2 9.8 22201 9.3 11.9 
314 9.2 11.0 254 9,3 12,6 
379 9,? 12.8 314 9.5 14.5' 
439 9.7 15.2 3? 9.6 16.0 
502 909 16.8 koR 906 16,0 



Table Ilf.2 CCorstd...) 
*Aga of charge  a 196.3 P 

6.5 2.9 7.7 
6.5 6.3 7.7 
7.1 7.7 
7.1 9.3 8.1 
8.3 379 9.2 8.3 
9.1 1408 9.2 8.8 
10.5 9.2 10.1 
11.6 533 9.4 11.7 
11.8 565 9.5 12.0 
12.3 627 9.7 12.6 

68.4 
128.3 
145 
191 
254 
285 
345 
408 
470 
502 

3.9 
7.5 
9.3 

, 9.2 
9.2 

,9.2 
. 9.2 

9.4 
9.6 
9+7 

0. 16,C 1c: sQ 440 is) 
	 Run N0. 7, caci • ( 927 0) 



Column Dia . 

0 
gm/em2hr 

AL DATA 

ea, 

TABLE IV-3 

FLUIDIZATION IN STRAIGHT TUBE 

Material - Glass bade (648 0) 

2 

Run No. 18, 
71.5 	1.6 
ill .5 	3.1 
185 	4.1 
189 	3.9 
196 	3.9 
242 	3.9 
293 	3.9 
339 	4.0 
594 	4.3 
734 	4.5 

Wit110.5 p 

3.1 
3.1 
3.15 
3.15 
3.4 
440 
4.4 
6:0 
6.3 

Run No. 24, W • 331.5 p 
99 	3.7 	9.2 

147.;5 	5.7 	9.2 
196 	P.85 	9.2 
242 	10.5 	9.2 
270 	12.3 	9.2 
282 	12.1 	9.4 
293 	12.1 	. 94 
314 	12.3 	10 
366 	12.6 	11.2 
484 	13.0 

O. 1 	st 221 0 gm. 
52.9 	1.8 	6.1 
1►.5 	4.5 	6.1 
222 	7.4 	6.1 
238 	8.5 	6.1 
242 	8.1 	1.3 
293 	8.1 	6.6 
339 	8 «1 	7.7 
436 	8.3 	8.6 
594 	8.55 	9.4 
734 	8.75 	9.6 
Run No. 21 W • 442 gm 
99 	405 	12.3 

	

6.5 
	12.3 

	

9.6 
	

"12.3 

	

12.3 	12.3 

	

16.75 
	

12.3 

	

16.6 	12.8 

	

16.6 
	13. 

	

16.9 	14.1 

	

17.4 	15.4 

	

18.3 	174 

147.5 
196 
242 
304 
308 
324 
363 
436 
594 



9.0 
9.0 
9.0 
9.0 
9.1 
9.2 
9.5.  

10 
12 
13.5 

12,2 
12.2 
12.2 
12.2 
12.5 
12.6 
12.8 
13.4 
15.4 
18.3 

28.6 
71.5 
123 
171.7 
207 
222 
246.5 
268 
314 
436 
Run No 

52.8 
99 
147.5 
196 
222 
236 
242 
268 
314 

Tabs o .3 (Contd.. 

tiotabt of ahoy's° c 331.5 53 

Run Uo. 2 o. 22 , Mace box e(927 

52.8 1.8 
147.5 4.9 
242 9.35 
293 11.8 
314  12.85 
319 12.7 
339 12.7 
363 12.7 
434 13.0 
560 13.4 
Run No, 24, Bauxite 

52,8 	1.9 
147.5 
	

5.2 
227 
	

8.7 
268 
	

11.5 
295 
	

12.5 
304 
	

12.6 
308 
	

12.6 
319 
	

12.6 
387 
	

12.9 
436 
	

13.8  

Glass bodo(440 1.0 

1.8 	9.1 
9.1 

6.8 	9.1 
10.0 	9.1 
12.7 	9.2 
12.3 	9,4 
12.3 	10.2 
12.3 	10.6 
12.6 	11.6 
13.1 	13.8 
au4te (&.8 0 

3.05 
	

12.3 
5.3 
	

#2.3 
8.5 
	

12.3 
11.6 
	

12.3 
12.6 
	

12.4 
12.6 
	

13.1 
12.6 
	

13.6 
12.3 
	144 

13.1 
	17.7 

13.9 



Run N0 . 27 C iba ( 

52.8 

99 

147.5 

174 

196 

222 

268 

314 

387 

436 

4.3 	9.4 

7.6 	9.4 

11.9 	9.4 

12.7 

12.5 	10.7 

12.5 	11.5 

12.5 	13 

12.7 	14.8 

13.2 	1541 

3.5 	15.3 

12.2 

12.2 

12.2 

12.2 

3 

2 

4.1 

16.2 

17.9 

Tabl• IT. (Contd. 

