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Studios 	Ha stC,ge.ui ati 'were carried 
out in a ttio stage counter currant cotwu using air as the 
fluidizing medium The coltrnn consists of 
pe apex tube of O mma internal diameter and each stage is 
225mm long. DOW c+ tiers made of copper tube of 10 mm T D. 
230 mm long- have been pray.ded on the grid plate of each 
stage 'moo solids are fed thr u,h the funnels of different  
discharge openings to the top stage and solids overf ov to 
the bottom stage 	 ou , the doxicomer. The solids from the 
bottom stage 	.othrough 'tho do'ncomner to a receiver 
kept bald the column.  

as found that the solids flo7 rate increases 
iit a sir to rate up to a maximum and then start decreasing 
till it got iained. Sc id loading ratio, that is the 
IJoight ratio of solids to sir per unit time Vill effect the 
solids don .c► 	Under limited conditions  of operation, the 
s=oothh fior .region h ► been identified foZ1  different »o'f 

rates of air .n4 feed rates of solids* A r relation as found  
out under smooth zano of operation, 3hicb io i 

og(t s/G) 9.9 log (N'ae )  + 0 
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Were, the value of constant 0 depends upon 
the density and the particle diameter and it was found for 
different materials of different sizes as indicated in 
the table bels 

0.6+8 .Q.0426 	.0* 108 
00426 .0,0302 0,0j415 	.0,170 
0,287 .00188 *.041I2 
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Fiutdization is a tcchniquo for cctactirg  
sQ 1.C1 and ti.uid and finds tdo application in Chemical,  
11ot)alurgica3.. and Pe +r eum industries, In a fluidized 
'hod of solids d1lo, to thtitCLto Contact be' con solids and 
f Lu1d, better bent and maSs transfer rates are +r toUtd 

A solid bed is considored to be f dined 

ton the fluid velocity is euci that the adds are sue. 
poncho. Venally .in Gao244 systems at i t gas ?eloci.  
ties the bed in static and is to ad as fixed Th this 
lono an increase in go ve ocXty leads to increase in 
bed pressure mop, accompanied  by 	 t exppsion of the 

d, An increase in 'telocity of gas beyond  the . ed. bed  
zone leads to loo g Of bed and the solids got$ stzapen .« 
do & This is the onset of 1.uidizction. At the onset the 

toizi press we drop is nearly equal . to the total vei . 
o nerds, increase in gas voloci ty boymd minims ui 
dization ve1Locity Increases the bed heit, increases The 
particle iuoreant but the bed pressure drop rexnaths e s 
ttauy came as at minimum flui 	on condition, 

A dense phase gas fuidized 'bed looks very much 
like a boiling liquid and in many trays a ibtts liquid 
Me behaviour, For exavjO, a large, lit ht ob3e t I 
easily T ed Into a bed, and o release it vU pop up 

I 



and float on the surftco, The upper surface of the bed  

remains hori< 	. when the container is tipped, end when. 
two beds , are connected their levels oqu . ze. Also, the 
dilfcroncO in pressure 'etVeen.err two points in a. bed is  

roughly apprortrnated by th.e s to .c head of bed e` e 
those points. The bed else has liquid d like fLow proper. 

ties, Said ). ,ash in a jet from a bole in the side 

of a containerand tlior can be made to flow Me a liquid 
from vessel to °vessel 

Xf the flow rate of fluid is increased above the 
minimum required to produce a fluidized bed, one of two 
things Vi , occur; either the bed l continue to a sn 
so that the average distance between the particles become 
eater, or he excess fluid wiU pass th.rou the bed in 
the form of bubbles, tving rise essentially to a o ph e 
system. These two types of fluidization are referred to as 
being respectively "Particulate'" and ". g  'eg tive". In 
gone particulate fludization occurs with liquid s*U4 
aysterns. Aggrega v'euidi a:. 	occurs with all other 

s-solid sys teas. 

Harrtson et 	(1) haue suggested that the type 
of fiuidization obtained U). be related to the maxim 
stable size of bubble Mbieb can exist within the fluidized 
bed, , If the circulation n velocity of gas within the bubble  
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( hhich is normally approximately equal to the bubble rise 
velocity) oxoeods the terminal failing velocity of the 
p. tLclasl  ptrticlos will be sucked in at the rear of the 
bubble uhich will thus tend be destroyed* Since the bubble 
rise velocity increases with bubble volume and in sub stan. 
tic ly ind onaent of the properties of the fluidizod bet  
the xnuzimuE stable bubble size increases With the terminal 
failing velocity of the particles in the fluid# If this 
5i20 exceeds say, ten des the particle diameter, the 
bubble will be ot. i e and the fluidization. viii be ago. 
Zativo, but if it is of same order as the particle di e.. 
tor, it øan no longer be dia nguished from the into sties. 

tia3. gas and the 	 diza 	will appear to be particulate. 
On this basis most gas eolid syatOma will give rise to 
aggregativo fluidizati, and most ,ic d solid systems 
will give rise to particulato fluidization* 

WUeim and Kisuk (2) have suggested using the 
oude group ( 	as a criterion for the type of ilui.. 

i nation obtained; in general aggregativo fluid.tzation is 
obtained at values above unity and particulate fluidization 
at values bell unit. Prom a consideration of the stability 
oquations for b.ed4luid .interface originally  v+ 	ee 
and Uolm ' ( ) , Romaro and Johnson Q+3 suggested four dimen.  
sionlese oups to ebsz'actoz'tsc the c uaiity of fluidiation 
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Slug flor will often occux in snaUe reactors, 
boe use bubbles in a gas.fluidized bed rapidly coalesce 
above the distributor plate# When a bubble diameter 
approaches the coluixri diometer, the portion of the beck 
above the bubble is pushed up for . in S piston, like manna ) 
and the fiuidizd bed Is ceid to be' ̀s ,g gt  . Particles 

i doun from the slue ond it fiflsl,7 4L sintegratos. At  
about this time another slug forms and this unstable osei. 

