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oscura only in lot/or caw W4 100 1.0. 100 16 and 200  

for tho material° atudicd* in 30 and 460  conoo pot 

clo coins to otmllom to tho ono obocrvcd in opoutcd 

bcdo* Mn ovortoporod v0000lo of oono cacao° aroatcr 

then <160  and upto 120° minim of mild° lo confined to 

tho central rmst of tho bcd only with thick particle 

lay= remain/WI ototionory at tho vormol wall* 
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INTRO _CTION  

1.1 INiaoCUCTION TO FLUIDIZATION PHENOMENON: 

Fluidization is the operation by which fine 
solids are transfoxmed into a fluid like state through 
contact with fluid stream. 

When fluid is passed upward in a bed of closely 
sized granular solids. a pressure gradient is required 
to overcome friction. In order to increase the rate of 
flow, a greater pressure gradient i.s required. At low 
flow rates, fluid merely percolates through the void 
sp aces between stationary particles. 	with increase 
in flow rate, particles move apart and a few are seen to 
vibrate and move about in restricted region. Thi s  is 
f expanded bed'. At still higher velocities, a point is 
reached when the particles are all just suspended in the 
upward flowing stream. At this point the frictional force 
between a particle and fluid counter-balances the weight 

of the particle, the verticle component of the compressive 
force between adjacent particles di swap ears and the pressure 
drop through any section of the bed about equals the weight,  
of the bed in that section.' The motion of the solids is 
created at superfecial velocities far below the terminal 
free settling velocities of the solid particles and consti-
tutes the beginning of the fluidization. This is point of 
*incipient or minimum. fluidization'. The process is approxi-
mately equivalent to the inverse of hindered settling. 



The precise behaviour of a mass of fluidized 
solids depends on the particle size and the nature of 
the fluid. When the fluid i s liquid, fluidLzation be9inl 

as a gentle rocking or oscillation of the solid particle: 
In the fully fluidized bed, the particles move in random 
directions through all parts of the liquid. There are 

strong transient currents in the bed lAd.th many particles 
travelling temporarily in the sane direction*  but in 
general particles move as individuals. Gross flow 
instabilities are danped and remain small and large 

scale bubbling or heterogenity is not observed under 
normal world.ng condilions. V.th further increase in the 
liquid rate a smooth progressive expansion of the bed 
results until each particle behaves as an individual and 
is unhindered as a freely settling body by the action of 
any other solid particle. This entire process  is knoven 
as 'particulate fluidization°  

When the fluid is a gas, the action in the bed is 1. 

what different and is strongly in 	by the partici( 

size. Under conditions for good fluidization ( vith part 
cies of the proper size and density ) some of the gas 
travels through the bed between individual particles, 
but much of it travels through in "bubbles' or 'pockets' 
containing almost no solids. At the bed surface the 
bubbles break, tsplashi.ngs individual particles or 



5 

T
A

P
E

R
E

D
 V

E
S

S
E

L
 _ _ 	_ 



streamers into the space above. In the bed itself 
the particles move in distinct aggregates which are 

lifted by the bubbles or which move aside to let the• 

bubbles past. A fluidiz.ing action of this kind is 
known as l aggregative fluidization'. 

When particles are fluidized in a tall narrow 
vessel a phenomenon known as 'slugging' may occur. Bubbles 

of gas tend to coalesze and grow as they iise through the 
fluidized bed. The rate of growth depends on the size 
and density of the particles; it is rapid when the para.- 

cies are large and heavy, slow when they are small and 
light,. If a vessel that is small in diameter contains 

a deep bed of solids, the bubbles may grow until they fill 
the entire cross.-section of the vessel. Successive bubbles 

then travel up the vessel, separated by the slugs of the 
solid particles. Operation is erratic and unstable% 

A typical variation of_pressure_ drop Aith stAp_er- 

fee, al velocity is shown in Fig. I where the logarithm 

Of the pressure drop is plotted against the logarithrt of 
fluid velocity. The straight line from A  to B represents 
the variation of the pressure drop through the bed with 
fluid velocity during the period of fixed bed operation 

when no motion of the particles occurs. Fluid merely 
percolates through the void spaces between stationary 

particles and the pressure drop is given by Kozeny.-carman 



equatl.on& Eventually the pressure dr a equals the 
force of gravity on the particles (Point D ). Bed 
has become unstable now and a minor movement and rev. 
adjustment of the particles in the bed begin to take 
place to offer the maximum crossi-sectional area for 
flow. Bed expands slightly with the grains still in 
contact& The change in the structure of the bed pro*. 
duces a deviation from the simple relationship between 
the pressure drop and the velocity shovo in the section 
A to B. Instability of the bed continues as the velocity 
is increased*  unt&l at point C the loosest arrangenent 
of particles in contact is established: lath any furttar 
increase in the velocity of flow some of the particles in 
the bed are no longer in permanent contact with one another 
and becomes coati nuou sly agit at ed. Tht s point 	i s 
knovn as the point of incipient fluidization. At this 

point of fluidization the bed begisnar to expand with 
increasing fluid velocity thus more ald more particles 
loosing contact with others. At point ID' fluidLzation 

is complete and all the particles are in motion. From 

point te" to 16* there is sudden though slight fall in 
the pressure drop due to unlocking of particles viAlth 
each other. Further increase in fluid velocity beyond 
the point 'D' are attained by relativeiy slight increase 
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gas stream. This severe solids mixing is responsible for 

increased heat and mass transfer rates between the two 

phases Jae. solids and the fluid stream due to increased 

bed turbulence but at the sane time create solids back 0. 

mixing in the same direction. Both increased bed turbulence 

and solids backmiXing may not be desirable in some cases 

for example in case when solids are under use as catalysti 

this extreme bed turbulence may result in a continuous 
attrition of solids and thus loss of catalyst as fines 
which All be carzied out of the bed along with rising 

gas stream. In case of continuous processing of solids, 

where it is desirous that each solid particle should 

spend the sane length of time in the bed as any other i.e. 

solids should move along 1,ifith rising fluid stream in a 

piston like manner. Back mixing of solids in the bed All 

make that some solid particles will be grossly over*reacted 

whilest others may well pass through unreacted, In such 

cases it is advantageous to have reduced degree of mixtng 

of solids in longituanal direction but still retaining 

all the other desirable properties of the fluidization, 

The back mi Xing of solids, as created by severe 

solids mixing rate is supposed to be reduced if fluidLzau. 

ti on is either oarzied out in long narrow be vith high 

LID ratios or inimultistagesi. It has been observed that 



if fluidization is caraed out in deep beds with IA h 

LID ratios it is cpite nonouniforn. Since in such 

beds pressure drop is quite satisfactory and being a 

compressible fluid gas goes on expanding as it passes 
through the bed thus there is. a consequent rise in its 
velocity. When the upper portion of the bed is made to 

fluidize satisfactorily it has been found that lower 
portion of the bed is not fluldized at all while when 
the gas velocity at the base or distrIbutor corresponds 

to the Umf value i.e. bottom is made to fluidtze satis 

factortly the upper part of the bed is slugging badly. 

This is specially serious for uniformly sized large and 

dense solid particles where it is difficult to fludize the 

bed at all. 

If fluidization is carried out in tapered/conical 

vessels with such a taper that superfecial gas velocity 
is more Or less constant around Umf- value. as--the-gas—xi.seS- 

up through the.  bed, the whole bed can be fluidized uniformly 
through out its 	ght. This is only true for deep bed of 

dense material or w th uniformly sized coarse/dense mateztals. 
solids mixing rate witch was severe in cylindrical beds is 

reduced much in such vessels. still retaining other desirable 
important properties of the fluidized bed. This may also 
possible because of the major portion of the gas which flows 
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erica 	 eskledthat i  in Conical via s 
the point of incipient fluidisation is not as clear cut 
as in cylindrical vessels* furthers a$ the upward flow 
Of fluid through tit* fixed bed of perttates in a conical 
ve sal is increased fzm **To. a compacting effect t* 
noted* ft  effect is seen well below the point of insig-
pi lent flui di Stott  oni The **Lanett on app *ere to be that 
the partt clear near the bottom of the bed aim experience 
a  substantisl upward drag for**. duo to stigativelY lava* 
velocity of the fltdod near the bottom of the blitiat Th. 
UP ward dreci fora* aen be larger than the force of gravity 
n, the particles* At the sane lame. the **fealty near 

the top of the bed Le 	relatively 	so the 
fora* of Witty On particle* near the top of the bed 
la I arger than the upward drag force exerted on the by 
the fluid*  The resultant force 00 the pert/ ea near 

botim is upward and the re ant force on 
P esti ales near the topf  is devourer& The bed he ght 
reaches a ettnimum yaw* due to this compaction off.** 
sOd a miniesura observed porosity is thus realized* 
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If deep beds aro employed in oyl.icxdriool'gloss°i 

la the pressure drop betwcon bottom and top of the bed0 

vhioh la needed for the aao flow to occur through the 

Peaked bed and to over coma the resistance offcred b 

the solids in the passages] and thus fluidise the bed0 

becomes satisfactory* Tho gas velocity lacrosse 

considerably due to the gas expansion as gas pestles 

through the bed from bottom to top* This means that 

t the gas velocity is only mode aufficiant to give 

normal fluidising conditions in the upper regions of 

he bed0 the hose of the bed 11111 be completely staple 

If the gas velocity it) increased until fluidlsotion 

oecurs immediately above the support Plata at the bottom 

of the body then the be is violantl agitated of the 

top end transport of bed materiel may occur* 

riginally auageated b 	0 orditWUkatill 

(1053) 	for liquid fluldsad bode p  that a possible 

solution to the Problem of smooth operation of deep 

beds trould be to increase the bed cross 4• sectional 

area upuardly through the bad so that increase in go0 

volume could be occomedatod $ a* to construct u tam favoring 
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The first 

zmly evpanded bed  
no can be achieved* 

bed to be constructed and operated was 
that of LeVey et, al (19410) who were investigating 
the posat 	es of a fluidized bed reactor for the 
conversion of Urtinium Oliide to Ursplus kloux1,4* by 
fluidisation %lath Hydro gort El our% do gas mixed with 
Why Nitrogen WS a diluent. to moderate the :reaction and 
carry away the heat* Spheriodally shaped UO3  particles 
in ooze ran o. 29.•40 meth were fluidized in ,moo dab 51' 

cylindrical tubes and for bird heights above two feet 
rividirstiOn was highly nonewuniform tath violent bed 

ruptions and ineffitrient contacting of the autd• 
diastion was obserVed to begin at the upper surface 

of the bed ars d p xoaa adad downward though th• bed as 

the,inlet gas velocity was raised rand when to gas 
velOolty was soffi cant to fluidise the bad aplotely 
the upper portion of the bed was %tugging* 	co the 
super feet al gas vet ty inc-reiette as n ai derebly- a on g 
the bed owing to the expansion of the gas ( the Pre 
drop being applxiximately 1.15 psi/ft ) the bobble volume 

incases** stoadtly as 	the bed* and thus deeper the 
bed and hi One* the perticke density or daft 	greater 
is the tendency of the bed to slug* lied eat an on was 
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quite high and a much higher velocity is required to 

fluidize the whole bed, than for a shallow bed. 

To compensate for the gas expansion thus to 
have constant superfecial gas velocity along the bed, 
they Employed a suitably tapered tube. The angle of 
taper for the ideally fluidized bed was as calculated 
out, for coni cal vessel s: 

tanI4  ( ao ew2eb  (2) 
• 

Here ao  is the distance normal to the longitw-

dinal axis of the coltran between tapered slates. e i3  
bulk density of the bed and pb  is pressure at the inlet 

to the bed. 

In such beds it was noted that pressure drop-
flOw rate curves are like those ordinaday encountered 
in fluidized beds, a linear portion before the bed is 
fluidized and thereafter a hozizontal linear portion. 
Thus quite unifom fluidization was seen taking place. 
An the properties normally associated lAith the fluidized 
state, such as flow ability of the bed and good heat 
and mass transfer were retained. and the bed e)pansion 
was reduCed, gas bobble formation was largely supperessed 
and most important of all the amount of mi'xing between 
the upper and lower regions of the bed was reduced by 
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atleast an orderof maglitude. It was noted that at 
veloci ti es substanti ally above the minimum, bubbles 
do appear but they do not coalesce and in many cases 
disappear before reaching the upp er surface.- 

Acoordin g to Romero an d Johanson (1962) t he 
reduced rate of mixing of solids is caused by operat-
ing ire*,..e.eig close to the minumum fluidizing velocity. 

Sutherland (19 61) 4  carried out mixing rate 

experiments using a tapered bed of copper shot, sized 
between 3)-52 Mesh. Nickel spheres of the sane size 

and density acted as a tracer material which were added 
( about 1% of the bed weight ) from the top while the 
bed was under just fluidizztion state and then increasing 
the gas velocity to the desired values.. Qualitatively,  
the curves of Nickel concentration against time for 
various probe locations showed that vertical solid 
mixing rate was greatly reduced in the tapered beds. 
It was also showl. that this effect is found only •ath 
deep beds of dense material s and only at flour rates less 
than 3/54 above the MEV and to bed heights greater than 

2 feet Sutherland al so observed, like levey et. ail  
that particle movements and bubbling in untapered beds 
began at the top of the bed as the air rate was increased 
and that by the time particle movements was observed at 



the busy the top was 4uggin9 	enttlY• Zn tePored 
beds he obsorVed that the fluidisation at lOwer vat** 
clitios was more own with bubble 	peaxing in the 
lever es well as In the upper part of the .bedpi once 
the flow rate reached le2 • 1.3 times of Ural, bowevar. 
the iisole bed began to *tug aisd to appear very similar 
to the correspondin nonAsp awed bed** In contrast to 
cylindrical hots. a more precise value of Umf was obtained 
for tapered beds. Thus stain effect of tapering would 
appear to be the stabilizing of the just fluidised state 
thrOugh out the depth of the bed* 

Lotto' work of •seatheitland cod klowe (1964) was 
directed at eiucidating the mixing mechanierati A bed of 
capper shot* was ovortaid td.th a Makal shot layer and 
fluidized for varying peziods• It was concluded that 
with out bubbles in the bed thexii was no mixing and the 
rang* of flow rate" in which the bad was fluidised but 
hubbies were-  absent was yew narzewi only tri this rang* 
could this hod be operated as a continuous ptUg flow 
reactor 

Litiman (1964 also compered the solido mixing 
rates for dense particles ( 0140 44200 mesh copper ) in 
straight and tapered fluidized beds of rectangular cros 
Seetione Gee "sled tie* upto 31.0% -Above the MEV and bed 



height to 	ieter ratios of 8and 3,6 to I, were 
eaFtleyed• Aciairk it was not that at as veliciti as 
ol Os* to Mrif **L el solids sei Itin rot 41r,; 	0 44.d.te stow. 