gbt of Cbargs 331.5 si 

Run No. 26 uxita V 

52.8 	5.8 

71.5 	7.7 

99 	10.2 

123 	12.7 

134 	12.4 

147.5 	12.75 

160.5 	12.7 

196 	12.9 

242 	13.3 

293 	• 144 



TABU IVA 

litIMENTAL AND CAIDUUTID VALUES 01Faint  AND 
	

OUT TUBB 

22 ge/cm2 W/A 

927 

D 

927 
668 
1148 
440 
440 
44o 

927 
927 

440 
4140 
1•40 

54 
7? 
77 

114. 
114 

D 	5.7 ca 

?5.5 272 
108 238 
159 113 
159 142 
159 122 

p 

• 3 0.890 
7.3 0.89) 
7.2 0.875 
7.1

. 
 0.865 

7.4 0.930 

9.3 0.93) 
9.2 0.923 
9.2 0.92) 
9.3 0.900 
8.8 0.080 
9.3 0.933 

12.96 on/cm2  

244 12.6 0.972 
262 12.7 0.980 
127 12.6 0.972 
13? 12.1 0.935 
64 12.4 0.956 
68.7 12.3 0.950 
77 12.5 0461 

Glass beads 
Glass beads 
Bauxite 
Glass beads 
Calcite 

Bauxite 
Bauxite 
Glass beads 
Bauxite 
llau Glass beads 
Calcite 

Bauxite 
Glass beads 
Bauxite 
Glass beads 
Bauxite 
Glass beads 
Calcite 

61.5 . P 4  
61.5 319 
88 
88 
	

282 
17r$ 
1Xi 222 
13) 	196 

262 
137 
64 
68.7 
77 

es, It/A gs 10 piem2  

341 211.4 
260 127 
254 137 
171 
202 68.7 
191 77 



CHAPTZI V 

BRP NEITTA DATA AUD OBSEIVATI 	8 

®s sure drop studioo cierc carried rat in three 

annuli* In all the three cases, the 1.d0 of the outer 

tube was ? cm 0 Porp,az tubes of 10%0  3,27 and 4042 cm 

odd mire employed as the Inner tubes and tho equivalent 

diameter of each annulus is 5042 0  3.73 and 2058 coo 
rospectivoly. Fluidization behaviour of Vane =Aerials via, 

taws be :Woo  calcite 'and bauzito of three different sizes viss0  

927 	and 440 microns mu otudied* c bed uoifflit mo 

300 53 In all the cases* 

Bnperimental data aro presented n Tnb o 1701 to 

V.3 0  and tho oupartmontal observations can be summarized 

as follous 

r velocity throuab the bed tins n cased 

the riation in 	ecnvo drop across the bed aloe inorcased 

tinder these condition° the solids uvro in a fixed bcd0  the 

air channelina thramah the lntoratleeto bottom partioles0 

tii.thout any motion of the particles* At a otill higher volo-

city0  the bed ozpanded sliahtly and then only a part of the 

bed mo fluidized* The pressure drop measured across 

the bed ma loss than the ueisht of the bed por unit area 

of arose °cation° With a otili increase in air floe rate°  

beyond the °neat condition°  the air diotribution vao 



better and the other parts of the bed, which were 

inert, to start with, also started fluidizing. The 

pressure drop remained almost constant over a certain 

range of air flow rate beyond O 'after which it gm 

dually increased in certain cases due to alugsiAge 

The quality of fluidisation in the annulus with 

a crone•sectional area of 36.55 cit2, was found to be better 

when compered with that in the other two annuli with area 

of cross section 33 and 23.15 cm2. Olugginkto a great 

extent, was absent and the fluctuitiOns in, pressure drop 

and bed height wore comparatively reduced. The annulus 

with 33 cat area of cross section behaved very similar 

to the annulus with 36.55 cm2aiii-of.cross section. 

Channeling was observed in 36.55 cm2  annulus. For larger 

sized particl, s, the bed slugged at a flow rate just higher• 

than pa  whereas the finer particles fluidised smoothly 

even at high flow rates beyond the minimum fluidising 

velocity. 



TABLR V.1  
E1CPI II EITAL DATA - ITCH PLUIDIZATIM 	ANIITILVS 

Cavan Din.1)2 7 cap Di 	on 	Nate 	a 	Oinss beoda(648#) 

0f  
t1/co 

41P 
*n2 gailen2hr era 

1 
•••••104m.010.01■00. 2 2 
Run Do, 280  11:5 200 Tao 	 Run No 	II a 300 
36.7 
85.6 
119.5 
153 
162 
185 
236 
256 
336 
517 
nun ITo.  

68.8 
136 
153 
154.5 
159 
185 
270 

3, 03 
413 
517 

1.3 3.8 
2,7 3.8 
3.9 3.8 
5.0 3.8 
4,9 3085 
4,9 309 
4.9 40 3 
5,0 4.4 
5.2 5 , 3 
5.4 6*3 

309 Wa 

406 7.5 
9.2 7.5 
10.2 9.5 
10.4 7.6 
10.2 7.4 
1V0 8,0 
10.2 808 
10.3 9.0 
10'05 9.5 
10.7 10,4 

36.7 	1.85 
68.8 	3.4 
102.5 	5.1 
144 	7.7 
147 	7.4 
153 
168.5 
204 
270 	7.6 	6.8 
465 	7.8 	7.9 
Run N©. 310  ti zi 300 arta 

01coa bonds) (927 ) 
102.5 206 
168.5 6 
219, 6.8 
249 7.9 
256 7.6 
70 7.6 
3 7.6 

336 7.6 
413 7.8 
517 8.0 

5.8 
5.8 
5.8 
5.8 
6.0 

	

7.4 	6.0 

	

7.4 	6.1 

	

7.4 	6.3 

5.6 
5,6 
5.6 
5.6 
5.6 
5,65 
6.1 
6.4 
6.9 
7.2 
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Table V.1 (Contd.. ) 
Weight of charge 300 gas. 