.at ;.y motion is repeated. Slugging is ususllr undesirable 
since It Increases the problems of entrainment and lowers 

the performance potent . of the bed for both physical and 
chomical operations*  Slugging is serious In long, n r+ r 

uLdizod beck., 

The fluid distributor at the base of the bed can 
ozort a very strong in anae on the s taut tura of the U bolo 
bed, Ideally it sh14 be porous in struck With a ;fie 
texture so that the fluid Is introduced tbrou t a nu1titudó 
of small injection points* A coarse distributor gives 
e cossive t' bi injection rates at localized points and. 
; er s(a the Un4eney for channelling within the bed, 
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If the bed door not channel readily rD even fluidization on 
Is obtained using a distributor With a high resistance to 
gas flctr since the fluid is then introduced fairly evenly 
to the lover portion of the bed, respective of any irro.. 
lsrities in the be itself # stribution Will be uniform 
If the pressure drop across ►e distributor is cuff .cicntly 

€ , generally atleast equal to the pressure drop hhrou 
the bed.. ror a fete air inlet openings the bed density  lue. 
buttes appreciably at .l flow rates and v3rios ith height  
and channelling may be + .*-e, or many sir inlet openings 
the 	ttrntia3 in bed density IS negligible at for fb:d! 
rates but aga±fl becomes  procia le at hi flo' rates:, 

.by ( ) pests out that if a chexmel forms in 
a fluidized bed itill offer a loW resistance  path for the 
1OW Of fluid, ..d 	he a e there WiU be a tendenøy for 
the channel to open up progressive) as the velocity is 
In eased. The resistance to floW of the section of the cis,» 
tributor from icb fluid enters the channel, iiU, hoWcTer, 
increase With flow  rato In order that the channel should 
not be stabil zed$ the decrease in pressure drop with f1m 
rate across the channel cbou3.d bó at least compensated by 
the increase in pressure drop across the section of di st bu.~ 
tor. 



In lorgo bads it is clearly mpractioeb1e to use. 
porous dirt :but s, first because of the ezpense and s on r 
because of their poor mocbanic . sta g' ,, ubere good dish,.. 
bution of gas is ease tie ., either a series of nozzles or of 
bubble caps is f'regt+er tly used$ withthe tmaperture of 
each capable of adjustment in order to give good uan formity,* 
The zniniufluidizjng velocity is found most conaistant using 
a porous plate distributor and the bed ezpnsioii is then even. 

4*2p dtjd, 	 v 	: 

11 a :"luid at 	 .l flow rates is :loi ed to pass 
upward tbrou , a bed of solids, the t1ud enters the veld space 
bottoGn the particles end moves upards., t th liquidaolid 
Oystoms, thoro are not mal my serious difficulties  
Initiating : . dizat 	and ce the system has been fluid zed 
Ufl1fOZ13 crnditione are usually obtained. 	h : sold syo. 
t me there is very marked contrastIn the behaviour of solid 

.tc is, some of vbjc'h ' .11fluidizeeztroiuely readily and 
others of +r icb are virtually Incapable of being fluidized., 
In general  tie following properties of the solId end fluid 
are CondUCVQ to vdU.fiuidLzed systems; 

(a) Lc particle density, 
b Small Parole size, 
e Particle Sbee approaching spherical. 

Cd) fliglid 3t 	u~ 



Unfortunately, those properties of solid whieb 
make it capable of giving a weU4iudi zed system are also 
those which tend to make the initiation of fluidization 
difficult*  if surface forces betWeen the particles are sig. 
nificant they Will be gx'eatar with, email particles because 
of their b24 specific surtace If the particles are of by 
density, the gravitational forces tendiig to pull then apart 

win be smU. Tb. s low density particles can give rise 
to serious channelling even though they may fluidize,  wefl 
once they bse boon bro. bt into suspension. 

At low velocities of flow tbrough a bedt  the par. 
tides mnintaifl a fixed orientation with respect to one ario.. 
ther4  Rovevert  there is evidence that at velocity considerably 

ftmidising %rolOcity, some movemer. t of the 
loosely bald particles take place* As the fluid velocity is 
increased fluidization of small, localized pock.ate probably 
occurs, Then*  over a fairly small velocity range, most of the 
bed becoce .fluidized, but it may often contain small pockets 
of unfluidized solids at velocities ccns±derably in excess of 
those at which the bed gives the appearance of being well 
fluidized, 

In an ideslizd system, the minimum fluidizing 
vcloctj is that velocity at which the bed suddenly changes 

from a fixed, to 4 fluidised state. At this point the ft'ic. 
tioxmj force between a particle and fluid counter balances 



the weight of the particles, the vertic& component  of the 
compressive farce betueee ad jece t particle$ disappeeres 
and pressure drop throughany section of the bed about 
oqu s the uei t of fluid afld particles in that. sections 
In practico, hoover there may be a large transitional 
re ion and the minimum fluidizing veld Irk.. the huo  
no absolute dk si 	c 	. 

The maintrnzn fluidizing velocity can be predicted 
using a number of different correlations given by different 
¶rockers Some of ieh aregiiron below: 

Gmf 

e o 	is in inches, e, ' is in lbbsft3  

and t is in cp, and 	is 	ft br 

4000 	+ 2( c - t 

Hero, D is in 	 q g the acceleration i due to 
. 	avity is in a 	'se02, tc is in gm/crn see and Pr, d°F are in 
go/cc, and t~ is in o ec4 



ILuid1zed beds are operated as batch or coati. 
z oua ey tOi s, In batch fluidized beds the particioc are 
oat of contact with each other,  and the particle positi t is 
doined on3y as a Amction of tine. flic batch fluidizer is 
a perfect  axis of bsckmi1ng and the properties at any 
point in e bed are aaiie. In a batch process the ooay drav;O 
back is that it cannot be used. f large scale operations  

1*3. 	 . 

Batch tjtiidizera can be adopted for continuous 
operttion by +ni b. 	dreg solid materiel from one end 
and diache ng from the other end vithproper control in 
its boll time or time of contacting.uidi d• bed big 
an offecthra solid mixer, the feed, a so@ as it enters the 
th4dizer, gets distributed. The cbnracterinttcs of the ilut-
diod bed ore essontiauy independent' of food conditton,► The 
food as soon as i.t enters the beds  iS instaMwmeoueiy ditri. 
buted in the bed. Hence thero is a possiblit of a portion 
of the feed coining out of the discharge immediately after  
ontcrin the bed, To a roid this short circuiting, residence 
time has to be increased, This is acbi+ved by increasing bed 
hen is or holding in fluid-solid contacting  sy toms. 



1hi a fLuidized back Is used It is neeeeery  
to compare its adwtage and disadvantage  of 'Which the most 
izpartant are: 

to 

 

Catalyst attrition. and entrainment of catalyst 
dust With The s stream! 
Reduction of aurago concentration of the raw. 
ting gases, boo se of i tormizing of the as 
over the height Of the bed, 
The possibility of gas passing in the form of  
lire bubbles, hicb leads to a decrease in the 

6ozee of conversion. 

,0 	In some cases the use of a fluidized bed leads 
to an .ncreasO in aseactions, especially 
in cage of homogeneous reactios. 

,.. 	The rapid iixing of Solid particles leads to  
uncven residence time of solids in the reactor, 
resulting In a product quality'Thieb IS not 

Fever the fo1lo1in g advantages Should be noted: 

0 The system meows for con tthuous automatic 
controlled operations with ease of solid handling 
for.  large scale operation. 