202 I4C4Zzwz hAni ON OF Wiholi.):51 

ke as.soUd ;wet cra „ here al so the point of 
incipient fluidlsation is not as 'gear cut .as in cylind, 
•dritel vessels as noted by Farkas (3973)14*  it is also 
noted the point at which pressure drop reaches to 
ineximum value, just before the shezp decrease is rep row,  

du KIN and *0 it is *elected artit razily at the point 
*tin 4 Oat CLui di z ati on. 

Vszious correlati s fps: the determination of 
the point of incipient nuidiratiOn in t ap *red vessel* 
have been psoposecto  The first is due to Jelooperin ake 
stia (1960)8  4th basic assueption that bed 411 start to 
eipand at the flow retie et vihich the velocity at the top 
ot the bed based on empty crossosection reaches the value 
'of incipient fluidisation velocity characteristic* of the 
perti, cum% er pzticle 444 syst ett in cylin &Vt. Cal vessels, 
The ease eastseption is quOted by Gorehtein end Mukhl cnov 
(1964/5. easkekov and Gal, p 	(1965)16  &Gamed that the 
bed begirt* t ge,pand et the moment when the red stance 
to the flow hilearses *Wei to the nert weight of the parti•• 
ale* in the Container vAieh is 
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}4o8 boing th pa tti os wet ght e2S pazti clo 
don 	in the bed*  end they gave tho correlationo  

stn ,12 	 )u 

va1uee oft CI  and qz  tiro again as gi V en by 
litroart 06954 8.0 et. CI  0 15) spi d 	ct  1,75 and A and B 

aro aa 	 c 

It ahould bo nOtctii that 4340Untp ti Oil Oit 8-ao-Kakev 
ic quit o ageozent fsitta that of Gal sr) oxi n ot* a180 exccpt 
in• caoo of •cylindzi 	VoOsela* Roccnt ozpoAracntal study 

madobyFaxItziO (i973) 	ban shown the 1itoZ ae ettrrocto 
Equation Cie Dookakov aroady givcn can bo usod to got 
inCipient Eta •di zatifli votooity font maxiralsa- ovorlmontal 
11000oure itz4i Value if 40prop4ato value° Of Coat ants 

c2  and aro uood* 

Tho bohaviaur Of bode cemp000d of peril ales of mixod 
axe haa boon investigated in cylindsi cal bodo by mcCuno 
*Id V43heiin(049)/9* They oboorted that tho anflor 



4 C2  aro tho p.xoposed valu es 

cAlch cl 
	

tcco of` tho Lod bQd cnd 
tho fu lta Mlacitys 

( 

and PiSta oro tho htight and tulk dcrilAty of tho 
stationary bod rocpo3tivoty en d w La cup art cciiL fluid 
velpeLt 	tho b116ft 

An anothor thecOrotiCia& °watt an .00 dorivod by 
Gol.pogln o 	I (1900)t a9an valid for  iivathar flow L 
for fixod bod p rectsuvo drape, 

tPZ K LA) ( Eyb • 1 ) 2 tan ct/a 	( 7) 

Th0coocnt Afr  0 00 gi ven 
C m/2 Etp 13 
	

( 8)  

Th valuo of codotant C  was not 	al by thn 
autboroo Dookokov 4o4 L4a1 op on (1969) przfacntod tho 

°Ian oquations 

ak -ta-CIA 	u 

ika Goof it 4 crt 
01? argon to.e3 ci  IS) and C2  1,4,751, cDvanti A and B 
-hay° a roc. tidy been describod, 

Actually 	wmptLon for un&fo  to di stri buti on 
of goo 10 ear frogs itulaued in practice* Per this puzposo 
thay p  



D/Do. tan cc/2) 	 (10) 

—true for a single gas solid system, for example 

for sand-air system the correlation is as given: 

D 2.115 
=  Ept 	2• 53 ( 15 ) 	(tan c(12)14.19 	ill) 

Here. ranges -of 44 and D/130  are 104016°  and (1 - 30 ) 
to 6.77 resp ecti vely. 

In usual practice the ratio ( An/4) ) expt  value is 

lower than theoretical one due to non...uniform distribution 
of gas which led to the fluidization of a more or less narrow 

column of material before the mean velOcity at the exlt 
cross..section reaches the critical value 	i.e. at 

smaller hydrodynaaic resistances of the fluidized bed. 

The recent eveximeiltal studies made by Farkas 

(1973)14  has revealed that conical or tapered vessel data 

can be correlated by equation of Baskakov if new values 

of coeffi-clents-Ci- and C2. *ter& substituted for the cylin-

dzi cal vessel co effi ent*.. even where the apex angle is 

small. They substituted axial distance Z for radial dis-
tance andd D for Dr. thus introducing a particle 

shape factor. Constant C1  and C2  are strongly dependent 
on the geometry of the bed (conical, half conical or 

two-dimentional ),may be due to that the flow distribution 
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in the packed bed is certainly influenced by the bed 

fo and is most probably not the same as in cylindrical 

beds. As pointed out by Farkas the pr. drop as to be 
used above is LPf, frictional losses in the bed and is 
given by the relation., 

4)Gross 	tatic 

i. e. substracting from the Gross value the 'static head 

value' for the bed. This fact can be verified from 

Bernoulli's equ ati on. 

2.4 BED EXPANstoN IN TAPERED BEDS! 

Kolar (1963)17 studied expansion of solids particles 

fluidized lAith liquid in 10,Z..) and 30°  conical beds. He 

correlated average bed porosity v.ith the expressions, 

1.037  (U/V°.234  for 10°  cone and 	(12) 

= 1.07 (v/v0.182 for 2po cone • 	(13) 

In these equations, -p„roperti es_of par. 	es are 
accounted only through terminal velocity V. 

chardson an d Zak i (1954)18  has suggest ed that 

more general correlating equation for expansion of liquid 

fluidized beds in conical/tapered vessel would bet 

(14) 

Here exponent x is expected to depend on particle propezti es. 
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E)4pansion studies by Farkas (1973)14 have  

verified the above equation on log.log plot with 

LT as ordinate and ‘. as absieca, the intercept as 

found is log lit  as predicted by this equation, 

except for 16.18 mesh particles in 50  tvo.diniensionai 

bed. Here wall effect i s consi derable an d intercept 

S loglo  Vt  Dp/1. 25 where 1.25 is the spacing between 

the walla in wt. It is concluded that exponent x depend 

both on the bed form and on the properties of particles. 

At larger apex angieparti cies properties have a smaller 

influence. 

2.5 DE41 al OF IPPERED }ADS: 

Levey et. al (1960)1  observed that in a deep none 

tpered bed the upper part was fluidized violently whilef, 
the lower part was hardiy moving at all. By overtapering 

he was able to obtain a bed in which the lower part was 

well fluidized while the top of the bed was stationary. In 

both these-cases, -there-i-s no t rue-MFAI .for_the bed 	 as a 

whol 

As the aim is to procilce uniform fluidization, the 

voidage and bed density can be taken uniform this to keep 

the gas velocity GaR—be 	1311 th-e tv-0 	the..... 

-9as_vel-eo- 	constant, through out the bed, pressure will 

be linear function of the bed height above the base. 
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) 

This basod on the assumptions that ( ) absoluto 
gas proseure varies linearly A.th height in a to ered bed 
(it) the bed particles ore round. tmooth and of uni form 
size (lit) the particle°,  are uniformly packod through out 
tho bod f, . E is constant. the maintenance of constEnt 
gas velocity through out the depth of the bad requiroo 
that the crosexxeectional area at any point alcng the 
aldts bo inversely proportional to the gas preseuro at 
this poi nta Tit $ led to the follovang relationt, 

-..•vo  

\ 	 L 	 t"' 	 - t 
Ni=a 	lev■c_ 

4P is 41.vein by the ratation. 
tz. = t-y,„ 	- 	 /I' b  - 

f pr0osure drop across an 	 cntt 	fluidized bed i 
oval to tha  bed weeight per LIMA 01"00$10 sectional area, ar 

finelly. 

• 

E ".•■•-% 
7)-  

f'S 	 C. t.--)-%n cs. - 

4- es 	 Lva) 

Hers r is the radius of tapered to be at a a al &steno.° 
L from the bas c* 

N/-2- 

	 ‘ch  



06,  25 - 

Thus the curvature of the profile being parabolic 

and this is true for dense materials like copper shot 

( es= 8.93 ) but for light materials like sand or glass, 

the curvature of profile can be ignored and taper is 
given by the follovAng simplified form: 

r 
 i +L i e ( 1... rr ) m 	Emf  

Pt 
(18) 

Actually in cases where bed expansion. increases 

regularly up the bed in proportional to the gas expansion, 
the tapering is not desirous. It is probable that all 

beds will.  exhibit sore increased expansion;so that a 

bed tapered on the assumption of uniform expansion would 

then be slightly over.tapered. In fact the design foxraula( 

as given by levey et. al (196j)1.(241. 2)give the angle of 

tap er less t ban the t heo reti cal. 

klidgway (1965) 6  has concluded that when the pressure 

drop adross -th-e-bed its large-in_compared to absolute gas 
pressure, effect of gas density along with the velocity 

change is also to be accounted, because the drag force 

of the particles is as given by22, 

( n S 2) pp 2  where Gd  is drag coeff. LzIo.) 

Hence design of taper is tube such that not U2. but ep2  should 

bi constant so that the drag force is constant on the 
particles which given the final relation, 
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Pr av ous studies c vied out by ve lous reso 

Deere on fluidization in tapered vessels are confined 

upto 60 cone angles. Present work Involves the study 

of liquid fluidisation In tapered vessels with tapering 

ranging from lae to 120*. Coarse site solid particles 

both apherlseI and crushed ( glass beads, quarto and 

calcite ) in different sizes are used to see the effect. 

of particle size, shape'factort solid density and bed 

weight/height on Pressure peak, Pressure drop and 

I uid flaw rate at onset of fluidization* 



so  EXPERIMENTAL SETUP AND PROCEDURE s 

301 EXPEIMENTAL orT UP: 

444:home:tic dlnIrcm of the experimental sot Up iø 

Pig. n.1 cna also in Plato no 1 (0, b ). 

Sot up consists of a tank (1) connected to tho inlet 

of a contrifugal paw (G). Outlet, of the pump le commo,. 

tod to the bottom of the fluidizing. column (13) throw 

rotrmetor (7) end venturimator (9). Rotemeter (7) is 

put in parellcl to the main stream llne from th0 pump. 
Globe values C A, D cnd C ) aro provided to control 
the liquid flow retoa. Overflow from tho fluidising 
•column is delivered beak to the tank itself. A arid 
plata (14) is providod at the bottom of the fluidizina 
cfslumn (13) to support the solid particles. A calming 
section (12) is also provided belo, the arid plate 
peolted with 0.5 cm die. aloes bocds to smoothon the 
liquid stroon entering to the flUidisina column. 

_A,ono motor lona carbon tetra chlorido.menometor 
(16) is provided to measure pressure drop across the bed 
and 0 1/2 motor longeroury0manometar (10) across tho 
venturimeter0361404.41ullitaisag.columme.4tepameCatosee4e4 

3.1(e) Pluidisina columns (tapered vossels)s 

Seven different conical v a la with different 
cone ngioe 10e I00  150 , 20*, 300 0 45*, SO* and 120° 
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has boon used* Moy aro fcbricoted from 1/16 inch* 

thloa mild °tool dhcst* Bottom dint otor of °roll cono 

is topt or* Lbout 1n cms boloty from tho to.) 1 Inch 

cochot isuoldad tar liquid out lot • A 10 ma— flenao 

Is molded at the bottom of each cone* Through out the 

helaht of each cone aorta the well, nporapox ahootp 
1 inch in width and 1/10 inch thick is Mad by arcadita* 

Massaro tops aro wovidcd at different but equal haights 

along' e is 1l of occh *ono* 

Dotallod drcuing of 180  tapered vassal la ohrzal 

In Vic* 3.2 on for ott.c.as ploto no* 2(o, b) c bo 

follovad* Nan dimensions Of each cone aro Given in table 

310 

Toblo 31'1 

  

   

Cone cnclo Top Oirmo 
on 

or Bottom diamotor 
cm 

Cole= hoicht 
cca 

100  

1G° 

20° 

30° 

46° 

SO° 

ic 	4 
	so 

16 .6 
	

4 
	

60 

20.0 
	

4 
	

60 

Ld..0 
	

4 
	co 

471,6 
	

4 
	

go 

60.6 
	

4 
	

28 

Grie0 
	

43 
	

17 

3*1(b) Grid plate 

Grid plato is r cda fray a 10 o diamotcrp 1/bn 

Inch thick aluminiuu pinto* Rolos of 0.k:a \/\6\‘,.. aro 
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clrillod in a square pitch of 0.25 ems through Mit the 
central portion of the plata in 4.6 cm dla. A fino 
cosh copper triro cloth piece in 0 cm dia is fizzed at 
the above surface or the pieta by araldita• 

she sate type of plate, except tiith copper talgt1Winh 
is used at the bottor'4 of the calming section co as to 
oupport packing antcr 

3.1(e) Calming 'eetlen 

Calming section to redo from a 1.5 inch nominal 
slue G./. pipe of .10 em long threcded on both sides to 
hove fiancee. 0.5 or din gloss bocds ore employed as, 
paelting motorail• 

3.2 EXPIIII=ITAL MOCEDIXEIB 

Dote Ramo boon to2.-.en for throe difforent -materials 
Gloss bends, Quartz end Calcite ) in the size range 

of 081110* .40+12 ried .44+3.8 rooh nos. (for glace. beale 
I-tiptoed of .8+10 0  I:esh size 8 is used ).Pressure drop 
variations end onset of fluidization studios are made foc.: 
throe different bed voights for each sample in stopo.  