	

4.6 	5,7 

	

6.0 	5.7 

	

7.8 	5.7 

	

7.4 	5.9 
0.5 
6.9 
7.3 
?.6 
8.0 
8.8 

Run No. 
52.8 
85.6 
119.5 
121 
136 
168.5 
195 
236 
413 
465 
Run No. 
52.8 
68.8 
95 
98 
119.5 	7.4 
168.5 	.74 
236 	P7.4 
270 	7.5 
303 	-7.6 
413 	.7 8 

36.7 
61 
68.8 
-70.5 
•102.5 
•168.5 
•236 
-270 
303 
336 

'Run No. 35 
36.7 

.68 8 
03•  

150 
15 3 
168.5 
20k 
270 
303 
336  

4.6 	7.5 
7.5 
7.7 
7.9 
8.8 
9.6 

. 10.5 

.11.0 
11.4 
11.6 

Baud • (648 U ) 
2 . 	7.6 

	

,3.6 
	

7.6 

	

5.5 
	

7.6 

	

7.9 
	

7.6 

	

7.5 	7.8 

	

7.5 
	

8.0 

	

7.5 
	

8.5 

	

7.5 
	

9.0 

	

7.6 
	

9.7 

	

7.7 
	10.0 

2 

* Glass beads (440 A) 

	

3.6 	5.7 

	

5.7 	5.7 

	

7.9 
	

5.7 

	

7.4 
	

5.75 

	

7.4 
	

5.8 
6.2 

	

7.55 	6.5 

	

7.70 	6.8 

	

.9 	7.8 
0 	8.0 

• Ca3.oits OM 0) 

2 	3 
33*  Bauxite (4400 

• 7.4 
• 7.8 
7.4 
7,4 
7.4 
7.4 
7.5 
7.6 
/.7 



ihata V.2 
IMPET1114171T1LL DATA 'BATCH 71.01DIZATI0N Ifl Its 

Column Dit Da 	=so 	3.27 	orial Games beads (6#8 p) 

Run tro. ti 	100 
k:64.7 101'  1.9 

2 1.9 
125 2.95 2 
128.5 301 2.1 
136 3.1 2.1 
14545 3..1 24,2 
186 45 3.4 2.4 
248 3.8 2.7 
369 7 3.1 
4k0 3 30(> 
,Rurs CDs 300 gps 
44.7 2.7 6.0 
a4 4.9 6.0 
125 7.6 6.1 
158 9,3 6.4 
162 9.2 6.6 
186.5 902 6.9 
205 9.3 7.3 
243 9.? 7.7 
328 10.4 9.0 
410 11.2 11.1 

Run No. 379  I ce 200 mo. 
64.4 2.4 3.9 
104.5 4.2 .9 
145.5 6.1 ►1 

5.9 3 
166 6.05 4.5 
205 6.5 4.9 
28 6.9 5.0 
287.5 7.1 5.3 
369 7.8 6.0 
566 9.8 7.9 
Run log. 399  V h00 
4.7 	5 	0.3 
84 
	

35 	8.3 
125 	9.5 	8.3 
166 	1245 8.7 
173.5 
	12.2 	9 

186.5 	12.2 	9.2 
214 	12.6 	10 
369 
	

13.7 	12.6 
504 	15.1 	15.0 
030 
	16.3 	16.3 



Tablo 2(Contd.. 

tioignt of oborao 13 300 ma. 

Ran 11e. 40s 01no t do Run Via.  4927 	) 

44,7 6.3 44.7 1.8 8.8 
84. 7.8 6.3 104.5 4.1 8.8 
108.1 8.5 6.8 166 7.1 8.9 
125 8.5 7.3 205 9.8 8.9 
166 8.5 8 4 218 9.5 9.1 
18605 8.6 8.9 226 905 9.3 
248 9.0 10.4 248 9.5 9.8 
328 985 11.7 28(7.5 989 104 
440 10.1 12.7 349 10 5 12.6 
630 10.9 13.6 440 11.6 15.2 
Run Vo. 429  rauzito(64840) Run to. raunito (440 0 
64.4 4.6 8.5 24 5.2 8.5 
104.5 7.6 805 7.0 8.5 
125 9.3 8.5 52.0 9.0 
136 9.0 9.0 64.4 8.5 9.3 
145.5 9.0 9.2 104.5 8.5 10.3 
166 900 9.5 125 9.0 10.7 
205 9.2 10.4 18? 9.6 12.4 
28,7 10.2 12.5 226 10 14.4 
369 11 14.8 288 11.5 16.9 
440 12 17 349 11 20. 