Sao rapid nthn g of solids gives nearly isv'her-
r 1 operating conditions in the bed leading to 
easy control, 

Large qu n ti ies of beat addition or removal can 
be done ±tb ease. 

,. 	,since mass and heat transfer rates bet teen gas 
td solids are bit, smaller equipments servo 
the purpose. 

,6 	Due to shorter time of contact, larger thermal 
gradients can be used without detriment effect 
on productOxlity 

- It bee no mfg part.  

The dIsadvantages of a ELuidizor can be partly 
eliminated. by various ?uet+ ds in doh residence tinio dIstri, 
bution of colds and Cases are 	1'owed tO give uni 'o product* 
This is cbievo4 in practice by 	 tista operation in ub .ch 
the fluidizer is divided into so m a ubich act aS individual 
units* 

Due to increased contact time in ultistago unit• 
either tith respect to gas or said or both, hier officien r 
im achieved in a transfer process or in a chemical reaction, 
Lultistage units are operated as batch =Its or c n nuou 
its, 



I.3 2 	ttstae ba 	a a: 

In these systems solids are handled in batcbos. 
The single state may be dovidad into I individual stages 
either fitted one over the other stage or, each stage is a 
separate unit and, kept on the same floor. In the first 
scheme solids are fed to each stage aeperatcly and die. 
charged s+ + ratoly. Same gas is allure to o from one 
to other staf., 8 Drawback is to feed solids aS batcbe to  
each stage at different heights, This d difficultyIs removed 
by using second sebeme however large floor area is required 
par unit solids handled.  

in batch systems high efficien6y of performance 
i.s obtained 	ith respect, to gas. Eut the quality of product 
is different in each stage. . Each stage being batch with 
roped to solid, large scale operations will be difticult  

as considerable time is lost in charging and discharging of 
solids, 

1 * , 3  

Continuous contacting  of solids can be aahie red 
by the following methods:. 

	

I) 	Simple nultiplo contact system (fig# 1.a) 

	

.i) 	ross-flow Cant sYs m (1g, I..b) 

	

(iii) 	continuous cater current system U g I.c) 
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In these units solids are eontzLnuously f . , 
at one end and product is taken out at the other end. 
in simple multiple contact system the solids are fed con 
ti,nuously to each stage, The product is similarly with. 
c` 	a continuously. usly. 	a as condition diffors substant 	.y 
± "om stage to stage bec so the same gas 'contacts the solids 
in d fferant staes 

Better product distribution can be aabisre6, 
by increasing residence time of solids as in cros f2o11 
syatom and c be` " .current Systems, 	the cross flot syL,. 
tong  the solids are fed at point A The solids fov from 
chsnber to chember and fineU3r got discharged at point B. 
s regards gas, it i.s fed sepora.tely to each chimer at 

point C and has only once through ontact, The requirement 
of lu d zing medium will be large due to its multiple entry, 
Due to nnitiple contacting of solids, the residence-  time 
distribution is more Form, This gives better solid pro-
duet gent . AS ' as the gas is concerned, due to single 
once through. contact, process has l+ or thermal and onVoz .. 

Sian efficixicy. 

The counter current multtstae system ohotln  
fig, I e is an improvement over the cross flo !` systemo, Hare 
tho Solids enter at the top at point A and move doe from 
rection to section through dcv , corner and finally loaves at 

bottom the/E. These units resemble distillation 0oiwnns, Due to 



its miltiplo eantactin the solids product is unite. 
die rosid+ co tine distribution Of solids has a definite 
ijirovement oversingle cta¢e unit. The gas rcquiremont 
for thiid.tzatiorn ore loss than in cross flo7 systems,, 

..s rives butter-  thermal d conversion a 'f cien y for 
the Gas. 

hence the use of zni4tistae counter current 
contacting unit is advisable where solids are free flowing. 
An understanding of the bcha our o " the multistage counter 
current system liko fluid velocity, Pressure drcp, slugng, 
robs r cnco tiro etc, 7 .l3. help in the caro.u. selection d 
ttso of the e uipment keeping in 	 +d its limitations,. 
like solid 8cn floe, 'lea principal S o alems are encorn. 
bored when at rats are made to 	tistage fluidtzed beds 
as, foUetss 

(a) Solid recirculation a 
Ed, 

J3urcting of bubbles, causes the solids tocntrei 
nod* Hor 	it can be decreased by increasing free board, 
but Vi h Matistace beds there is a limit to the amount of 
free board that can be allowed. 

(b) Distributor blockage % 

Fine coLtds entrained in the gas stream tay also 
c ivo trouble by depositing in the distributor of an adjacont 
st o. ibis to kuelly increases the pressure drop across the 

15 

distributor. 
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(a) interctaje soUd transfer: 

Le solids aro 	sforred from stage to stage 
us1ng downcomers. This technique posfios problems when a 
unit is started up. and such devices may pass gas upward rather 
t'ito solids dotnard,  

Lavison et a3. (6) hod chi a number of orrigo. 
ziants to prerent short circuitthg of air through the do n 
comor which enables the solids downflow. Rhombic type  of 
bafLlo ore installed on the lower ends of the d.t is m , 
Douncomora with sluff inlet beveled at a '° - 	` angle, 
do not require eny specialbaffle. Contactors with this 

-typo of downeomera operatos very satisfeetorily and ere 
stable under praetieaay any conditions of countercurrent 
adsorption 

t1iltistage fluidization for contacting gages 
and solids seems to have received fairly wjdo attention of 
the industry. A gl 	at the practicc of this technique 
shows that it can give better performance in oporattons like 
drying, a ption, beating and cooling of sods. Ch cal 
reactions, like calcin&&i 	roasting, reduction and the like 
onvolving c nplicated beat recovery systems. It can be 
b o ttor appreciated from a short summery provided 	 the follow.. 
ing pages of the recent uses of multistage gas.aolid wi fe. 
Ling technique, 



As has been mentioned  above multistage counter 
current fluidization technique seems to have been accepted 
ii industries. The prctice seems to be i t ahead of theory. 
Thera is very little information available reardthg design 
of r Atiatago fluidizors, especially  especinUy in 1zing the veer 
of stages, apparatus dimensions or predicting performance 
and energy requirements. The present practice seems to be 
a recourse to expensive  bench seals and pilot plant oxperi1. 
mentatiean to arrive at suitable equipment size and operating 
conditions for specific application 

Operation with a staged ao nter4current flor 
planimproves t e ontacthg conditions, eliminates  cha nel 
hroakthrouu of unreacted components and staent zones in 
the contactor, and 'increases the operating roability of the 
o t tem, The higb reabiity and efficiency of sectionelizod 
con ac tars show up clearly in severe  forms of adsorptive 
seperation sera the decisive factors becomes ooinpeto cline. 
ntiQnof channel bream -tau s of feed-Stock, Vbich lead to 
off speefinisb+ d product. This phenomenon Is not eliminated  
in shaft contactors but Is avoided completely 	adsorbers 
of the staged countercurrent type, ouixg to the repeated 
redistribution of streams of liquid food stocI during adsor. 
bent contact by means of the sectionalizing perforated trays, 
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The odvcntae  of aetionaliz d cot tors are especially 
important as tho capacity of adsorption unit is increased, 
since titb b1 through-puts it is difficult to obtain uni-
form distribution of fee4.stock and adsorbent and conditio 
rise that f scour the formation of sta cnt zones and the 

spontaneous appearance of channel formation Frith even the  
;light disruptions of hydrodynamic conditions that can hardly  
be avoided in prue ice. 