.1421 tho start of a run, t weighted mr,..ount of 
material is put $111 the fluidising column and initial bed 
height is noted dotli• Moro after pump is started keepina 
values / A/ end /11` closod except / C/  fully open• rrou by 
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srnducl opening o$' vat m 'El' flow rata 10 allowed to 

inoroaca in ercdual oto770 and oorrooponding prossuro 

drop corm) the bed rnd bed hoieht is noted down. In 

eacto team more liquid rato is roquirad bayondtharang° 

of rotamotartvalva 'IV is allowed to open gradually 

end pressure drop across vanturimoter gives the oorros 

pondinS liquid flow rata. Dora vas takcn at the aaziA 
of stability vim prapeura drop roaches a mamlmum voluo 

and 

 

thorn after suddonly fall° dove ton constant yaw* 

Thus proasuro pm% cnd prossura drop at tho (moot of 

fluidization carom) tho bad in noted douni. Flow rotas 

aro farther increcood till tho thole bad 10 fully fluidised 

and •particles aro under vitorous stirring notion* 

Tao data in tho Emma way aro repeated for other 

bed hoishts and solid motarials• 



CH APT HU IV 
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rXEMMENTAL DATA, 
REM= !VD =CMG= $ 

The omparlcontal dote uero obtained in different 

teporcd vassal° in fined bed region and at onsot of 

fluidimotions The pros!ure drop . flou rate data aro 

shoun in tablas 44$ 2, 3$ 9p 10 0  11$ 170 13$ 19, 26, 

28# 31 and 34 and figures 4:1# 20 3$ ‘!$ 9, 12, 14, 170 

19, 22, 25 end 28 for gloss boeds# tablos44, 6, 6, 1n, 

130 Id, 20, 21, 22$ 26, 290 32 	and 36 and figuloo 4. 

6, 80 7# 8#  100 131 150 18, 20 and 23 for luvrto rnd 

toblos 4. 7, 8 15$ 160.231 24, 27, 30$  33, 36 and 

flour() 4. 11, 10021# 24 for colcito 

rffoct of bed hoight $ 

For the sem notarial end particle size, prossuro 

podk0 Prossuro drop end liquid flow rota st onset of 

fluidization boo boon found to incrooso with bcd helcht/ 

uoight, 

Higher voluo of prossuro drop is duos  to corn rocio. 

trine° offered by increased no. of particles to liquid 

flow through tho void opacoo# Higher value of proosuze 

pock and liquid fiou rote is duo to incroosed dogroo of 

intorlocking bottle= tho adjecont partiolose Lica that parti. 

0100 coy looso contact ulth each other and thus may 

fluidizes a grantor liquid force is roquircd• Aft= 

attoining tho proa:,uro peak voluo l  proaoure drop sudelonly 

folio dorm to a atoa4 value corrosponding to tho not 

might of the be 
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Effect of perticlo sine 

For tbo as material and bed weightpprossure 
peak value seems to increase with particle slue. In 
addition it is found that thorn is a intermediate 
range of particle size for which this value is manimm• 
Renee it can be concluded that upto particlw size .10412 modh 

pressure pooh value,  goes on increasing and whoa the 

particle size =coeds this value pressure posh starts 

falling. 

Like pressure peak liquid flow rate at onset of 

fluidization is also found to increase tFIth particle 

eizo while the pressure drop value at onsot of fluidi 

zetion is almost constant. 

Increased valuo of pressure peak and liquid flay 

pato is duo to increased degree of intcrloehing between 

particles as particle aizo increases while the pressure 

drop value in almost constant equal to the net might 

of the bed. Interlocking Is supposed to be more per.. 

feet for particle size for which presour° peak is found 

00711MUMI,  

rffect of shape factor 

flressure pooh is founl h, 4 otlatmmmtrimworto increase 
as particles'ore non..sphericel in nature. For the acme 

1  940riebqjsloTeibmgd*ed solghbed ft/insure  peas for quartz 



cndvaic ito ero quito high co compered to Glaoo bo a* 

WAWA flour rato at oncot of fluidisation La a Mao 

high= for crushed ccto'La10 whilo propoure drop 701110 

a littio louor t ao compared to aphorical partioloo of 

tho ecmo also* 

Tho law= value of pr000uro drop attar tho onolt 

of fluidisation la duo to pcirtioloo)bolp3 complotoly l0000 

with =oh othor at moot of fluidisationphmo orionted 

thcmoolvoo oo no to pro7iao OC3IMUM pormiosiblo moo to 

flag tth~,ah io au~ on creator thtm for ophorioal Port10100 

of the ocno ol000 

Tho higher value of proosure pock and flow rat° 

rcluircd at moot of fluldiaation lo duo to tho non 4* 

spherical nature of tho pertioloa uhich havo tho bettor 

latorloclanG charecteriatioo ulth 000h othow0. 
E C„--N 	 E ANS C.rA- E %. 

For the coma meacria10 particle olzo and bed weight, 

tho valuoo of proncuao pooh proosuro drop and liquid flow 

rata of afloat of the fluidisation, decrees° as eon° onzlo 

incroaseoi, Tho racoon balm that bed boiaht Goos on reducing 

vory rapid'y with cone cmGlo for tho oamo weight of tho bed* 

Proosuro we% voluoa aro noted to bo much reduced for 

SO0 oano and oven further for 120,0 0 The roason balm that 

(a) the b hoicbta csio quito moll in thong vossolo 

for the oamo uoiaht of tho bcd, ao in the others cb) 



only a liadtc11 part of the bed, confined to tho 

control rcalon only is flui6ised (see plate no* 360ib). 

Tho solids in botveon tho voll and outside this control 

roaion, which consist a major port of tho bed, are quite 

stationery just like as in fixed bed. 

• 

True fluidization is soon to occur in lover cone.cvn%ves 

i.e. 10f 160, and 200* In 300  and 46° cones fluidization 

is just like as in spoutc4 beds, solids moy be seen coming 

dot in by the side of tho mill of vessels end rising up in 

the contra port of the bcd upto some hol ht thus having 

interface ottho top of the bed convex inotocd of being 

flat as in, lever angles. In over tapered bcdo like ,.:00  

and 1200  fluidisation of solids is only confined to the 

control region of the bed, leaving the sorroundingo quite 

stationary* Even at much higher velocities the some is 

soon to happen except solids in the central zone go upto 

much highor distance. It is concluded that all the 

liquid seems to pass through this central region of the 

bcd* 

Actuallythen angle is lops solids hove tondonoy 

to slide dam along the wall so mixing of solids in cone  

fined to the trhole bed (sec Fig. 4027)4 The counter,. 

currant motion of colts is more pronounced in :30° ens 

450  cones* Ma case of over tapered beds since the 
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cable of cone Iwo increased to ouch a values bolou 

angle of rcroce of !solid particles that solids halve 

loot the tendency to slide dotin along the uall hone° 

mixing of =lid does not eztox to the utale bed 

( see Pic. d.23 ). 

Ac for eo fluidization in lOos 16P cnd 20* cone 

angles ID concerned It io peen that in 10° cone s  ciao° 

brads 

 

are fleilocd in a quite smooth 'way havin o1oa' 

interface at the top. To slugging inside the bed lo 

soon at all. Par both calcito and quartz in this cones 

it in coon that vhole bad lo lifted up upto come diotanco* 

compacted, till this starts disintegrating to 

individual particles and finally to ro.formation of the 

compacted bed uhich is again lifted up. 

As cone mgle increasoo from 10 to 16* slugging 

goes on reducing for both calcite and .licrtz. Uowthole 

bed has stopped to be compacted and horizontal orator 

ripple° aro coon uithin the bind rising upto some heightS 

end than disappearing themselves° Mn 20° conesfluidi 

motion for thaw, materialo to quite ocooth and uniform 

vith clam interfnco at the top and no slugging inside 

the bed. Per gipos boodo in these vest:tole fluidizetion 

has ucrooned. Thus it Is concluded that as partbles 

are non...spherical in nature the cone °nolo required to 

fluidize them, in a uniform and smooth 'way is no larger. 
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 POROSITY AM ITIESSURE DROP AT ONSET OF FLUIDIZATIOn 

It has bacn observed that for ir.regular particles 

i.e. Quarts cad Calcite bad height goes on reducing trithl■cvec,styl 

liquid flou ratoo till the minimum value is reached at 

the limit of stability. This is due to reorientation of 

particles and duo to bed compaction effect. Any ht! the 

reduction in bed height is very small and almost absent 

for spherical °nee. At onsot of fluidization suddenly bed 

expends a little and goes on ompcnding as liquid flow rate 

increase0. 

Equation I has boon checked sith experimental data 

and it has been confirmed that it is no not acme in the 

equation. In table 4.379 APthoo value hrs been compared 

with aPobs  values for each cone . Nesh size. as solected, 

10 .10+12 and bed weight 1 kg. 6,Pobs is the observed value 

able 

Uaterial APTheo=  
Vnetieo 

beads 47.6 

Quarts 	60.0 

60.0  

100  ifs 200AP  300  45° EX)* 120* 

de 7 43.8 37.7 	24.3. 14.7 7.2 3.3 
40.0 37.6 35.6 	30 *0 3.1.8 5.1 3.0 
49.5 40.3 3340 	22.2 12.3 6.3 3.3 

of measure drop In guliem*  (Pressure drop, as obtr 2nod, is 

multiplied by 1.8050 the spe gr of C.Ct4) APzheo  is calcula. 

tad by dividing 'knot value (eq. 3) with mos area of the cone 

at the base. Data chew that Toihole bed is Suspended in the 

rising fluid stream at ITV provided the cone angle is low 



Table, 110. 4.1 

Corso =lop 100 	D 13  0.336 0E2 

Natorialp Mess bacds 	(00  13  2.6 am/oo 
rcoll roe 96 	 .5b0 e' 

61. 
'Toe, 

Bcd tit. 
143 

Lig 	glou 
rcto$ 

ilestonotor loss 
rocaings 

APper....0 I,:  Dal ht 
110 On 01:28 

1 1.8 52.1 	2.9 2.9 14.1 2 4.0 Sao? 	10.2 10.2 14.1 3 6.0 61.7 	22.2 14.1 4 0.4 Ci.0 05.2 	29.2 16.1 6 3.0 69.7 	10.2 13. 16.0 3 11.0 69.5 	17.0 17.9 16 .0 7 10.0 50.5 	17.8 17.0 17.0 

1 1 6 61.9 	49.2 2.7 10.0 2 59.0 	42.2 10.0 10.3 3 7.0 63.8 	32.3 30.6 10.0 4 0.? 10.0 71' .1 	27.0 47.1 1).0 
5 10.0 63.3 	37.8 23. 22.0 

Teri .3 63 .0 	38.0 28.0 22*3 7 62.0 	38.2 Dsso 02.3 

1.4 8200 	49.2 2.0 24.4 2 3.9 57.2 	43.9 13.3 24.4 3 
4 
S 

1.0 7.0 
11.6 
11•6 

Wel 	33.0 36.1 	17.0 
66.0 	36.1 

36.1, 
0701' 
30.6: 

f:35•43 24.4 
25.7 

0 17.0 68.8 	35.8 30.0 37.3 

rvasoura pods van° 	limit o stebillt )try fincd 
beds 

Prosouro dzop valuo 	o se of fluid cation* 



L.9 
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31 • Bed trt0 Is • riot? rleztorno c logs rroo 	k( 	rat° 9 	roCaina0 1 
lit/oln • 	Crit3 

T6lo 110* 4.2 
Cono rnal©, 100 
	D = 0.1617 am 

Inatorioll Masa becdo 
	

('73  = 2.6 am/C0 
rooh no., „.10.0.12 	= 

P so..CC1, Ecd ht. 

1 
2 
3 
4 
6 	0.4 
6 
7 
3 

0 7 
1.2 
2.0 
2.7 
4.8 
4.6 
6.1 
C.0 

81.2 
82. 6 
55.8 
60.8 
6606 
58.3 
53.1 
83.2 

47.4 
48.9 
42.7 
37.3 
33400 
40 .2 
4004 
40.6 

3.8 
Gea 

13.1 
23.04. 
3206 
13.1x 
17.7 
17.5 

13 .3 
1.3.3 
13.3 
13.3 
1303 
V .7 
16.0 
16.0 

NIWMINI*1.0.00011/040,41.NOWIIIONIMIlle 

1 0.0 51.8 46.6 8.2 13.7 
2 1 .6 88.0 43.4 11.6 10.7 
3 2.6 61.0 37.4 23.6 10.7 
4 3.8 63.0 30.3 3717+  13.7 6 	0.7 8.0 72.8 28.6 47.3 la.? 
6 5.0 61.3 3607 28.15  10.3 
7 7.4 31.8 36.9 24.6 03 .8 a 12.0 31.4 3740 24.4 224 

3. 1.1 64.1 46.9 7.2 23.1 
2 2.3 61.3 36.6 27.7 ma 
3 3.7 71.8 28.9 42.0, 23.1 
4 6.0 84.2 16.8 67 er 23.1 
6 6.0 66.0 34.8 31.2w  26404 
6 11.0 68.4 35.4 30.0 264 

Prom:aro petit value ( at limit of stobalt ) fog  

Mod bed.  