3.2 6.3 44.7 1.6 
7.0 6.3 104.5 3.6 
8.9 6.9 125 4.6 
8.6 7.2 166 6.2 

7.4 
205  8.4 

8.8 7.6 248 10 
9.2 8.1 259 9.7 
9•6 8.8 287.5 
10.4 

11  
369 10.6 

11 .5 13.5 504 12.1 

24 
64' 
88 
1044 
125 
145.5 
le? 
226 
308 
410 

7.7 

7.7 
7.7 
7.9 
8.1 
8,4 
10 
13 

Table V.2 (Con 

Weight of charge w 300 gm 

1 	2 

No. 44, Calcite C 
	

Run Ho. 451  Calcite927 P) 	' 

1 
	

2 

Run No. 46, Glass best (927 ) 

64.4 2.6 
104.5 4.2  
145.5 6.4 
205 8.8 
22 6 9.6 
248 9.8 
267 10 
328 10.6 
369 11 
410 11.4 

6.2 
6.2 
6.2 
6.5 
6.5 
6.8 
7.1 

9 
10 



2ABLB V.3 
tritORTIZITAL DIM BATOR FLUIDIZATION IN JNM= 
Column DI.a. D2  o 7 	D2  4.42 els0  Notarial e. 0bo bads (648 $6) 

en cri 2 on,. tylecm2hr 
AP ,2 013 

Run /To. 470  W 	100 an Run No. 20 G. 
109 2.2 2.4 58 2 5 
162 305 2.4 109 3,6 5'03 
189 3.? 2.7 163 5.6 5.4 
216 3.7 248 216 8.2 44 
243 30? 3.0 218 7.5 5.8 
294 3.7 3.3 243 7,5 6.1 
347 4.0 3.5 267 705 6.7 
480 4,3 4.6 400 7.? 8.? 
615 4.6 5.3 5'34 8e2 9.5 
820 5.0 5.6 820 	9.0 	10.0 
Run No. tO D  ..t3 Rim No, 5f 	o  HJ cs 400 sza. 
83 3.7 8.3 58 3.3 11 4 
16a 7.5 8.3 162 9.1 11.4 
216 10.5 8.3 218 13.3 11.4 
250 F2,7 8.5 243 15.0 11.4 
257 11.2 9,4 267 17.1 11.5 
267 11.2 9.6 276 16.0 13.0 
294 11.2 10.0 294 16.0 13.8 

11.6 11.0  347 16.0 14.9 
80 12.0 12.4 427 16.8 16.0 

655 12.4 13.2 534 17.5 17.5 



32 

84 

136 
162 
165 
170 
243 
322 
27 
480 
Run No. 

8.6 

8.6 

8.6 

8.6 
8.8 

9.2 

14.5 

11.3 

12.4 

13.1) 

(927 IL) 

Table V.3 (Contd...) 
Weight of charge • g2  330 gas. 

2 	3 

Run Ro. 51 r Glass beads (927 IL) 
	Run No. 	Glass bead ( 

	

109 	3.0 

	

162 	4.8 

	

267 	9.0 

	

1? 	'11.4 32  

	

349 	13.0 

	

356 	12.2 

	

427 	11.9 

	

+80 	12.2 

	

655 	12.8 

	

820 	13.4 
Run No. 53, Baud 
109 4.0 1'1.5 58 
162 6.1 11.5 109 
216 9.5 11.5 162 
267 11.2 11.6 189 
295 12:8 11.7 204 

322 13.7 12.2 228 

325 11.8 13.2 234 

347 11.8 14 3 245 

427 1241 15.9 ' 374 

12.6 480 

2.5 8.3 

6.0 8.3 

9.9 8.3 

11.9 8.3 

12.2 8.4 
11.5 8.8 
11.2 11 
11.5 12.8 
11.8 14.3 

12.0 15.0 
( 48 IL) 

3.1 11.3 

5.7 11.3 

9.0 11.3 

10.9 11.3 

12.0 11.3 
13.0 11.7 

124 12.6 
124 13.5 
12.0 16.1 
12.5 18.6 



Teb.la V*3 (Contd.... 

Weight or Charges in 300 gm. 

2 	 1 	2 

Mss No. 	 Run No. 56, Calcite 440 P) 

31 

58 

84 

109 

121 

136 

138. 

162 

243 

3.1 11.0 31 3«2 8.5 

5.7 11.0 58 6.1 8.5 
8.3 11.0 84 8.1 8.5 
11.0 11.0 128 11.9 8.5 

12«4 11.4 138.5 11.7 9.0 

13.2 11 162 11.0  10.3 

11.5 12.3 189 10.8 11.0 

11.0 13.5 267 11.0 13.0 

10,4 16.'7 374 11.5 13.9 

11.0 18.1 427 11.9 14.5 



TABLE 17,4 

UPBRINENTAL AND CALCULATED PALM OF 	AND AP IN ANNULUS 

tateria 0 P 
micro 

t Len 

b 
Si 

gavotte 

1.58 cm# 1114k 8.22 Wen 

Bauxito 
Glass beads 
Bauxite 
Glass beads, 
Baturaits 
Glass beads 
Calcite 

927 
927 
68 . 
648 
44o 
440 
444 

29.2 226 
29.2 206 
41.8 153 
41.8 147 
61.5 70.5 
61.5 121 
61.5 98 

244 ?.5 0.914 
262 	7.6 0.9S 
127 	?s5 0.914 
137 	7.4 0.900 
64 	7.4 0.000 
68.7 7.4 0.900 
?? 	7.4 0.900 

7 cm, al  3.27 cm WA 	gm/cm2  
927 	20 r 1 
927 	20.1 
648 	28.8 
648 	28.8 
440 	42.4 
440 	42.4 
44D 	42,4 

213 244 9.5 
226 262 9.6 
136 127 9.0 
162 137 9.2 
64.4 64 8.5 
108.1 68.7 8.5 
104.5 77 8.6 