In operation like absorption, ainlo stage ccnti... 
nuous units have low efficiency though the product is of 
uniform quality. In any operation n total mass transfer is 
8iectly dependent on tic of contact,, Longer contact or 
ros denoe time in a 	e stag it .s Obtained, by deeper 
bode, But deepen bode have the inherent disadiantage of 
slugging. The wide Residence Time Distribution 'of a single 
bed gives a non..uniform solid product 	 s tnefticient for. 
the high *cc revs on of solids* The RID can be narrowed end 
coats iznrored. by multistage operations. Here each stage 
acts almost 	 e a theeritical stages The as and solids 
1euving each stage are nearby in oqu .librium, 

rultistage units provide a unique system Of band.. 
ling boat sensitive  'Materials by providing different operating 
conditions at different  stages. In practice multistage unite 
arc being used as prohoating reaction and cooling zones in 

material handling is avoided besides obtaining higher effi.» 
ci.encies 



lAidi zatio i .ids its Wide applications in 
Drying Procosaes* Uiidized boo drying has been applied  
not onlr to grcnnular materials but also to pastes#  suspen 
lions, solutions and molten materials. As a result many 
batch processes have boon replaced by continuous count or. 
current multistage processes thick are much faster and 
economic, 

Grp Dryer (7) s 

The drier contains throe sections. 1 To upper 

soettons are used for removing m stur( content and lo1:ep. 
section is used for cooling g grains. The closed rectangular 
chimer has following des 

cross section 	 2J z 1.2 in 
Reight 	 3-8 in 

Grid slope 	 P. to 30 
Grid' e ro=d, bole dia 	I)+ Ott 

Grid , area in beating zone 	3.12 m2  
Grid area In cooling zone. :2.6 in2  

T'sterial is doliveroi to first (top) chimer., 
it is graduauy dried and passes to second chamber and then 
to 'the cooling zone whence it is discharged tbroui a flop 
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sometimesmixors are used to ensure unif m 
f1uidizatioz 'and more through  drying of very wet or finely 
dcirided materials. 

Px'eoa x'  ior Cogent Rotary Kiln (8) (9) 1. 

To efficientlyrecover heat of the oziM gases 
from a Roomy Kiln for Cement clinker,  Russian Engineers  
employed oc t .curr beat exchange fresh cool solids 
>aith hot exit gases in a multistage fluldizod bed, The 
operating data for the unit are:. 

Pallet feed rats 
Superficial cas velocity  
Heat consumption 

7 ItAr- 2  
i see 
flOO  Kdel, I gao Clinker 

• Cross secti of the unit 	2. m. 
Ecight of the Unit 	M Q 

	

Drying air 	 silica gel bed (G): 

A f to stage f']utdized absorber of 1. M2  
cross section and 6*1 i height , was used to .reducethe m .s 
ture content  of aix' from , OpO919 Kg/Xg to O OO►I Kg/Kg, of 
air by Cox. 5illca gel beads of 3,2 to 4*8 mm ie were used. 

Recovery of cabin distil .dot 11) •t 

Itson described the first commercial process fs 
the recovery  of CS2 from ezbauatWes from a viscose plant 
using activated carbon in a multistage fluidized bed, The 
tower diameter was 11 *6 rt and the material depth on each stage 
uas5to8 cm. 



Activation of chercoal (12) 

Charcoal is activated by the gasification with 
steam and CO2  of wood in a two stage counto..cu2?cnt unit 
!2ltitejin(3 aives a more uni £orzn residence time disttbution 
for the solids and also helps recover heat for the endother* 
is gassificcttion reattLon by s000ndar7 combustion of CO and 
HP  product from the solids*  

calcination of limestone (13) s 

A five atago counterurrent flu4ization column 
is used for the cation of limestone. Large amount of 
heat In x000rEz'ed using five stages. The column diameter is 
If- m and height of thO cólui. is II* ra. This unit can bcdlo 
100 tons of limestone per day.  The reaction toes place is 

i0000a CaCO 	 COO + CO + 4.9 1'm010 

Ro4LzctiQn of 2Zon octdo 

A three stage count current unit was used to 
rodice irrn ozido by Alan Wood Steel Company in Consbobokrn. 
The rOztor vessel for tbo 50 toe/dey plant is about 14  in i.e. 
and 29m14i. 



Roughly II+ tons of h1 #"ado magnetite ore, 
0,051 r. 0,056 'moo of hydrogen an 6 0.25 ton of oirgen arc 
noodod to produco 1.. tonof iron by this process. 

Adoorpt ,on of Hydrocarbons ('NSF) 1 

Continuous imile.stage fluid char adsorption pro.. 
c-cor► for seporation and rccreX7 of gaseous conponent 7ae 
developed by Essig Laboratories.. Ie main unit, ' ich is simi-
lar to a bubble capdistiUation coiuz,has 20 bubble cap 
trs a i.rith boating and cooling coil* Varoua products d .. 
offs vith au43i.iary scrubbers and regenerators: Based on 
pilot plant data the above unit as found suitable for removal 
and concentrationof cox oflonta Me 0 & C from effluent 
gases in pot .:olewn and petzo.obemical plants& 

Pyrolysi Of Western Bitr ous coal. (1 5) : 

In order to prevent agLomeration of coal mutt. 
s tarp fluidid beds are used for te Pyrolysis of Coo. Cool 
i boated to successivelybier te2rpOraturea in different 
staC0S. Each, successive temperature is selected to be 
below the agglornating tempex'aturo of coal. A the volatile 
products are released at co to erature1  the agglomeration n 
toporature inaoases. The heated coal can than, be transferred 
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to a higher tamperatuze stage*  but again J ut bo1r the 
ac roe attCn towpez'atuDe in that stage* In this way the 
coal could progress througb the tenperaaro range of d vo 
iatiliation uitbout Qgg3orneratt.  
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, . uis tago - üutdittoa Process cnvolve fl+ 
of 1oltde from stage to stage* The nature of floe of solids 
from feed hopper into the system end flow throu, the da n. 
coi crs betuoon the stj.oa in essentiallyy slip.atick 11ev 
(crcvity ou) vbereas the io of ' ` .ds from the dtrtnoomer  
to the av eri o r Wes• across the tray Is a case of aerated , 
*.. ',► Thus It is .zuporterit to Iow the flow characteristics 

of solids before conducting the experiments on multistage 
it*idization units. The material used in the experiment 
inciuded crushed B 	Ceacite and Coal of different sizes 
and for all those matertal the following flow properties have 
been detertthied. 