Presouro drop yaws at moot of fluidizetions 



4o 
Tablo 110• 4.3 

Cono atglot 100  
Votoriolo Gloss tocds 
nosh No .10+10 

D 	0.0927 Om 
( = 2.5 gmloo 

5 a 

el• 
no. 

.$od 
kg. 

iq. flott 
ratop 
11t 	in. 

Manometer logs 
reedin4o, 

- 	ems• 

APsm4C1 Zed ht* 

1 0 .7 53.7 46.6 7.1 13.2 
2 3.1 60.9 43.4 13.6 13.2 
3 1.2 60 .6 39.8 13.2 
4 0.4 2.7 68.3 36.0 Moe 1:.74, .2 
5 2.7 89.0 41 *4 17.611  14.3. 
0 C.9 53.7 41.7 17.0 1d.7 
7 0.0 53.6 41.9 18.7 13.8 

0.7 54.6 46.1 3.4 13.7  
9 1.1 58.5 42.1 10.4 13.7 
3 1•7 63.5 37.1 26.4 13.7 
4 0.7 3.1 72.9 27.7 <164, f  10.7 
6 
6 	6 .2 

3.11  63.0 
62.6 

37.8 
37.8 

26.
3  

SO* 0 21.0 
7 0.0 62.4 38.0 24.4 3".6 

1 0.6 85.4 4601 10.3 22.0 
2 1.2 61.8 33.8 2:3 .0 22.9 
3 
4 

1.0 3.0 
3.8 

84.4 
65.8 

1640 
34.7 

63+x! 
31 ollt  

220 
SS .0 

5 5.8 680 35.4 30.6 26.0 

Procsure pool value tit limit of stobi 	) for 
Pinned bed. 

Prossurs dro) value of onsot or fluidizatiQn. 

• io-19 1G 



4 
e-s 

Z1 

Tablo 110 4.4 

D cz 0.1866 

= 2.7 CD/CC 

56. 
Coco ciao g 100  
tiatoTtal Norts 
Vaoh tlo. 9 8+10 

61. Bad tit4 Liq. floes Nanomat or 1e 
Ms. Ica* 	r etc, 9 	roccianao 

1$t/kin 
a AP icitte4Cld Bed ht.  

013 

0.0 .51.3 44  9 to 3 
2.0 , 8306 MO 
3.2 67.8 42.8 
4.0 62.8 37.8 
4.4 67.1 33.6 6.7 00.3 

 
20.3 

6.? 63.8 41.7 
11.0 63.6 4;-.:40 
15.5 68.2 42.2 

0.0 61.5 49.0 
2.1 5dok 4 46.1 
3.0 59.6 41.0 
4.0 60.7 34.0 
NO We 6 18.0 
0.2 62.0 38.6 

12.4 61.5 39.0 
10.5 61.2 39.2 

0.6 81.4 49.2 
2.9 57.2 43.4 
4.5 68.5 34.9 
6.0 75.3 28.3 

10.4 9911 1.5 
10.4 65.0 36.0 
14.0 63.8 36.8 

	

2.0 	14.7 

	

0.0 	14.0 

	

15.0 	14.8 

	

25.0 	14.6 

	

33.6 	14.6 
C0.0+ 18.1 

	

17.13 	1(.1.0 

	

10.6 	17.8 
164 	10.0 

	

2.5 	0,..13 0 

	

8.3 	n•G 

	

18.6 	20.6 
32.7 	SO. 0 

	

70 .6 	CO .6 
2l. 5:: 	'V .4 

	

22.6 	f,',3 . 6 

	

22.0 	24.5 

	

2.2 	25.4 

	

13.8 	20.4 

	

30.9 	25.3 

	

50.0+ 	25.2 

	

97.6 	85.2 
294e 27.0 

	

27.0 	27.5  

2 
3 

 

4 
6 0.4 
6 
7 
0 

3 
4 
6 
0 
7 
3 

0 .7 

1 
2 
3 
4 1.0 
6 

7 

Pro Douro potet voluo ( at &limit of stability ) for 
flzod boa 

Prof:lour° drop vatto et oneot of fluid talon* 



Coflo enfaio) 100  
NatcrIall Quartz 

roah ro,)  010'12 

Toblo o. 414 

D 	001417 an 

1470  2.7 Cm/ ?o 

14 2 

81* Bod 
Uo. kg. 

1 
2 
3 0 4 
4 
6 
6 

1 
2 
3 0.? 
4 
6 
0 

2 
3 
4 	1.0 
6 
0 
7 
a 

.1440 flou 
rata 

Nananotor loc 
ran:lingo) 

OMO • 

c peC A 	Cod ht. 
on. 

102 	66,0 	45.0 	94 	13.7 
2.2 	0.0 	40.2 	20.4 	13.0 
8.2 	74.6 	264 	40.0 	'13.6 
4.2 	664 	424 	16.13 	14.2 
707 	68.6 	42.2 	10.3 	17.0 
10.4 	46.4 	42.3 	104 	13.6 

o.7 	62.7 	40.2 	4.4 	20.3 
2.4 	02.1 	3900 	234 	20.0 
306 	71.0 	3.0.J 	41.02000 
606 	E0.0 	11.0 	700e 	19.? 
0.0 	03.4 	3008 	23. 	22.4 
0.0 	G1.0 	30.6 	22.3 	20.2 

0.7 42.6 	43.7 	3.0 	26.4 
1.7 6708 	44.1 	13.1 	25.2 
to4a 66.7 	OW 	30.0 	25.0 
4.4 61.2 	104 	61.7 	24.? 
7.3 03.0 	20.0 	00.0 	24.7 
7.0 0.3 	30.0 	28. 	264 
0.2 650G 	30.3 	26.3 	27.0 
11,8 03.7 	37.0 	2007 	26.6 

Prom= yank valu0 ( at limit of •atabi qty ) for 

Mod be 

nreacuro drop value at =sot of fluidization. 



Com anzlo, 100  

Ilator101, que7tft 

ro., "1010 

n =0.0027 Ca 

= 2 7 gm/co 

85.0 
6241 
69.6 
86.2 
62.2 
62.8 
61.7 

66.4 
66.4 
74.0 
81.5 
0.0 
66.2 
6404 
GG.O 

Table 1100 496 

81. Bcd foto 	go flou Manometer 10 
HO* kgo rate, reeding*, 

litimin. 	ow. 
0  AP ri-PCC1 Bed ht. cm. 

1 	140 	64.6 
2 	1.7 	'60.6 
3 	0.4 	4.0 	'6848 
4 	4.0 	60.9 
6 	 4.9 	634 
6 	 7.2 	- 58.6 

0.8 
2 	1.7 
3 	204 
4 	0.7 	4.6 
6 	 4.6 
6 	 6.5 
7 	9.0 

1 	0.8 
2 	2.1 
3 	2.8 
4 	1.0 	3.4 
6 	4.9 
6 	4.0 

6.4 
a 	10.0 

46.3 3.3 803 
41.6 20.0+  16.3 
32.2 3Go0 1602 
42.2 1607:1  17.4 

. 42.3 1Ge4 18.0 
42.4 10.2 19.6 

4(3.0 0.0 21.4 
30.6 2i.2 21.0 
31.8 37.7 
16.8 CV. 21:1 
30.0 23.3  22.407 
30.6 4.0.,fow *0 
39.4 224 26.0 

4607 0.7 26.3 
34.9 31.6 26.2 
27.3 1!0,07 264 
19.6 0200 26.1 
11.0 70.0 26.1 
35.0 20021  28.7 
36.7 27.7 29.0 
37.2 2000 30.0 

Proacure pot* value ( 0 	it of etabilit ) for 
fimed bode.  

Preesura drop valu0 at onsat 	tlt on.-  



Table M. 401 

Cone englo, 100 
	

Op 
	041865cm 

Netorial. Calcite 	f2 s tr, 	gtVcc 

gosh TIc., -8+10 
	

F5 
	gtz 

81. 	Bod utR 
no* 	kg 

L t.. noe 
reto 
lit 	n 

Uenomoto 
reedings 

g 3 A P cm4C14  Bod ht. 
QS 

1 
2 
3. 
4 
5 	0.4 
6 
7 
8 

1.1 
1.0 
3.0 
4.5 
6.6 
0.6 
3.0 

1.1.4 

52.0 
53.9 
50.0 
67.6 
71.6 
60.0 
59.5 
60.3 

48.8 
47.1 
42.1 
33.5 
20,05 
40.0 
41.3 
41.6 

3.2 
6.0 
16.9 
42.t.0 
42.0+  
100021  
18.2 
17.7 

14.0 
134 
13.0 
13.6 
13.6 
15.7 
16.6 
17.3 

ana.rowswoormoragrormibillmowo 

1 1.1 62.2 48.6 3,7 c04 
n NG 56.8 4441 12.7 10.3 
3 Z7.0 63.4 37.6 25.0 10.7 
4 	007 6.0 74.6 26.5 40.0 1,:.7 
8 10.0 34.3 16.3 62.0 2....7 
6 10.0 63.2 3707 2606;1  nflioa 
7 16.0 62.? 3800 25.7 22.0 

1 0.9 62.5 48.8 3 7 2/1.3 
2 2.7 69.4 41.1 17.3 SS.I 
3 3.9 67.9 33.6 34.3 20.0 

5.2 73.9 22.3 66.6 244 
6 0.6 D6.6 3.6 e3. 24.0 
6 9.6 66.1, 34.7 31.4 20.4 
7 12.0 66.5 3506 30.0 27.2 
8 15.0 65.0 36.0 20.0 23.0 

Pressure poet voluo ( 

fined boa. 

rizossurc dgop v 

limit of stability ) fo 

of onset of fluidi.zo i.on* 



1 	x.o 
2 	1.7 
3 	2.3 
4 	'3.1 
e 0.4 5.0 
6 	6.3 
7 	742 
3 	10.0 

04 
2 	1.7 
3 	nio 
4 0 	3.6 
6 	7 	7.1,1. 
6 	7.4 
7 	10.0 
a 	134 

410111101111•110.01101141Milpelh-1. 

1. 	0.9 
2 	1.7 
3 	0.2 
4 	3.0 6 1.0 GA 
6 	0.4 
7 	 0 
a 	12.0 

I 

I 

Tcblo 1:00 4.8 

Cone cnclo 100 	D = 0s5.7or 

Mraorial, Cacito 
	

P a 2.7 woo 
Vac oh No. p .10+12 
	

V 	= 
01. Bad 	Lig. flow ilanocatcr 1000 APpo 	Dca 
170. kg rogo. racdInco, 

cmo 

52.3 
80.2 
61.0 
66.0 
71.6' 
69.2 
S849 
68.3 

4743 
44.5 
39.7 
34.6 
20.0 
4146 
41.7 
41.6 

6.0 
11.7 
21.3 
31.6, 
42.6' 
1747:1  
17.2 
16.0 

14.0 
13,0 
10.6 
13.6 
13.6 
1G40 
164 
17.6 

6207 48.1 4.6 10.0 
674 43.0 14.8 1:;4/7 
C8.6 3P.8 36.0 12.6 
72.6 28.4 44.1„ 1,c;46 
89.8 7048" 1046 
624 38 3 24443  22.3 
62.4 3846 23.0 2040 
62.0 394 2360 23 *7 

53.3 47.7 6.6 2410 
58.2 42.9 15.3 24.0 

. 	7003 30.9 304,4 6.4 
73.6 224 66.6+  2443 
100.6 -0.8 10040 24543 
0649 3409 310,01  2C46 
6642 36.6 29.7 27.2 
6444 36.3 23.1 

preseuro nett: value at limit of 
	

) for 

fi=cd bcd. 

Propouro drop valua at onset of fluidization. 
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Ncnomotar AP, CC 
recdIngs 

ono. 

iicd ht. 
op. 

romm.arimmorlivownwern 

Tob10 ito 4.9 

Con Flo 160 
	D 	0.336 gra 

1:0toriel, 01aso 1)0,00 	t 206 spolos 

nosh Mop 6 	* 1  

2 

2 
1 

Si. 
nO• 	Ltaiip 

1 
2 
3 
4 04 
6 
0 
7 

C14* 
ratop 

litibin. 
1.3 
2.4 
3.9 
4.4 
0.0 
0.0 
9.0  

60.348.1 
51,1 47.2 
G03.7 444 
64.7 424 
63.1 3043 
0U.7 41.0 
6G.6 41.9 

31.2 48.4 
80.01 40.2 54.8 43t8 
3909 38.6 
GC 00 3304 
3000 38 06 
8904 30.0 
30.1 3902 

2.2 
3.9 
9.0 

13.0 
. 

1
1902  
5.1 
14.0 

2.2 
6.9 
1403 
1.44  

31 
ipe 

4.4 
0.9 

1 	1.1 
242,07 
3 	3.0 

6.4 
60.7 	7.6 
0 	7.0 
7 	11.0 
8 	13«8 

10.1 
104 
1501 
16.1 
16440 
16.6 
17.3 
18.3 

010.10.4 0414111.11.4 4.100.1.10POW.W.K.1410010M10.04 

2 

2 
24 
24 

11 e. 
2 	2.7 
3 	4.0 
4 	0.1 
6 	1.0 	10.1 

10.0 
7 	' 111.0 

17.6 

0304 4709 
8003 46.9 
60.4 42.8 
(0.0 364 
71.6 26.7 
62.0 30.2 
14 36.7 
61.3 30.8 

2.6 
604 

12.6 
.9 

6.1tir 
.8 
.6 

1900 
10.0 
19.3 
19.0 
lasa 
CO.? 
21.6 
22.4  

Pzosaure Podt ( et limit of stability ) for fined bc010 

Moaouro drop et moot of fluidizetion• 



Via° no. 4.10 

Cora onalop 16° 
Notarial I 01Q00 BaCtIO 

1100h 

Dp = 0.1617 4233 
(0  13 2.8 Cm/CO 

10* p a0+121 

13.2(1 tit. 
ka. 