Bauxite 
°lass bead s 
Batult* 
Glass beads 
Bauxite 
Glass beads 
Calcite 

0.95 
0.96 
0.90 
0.92 
0.85 
0.85 
0.86 

Bauxite 
Glass beads 
Bauxite 
Glass beads 
Bauxite 
Glass beads 
Calcite 

92? 
927 
648 
she 
444, 
440 
440 

D1 	4,42 eat  WA 12.96 grd/ca2  
13.9 325 244 11.8 0.913 
13.9 356 262 12.2 0.943 
19.9 234 127 12,0 0.927 
19.9 257 137 11.2 0.865 
29.4 138.5 64 11.5 0.89 
29.4 170 68.7 11.5 0.89 

• 29.4 138.5' 77 11.7 0.905 



U I3Guise Ann DICCTIBOIOMI 

6 I CONPARISOZ 	I OR X 	 VULI, 
I 

Tho prosauro drop elm i diagrams for tho throo 
rtatorialo V100 0  apharical alas° bcndo0  crnohcd caletto 
wag, tintsnito /ear° obtailfod n otroltrAt twebo 	flirartalla 

U000.1143 tho ttottsht of tho hal par unit cr0000soctional 
area of tho oolt:an loos. WA 9 0=9 in both caoose 	ploo 
of primary data coUcctc during tho varioun omporincntal 
IMO aro Graphically proocntad Mao 6.1 to 605'6 Vrtra 
mach roproocztationo 110 acr000 a ooltdo‘ bcd and d t, voro 
dotomincdo 

It ran oboolmrid that for tho own° °QUA° 1cadln30  
por tuat °rano occtiorral arca of tho colitnn D  tho 

;/1 
onporionccd Icri onntikto .vrto Mahar cenparcd to thoti.otra.- 
2.43t tuboo Particlo pooltion to only a function of tin° 
in cm idcal batch stlatdlacd bod and to indcgonacat of tho 

13,..10 an' of tho voacolo Eat In an tinIMIX10 tho proaccoo 
of tho into a 1 tub° rootricto tho frog Ivaco availablo 
for tho Dovcicnt of condo* lions° tho pooitton of a 
vend partici° ctoto affocted by DAd' D9 	ti 0 0 It lo 
ovcctod that lot to tho Ditipv  rotio9  arcator 
bo tho rooiotanco to froo a*lido Dovincnt 2hia to 
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reflected in the higher IAP in annulus. 

The Gar  observed in annulus was lower than 
that in straight tube. For a particular velocity of 
air, AP was more in anrnalus and hence lessor air 
velocity was required to reach the onset of maw-
tion condition. 

In both annulus and straight tube, at the 
reported incipient fluidising condition, only a part 
of the bed was supported by the rising stream of air 
and hence the AP measured at that condition was lower 
than the theoretical value 	A This is clearly an 
indication of *channeling*. 

6.2 EFF*CT OF BED WEI 

The pressure drop flow diagrams for four wet 
ght vise, 100, 200, 330 and 1.00 EX of glass beads 
(64 P ) in the three annuli are given in Fig. 6.6, 
6.?. and 6.8 • Data presented in Tables IVO, IV.2, 
and IV.3 of experiments in 36.55 and 30.00 eat2  
annular columns indicate that variations in had 
weights cause negligible variations in Oaf values. 
On the other hand, in a 23.15 ca2  coluan, onset 
of fluidization was observed to set in at increasingly 
higher velocities with increases in bed weight. Such 
an observation points to the feet that in the case 



57 
of 23.15 ca2  o1 In at the incipient bubbling condi 
tions, increased energy requirements provided by higher 
gas velocities area needed for the conversion of a fixed 
bed into a‘fluidized one. Thus it appears. the will 
effect with respect to incipient fluidisation condi** 
time is to a great extent dependent on the DA  /D ratioD 

6.3 NOTECT OP MR= 

The p "sour* drop flow diagransa with D as 
the parameter are presentod in Pig. 6.9 to 6.11. It is 
inferred that a larger sized particle required a higher 
nut  This is in complete accords= a with the earlier 
findings. But on the other hand a smaller sized 
particle yielded a higher AP since the specific surface, 
i.e. surface per unit volume or weighty, increases an 
particle site decreases. ?once inter-particle friction 
is higher for smeller srixepd particle which leads to 
higher AP. 

6. BTFECT OF,A.NEM 

Semple pressure drog flow diaereses with 
anaalussike as the parameter for SUM; beads*  bauxite 
and calcite are presented in Pig. 6.12 to 6.14. For a 
particular material and else, par required in the 
cennular colulins with a crosefteocUonal area of 36.55 eind 
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30.00 ca2  was nearly the ease. But or the 23.15 ost2  
column the Oar  required vas higher. BA/T p  was 
comparatively smaller for 23.15 cn2  annulus and hence 
the particle movement vas considerebly impeded. warrant* 
ins a higher velocity to *unlock / and bring the solids 
bed to the state of incipient fluidisation. Beyond the 
onset cf fluidisation, slugging occurred readily to 

C,2  23.0 CM column and the entire bed vas seen to busy and 

splash resulting in severe fluctuations in bed height 
and Prosily* drop. Ito 36.55 cat  column was observed 
to yield a astoother fluidisation compared to the remain.- 
ing two though it exhibited channeling tendencies to a 
certain extent. 

Oar  values were determined for • three 
notarial* in both cylindrical and annular batch fluff 
diners. The equipment used vas described in Chapter III 
and the experimental procedure followed was given in 
the sane chapter. Materials employed in deterstning 
Oar  were spherical glass beads. crushed calcite and 
beuxLt• with a D or 927, 648 and 440 sterens. 