Particle size i 

Grubbed material is wed in a sieve sbcor  
us zg 8.5 Weres ranging frea 20 to 460 mesh Haber, .Avo- 
rage opening diameter of the sieve through yb ob it passes 

cd the sieve, on Leh it is retained, is the diameter of the 
particle!. The intermediate sieves were 33 	and 0 moth 
number.  



Density: 

Density is determined by usual liquid displace. 
t method. The tio liquids LL a. water and cerbtea. 

chloride are used to ensure that the solid material is not 
3ntc~ porous,,, The weighed quantity of said material 
isfrxuc in a mewing cylinder into vtiich the liquid is 
opt before the solid material is poured. The liquid di 

placed gives the actual volume of solids. Thus weight of o.. 
lids dividing by its volume gives density, 

Vrr ..rl?rac 

Void fraction is de 	ed by knowing the 
vcLwne of bail and the volume of solids,, The difference of 
the Wa gives the void volumo. The void volume dividing 
by the volume of bed gives void fractic., 

The solid material ta first fifed in a cylinder  
and then the cylinder is lifted to a small height, The 
material into it starts cog out and makes a cone. The base 
angle of this cone Is the Angle of Repose, which may be calcu. 
laced by knowing the dimensions ot the dons. 



Material br. 

Table 2.1 thowe the various prop ties of the 
inctorie3.i used for .nea gaticm. 

'T'ab f ec i 

x20+ o.tom 204 0*43 800 

Caacite 	30 0+26 2,1+ Or 3)+7 

40+60 o.287 O32 17 

0+ 0. 2.17 0.26 ?2 

l 	.te 	.3OsI4.0 0+26 ,? 0. 34 

. 0.287 2.1? 0,30 142 

CO 	u20+0 1,6 055 5 
.3Ok0 O.1426 1.6 0. 231 
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C!_i_ 	E 

A tvo sage counter-current fiid.tzer bcwe been 
tube 

built of pz osp ,5Q rya LI)I each stage is 225 mm long, The 
turn stages are separated by Aluirdniirnim 'id, 3 rim thick 
(details are shown in fig.3.2). The (oiumn use g e ed-,  

by tie rods as shy in . sketch (figs 3 and 3.3) The Alu. 
.nic grid plates Vero drills, a th 1. 5 mac holes on a 
,,ar pitch to sot as sir distzibutor. The total oping 

provided for air £loi i about 8.9% of the total to:or cross.. 
roction. The grids Were covered with fine ccper mesh of  
100 size to ensure that the solids supported above the grid 
do not fall through or chock. the air holes In the distributc 
crid• 

Ea 	tray was provided wi a copper dorn coiner of 
10 im I.D. (12 mm 0.1).) and about 230 am long;. The d rcomerS 
fitted on gid plate by a nut arr gement For ' .o d 	uicU 
of Solids from the bottom most stage a copper downoom of 
same size was provided ui.th a gd arrangement to adjust the 
height of the overiio. 	For collection of solids from bottom 
a ntrzow long perspOx tube of 39 mm diameter was provided. 





{ 

} 

i 	 IOrrr 4v c D 	 f —t mm 

• 

'  rt7 

r. 

m r 	 — _ 1,5 m ~Ot10~ES 	 AL FOIL FLAP 

FIG. 3.2 DETAILS OF GRID PLATE 



AIR ,".T I ET

r 

` 	 F 

 

~  c 

 -jJ?C -k mm 
D` sf' X C'OLUMtN 

Zvi 	 . - r 1E Ro 

CC~r z wa 

r 	 r} 	 te  

Tt T12 

1 	' 	 d 
{ 	i 
f 	 a 

I 

A 

~  I k  +A 

E 	 1 

	

i

j 	, 

ETx€ii 

( 
So 	L'T I'~ 	1 

	i 	
ACT Car f 

- 	4^;;) YAE 	C;t .jv 	A. S 



i!ho solids fed to the top most stage by avity t o 
openings of different shoe, is was eebieved by utilizing 
i,ltso funnels of different throat openings as fe.ed hopperae. 

1i vas d awn from a o rO8SOr via a. c ge tnic 
and fed it to the cQlurI throug a calibrated Rot oto « 

cloth bag is pr aided in the exit air line to ensure that 
any fine solid entrained is coUected. 

Air is introduced in tbe.colwmithrougha packed 
cylindrical calming section 50 nmX D,, and L0u boiht, 
to ensure prep' distribution of air., ibe packing  used 'oro 
ra* i r n g of ? :m sizo 

The data 	óbtoined on the flat, rate of solids 
of different material end of different sizes for a gtv• 
•apparatus salt' g as a. function of air velocity. The solid. 
ttudied incuded crushed bau.xt to, calcite nd coal in the 
ai zos ranging . om 40460. 	f.fer t orittce openings ucod  
'd o b. 	c; Oar 	' i 	d 0* c 3 , 

Bcfaxe c dueting experiment the entire 
unit was tested for air leakages by soap solution. 

T 

Air d au. from the iiao cornprcsoris introduced at 
the -bottom of the column end air fl  o7 7 gates varied from z ro 
to 2,500 L,J*8. Solids are fed . at the top and the food rate 
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1: varied by changing  cbann funnels of different ctn discharge P°''3" 



Solids used Vere boixztto, calcite and coal of different  
meSh sizes, 

to 
The solids flo dO via the dot ne mar mVU10 

top stage and the 1LOI stopped as sot as the mate . . 
famed a cone bel r the bottom of dc?'ncomer. At this stage 
eir aw ras started and it was observed that the air floved 
through the 'ray free of solids cn< the 	corner of the 
stage bolo, To make the solids flow on the entire tray air 