Liq flotr 	Ncoorloter 
rato 	rocainco 

44M0. 

AP amCC14  

0.4 

047 
0.0 
1.3 
1.0 
2.0 
2.8 
3.0 6.2 
7.0 

61.3 
6200 
63.6 
86.6 
59.6 
67.4 
67.2 
57.0 
60.0 

47.3 
46.0 
46.1 
42.0 
304
41.1 
41.3 
41.6 
41 *6 

4.0 
6.4 
8.4 

24.6 +  20 •6 
1643  
16.9 
16.5 
16.3 

0.7 

0.0 
008 
1.7 
2.2 
3.6 
3.8 
4414 
6.3 
1060 

•••41011110."0110~0.11101101.4  

61*6 46.8 
454 
4106 
37.8 
33.5 
33.0 
334 
33410 
33.0 

4.7 
0.8 

1642 
23.0 
36 

52.6 
604 
(30.8 
67404 
CO*8 
00.3 
50.8 
60.6 

22 
224 
21.2 
21.2 

1.0 

0.6 
1.0 
aco 
4.2 
4.2 
6418 
1144 

ra 44 
63.7 
00.0 
72.0 
034 
02.6 
02.1 

47'1 
416.7 
33.6 
20.6 
35.6 
30.0 
30.3 

4.3 
900 

21.6¢  
46. 
27 • 
2616 
25.8 

610 

6 
0 
7 
a 
0 

I 
0 
3 
4 
8 
0 
7 
3 
9 

1 
2 
3 
4 
6 

7 

Sod ht. 
am. 

10.9 
10.0 
10 .0 
10.0 
10.0 
11.4 
11.0 
124 
12.0 

10.0 
16.0 
16*7 
1800 
16.0 
104 
104 
1744 
18*0 

19.4 
10.3 
104 
1040 
10.0 
20.3 
21.0 

4 Pzoosuro mat (at wit cf otobilit ) for fincd boil. 

Pxoclowo drop tt moot of fluidisation. 



Table No. 4.11 

Cone angle, 150  
Material, Glass boats 
Mesh No*, .16418 

D = 0 00927 Om 
= 2.5 gm/co 
1  

81* Bed wt. No. 	kg. 

1 
2 
3 
4 
6 
6 	0.4 
7 
8 
9 
10 

1 
2 
3 
4 
5 	0.7 
6 
7 
8 

1 
2 
3 
4 
6 	1.0 
6 
7 
8 

Lig* f1: 
rate 
lit/min. 

Manometer 
rate/lir/SO 

CMS 

JIPtem.CC1 Bed ht 
en* 

62.7 45.8 669 10.9 
007 53.9 44.6 943 10.9 
0.8 54.7 4349 10.8 10.9 
0.9 65.2 40.4 11.8 10,9 
1.6 50.6 40.0 18,6 10.9 
1.6 57.4 41.2 16.2 11.3 
1.9 57.3 41.2 16.1 11.6 
2.4 57.1 41.6 15.6 11.8 
3.2 57.0 41.7 15.3 124 
5.0 56.8 41.8 16.0 13.0 

0.6 5202 46.2 6.0 15.9 0.7 65.1 43.6 11.6 15.6 1.2 60.1 38.5 21.8 15.5 2.1 38.8 013.0 3 15.4 
261 60 4%2 38.4 21. 15.9 
2.5 60.1 38.4 21.7 16.2 3.5 5907 38.6 21.1 16.6 
6.2 69.7 38.8 20.9 18.6 

0.4 62.2 46.1 61 19.4 0.6 54.7 43.7 11.0 18.9 1.2 61.3 37.2 24.1 18.7 1.4 63.2 3804 27'8 18.6 
2.6 69+8 28.5 41. 18.6 2.6 62.07 36.8 26. 1908 
4+6 62.2 36.4 25.8 20+1 7 0 62.1 36.6 25+6 20.6 

4111.011110■1 ■11,10010.00101000.01R 

Pressure peak ( at limit of stability ) for gixed bed. 

Pro sure drop at onset of fluidization* 



1 
2 
3 
4 
6 
6 
7 

1 
2 
3 
4 
a 
0 
7 

1 
2 
3 
4 
6 
3 7 
8 
9 

Cono Mao t 15°  
riotoria10 Nato 
tlooh IZO.1 .8010 

Talc tIo. 4.12 

• 4.1868 

• 247  Wee 

qls 	Z ettonot er 
strata, 	recdinaa. 

100 8) .6 40.0 2o6 12.1 
2.6 84.1 44.6 9.6 1140 
4.0 80.0 3007 19.34 Uwe 

0.4 6.8 002 34.5 29.7, 11.0 
6.8 6007 41.9 14.8" 12.0 
9.0 06.3 42.3 14.0 13.0 

14.0 53.2 42.4 13o8 14°0 

9.3 60.3 48.3 2.0 17.2 
3.0 804 42.0 13.4 10.3 
4.3 024 33.3 2606+  10.7 

.0 7 3.0 72.6 26.0 46. 164 
8.0 39.3 39.1 20.2*  10.0 

12.0 0.8 39.8 19.0 1960 
22 .0 08.6 39.9 1341 20IQ 

0.0 60.2 43.3 20.0 
1.3 81.4 47.2 4.2 20.4 
3.0 66.0 42.9 13.1 23.3 
4.0 61.8 37.0 2 .8 204 

1.0 5.0 70.6 28.4 42.14  20.1 9.0 21.2 17.7 63.4, 20.0 0.0 02.0 364 26.4. 21.2 11.0 01.0 37.5 23.6 22.0 
2'.D 69.9 38.0 21.3 2-'.1.6 

MOMMANIMIWPOINONNOINOMMIR~. 

Pronoun° 0 Poet f at itait of stability/ ) for tilt bcd 

PeCtrMIXVO drag at 0710044 of flatidizationo 



1 
2 
3 
4 
	0.4 
a 
7 

1 
2 
3 

©.7 

7 

1 
2 
3 
4 	1.0 
6 
6 

	

. 3.3 	1 

	

7.6 	1.0 
13.3+  11.3 

11.3 

	

18.7 	12.7 

	

M41,6 	13.0 

	

13.7 	14.0 

	

2.2 	17.3 10.3 	17.0 
23.6 	16.0 
180.0 	16.3 
go•o 	17.0 
19.6 	16.6 13.4 	1c).3 
13.2 	20.0 

	

2.3 	21.0 
lea° 	ro•o 
32.4 	20.7 
72. 4; 	20.0 23 • 	21.6 
22.5 	22.0 .  

21.6 	23.5 

Taiga no. 4.13 

Coro en810 0 16° 	D 	0.1617 cm 
licit 0E11 ei p Quarts 	Pcy tt2  2.7 azice 
1:0311 1;00 40+12 	 = 

50 

61. Bat ut. 31q. flora 
Ito. 	kat 	rCtO 

lit/Ctin 

Ions Doter AP.c oCCles  
roctunaa 

'COG* 

0.6 
1.6 
3.5 
3.6 
7.0 

14.0 

61.7 
5309 6611 
05.6 67.9 
67.3 
60.9 

48.4 
46.3 63.4 
34.6 
esros 
42.3 
43.2 

0.6 31.2 40.0 
.6 

No 
66.2 
61.3 

44.9 
38.2 

6.0 73.0 2240 
6.0 60.0 40.0 
0.0 69.8 40.3 
0.6 60.3 40.3 

3411.0 6J1 .1.0 .0 

0.0 61.1 40.3 
2.1 67.6 42.6 
3*6 00.2 33 ea 

86.3 13.7 7.4 61.? 38.1 
10.6 01.2 38.7 10.0 G0.8 39.2 

Promuro pock at Unit of atdbility ) Ism fixed boa.. 

Praoeuro drop at onact of fluldization* 



1 
2 
3 

0.4 
6 
0 

1 
2 
3 
4 
8 
6 
7 

0.7 

6.6 12.9 
1304+  1210 
23.0, IS. 3 
14.G" 13.3 
14.2 1404 
134 16.1 

	

6.1 	174 

	

19.1 	17.3 

	

38.7 	17.2 
19*8F 	19.0 

	

19.8 	10. 5 

	

10.6 	19.0 

	

18.5 	=.7.3 

	

6.3 	214 

	

16.4 	21.3 

	

24.4 	21.3 

	

49.4 	21.2 

	

23.4 	22..7 

	

22.7 	23.6 

	

21.6 	2.4 .3 

5 
Tob10 no .444 

Corso crislot 150 
	

D 	0 0927 sz 

rctoriol, Nuts 
	rs  2.7 $30/00 

rosh uoip ‘,100.18 

51* Bld 
Voo k. 

T, t. fl 
rotot 
tic /min. 

tfinomotor aPiem 0G14  Bad ht. 
mantas 	olz• 

ono, 

0.7 
1.2 
2.4 
2.4 
3.0 

63.2 
86.7 
64.0 
67.2 
6740 
60.4 

46.6 
43.3 
36.0 
42.6 
132.3 
43.3 

0 .6 52.0 47.6 
108 63.0 40.8 
0.5 6904 30.7 
3.6 69.0 130.1 
0.2 694 130.3 
6.6 69.3 40.7 
C*2 69.3 40.8 

0. c2.9 47.0 
143 63.4 42.3 
2.0 G2.4 3840 
440 74.0 25.5 
436 01.7 38.3 
04 61.3 38. 
8.6 GO .8 39.3 

1.0 
6 
7 

Prossuro posh ( et 11mit of stebility ) for 0 
	

bed 

z Pavossuro drop of onsoil of fluidisation* 



12.1 
1::.1.  
12.0 
11.0 
124 
10.5 
10.0 
34.4 ......... 

70.3. 
10 *3 
20.0 
03.0 
10.0 
10.0 
21.0 
2''.0 
22.0 
26.1 
25.1 
26.1 
25.0 ry1.0 
24.9 2701 
23.1 30o. 

Table N0a 4.15 

Cane c3 gle0 16° 	D 	0.1866 
tIntorita enleito 	= 2°7  (Wee 

00 = 

010) Bch. vt. Dig. flou 	nano:voter 	APF )on..CC 	Bed ht. 
rate 	adinttn 0 

OtO 
401.00110.10101.1120111Pliamimamisow aworaweVANINNewiramowspos6,...4,004,,,,,Nwie 

	

60.0 	40.2 	1.8 

	

C2.3 	45.9 	2 6.4 

	

67.0 	41.6 	15.6 

	

63.6 	34.6 	29.0 

	

56.8 	41.6 	16.21 

	

60.6 	41.7 	1.4.9 

	

63.1 	42.2 	13.9 

	

63.0 	42.3 	13.7 

	

63.4 	48.2 	6.2 
52.8 	46.0 	0.0 
60.6 	40.1 	lees 
0J1.8 	33.0 	31 .0 
73.6 	25.0 	404 
60.2 	30.3 	31.9' 
60.7 	30.8 	20.9 
59.2 	30.2 	2C.0 
83.3 	40.0 	10.6 

80.0 	40.5 	1.5 
56 e7 	42.7 	13.0 
62.6 	36.0 	26.0 
69.4 	29.2 	40 2+ 
87.0 	11.0 	76.6u 
C1.9 	36.5 	26.4 
61.4 	37.0 	241.1. 
60.3 	38.1 	22.2 

62 a 	48.0 	4.1 
66.0 	43 .5 	13.0 
66.4 	33.7 	32.6 
CO .5 	19.4 	61.1 
02.? 	7.2 	85.6.4, 

106.0 	6.0 	110.0 
68.8 	34.2 	31.0 n 
W. .7 	35.2 	29.6 
64.0 	30.0 	28.0 

1 	0 .. 
2 	2.1 
3 	3.4 
O C.3 
6 	0.4 	' 6.6 a 	3.0 
7 	10.0 
O 10.0 
1 	0.3 
2. 	1.9 
3 	3.d 
4 	4.7 
O 097 	7.0 a 	7.0 
7 	9.0 
O 12.4 
O 10.0 
a, 	0.5 
2 a 	3.9 
6 	10 	10.0 
0 	10 .0 
7 	12 .0 
8 	7.0 
3. 	1.3 
2 	2.0 
3 	8.0 
4 
	 7.4 

6 	1.5 	9.0 
13.0 

7 	13.0 a 	21.0 
0 	 30.0 

• Pronnure pock ( ot liat of stability ) for f 
?Tonsure drop at onset of fluidization. 

cd boa. 



Table ne . 4.1Q 
D 4 4817 o 

207 CEA° 

cho 
• 

rata 

0.7 
ro 

248 
44,1 
4E4 

10.3 

U©nooto AP etukCCI4  roil ht. 
reodinaa 	 03* 

CMS 
50..7 48.0 	2.7 
56.2 42+6 	3.6 
00.3 30.0 	20 4+  
63.8 34.9 294 
67.2 41.8 15.73  
51-417 41.9 14.0 
63 .3 42.4 	13.0 

CO210 02133.0 I 3.60  
Notarial $ C oialta 

Noah 11,0.40+10 

81. 13ad ut 
tlo • 	kg. 