The experimental and *Unlisted values or ow, 

in strelat tube and bus Sr* Oven in Tables IV 
and V 	respectively. 

cf. values werecalculated for annulus using 
dif different materials by MaxLevey* * ration which is 
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presented by Bo (2) in Chapter 11. it is noticed that 
the calaulated values cif Our were very such different 
from the observed values. Levais equation predicts the 
Gar values satisfactorily for straight tubes. It would 
be easier to predict the Oat valuse for annulus using 
lavass equation with a correction factor to account for 
the difference between a straight tube and annulus. 

In an annulus the particle movement is governed 
by the free radial distance (expressed as DA/Dp ) and 
the peripheral path (expressed as Ai/A2). For the sans 
outer tube, different inner tubes will give different 
DA/Dp  ratios and .A 1/A2  ratios. 

larger is the annulus, easierwill be the 
particle movement and the observed Oar  will bee. Closer 
to the p edieted values using Levass equation, emaller 
is the annulus*  the observed values will be far away 
from the predicted values. As the annulus size becomes 
larger particularly when the inner tube diameter is 
smaller. the 0 values observed, may approach the 
predicted valuers 	 lievaJa equation. Boa correlation 
has been proposed for predicting the Oat in annulus 
as ( 	) in terms of DA  A) and Al/A2. 

mf laVa 

The proposed correlation is as follava 



[ mf 

Gar Zeva 

* 0.12 
D  04,55 
p D 

Al .1.90 

   

The above correlation was obtained on the basis of 

regression analysis so that the equation gave alinbAUX 
deviation from the observed values. Fig. 701 shows a 

plot of observed *arms carrel &tad values of 

[Gar 

ova 	
and 	It the variation rf 85 of the observed 

mf L  
values in-e 04dri 803446 with the predicted values lies 

within 16.4 % 

6.! 	S Z DROP A THE o n 

   

Additional light is ahed om the netts of 

fluidised beds by examining the dimensionless pressure 

drop across the bed. The latter is defined as the 

ratio of the 	to the weight of the bed per unit 

area of cross section or 

As - 
 "of 

(W/A) 

AT was affected to a certain afxtent by the 

settled bed depth or quantity of material. For instance, 

in the 36•55 cat  annulus, the AT increased from c1.895 

to 4.431 as the settled bed depth was raised fron 



3.8 to 7•5 caw. Thee. results Indicate that more of 
the weight of the bed was supported by rising gas in 
dimmer bode than in shallower beds. This provided 
farther evidence that deeper beds more nearly approach 
normal fluid.tistion than in a hallover ones. 

Table VA. gives the air valuer; obtained at 
various operating conditions. For ideal fluidised beds 
Av approaches unity. A scrutiny of the tabulated 
results shows that Alf is invariably lees than unity 
for the three materials studied. Hence the bed of 
material was not supported fully by the rising flow of 
gas and it must have been supported, in part, by the 
grid plot, or the walls. This finding SOMs to indicate 
that the bed had more atriacture and was less fluid-
like than a normal fluidised bed. The exittence of 
stagnant, or at last semi-stagnant areas, were confirmed 
by vietutl observation 

The lowerftthanwtheoreti al values for AP may 
be due to channeling which is quite likely to occur 
when a multi-orifice plate gam distributor is used« 
This e2planation is in agreement with that offered 
by, 

 
Levis et al 	Oat channeling tendency vas observed 

to be reduced considerably at higher flowx rates due 
to higher solids circulation. 
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le p 
An equation to predict AP in are 

°sad of the form 

[ D  W 

At the minims fluidising 	* part oleo aresuspended. 
Far a particle to be freely suspended ctnera requirement 
will depend upon resistance to free movement i.e. NA 
ratio. In annulus*  (11. values differ depending upon 
Ai/A2  and DA/Dp  for same material. Thtut energy 
requirement which is a function of the velocity can 
be expressed in terms of Renoldts number (Re). For 
the materials of the type studied here*  the equation 
e 	 f 	 0.02 	0.04 

048 il/mf 

n the ahoy orre on D 	has been used 
calculating 	the area calculated on the basis 

D 	ante t et the total esipty crossosectional 
which the fluid flows. Thy above 

co 	was obtained on the basis of a regression 
analysis carried out with the help a II* 1620 model 
ocaputer• This correlation should be used only within the 

nags of esperinental results reported. rig. 7.2 above a 

plot of uperiaental Venus correlated Av end the variation 

of 85% of the observed velum; lies within + 7.4 S. 
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ONAPTIR U 

CONCLUGIO 

PluidiSing columns with an inner vertical tube 
may be used for the purpose of beet removal or addition 
during chemical reactions*  Introduction of such a vertig. 
cal tube changes the hydrodynamic characteristics. it is 
observed that the quality of fluidisation in an am:Lulus 
$AMS to be a strong function of DA/Dv  ratio. Higher 
is the value of D p  • greater are the *channeling'  
tendencies* On the other handplower its the value of 
DA/Dp  p greater is the *slugging * phenomenon. There 
probably is an optimum 	ratio vhere smooth 
fluidisation occurs* rurther experimental investigations 
are required to identify the optimum value of DA/Dp  
and hence the sone of smooth fluidization in annulus* 

Correlations have been proposed to predict 
le and iiPar in anmilus which are as follows s 

O.5 

Gmf Lova 
(1) 

   

°tut* A 

 

0.12 

  

    

A2  

.60 •02 	0.04 

[7einfi 
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These two correlations are applicable within the range 

of the following parameters I 

(I) 	440 ( D ( 92? Misrone  

(ii). 	2.58 < Doqu 	5.42 caw 

(iii) 	375 ( Rear 	2165 

(10 134 DA 	61.5 
by 

A 
tai 	 0.950 

For obtaining generalised correletione further 

stint required in the following area 

t. 	Larger variation in particle size, D 
2. Effect of solid and fluid density. 