,.olt as success vel started and stopped so that the solids 
bolo bolow the feeding diincomor started matn g cx ose..1triso. After' 
sowaffc It It taa usually observed that the tOp stage got 
loaded more and more as Ions as e gas fl oz continues. This 
happened due to the air by..passing the loaded ,rid and £LOing  
rou the dowrcorner of the sago bo1ot, thichOffOred baser  

r s :stance, WhOn the air firer is stopped the solids mo os 
fdm top to bottom stage by snail quantity untill the bottom 
of the douncomer got covered by the solids. The solids wore 
rado to flór sass the tago by xccessi'vo sir starting and 
stopping, in the operation when both the stags bad, maw . .z'-
is observed that the colum p rforrnaneo %1as rather erratic.  
Often it Is noticed that solids acwrnlate6. in one of the 
sages (usuaUy top stage or the solids got completely dap.. 
bated in one of the stages (usually bottom std)* An anlysia 
of this problem ,ire the clue that air had a tendency to 
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by-pace .tho cri8s loaded 'ith materiel and f1 via the 
douncomora, Another problem that can happen at bii valoc .- 
ioo of air is the non flow of food material through. the feed 

ft o1. L avoid these problomo, small weightlese Al toil 
flaaa wore ti3o and attached to the bottom of done€ a. 
¶iis it roved the column porformcnoo considerably as the 
flop tcnde8 to close the d ncouer opening 	never air lied 
sa tendoncj to by-past; the arid. Such sitsituation usually tea- 
red at the ,Mort, up ulion d0tnomer was. ez t o+solids The 
foil being tzeightloss offered p tial2y no resistance to 
colds donf1owo 	with flaps attached to The dn+ ads, 

the column .porfOrnenco was smooth over a ltxdtcd range, of 
caiv loci es The data gore taken on solid 110%' rate under 
oteady state conditions as the function. of gas flow rate i . ' 
the Cloth Oe of ceration.  

4. 



Data FODO takenfor •OUd flow rate at different 
air flow rate and are reported from table  4 1 to table 
I+.8* The three systems on Which the data were takon are 
Calcite Air*  Bate Air nnd Coal Air, The d& a. were 

tacx for a fixed ou* gamotry.. 



T 

sirs 

	

tern 	% C1c1te4ir 

Partic1e sizes 	+. 

Denotty 	* 2q24 /Ut 

P rrosity 	2 0.243 

	

r.ir r- :rw 	tmt 

1. 21240 1270 2487  0#383 
2210 112 786 0.600  

36 22O 133 1018 0,762 

24. 2300 1362 1180 0,9Z  
5.  1387 1320 0.92 

6.  1438 1,02  

I', got 18? 279 0.23 

2. 2050 1218 8242 0.692 

3 2*0 12 ,  11?a 0 

41, 2210 1312 1445 10100 

2250 1.335 1590 1.19 
6. 2300 1,362 1$0 1.235 
7 230 1387 1690 t,22  
81 2300 12410 1565 101' 
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Sato 	I 

Porticlo 8$zO: 

Dsity 	I 

Z'c aat'y 	S 

I. 1735 1030 *.79 ,t45 

2*  1825 1085 578 0.533 

1900 1128 3« 
 

1635 0*563 

000 1187 880 0 x' 	2 
5. 2050  1218 1030 
64 2*0 1270 1320 l ,O 

7. 2210 1312 890 0,678 

3 

. 1.  1735 1030 93 00896 
. 2.  1825 1085 1.360 1.253 

i00 1428 1380 1.225 
•4. 2000 1187 1730 1,I5. 
5.  2050 1218 900 1.56 
6.  2* 1270 2030 1.60 
7.  2180 1295 2170 1 678 
8, 2210 1312 2255 1,718  
9. 2250 1335 2160 1.633 

100 2300 1362 1790 1.315 



1 1735 1030 1670 1.6 

2 1825 108w 21? 2.0 
3 1900 iia8 2620 2.33 
44 2000 118? 276 Z33  

20 1218 2830 32 
6. 21+0 1270 2890 2.28 

7 2180 129. 2O 1.93 

3?  



Sy. ilk. Ass 	 Ca1citoAtz 

Particle iie * 0+6O 

Doity 4 2.+ lit 

Porn 	* 032 2. 

D0 i4,5rnrn  

Ci,i Oa, ilow rate(0) 	Solida frat* 	w /G 
No, 	 ° 

0 173 1030 286 0i28  

2 180 105 459 0#1+28 

3. 182 108 602 00 555 

1900 1128 701 0*61 

5 2000 1187 69 0#555 

D8 =6  

135 1030 381 0..37. 

2, 17 105 0# 

3 182 1085 665 0,613 

180 1099 70* o,68  
1900 5a 

 
1128 ? 0#688 

6. 2000 118? 245 0#628 
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30 .- 

D0  = 

1. 173 
L. 

' 1030 0,6O 
2 1780 10 6i 0*! 	2 
3. 1825 1085 0685 
;.. 185o 1099 780 0*710 
5, a 1' 	7► 1128 807 0. 15 
6. 2000 1187 763 0o 6Z 



Ttb1eJf .t 

Systen V 	Dwzito4iZ 

Particle size 	20+3O 
Dority 	A 2.17 km/11t 

Porosity 	: 0.26 

- 	 V 	 r 

D0 =6rnii 

I 
11 O 	I 	VV _ 	 a  

14 4 h 	,p.1t-  

1.  193 1149 296 0,6258  

2.  2000 1187 370 0,312 

1218 0.370 

2100 12)' 0,3 

54 2140 1270 514 
6. 2180 129 90 0*1+56 

.2210 1312 04,530 
oo 1a62 86 06 

2380 1410 980 0,69 
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1. 1900 1128 0,t02 

2! 193 1  3 0.62 

3* 2000 1187  696 0 8 

)+ r 20 1218 2` 0.612 

5. *4 0 1270 800 0.630 

6,, 8180 129 86 0.666  

2210 1312  

M 22,50 13 980  

9 2300 1362 1020 , ama  

lot 20 1387 050 068  
110  2380 0 865 Or6I 
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Moo.  

SyDtori 	I 	ttoAtr 

?itic10 sizes J0o 

217 It/11t 

0,640+ 

4J.rr 	 -• i r - 	- 	-i-- - 	• 	:i ---rrff-- -ffrt 

Do  4#5 mm 

i:. 1780 1035 '3? 
2. 1825 1085 944 0.870 

180 1099 1065 0.97 

• 1900 1128 1325 1075 

1935 1" *8 1'260 

6e 2000 1187 1633 1377 
2020 1197 12 1373 

8. 20 1218 1665 1.370 

aioo 1245 1810 1,455 

1o., 2*0 1270 1990 1.568 

11 2180 1295 1885 1.455 

12.. 2210 1312 1865 

- 
•- 	 - 

i 	 - - 	- 	 L11 au1L1. %L 	rr-r 

	

 

1?35 	1030 	90 	0,912 

2. 1825 	1085 	10+O 	0.958 

3. 1900 	1120 	1400 • 	1,24 
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P -6 mm 

2000 1187 1815 1.53 
5 202D 1197 2005 1.675 
6 2050  1218 21,70  1.782 
7. 2100 5 2330  , 873 
8. 2it0 1270 2270 1.788  
9 2210 1312 2660 2.03  