1 
2 
3 
4 	0 .4 
a 
6 
7 

	

0.7 	50.9 47.0 	3.1 	10.3 

	

2.3 	67.2 41.5 15.7 	16.0 

	

0.2 	6:3.0 38.1 23.5.0, 	1004 

	

0*0 	744 24.6 	49. 	. 10.4 

	

0.0 	89.8 36.8 21. 	17.7 

	

300 	89.8 39.2 	20 *3 	10 .8 

	

13.0 	63.7 <9.0 10.7 	1,40 

2 
4 
3 	

0.7 
6 
6 
7 

2 
3 

a ia 
7 
3 
9 

0.0 • n 
3.8 
7.6 

1.0 
0.0 

743.4 
1044 
00.0 

53.0 5e41 24P 	20.1 
el..8 48.2 	1C. C; 	20 .0 
73.7 30.2 	3e *Li 	x0.3 
02.9 10.1 74.3 	10.3 
00.1 43.6 28.2 	21.7 
G3.0 416.3 	2e .6 	fr *0 
634 d5043 	23.5 	Or, ft 

67.7 4803 22.4 	23.0 
67.0 40.0 21.0 	tn5  

3. 	 0.7 
2 	1.1 
3 	 1.0 
4 	 2.4 
6 	1.6 	3.6 
6 	 0.0 
7 	 0.0 
0 	 11.0 
9 	 20.0 

62.3 43.8 4400 	C10,0 
6e1 .0 40.5 	7.6 	SI .6 
-50.0 44.6 11.6 	24.45 
00•6 39.8 20.7 	24.3 
63.3 3109 	30* . 	2,1•3 100.0 	o•Q 	10134, 	rn *3 
0546 3308 ' 304t7 ' 	27.0 

	

4.7 36•7 29.0 	27.8 
63.7 36.6 27.2 	f1-3.0 

rr0301,1r0 Peet ( 	t of at abllit ) for tilted boa. 
Prom= drop at onsot of fluadization4 
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T610 Uo. 447 

Cono Mao, 20°  

lido:mica,' Glenn boc10 

!.00h roe 6 

0.M36 

= 2.6 WOO 

81. Bad 
110. 	kg. 

Nenomotor A P 
rocdings 

oms. 
4 13 htI  

Ono 

 

1 

  

1 
2 
3 
4 
6 
6 
7 

0.4 

. 1.3 
2.2 
3.8 
0.0 
6.0 
11.6 
10.2 

40.0 
47.1 
4907 
66.9 
6200 
61.7 
61.0 

44.1 
4360 
40.4 
3302 
30•.1 
38.4 
39.0 

1.0 
4.1 
0.3 
23.7 13. 
13.3 
12.0 

10.0 
10.0 
104 
10.0 
104 
11.7 
13.3 

1 1.d 4440 44.4 1.0 14.0 
2 300 47.9 424 6.6 1,106 
3 4.2 50.1 40.0 10.1„, 14.0 
4 0.7 763 604 3200 3000' 14.0 
6 7.2 644 3606 10.2n  14.3 

114 84.4 36.7 10.? 18.0 
7 19.0 6300 30.6 1741 10.3 

41.-40 tNrite r Of 

1 1.6 40.6 13.6 3.0 17.4 
2 3.0 43.6 41.7 0.8 17.4 
0 4.3 824 37.3 1604 17.4 
4 1.0 6.0 65.2 3640 20.2 17.4 
3 0.0 00.7 2906 31 17.4 
6 8.0 66.4 3308 rcr 1744 
7 14.8 56.0 34.2 21.8 18.7 
8 224 664 35.1 20.0 10.7 

Pronnuro ponk ( at limit of ntnbility ) for Mod bad. 

Pronsuro drop at onnot of fluidization. 



5 
.Como mac p 20° 

Nat CI i p Gloss bccdo 
Ecoh no., -10+12  

Tabla to. 44;13 
D 	4517 03 

(0  2.6 oo 
,bo cm 

si. Bcd vt. no. Itc• 
Lig. flay 
Voto lit/min. 

ricaozotor 	AP ;toruidGC14 Bed ht. 
ractlinGo 

0120 ► 

1 	0.6 
3 	1.0 
3 	1.? 
4 0.4 2.3 
8 	 'a .8 
6 	4.3 
7 	6.0 
8 	7,0.0 

45.8 44.1 
47.4 4M1.3 
50.9 33.0 
53.9 33.0 
52.3 37.8 
824 37.7 
61.3 33.0 
61.? 38.x. 

• 1.7 
0.1 

12.0 
13.e 
14.0z 
14.3 10.8 
1314  

10.3 
10.3 
10.3 
104 10.5 
10.9, 11.3 
124 

1 2 

1 	0.6 
0.9 

3 	1.4 
4 	0 7 	1.9 

3.4 
G 	 j.4 
7 	4.0 8 	0.4 9 	11.2 

0.7 1.3 
3 	1.7 
4 	1.0 	213 
5 	4.0 

4.0 
7 	8.0 

12.0 

45.E1 43.8 47.4 42.3 50.8 38.9 
64.1 38.6 
b9.7 30.0 
68.0 34.8 
64.6 38.1 811 .5 35.3 
64.3 33.5 

47.0 424 80.2 30.3 
33.0 30.7 
854 34 *2 
G4.7 26.0 
664 334 
03.3 33.4 66,0 33.7 

.2.0 3.1 
11.0 
134 ,* 

2D.7' 
200' 

19.8 19.2 

10.7 
16.3 
21.3 
39.7 
23.e 224 
224 

34.8 
1114 
144 
lel 43 
14.3 
V'•0 
10.0 
18.3 
16.3 

17.6 17.8 1703 
17.8 
17.8 17.7 
18.2 
184 

Pbccoravo pod: 	limit of otallity ) for gla bcd, 
Proosuro drop at oat of fltddla at ion 



1 
2 
3 
4 
6 
6 
7 a 

2 
3 
4 
6 

7 a 

1 
2 
3 4 
6 
6 

8 

Cono ma° 410°  
Haterialso Glaso bocdo 

Mob Ms, *1043 

DP  

Po  

(16  

Tabu ro. 449 
= 0.0277  
2.6 gmice 
1 

Liql. flow 

lit/rice. lit/bin 
. 

 
kmmotcr 
racdinec 
CAS. 

AP .cm 'C ed .ht. 
Om 

    

0.3 
t 6 

0.0 
464 
47.6 
80.5 

43.6 
42.3 
39.4 

3.0 
8.0 

1141 
10.0 
10.0 
13.0 

0.4 1.2 612.4 37.8 14.0 104.0 
1+0 64.4 35.G 180 10.0 1.8 62.6 37.3 16443  10.2 
2.4 M..1 37.6 1014.0 3.0.3 
4.0 61.9 37.9 14.0 214 

C.3 
otte 

46.9 49460 42.0 40.7 4.0 
3.8 

114 16.0 0.9 81.8 38.0 13.8 :.0 
0.? 64.0 33.3 10.3.  1640 

24.2- 37.4 32.6 a5410 14.0 
2.2 86.3 34.6 20.7'- 16.3 
3.4 664,0 34.0 20.1 14.0 
6.4 64.6 36.8 10.0 16.8 

0+3 4744 42.4 6.0 20+9 0.6 50.2 3944 10.6 1C«9 
1 0 63.8 304 1747 164 1.0 • 1 .6 87.4 32.4 25.0. 16.9 2407 61.4 28.5 32.9 16.0 
2.7 67.4 32.8 244971  17.2 
4.4 66.9 al .0 2349 1741 7.6 66.2 33.6 22.6 18.2 

AletlitykNre,,Awr. 

Pr000two 	( it limit otobility ) for fimcd bed. 

Prcsouve aVoY at onoot of fluidization. 

4 



0.6 
2.0 
2.4 
4+0 
4.0 
0.4 
0.6 

I 
2 
3 
4 044 
5 
6 
7 

.Conn (=clop CO* 

Motorialp Querto 

Nosh ro.p .0+10 

Toblo 11o. 4.20 

r. 0.1865 cm 

= 2.? WO 

„ 

61. Ltd 1 	Lig floty Uommotor 
Vo4 kg. 	rot° rocainco /an. 	=D. 

Pie C B h cm. 

1 	1.0 
2 	17 
3 	2.4 

	

0 .7 	207 
5 	5.0 
0 	0.0 7 	0.6 
8 	10.0 

1 	1*0 1.9 
3 	3.0 
4 	1.0 	6.0 

0.0 
3 	10.0 

48.3 49.& 614 56.0 
52.5 61.9 51.0 

/.17=0• 
494 
52.3 
54.0 
00.5 
6597 
a190 
6e,100 

44.2 41.1 39.5 
36.6 38.0 3134 304 

44.0 
41.7 
38.5 
37.0 
30.5 
36.2 
36.0 
37.0 

46.8 63.0 
05.5 
55.7 65.0 

43.6 
4096 
34.6 
25.0 
34.7 364 

2.1  8.6 11.6 
19.8  
14. 
13.3 114 

1048 
10.6 
10.4 
10.4 
104 
11.0 
11.8 

3,9)  14.6 
7.5 14.4 
10.0 14.3 
17.04  14.3 
30.0„, 14.2 
10.6' 1490 
10.0 
17.0 

154 15,6 

3.2 18.7 
095 16.6 
21.6 18.6 
40.0 164 
21.fr 
19.7 

18.7 
14 

) for ad boa. Proscamo put ( at limit of stObi/lt 

ProoGuro drop of onsot of fluidiattion. 



5 6 
7 

.4 

5 
a 
7 
a 

Tablo 110. 4.21 

Cono =la, 200 	• 0.151? cm 
gatorislo (Vats 	 = 2.7 MAO 
Nosh ra. 40+12 	 a 

1 
2 
3 
4 
6 6 
7 

0.4 

047 

1.0 

0.3 
1.7 
2.4 
3.3 
3.8 
6.0 
7.2 

0.8 
1.4 
2.0 2.3 
4.4 
4.4 
13.6 
7.0 

0.3 
14 
2.6 
810 500 
6.0 8.0 

47.1 
49.6 
62.6 
55.5 
62.0 
61.7 
60.7 

47.4 
49.5 
•62.6 
64.5 60.3 
61.5 
63.6 
63.3 

46.6 
60.0 
6662 
624 56.3 
564 65.0 

4303 
414 
384 
36.0 
38.5 3940 
40.0 

42.9 
40.8 
37.7 35.8 
30.0 
30.0 
30.3 
37.0 

44.0 
40.0 
3600 
27.6 34.0 
34.3 
3645 

3.0 	10.0 
84 • 	10,8 

14.5+ 	10.7 
20 . 	10.6 
13e 	11.3 
12.7 	11.0 
1047 	12.3 

4.5 	15.7 
0.7 	1646 

14 .3 	16.6 184, 164 
30.3  
10 	3.0.2 
10.7 	13.? 
1643 	17.2 

266 	10.7 10.0 	18.6 
0.2,), 	1866 

36. 	18.4 
22.3 	19.2 
21.7 	19.7 
10.0 	20.7 

nraaduro pock ( at limit of stability ) to Riuod boa. 

Proasuro drop at onaot o fluidization*, 



Table Iloo 642 

Cone agaop 20° 
	

D =000927 as 
Material o QuQt3 
	 co  2.7 WOO 

ra sh Voo caons 

61. Bcd • 	go I' 0 
1100 	Imo 	rate $ 

lit a n 
Mmoriot or 
readings 

also 
P C'E? C 4 Bcd t o 

3. 	 0.6 	4702 
2 	 1.2 	80.0 
3 	 1 .6 	62.0 
4 	004 	2.4 	65.3 
5 	 2.4 	82.0 
3 	 3.2 	ea 5 
7 	 8.2 	81x»2 

1 	 04 	416.6 
2 	 .101 	61.0 
3 	 1.6 	84.8 
4 	007 	208 	6900 
5 	 203 	84.8 

	

300 	Ete1.0 
7 	 8.2 	83.7 
3 	 8.0 	53.0 

1 	 0.3  
2 	 1.1 
3 	 1.7 
4 	 2.2 
6 	1.0 	3.8 
0 	 3.8 
7 	 6.0 

7.2 

43 4 .,1 	1 11 .6 
40.8 9.5 11 .6 
33.8 13 o8+  11.6 
35.2 20.1, 11.4 
38.8 134" 11 .0 
33.0 12.8 12.3 
39.2 12.0 13 .3 

43.8 2.3 16.1. 
30.8 1106 16.0 
36.0 10.4 16.9 
31.6 27.5.4 18.7 
304 16.13" 10.2 
36.5 174 13.7 
37.0 10.7 17.3 
37.5 16.8 18.2 

62.4 6.0 1903 
30.7 11.1 19.3 
36.6 10.6 10.2 
32.8 2844, 19.2 
28.0 34.8 104 
34.2 21.61  19.8 
3500 2005 20.1 
3506 19.3 21.0 

48.4 
60.3 
8600 
63.0 
62.6 
63.1 
86.5 
84 .9 

Pra °aura pooh C at limit of stability ) for tined bcd 

n Propouro drop at onoot of fluidization. 



Nenomotor 	AP co 
no. 	Eat 0 	no:limo, 

• COO* 
0E3* 

UCd 

0.0 
11.4 
23.3  a„ 
30.3; 
17.7' 
17.0 
10.0 
14.0 

3.4 
10 .4 
1702 
27.6 
37.0 
534. 
20.r 
19.2 

10.6 
10.6 
10.6 
10.4 
11.0 
11.3  
12.0 
10.3 

16.1 
16.1 
13.0 
14.0 
14.0 
15.3 
16.8 
10.0 
17.3 

18.4 
1843 
4,3 
18.2 
1841 
184 
18.4 
20.2 

Toblo to. 4.23 

cono =lot 20* 
	 # 0.1865 cra 

Votorial Welt° 	(11 	2*7 C0/00 
Noah 110 a 4.0+10 

6 0 

1 
2 
3 
4 
6 
G 
? 
a 
9 

1 
2 
3 
4 
6 
a 
7 
a 

0.8 46.9 44 6 
1.3 40.0 43.9 
9.7 <49 .1 41 
6.0 63.0 3208 
0.0 62.4 33.0 
7.3 62.2 33.1 
11.0 51.6 33.8 
13.0 60.0 30.6 

1.1 456.2 44.2 
2.3 40.2 42.2 
3.4 81.4 394 
6.0 53.3 33 «8 

0.? 7.0 0.3 26.3 
7.3 6100 30.3 
9.3 83.9 36.3 

13 .6 534 37.2 
16.0 fA • 6 3?.? 