3. Effect of gas distributore 
4. larger nurber of annuli. 
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APPENDIX 

C FLUIDIZATION IN ANNULUS S.S•RANA KRISHNAN t1.EcTHESIS U000R. 
MINIMUM FLUIDIZATION VELOCITY CORRELATION 
PROGRAMME FOR CURVE FITTING 
DIMENSION'Xi109100)0Y410),S(109111 
READ 9.1.9N 

S FORMAT42110) 
NoL01 
DO 3.10104 
READ 1091X4I j)*101,N) 

10 FORMATI6F12. ) 
9 CONTINUE 
DO 2011210 
DO 20Ju1loM 

20 XII9J/*LOGF(X41 Ji) 
DO 301ftleN 
SUM 00.0 
O. 40JrslipM 

413 SUM=SUM#XI' 19J) 
311 Tt1)0SUM 

DO 90I=19N 
AM0M 
ymaY4111AM 

90 CONTINUE 
PUNCH 5991Y( 191*19A) 

SS FORMATC6F120 ) 
DO 601010N 
DO 60J*10N 

60 3I(19J10X(1 
DO 701010L 
DO 70J=19N 
4419.3)0000 
DO 70K*101 
S(19J10StI9J)+K(10K OKIJ01C 

70 CONTINUE 
PUNCH 809(15(I,J)9J440),1*1 L) 

00 FORMATI8F909) 
STOP 
END 

2 	21 
294 0.990 0.926 
29.2 0.950 0.970 
410 0.950 1,200 
4108 00950 10070 
610 0,950 10270 
610 .00990 14C° 
610 0.980 10760 
20.1 00779 00895 
2001 00779 00864 
2808 00779 10070 
2808 00779 10180 
4204 00779 1.358 
4204 00779 10009 
4204 00779 1070 
1309 0.602 10330 
130 00602 Lou' 
1909 00602 10040 
1009 00602 1.015 
2904 0.602 1.080 
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29.4 	0,602 	2.160 

	

29.4 
	

00602 
	

2.400 

3.42490 	.26991 
	.20234 

3.960 	le 
	10161 	0731' 	...0741 

C C PROGRAMME-TWO DEVIATIO1 FOR MIHK0FIU.VELOCVY CORRFI0,ATIONG 
C 	N0E*THES/SeboS0RAMA KRISHNAN. DEPTOF CH.E. 

014ENS104Y(9011(N(50).)(14501.X2(50).7P1501 
REA09.N 
FORMAT(I5) 
REA010.4)(1411.7(2(1)*Y(1)*I°19N1 

C 	1(100AiDP 	)(20A1/A2 	YmGMF48I /Gt4PLEVA 
10 FORMAT(3,12.9) 

0020101,N 
PaI(1(I))**0.55 
001.0/0(2(I)** 1.91 
YN(1)0)00120P*0 
YP(1)*((YN(1).•Y(1))/YN(1)1010000 

20 CONTINUE 
PUNCH 30.(7(1)0(N(1101(1) .I010) 

30 FOR14AT(3E1900) 
STOP 
ENO 

21 
29.2 0.930 00926 
294 0.950 0.970 
41.0 0,950 1.200 
41.0 0.950 10070 
61.5 00990 1.270 
61.5 0.930 1.100 
6109 0.990 10760 
20.1 0.779 0.099 
20.1" 0.779 0.064 
21300 0,779 1,070 
20.0 0.779 1.100 
42.4 00779 1.350 
42.4 00779 1.005 
4204 00779 1,510 
13.9 0,602 1.530 
1509 00602 1.360 
19.9 0,602 1,840 
19.9 0.602 1,879 
29.4 0.602 1,080 
29.4 0.602 20160 
29.4 0.602 2,480 

C C PROGRAM iE tit) DEVIATION FOR MINM.FLUoVELOCITY.CORRELATION0 
0.92600 0004619 ...0094320E+01 
0.97000 0,84619 ...0015577E+02 
0.12000E+01 0.10307e+01 ...0.16420E+02 
0.10700E+01 0.10D07E+41 ...000000E+01 
0012700E+01 0012746E4)1 006401 
0011000E+01 0012746E+01 0013701E+02 
0.17600E+01 0012746E+01 ...0 030070E+02 
0.09900 0010047E+41 0010919E+02 



0.11800E+01 
0.13580E+01 
0.10050E+01 
0.15700E+01 
0.13300E+01 
0.13600E+01 
0.18400E+01 
0.18750E+01 
0.18800E+01 
0.21600E+01 
0.24800E+01 
STOP END AT 

0.12244E+01 
	

006269E+01 
0.15148E4)1 

	
0.10342E+02 

045148E+01 
	

0.33648E+02 
0.15146E+01 	'4.006545E4'01 
0.13385E+01 	0.63220 
0.13385E+41 .4416092E+01 
0.16305E401 ..0:12850E+02 
0.16305E+01 ...0.14996E+02 
0.20209E+01 	0.69708E+01 
0.20209E401 ...0.66846E+01 
0.20209E401 ..0.22719E+02 

0030 + 01 Lit 



FLUIDIZATION IN ANNULUS S.S.RAMA XRISHNAN M0E0 HES1S U.O.R. 
DIMENSIONLESS PRESSURE DROP CORRELATION 
PROGRAMME FOR CURVE FITTING 
DIMENSION X1100100/0Y(10)*(1et11) 
READ 501. 