'boo 2300 1362 ► 1 *8 8 

.. 
D 

1* 1  1780 1055 4 0MB 
2, 1825 1085 1052 0.9..? 
If 1850 1099 1690 144 

4900 1128 11787  10! 	5 
• 1935 19 1885 1 	» 

6,  2000 1187 2270 1.915 
7,  ► 11..97 2330 1.95 

2050 1218 2525 2,075 
9.  2100 15 2630 2,11 
Io. 2140 12 2*14 
111 2210 1312 2780 2.12 
12. 2300 	 362 	2815 	2.065  
131 23.O 	1387 	2815 	24.03 
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sys tM 
	 auxito.Air 

Particle size 	.50+60 

Density 	2.17 ken/lit 
Porosity 	0.3 

Do = lf. mm 

1735 1030 173 0.168 
24, 1780. 1055 263 0,249 
34 1825 1085 311+. 0.289 

1850 1099 39.5 0.318 
j900 1128 377 0.335 

6, 1935 1, 1+9 338 0.294 
7. 200 1187 16 
sf , 2020 1197 562 01*470 
96 2050 1218 70+ 0,627 

10., 2100 690 0602 

D0 =6zm 

1735 1030 250 0.3 
2. 1780 1055 	- 0.506 
3. 1825 1085 61+0 0.590 
4.0 	1850 1099 720 0,655 
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56 1900 1128 82 Oo 	6 

6.  1935 1149 91 0-797 
7.  2000 1187 980 0.825 

8 20 } 1197 1010 0* 

9.  2050 1218 1030 + *845 

10.  2100 1245 9+0 0.765 

M+i 	LET" 

1. 1735 1030 292 0*283 

20 1780 1055 5 0#52' 

3,. 1825 1085 668 0.616 

1850 a. 

 

1099 76,E . 0.695 

5. 1900 1128 1000 0.887 

6,. 1935 i1)+9 1120 0.97 

7.  2000 1187 866 0.730  

8.  2020 1197 1 	2 0.955 

9.  .20.50 1218 1162 0.955 
10.  2100 1 	5 111+2 0.917 



Tabl&jfr7. 
System I Goal.-Air 
Particle size: 20+30 

• Density 	1 1.6 Kgzn'lit 
• Poz'àsity s'  

,r- 

$1.0 Gas flow rate(G ) 0 Solids flow rate, W /0 
'0. / T.1 tlhi, - 	m/M2_O W, Kr.  b hz. 

I • 1900 1128 29,9 0,0,02655 
2, 1935 111.9 38.9 0.0339  

2000 1187 73.9 0.0622  
2020 1197 131.8 0.110 

54 2050 1218 i8.a 001555  
2100 121+5 18902 00520  

7, 2140 1270 2 0.1762 
a. .2180 1295 263 0.203 

2210 1312 311 0.237 
10.  2250 1335 292.5 0.219 
11.  .2300 1362 31.2 0.251 
12.  2380 - 	3f 	- 0.256 
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Do =7 mm 

1.  1900 1128 33J 0.0297 

2.  193 1149 56 0.088 

3.  2000 11.87 97 0#0817 

t. P-:0 119 126 0,102 

2050 1218 162 0#133 
6.  2100 i.7 04.1402 

7. ` 2140 1270 197.5 0,155 
8..: ai8o i29' 316  3#244 

. ' 2210 1312 29,E 0.223 

1O. 3M 1362 Z. 0*.29 

11,' 280 1 10 :)+ O.305 



system I 	C* 1.. 	Z' 

Particle size s 	•..30,E 
Density I • 	.6 	n/ it' 
Porosity * 	061+5 

Sl. Oat flow 	(G _ o14: flow rate 

1. 1735 ¶030 50.2 007 
2.. 1780 1055 1 0.14► 
3. 1825 108 33Q 0 3t 

i80 4* s 1099. 392J 0,35 

✓  1900  lip-$ 0042 
6.  193 1* 7 00670 
7.  2000 11? 923 O779 

8.  2020 119? 880 0.810 

9.  
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Do 

1.  .1735 1030 .29 0 285 

2.  1 	O 105 )+ 1 0.390 

3.  1825 108 0 

4+  4850 1099 5'34 0.f68 

5. 1900 1128 587 04521 

6, 1935 1149 659 045 

7. 2000 1187 710 0,598 

8 2O 1197 67 0.5 7 

1.  
a 

1735 1034 486 .?2 ? , 
2.  1780 1055 528 0.500 

30 1825 1085 636 0* 	6 
1850 1099 711 0.«" 

5.  
F  

1900 1128 755 0.670 
t 

6.  1935 111+9 803 0.700 

7.  2000 1167 1030 0,869  
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t~I a • P.ARTIC 	C 	1 	3 
1) G. 

NRep  s= •• ..~ 	.. 	
Il 	0.018 cops 

1.  1030 10.3 6.7 2.72 
2.  1055 i0. 6.91 2.80 
39 1085 10.83 7.10 8 

• 1099 10,99 7.2 2.91 
*128 11,3. 7*4 2.965 

6. 119 1i .f M3 3.~ 
7, 1187 1i.8 7.78  
8. 1197 12.0 7.S .1? 
9.. 1218 12.12 #96 3..22 

1c3#; 1245 12,iO 8.1? 3.0 
11. 127) 1240 8,32 3.36  
12.. i2 12.92 8.1i7 3,2 
130 • 1312 13.10 8.58 3,14.7 
1)+*. 133 13.32 8.75 3J3 
15;x, 1362 13.60 8.. 3.61 
16. 138? 13#9 9.1 3.67 
170 1 	i 1W *08 5 3 
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Graphs were plotted with solid mass flow rate 
based •an empty tower erassec on (W. Kgm/M br) vs. 
mass flow rate of air also based on empty tow cro s.1 

section. These are shoown for different materials and per 
tide sizes in figures )+*1 to .8. As can be seen from 
fig 1w,1 for Calcite of ..20+30 mash size (D 	M o.th8 mmn) 
the solids flow rate increases with gas flow rate for a 
given throat opening of a del upto a certain peak value 
after Which increase in gas rate ha.s lead to a decrease in 
solid rate* 