1.5 43.9 43.6 
3 4 60.4 40 .0 
3.8 63 .7 36.5 
4.9 59.0 31.5 

1.0 6.0 63.6 26.6 
0.6 74.0 16.0 
0.6 6540 34.9 

16.2 64.8 36.0 

a 
3 
4 
a 
6 
a 

0 Prosouro pooh ( of 21m1 of oteAllty ) go'' `lact bed. 

etoostir0 drop cat onsot of fluidlzatlorto 



1. 
2 
3 
4 
6 0.4 
6 
7 
S 

1 
2 
3 
4 0.7 
5 
7 

1 
2 
3 
4 
6 1.0 
6 

2. 5 
6.0 

13.6÷  
30001  
164 
14.0 

16.1 
1640 
16.0 
16.0 
16.0 
16.6 
1643 

0..4.1.0.***~A~.0404~4104 

2.6 
6.6 
743 - 
104 

3610:: 
180" 
16.6 

10.8 
18.4 
18.3 
10.3 
13.2 
184 
1041 
20.7 

61 
Tthlo ro. 4.24 

Cono cnalop 20° 
	

D = 0.1617 cm 

Iintortal 9 COWA° 
	

ro  2  2 .7 exica 
NO oh lio449  .10+12 
	

/) a * 

81. 	floti 
tIo. 	Zoto 

t 
rnedinco 

crio. 

AP)oin C 	Bed ht. 
co* 

0 .6 
1 • 5 
2.0 
2.6 
3.6 
3.6 4.0 
6.3 

0 00 
1.1 
1.9 
11.3 
4.0 
4.3 
10.0 

46.2 
4749 
49.6 
61.9 
66.0 
63.0 
iS1 .7 51.0 

40.3 
47*6 
4047 
51.7 
C0.0 
53.0 
62.0 

44.0 
42.2 
40.8 
384 
34,40 
0E40 
38.3 30.0 

4340 
42.5 
40.2 
3842 
Z000 
37.0 
30410 

016 
1.1 
1.4 
1.?  
2.?  
6.0 
01.0 

12.0 

4603 
47.8 
40.7 
60.0 
66.0 
0300 
642 
60.7 

43.7 
42.2 
41.4 
45).0 
36.0 
27.0 
3040 
3946 

2.2 
6.7 
9.1 
134, 
240„7, 
1440" 
13.4 13.0 

10.6 
10.6 
10.0 10.4 
10.3 
11.0 
11.6 
11.0 

4  RrOSOU20  Met ( at 'zit or stnbili y ) fo 1od boa 

onnu O dt*op ot °not of eltddizat 
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144, cm C14 B ht. 
.0=0 

1;7"---1-4717-6.' 
0.4 
0.4 
6.4 
0.6 
3.0 
6.9 
7.6 

Tcblo ro. 4.25 

Cono ma°, 300 	 D = 0.1517 On 

netOzilap Clcso boca0 	2". 2.5  Catte 
Mph floe 40'12 	o "I1 

b1. 	UCd 'tit • 
Mo. 	4a• 

1 
2 
3 
4 
5 	0.4 
6 

8 

t41 
rate 
lit Wit. 

Nemo cr 
rocango 
ezo. 

0.7 48.3 46 8 
1.6 49.? ' 46.3 
2.3 5141 4349 
307 62.4 424 
3.7 51.6 43.6 
4,3 6104 43.6 

7 5.6 61.2 43.8 
9.6 8141to 43.9 

41~1011100111114WOMVONNIMMWOMOMINIMPPISMIPIPIWIMIO 	 merwaillesomlise 

1 
2 
3 
4 
5 	0.? 
6 
7 
8 
1 
2 
3 
4 
6 	1.0 
6 
7 
8 

1 2 
3 
4 
6 	1.6 6 
7 
8 
0 

06 43.2 
1.2 49.3 
2.4 62.4 
443 66.8 
4.3 63.6 
6.0 . 	634 
0.0 62 .8 

12.0 52.? 
0.0  40.8 
16 60.0 
2.5 63.9 
/3.6 67.0 
4.6 56.1 
64 64.6 
0.6 6402 

32.4 64.0 
wiiii**********/****01~ 

0 «7 46.6 
1.6 61.6 
2.2 63.7 
3.1 
6.6 

66.6   
. 

5.6 
7.6 66.6 

11.2 66.8 
10.0 55.8 

46.8 
46.7 
42.7 
40.1 
41.6 
41:8 
01,143 
42.0 
40.2 
4(1.2 
41,1 
38.0 400 
40.5 
40.8 
41.1 

46.5 
43.6 
41.4 
38.6 
3834..22  
3307 
3003 
30.6  

040 
04 
0.0 
9,0 

11 
11.3 	9.4 10.6 	940 
10.4 	10.6 

241(.1 
607 
	10.6 

16.17 
1040; 
12 .4% 	10 .6 

10.5 
11.0 

1414 
	

11 4 
13,3 
	

1108 
124 
	

13.0 

2.1 
7.9 

12.5 
1800 
0.0, 2 
18. 
17.8 
13.6 
1600 

1300 
13.0 
13.0 
13.0 
13.0 
13.0 
13.9 
24.4 
16.0 

1.4 
3.0 
C.7 

144, 

Sl."*.00004104•100041.40•4 

Mon= port ( at Unit of otobilitY ) for fimcd bcd. 

Proocuro drop at moot of fluidisntion4 



Cone analep 300  

Noterielo Cuorts 

Mesh Vol. 4010+12 

Sreble to. 4.26 
D c 0.3•617 OD 
Pa  2.7 coami 

(1) 

SI. 
Uoll 

Bed lit• 
kg. 

Liglifl 
rota 
lit min. 

Henomoter 
readings 

AP ,CtC034 

1 
2 
3 
4 

0 .7 
2.0 
2.8 
3.2 . 

48 41 
49.3 
50.3 
60.8 

47.4 
46.1 
45.2' 
44.7 

0.7 
3.2 
54 
6.1, 

6 . 0.4 6.4 63.1 42 A 10. 
6 5.4 61.4 44.0 7.4 
7 6.0 61.3 44.1 7.2 
8 9.8 50.8 44.6 6.2 

0.5 43.0 47.6 0.6 
1.4 494 46.4 2.7 

3 2.7 51.1 44.6 6.0 
4 3.9 63.1 42.4 10.7,  
6 0.7 64 66.6 39.0 17 
6 643 63.1 42.6 10 4  

7 3.6 52.8 424 10.0 
3 13.0 52.0 43.6 0.4 -0-* 
1 0.5 43.1 47.4 0.? 
2 1 .6 40.4 46.1 3.3 
3 3.2 51.6 44.0 7.6 
4 4.3 64.3 41.3 13.0 
6 
6 

1.0 8.0 
3.0 

60.1 
84.1 

35.6 
41.6 

240.9 
12.5" 

7 11 ►2 53.4 424 11.3 
8 15.2 52.8 112.7 10.1 
1. 0.4 48.1 47 .3 0.8 
2 1.9 494 46.7 4.2 
3 4.2 64.2 41.4 1248 
4 4.4 66.2 39.4 16.8 
6 9.2 66.6 30.0 36.0,„ 
6 9.2 55.6 39.8 15.8" 
7 
8 

13.2 
18 8 

54.7 
64.6 

40.8 • 
41.0 

13.0 
13.6 

Pressuro pee% ( at limit oP Stability ) for Pined bed. 

Pressure drop at onset of Pluidizatlon.  

7.2 
7.0 
7.0 
7.0 
7.0 
7.2 
7.2 
8.0 ......... 
9.8 
9.7 
9.7 
9.7 
9.7 

10.1 
10.2 
11.1 

Bed ht. 
Ada 

11.9 
1100 
11.3 
11+8 
11.8 
12.3 
12.7 
13 6 
14.9 
14.8 
14.6 
14.6 

14.6 
16.0 
16.3 
15.6 



3 	 3.3 614 

4 	 3.6 61.8 43.8 

4 	 6.0 62.9 42.7 

6 0.4 6.0 61.6 44.0 

C 	 7.2 61.3 61.2 

7 	 16.0 61..0 44.7 

44.4 

Toblo PO* 4.27 	4 	61 

D = 0.1617 On 

=I 2.7 6m/co 

Cono enaloo 30°  

IlotorioloCololto 

Ves' 	 olio§12 

81. Bcd ttt. rag  not! 

r ate 

1 	0.6 

2 	1.4 

a 
1 
	

0.0 
2 
	

22 

3 	 3.6 
4 	 4+0 
6 

	

1.0 	 6.1 

6 	 7.6 

7 	 7.0 

3 	 S6 
0 	 1.6 

.7 
2 	 ao 

30, 	 3,4 
4 	 44.7  5 	1.5 	6.1 
6 	 7.1 
7 	 0.4 
8 	 0.4 

9 	 14.0 
10 	 22.8 

APoorioCC1 13 d ht. 

Cm. 

.........,_,.., 

0.8 7.0 

2.2 7.0 

6.3 6.9 

8.0* 6.9 

ba.Z. 3.3 
7.CS4  7.0 

7.1 7.2 

6.3 7.8 

1.0 9.6 

3.7 9.6 

7.0 0.6 

12.6+ 064 

12.7, 

11.3"  

9.4 

9.7 

10.6 9.0 

9.3 11.2 

1.4 11.6 

4.0 11.4 

7.9 11.4 

11.1 11.3 

17.4 11.2 

32 11.1 

13e 11.7 

48.3 	47.4 	0.0 	 A. 5 

40.5 43.2 3.3 14.4 

61.7 43.9 7.8 14.3 

48.0 41.6 12.4 14.2 

67.9 37.7 20.2 14.2 

61.2 34.4 26.34 14.1 

c4.6 31.0 33. 14.1 

6(3.5 39.0 W. 14.6 

86.2 40.3 14.9 14.9 

84.4 41.2 13.2 10.0 

No. 

tknomotor 

reclines 

rn j 1 _............ . 

48.2 47.4 

484 46.7 

1 	 0.6 434; 47.3 

2 	 1.9 49.7 46.0 

3 	 3.4 51.6 44.0 

4 	 4.4 84.1 41.6 

5 0.7 0.0 504 39.0 

6 	 C.0 63.4 42.2 

7 	 C1•4 63.0 42.6 

6.0 	62.6 	43 1 

48.8 47.1 

"1..8 48.8 

81.8 43.9 

8344 42.3 

66.4 394 

59.1 36.6 

6408 <1.9 

84.3 41.3 13.0 18 

63.7 	X1.0 	1 	 P 

Proosur 	ak ( at limit of stability ) for t a boa. 

Pressure op at onoot of fluidization* 
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Tablo tIo0 4025 

Cono anglo o 450 
	 ap  42  04417 CM 

Veteria3. Olaso bocdo 	 et 208 go/be 

Mob ro. .310410 	 o 12 

Sl. Bed 
no.° 	kg 

1 
2 
3 
4 
5 	0.6 
6 
7 
8 

1.0 
6 
7 

1 
2 
3 
4 
6 	106 
6 
7 
El 
9 

loty 
rata 

lit/him* 

nenortat or 
rotdingo 

ona 0 

Po 

14 
1.4 
244 
3.9 
4:7 
04? 
6449 

48.8 
48.8 
49.8 
6141 
61.9 
61401 
60447 

47.2 
4761 
46441 
44.8 
4440 
44.6 
4642 

1103 
14 
3.7 
6.3 

7.6 
6 6 

11402 60.0 4663 663 

0.7 48.3 4746 0.8 
108 494 4447 2.4 3.4 60446 46.4 6.1 
4.0 6146 4402 7.44  
6.6 66448 4046 1643 
303 6243 43.1 0.2 
844 62403 4366 8.8 
11.4 6241 43447 044 

040 48.3 4706 1.1 
' 14 40.4 46.7 207 
3.6 6142 44418 6404 
4.3 6346 4246 10.9 
6446 
8.0 

66.6 
66.3 

4046 
3946 

1449 4.  2260 
340 6441 4149 12.0" 
1043 63.4 42.6 104 
2048 63.1 42.9 10.2 

Lod ht. 
CM 

6 1 
8441 
841 
3.1 
841 
341 
8401 
061 

0.7 
0.7 
0.7 
0.7 
0.7 
947 
0.7 
9.? 

10.6 
1646 
1040 
1046 
10416 
10.6 
10.6 
10.6 
1066 

4. I:vapour° peak ( at limit of abilit ) for f 	b 

PXOSOUr0 drop at onset of fluidization 0 



1 	1.4 
2 	3.0 
3 	4.4 

0.5 	6.6 a 	 0.5 
9.0 

x.408 

1 	1.0 
2 	3.1 
3 	5.9 
4 	1.0 	9.0 
A 

6 	15.0 
7 	26.0 

1 
2 
3 
4 
6 

0.4 
.100 
7.0 • r).4 

1.4 
7 

Tabio ITO. 4.29 

Corso mai° it 46° 	DP 
	0.161? cm 

r:citoriol, quarto 	 = 2.7 amico 
I:13h 110. .10+12 

81. DO gut 	L1ga t1  
ka. 	r ato 

tionomat or 
readinaz 

cos. 
utoCC14 nad ht  

cm. ' 

4844 
49.0 
50.0 
52.2 
50.5 
60.3 
60.0 . 

47.7 
47.2 
46.2 
43.8 
454 
46.8 
46.0 

0.7 
1.8 
3.8 
4• 
4.6 
4.0 

6.9 
6.9 
69 
6.9 
6.0 
6.0 

48.4 47.7 0.7 9.7 
49.6 46.4 3.2 ►•7 
62.5 43.5 9.0+  9.7 
56.2 
61.7 

39.8 
44.3 

16.4„ 
7. 	rte  007 

81.3 44 .7 COG 0.? 
510 44,6e 6.1 Vol 

48.2 47.7 0 6 12.9 
49.8 46.0 3.8 12.9 
6304 42.5 10 • 9+  12.9 
594 36.8 22.3 12.9 
52.9 42.9 *0 12 .9 
62.3 43.6 8.8 12.9 
61.9 43.9 8.0 12.9 

PA* room Poet (o Unlit of at ability ) for fitod bode 

Pro astir° drop of ortsot of fluidization. 