9 FORMAT(2 0/ 
N*L+1 
DO 3J01*M 
READ 10,4X 11J/011214N/ 

10 FORMAT46F1205) 
3 CONTINUE 
DO 201*104 
DO 20Je10M 

20 X(I0J)=LOGF(X(11)01 
DO 901 *10# 
SUM12000 
DO 40.1tIloM 

40 SUM*SUM+X(10.0) 
90 YI I /*SUM 

DO 50IalsN 
AMaM 
Y(//a1911/AM 

50 CONTINUE 
PUNCH 55*(19110' 1AI 

55 FORMAT( 6F12.51 
DO 6014:11*N 
DO 60.1=10M 

60 Xf1s)0X(1 	/..1(1) 
DO 70I=1,L 
DO 70./a1tN 
9(10J/22000 
DO 701(.01,M 
S(10J)=S(10 )44(fIsKIIIX(Jak) 

70 CONTINUE 
PUNCH 80,1tS110JIDJal N3,1411,L/ 

SO FORMATI8F903/ 
STOP 
END 

2 	21 
29s2 1910. 0.914 
29.2 2165* 00929 
410 12990 0.914 
41.8 1243* 00900 
61.9 596. 00900 
610 10230 00900 
6105 8290 00900 
2001 12700 00950 
20*1 19180 00960 

791* 0.900 
28*8 9450 00920 
4204 3750 00050 
4204 6300 0.850 
42.4 6090 00860 
13*9 1309, 0013 
1309 14320 0,943 
190 942* 0.927 
190 10350 00865 
2904 557* 00890 
2904 6850 00890 
29.4 5570 0.903 



C 

3042490 	5.83.  
3.960 	642 

4 	.10107 
0143 *1,0642 3.980 .199 

C PROGRAMME TW0*DEVIATI4N FOR PRESSURE DROP COt RELATION 
OlnENS/ONY(50).Y4430),X1(50)*X2(50)10rP(50) 
ReA05sN 
FORMATII5) 
READI0p(XIIII,X II t PYCI),141100 
xippAloP xatraRemv 	youltm4414$ PRESSURE DROP 

0 FORMATC3F12.5) 
O020I43110N 
Pc4.0/tX1411*00004) 
00(X2III)**0.04 
YN( I )4*0. 70*P040 
YPII)mtlYNIII.■Y11)11Y141) 100.0 

20 CONTINUE 
PUNCH 50.(Y41),YN(1).TP(1),1 I'M) 

30 FORMAT taelsos I 
STOP 
ENO 

21 
29.2 1910. 0.914 
29.2 2163. 0.925 
41.0 1295. 0.914 
41.8 1243.  0.900 
61.5 596. 0.900 
6105 1023. 0.900 
61.5 829. 0.900 
2001 12700 0.950 
20.1 13180 0.960 
28.0 791. 0.900 
20.8 945 0.920 
42.4 375. 0.850 
42.4 630. 0.050 
42.4 609. 0.060 
13.9 1309. 0.910 
13.9 1432.  0.943 
19.9 942.  0.927 
19.9 1035. 0.865 
29.4 557. 0.800 
29.4 683 0.890 
29.4 557. 0.905 

C 	PROGRAMME 1110.0EVIAT14N PO PRESSURE DROP C04 r ATION 
0091400 0.98634 0.73345E+01 
0.92500 0.99130 0.66882E+02 
0.91400 0096419 0052052E+01 
0.90000 0.96261 0.65041E+01 0.90000 0,92753 0029679E+01 
0.90000 0094779 0.50423E+01 
0.90000 0.93905 0042402E4.01 
0093000 0.97765 0.28281E+01 



oe.t9oo8e.4-0s. 
0.35050E+03, 
0.40900E+01 
0.73361E+01 
0.92393E+01 
0.80469E+01 
0.74111E+01 
0.47117E+01 
0.40549E+01 
0.10815E+02 
0019, Te+ol.. 
0.59769E+01 
0.35978E+01 z - 

0.96000 0.97910 
0,90000 0.95243 
0.92000 0.95923 
0.85000 0,91729 
0.85000 0.93653 
0.86000 0.9.3526 
0.91300 0.98608 
0.94300 0.98965 
0,92700 0.96623 
0.86,500 0.96987 
0.8%000 0.93878 
0,89000 0.94658 
04,90500 0.93878 

STOP END AT $. 0030 + x L 
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norao0  U.D. and X1ono  000.0  ChenorngeProar 

199 (0911)0 

buotor0  ,tie end XiattW PG0  9. d 48 201 

(1952).  

Wilhnim0  Ho and Xlmak0  Z4. o ibid0  44 0  201 

(0948), 

Lauta0  14 0  Gil iland0  3 	and 
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90 
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