Looking at fig, 4 2 for Calcite of .3O4IO mesh 
size snd funnel A(D. . mm) 	a carrcponding to a 
D0 p=iO 55 the solids flow initiated at a certain gas 
velocity 'hose value is nearly i,O3xiO3'' kgm/um.br below 
this gas velocity the flow of gas was .fficient to mane 
the particle away from the dow ^acomer bottom which Would have 
allowed more fresh solids to enter*: Thus it Vill be obser. 
ved that a certain mininsm velocity of air is essential to 
start the flow of solids, An increase in gas rate is accom. 
panted by an Increase in solid flow, upto a certain pmt.* 
This is expected because at btgber velocities the particle 
movement becomes more . ° ous leading to clearing of area 
around the dowmoomer bottom. This increase the possibility 
of fresh solids being loaded into the column,*  As the gas 
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' force 
velocity to increased a ne i/ which will slowly bocomee more 
predomin t is the upward thrust of gas to entrain the 
particles on one band and to close the •ffSP belay the dJfl. 
covert 'mss a combination of these two lead to a reduction 
in the chances of scalds to leave a stage and enter the do 1n 

comer via the overflow weir, Thus solids rate start decreasing 
after the peak value and large increase in gas velocity beyond 
this point resulting heavy intrainment and fluctuate column 
performance, Because of theso reasons much data could not be 
tat taten on the flow of solids at high gas velocities apron,. 
ching the terminal velocity,  

In graph )#,2 I . can also be seen that whenn throat 

diameteris increased (iinnel B, D0  mm) the flow of solids 
initiated „ around the same velocity of gas as was observed in 
else. of funnel A. But increase in gas velocity for funnel B, 
higher solids floe rate than for Annel k at the same air 
rate* This only means that the ease of flow of solids thz'ou. ► 

an orifice Increases With increase in cifice diameter for 
the same particle diameter, a :fit Bch is well eotabltahed, 
in case of gravity flow of bulk soll4s. The same trend is 
observed for fturnol C (D0=7n n) having a still larger throat 

diameter. Smear trcxids are observed for Calcite of size 
.20+30 fig. f,1, $b+6O fig. 4#3. 



It would be observed that an increase in pare. 
tide size for the same material and same throat opening 
usuafl3r leads to lowing in solid flow rate for a given 
gas rate,, This is due to a decrease in the value of D/ D. 

S m argraphs Of Solids flow rate versus gas 
flow rate were plotted for crushed bauxite in the size 
ranges x.20+30, .30440 g -50460for the three funnels A0B,C 
as stn in figs }+.)+, 4.5, )+,6. Identical plots for coal 
are shown 	 fig. 1+.7 and fig. 4.8. The general trend of 
solid: flow as a function of gas rate vii]. be s mmeri zod as 
follows: 

0" 	Smooth solid flow rate for a given condition  
at a certain air velocity Vboso value is 
hi gher than the corrosponding mininwm fluidize. 
tion velocity,. 

For a given throat opening and p 	e Size$  
solids flow rate increases with increase in gas 
rate upto a certain peak value  after which it 
starts decreasing, 

At h±h gas velocity beyond the peak solid rate 
the colt  operation hacnes orratia with large 
entrainment of .solids*, 



1 o r a given particle size and gas flw rate of  
a mhteriai the s lids f1ov rate increases with 
Increase in throat diameter. Similarly$  it may 
be noted that for a given throat diameter and. 
gas rate this Solid flow rate decrease$ vith 
increase inp4 idde diameter. 

that for 	 ven apparatus setting 
partilo size,, throat diameter, solid iow rate 
seems to thcx*ease Vith increase th particle 
density for aven eas rate, Howevor, this 
needs more cUaborate Stud3r before drawing cer 
tai conclusion*  

To evaluate a functional relation betbetween G , and 
do, graphs Were plotted with different material, particle 
sizes, bctiieen particle  a olds. number in z 	(DG /4) 

versus the solids loading ratio 9 Bch is en as anon in 
age  »,9 to 4.11 on logy ,og graph papers, 

looking at fig. 4 for Calcite it will be obser" 
ved that in the zone of smooth flow of solids upto the peak 
value the value of R (W// f ) increases almost linearly with 
increase in particle Reynolds number for a given particle  size 
and throat opening. Identical lines ro obtained for d fe 
rent throat openings. It was observed for most of materials 
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that R is a € trong function of NBGp  with an average slope 
of 9,9  for 311 the materials and all diel under study.. 
The results of these graphs may be summarised as under: 

-, 
 

The exact value of R fox a given N Rep  is 
son sonr dependent upon .. 
(1) particle size and 

(ii) the throat diameter to particle diameter ratio*. 

The exact nature of this dependence could be dateer 
tined: as extensive data is required. However, it the nature 
of material, particle size and throat opening is knoVn the 
value of N can be corelaod by a general equator shown below,,, 

OS(W /o) = 9.9 log NR  + 

the value of constant 0 being dependent upon the 
bad. geometry, D, Do  and 	is calculated. and shown In the 
following table. 

 SII!!Rw ..r,... 	. _ 	IAA...*  

.6)48 	O.0 1 Z6 o,io8 

,0 02 . o.oi 1`5 -Oa I7O 
0.287 .00188 0.1)42 .. 

Note: The valuo of constant 0 seems to be independent of 
throat diameter `br a given particle size and material. 



C ti A P ♦ E R irir~.r ~u~r~.r~r+i.+rr ire 

C~UtS 	OIID1ti4 

' to c 	i1 t3. studies on multistage counter.. 
cui ent #' .0 .r sction tmit indicator that the solid f1ot is 
strongly dependent upon the caa fUrd z'ato, the fIod proper, 
tie of adlids, the foedinmocimni sm and the apparatus  
,Ceootry. As can by aecc from the granba relating to solid 
£1 J VS, i as fIOtT rat # the smooth mono of solids  , in 
licited to a narror zone and the Initiation of said flov  
t kos placo c t a can vo1ocit SIirt1y higher than miniimiin  
i2uidinatioz3 voioci.t At vrr nth Ms velocities ben 
the t ' xtiont of solid be onias slowly pradominent the cd1wM 
bc1viour is usual vatic.. Thus the deerbas to x e c- 
Warily choose gas velocity  in this narroizone hors smooth 
cola perforoønce can be acc 

Tho column operation pax'ticu3.wly at start up 
8 . rather tric1y. In loge scald industrial units this can 

ho a major problem unless some care is tOkc b wed on limit. 
teaerl=ts that have been Bond c it can be safely 
iyr odic ted that the irate of solid fio1 in smooth zone o  opera. 
t.oi for a jiven mats . : end system geometry y .s strong Amc-. 
tic . of particle Reynolds number. Roezer, to predict to 



flow rate focoy material and eny .cc.uiaits geometry largo 
scale experimentation i& neesary, 

The results of present inestLgati an eragrey 
much encouraging and suggests the need of more worI.. 



Apps • 

R 	c BRA1YII4  s 

1L 	 IWA 

1  16  

1250 1710 
.500 1735 

1750  1 
2000 1825. 
2250 1850 

20 1900  

2750  1935 
3000 2000 

3256 2020.   
3500 2050 

3750  2100 
woo 211+0 
1+250  2180 
1+5 2210 
) 750 2250 

5000 2300  
5250  

5500 2380 
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