Toblo T o. 4.30 

Cono c71610 g 46° 	 D 	0.151? ea 
'AI:wiz' C cialt a 	Po  =2.7 rA/C0 
Meta 	# 40+12 

• 

81. Scat 	(at fiotz 	ticzocater 	AP en...CCId 	hod ht'  
17,06 	ha. 	rat° # 	ra edinao 	 cm 4 

ord. 

1 
2 
3 
4 
6 

006 

1.8 
3.5 
5.3 
6.5 
0.6 
9.6 

164 
20.0 

48.1 
48.7 
49.8 
61.1 
62.4 
60.3 
49.9. 
49.6 

47.3 
46.7 
45.6 
44.3 
43 .0 
45.2 
4516 
45.9 

0.8 
260 
4.2 
668 
9.41  
5.13  
4.3 
3.7 

C*5 
0.5 
6.6 
6.6 
6.5 
6.6 
6.5 
6.5 

1 2*0 4863 47.2 1.1 9.8 2 4.0 49.2 46.2 3.0 9.8 
3 1.0 7.8 62.0 43.6 04,8 
4 1200 66.8 41.? 14. 983 
5 12.0 61.6 0.8 7. 9.3 
0 10.6 60.9 44.4 046 9.3 
7 23.0 .  80.6 44.9 5.6 9.3 

1.6 47.9 46.9 1.0 11.8 
3.8 49.2 45.6 3.6 3.1.8 
6.6 61.7 43.1 8.6 31.0 

11.8 8.4 834 41.2 12.3 4. 6 14.0 58.4 36.3 22.1 31.8 
6 14.0 62.1 42.6 9.6 31.8 
7 10.2 .? 43.1 8.6 11.8 

26.0 6164 43.4 8.0 11.8 

Pra 	: C it limit of at t 11ity ) fortad bad. 

P ossuro drat; at on sot of fluidization° 
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0 	gn 	in 
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102 

3. 0.8 	nod 
4.0 

10.0 

2 
3 4 
0 
43 

Cl 	Bad h 

0.8 
2.2, 03;r 
flitr 
2.? 
2.? 

009 
3.4  
7.2 

4.3 7r  
463 
4.2 
4.1 

1,3 
3.6 

4.9 
4.9 

8.0 
6.0 
8.0 
5.0 
6.0 
6.0 

6.0 
6.9 
0.0 
6.0 
6.9 
660 
6.9 

0.7 
6.? 
6.7 
6.7 
0.? 
6.7 
6.7 

Tablo NO. 441 

Cono analoa C00  
tratarlal0 Glcoa bacd 
Noah Ma 0 c101•12 

Sly Bad tart. Liq. flay 
ratQ 
lit 

1 	14 
2 	 0.0 
3 	34 
4 	1.0 	0.0 8 	OGG 
a 	16.0 
7 	23.0 

1 	1 6 2 	3.4 
3 	4.6 
4 	1.5 	8.0 
6 	3.0 6 	120 
7 	12.0  

0.1817 aa 
P 2.5 gmiaa 

=1 

ti 	tor 	AP 
ocdinga 

aina • 

48.2 
48.9 
60.2 
49.2 
49.2 
49.2 

47.4 
46.7 
46.4 
46.4 
46.6 
46.8 

48.3 47.4 
4944 46.3 
61.6 44.3 
60.1 46.6 604 4617 
490 9 46.7 
49.0 4643 

48.8 47.2 
49.6 464 
60.4 46.3 
624 43.5 
60.6 46.2 
50.3 46 4 
50.3 45 4 

NO 10, 	Cgt 

Prapoura padt ( at lim t of t xbSilty ) for flicod bads 

Prossura d2op Qt onsot of flu 	(*ion* • 



1 	1.4 2 	2.3 
a 	4.0 4 	008 	0.6 

CIDG 
0 
	

10 00 
7 
	

17.0 

1.0 
2.3 
6+8 1.0 	1000 

5 
	 1000 

a 	14.0 
7 
	

(2400 

1.4 
Cr 
	 2.3 
3 	5.8 

6•6 
644 
6•.6 6.6 04.6 
6.6 

0.0 6.0 6.6 6.0 
e*o 
G*0 6.0 

7.4 7.4 7.4 
7.4 7.4 
7.4 
76.11 

Tabio woo 4.32 

Cono anc1o, SO* 
	

Dp  0 0.1517 as 

Natorial, Qucrto 
	

(15 2.7aq/cc 

Vocal 170.# 40+12 
	

510  

81* BM it Lig. flats 
No. 	Its+ 	̀at°  

lit/ben* 

Manonoter 
rocalmo 

COD. 

P AmisCC14  tioLht. 

.~.110.08~NOMPOW11001010001. 

47.0 47.2 0.4 
47.9 46.8 1.1 
48.9 46.0 2.9 
6000 44.7 48.6 46.3 2.32  48.3 46.8 14 43.2 40.6 1.6 

47.8 .4 
47.1 
40.4 

0.7 
2.0 

6006 46+4 6.1 
81.0 45.0 6.0,e  
49.0 46.3 3•2' 
48+8 46.0 2.3 
48.7 4601 2.0 

47.? 47.1 0.6 48.2 46.6 1.6 
60.0 44.8 502 

4 	1.8 	13.6 
6 	13.6 	Z.1 0  12:8 	re5g  
6 	18.4 	494 45.8 3.3 7 	28.0 	49.0 46.9 34 

aura podgy ( nt limit of otability ) fo fizo4 d. 

rt Pro sure Grop at onoot of fluldlzation. 



81. Sod 'wt. 14. flow 
o* kg tats 

Manometer AP fan.CC14 Bed ht. 
rain 
Omo. 

CM. 

• 

) 

Table n0* 4 33 N 1 

Cone angle, CO* 
	

Dp = 0 01517 o 

tlatorial Cadet° 
	es  g: 2.7 Ica 

Noah Do., 40+12 

1 	2.2 48.3 47.3 
2 	3.1 48.8 46.9 
3 	6.4 49.9 45.8 
4 0.5 	6.4 49.0 46.6 
0 	11.13 	4309 4607 

	

24.0 	48.8 46.8  

1.0 	8.5 
5.5 

4* 	608 
2. 	6406 
2.2 	6.5 
2.0 	5405 

1 	1.6 48.2 47.4 
8 	2.5 48.8 46.8 
3 	0.2 • 50.5 45.0 
4 1.0 	10.4 	51.5 44.0 
a 	10.4 60.0 46.7 
6 	14.8 49.5 46.1 
7 	26.0 4002 46.4 

0 8 
2.0 
606+  
7. 
40 
3.4 
2.3 

3.9 
Co9 
6.9 
6.9 
040 
640 
6.9 

47.3 
45.7 
M403 
43.0 
45.6 
45.8 
46.0 

	

1 	2.0 	48.3 

	

2 	4*G 	49.8 

	

3 	7.7 	61.4 
4 1.6 16.0 624 

	

3 	 16.0 	60.0 
204 494 

	

7 	3000 	49.6 

!
7.8 
7.8 

	

9.7 	7.8 

	

4.42 	7.8 
7.8 

	

3.6 	7.8 
4.0 

Prossure pock ( as limit of stability ) fog fined bod* 

Proem° drop at °Mot of fluidisation* 
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Toblo Na. 4.34 

Cone englap 120° 
	

0.1E17 cm 

Natotia1) Glasa Bata 	/4; 0  2.6 gm/Co 

nab Vo. 4012 
	

1  

61. 8 tit. Llq. n1 	t4anomoto 	dad ht. 
Vo. 	kg. 	rata, 	rondinga 	a 0 

litibin. 

1 	1.0 
2 	2.0 
3 	3.4 
4 	0.8 	3.4 
6 	050 
6 	16.0 

30.3 29.0 
30.8 29.8 
31.0 29.3 
30.9 29.8 
30.8 2906 
30.7 29.7 

0.4 
0117, 
/47" 
1.4 
1.2 
1.0 

1 	1.3 30.8 29.9 
2 	2.4 31.2 2903 
3 	3.0 31.6 28.9 
4 1.0 	3.3 31.3 29.2 
6 	0. 0 	31.2 29.2 
6 	10.8 31.2 20.3 

2.7, 

2. 
1.9 

4.0 
4.0 
440 
440 
040 

1.6 
2 
3 4.2 
4 	1.5 	4412 

7.0 
6 	 24.0 

30.7 29.9 
31.6 28.9 
32.7 27.8 
31.8 28.8 
31.6 28.9 
31.4 29.1 

°ea 
24+  
409, 3.0 	• 
210 
2.3 

4,107 
4.7 
447 
4.7 
447 
4.7 

Prossuro po6k ( at limit or stabl110 ) for fixad bed. 

Pressuro drop at onaat of fluidization. 

=a 4 



Manomoa 	AP cm C14 riOd ht 
rOgg4140 

010 Bod 
o. ek, 

g* f1 
roto 0 

107 
2 
3 	3.0 
4 	003 	3.0 
8 	7.0 
6 	16.8 

1 
2 
3 	1.0 
4 
0 

1.9 
3.0 
6.3 
6.8 

174 

2.0 
2 	 3.0 
3 	 4.4 

1.6 	6.3 
0.3 

10.0 

3.2 
6.2 
Set 
3.2 
$*2 

4.3 
13.3 
1163 
t303 
134 

0.0 
1,00 060 0.0 
5.0 . 

T0b10 110. 4.36 

Collo analo0 12P 
	D * 0.1517 em 

Notarial, Quarts. 

	

(s  2.7 gm/oo 

Eboh No. 01012 
	

0 

S005 23.9 0.6 
3008 2904 1.2 
31.3 2N1 2.21  
S0.0 2347 
30/3 2208 1.0 
3007 29.8 0.9 

30.6 29.9 0.7 
3107 
32.2 

22.9 
28.4 

244, 
3400, 

314 20.3 149" 
31.1 29.5 1.0 

30.7 29 9 0.3 
31.3 29.3. 2.0 
31.9 284 3.2 
32.6 tO 4.6 
31.3 23 3 2sOn 
31 22.3 

Pro, suro ponh pt limit of stability ) for Mod be 40 

Prossuro drop at onsot of fluldisationo 



Tdblo No. 4 36 

Cann cnglol 120° 

Notaria10 Cacitc 

rash Noos.1012 

81. BM tit. 	f et? 
!To. 	kg. 	rate, 

lit/hin. 

I3 motor Voce C1,4  Bed ht. 
readings 	QM* 

CU. 

1 	1.4 
2 	2.0 
3 	4.0 
4 	006 	4+0 
8 	7.0 
6 	16.0 

3006 20.0 
304 29.7 	att4 
31.6 29.0 2t6 3.4 
31.0 29.6 3.4Sa 044 
30.95 29.16 	/035 3.4 
30 0 	29;6 	'03 	3.4 

0.6 	34 

1 	1.6 
2 	3.6 
3 	1.0 	041 
4 	6.2 
6 	26.0 

1 	1.8 
2 	4.0 
3 	1.6 	7.2 
6 	7.2 
a 	ia.o 

3006 29.9 
31.4 294 
324 274 
31.3 20.1 
314 204 

30.6 294 
31.6 
334 2701 
314 284 
31.4 	29 *0 

4.2 
2.3 	4.2 
4.1T 	4.2 
2.2 	4.2 
1.8 	44,2 

047 	6.0 
2.8 	6.0 
6. 	4.0 
3411 	6.0 

6.0 

Presume Pock ( et limit of stability ) for find bode 

Pasha drop of cannot of fluidization. 
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COUCLUSIOVS 

Emperimental studios were carried out in tapered 

vessel° with epam angle ranging from 10° to 1200 p to 

investigate the optimum cone angle for solid.liquid contact* 

Based on experimental studies using glass becdsp calcite 

and Quartz of difforont pexticle sizes it has been observed 

that a cone angle Greater than 46° advorsely affects the 

solid .liquid contact* In vowels having a cone angle mere 

than 450  the particle movemont is limited to a control 

core with particles remaining stationery in a thick layer 

caSoctent to the vowel wall* 

It has bean oboerve4 thet increase in bed height 

increases the preosure peak value* For the same particle 

also pressure pooh is more for cruahed materiolo than for 

spherical particle's* Pressure peak is more in case of 

materiel having size distribution than for a material of 

uniform size* 

Pressure pock is a characteristic of soli4.441 d 

contact in tapered vosnelsp which is not so prominent in 

cosy of cylindrical vessels* The pressure peak in conical 

vessels is comparable in value to the net bed weight prose. 

uric) drop* Prosauro peak has been correlated in terms of 

ton °4,./20 1:010  and Boma  based on the entrance* The correa 

lotion given below is valid for conical vessels ranging 

from 10° to 45° for oPhorical es we b1 as crushed materiels 

in olzo range .10.0,12 to ..16+18 mesh nos* 

(.../T/W) = ‘. o 'er  >k■ CD/r) (:)‘. 	CACKY\ ctel, 5\  63  
The .percentage deviation has been found to be 40' 35f.;* 
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EMMA= 

(/j/de pp°  ) ( 	e) °/ E 3  

a 	= Avorago cross-sectional area of the bode Avg  

46 	= dietanco normal to the longitudinal axes of tho 

column 'Dottie= tapered sides. 

( efigo Dp ) 1 a. 	E 3  
C = constant in equation (8)• 

C1,C2  = coefficients in Ergun typo equation ( 4 and 0 ). 

CD 	= Drag cooffik:iont in equation (19). 

D iD0  = Bed did' =oters at the top and bottom of the bod 

rospoctively. 

Dp 	22 Particle diamotor. 

F = Drag force on the particles in equation ( 19 ) 

tccolovation duo to gravity. 

Cc 	m Gravitational constant 

k = coefficient in equation (7). 

= Bed heichte from bottom of the bed to the top and 

upto soca intormediate point respectively. 

Lmf 	Sod height at the minimum fluidization. 

M = Vass of tho solid particles charged to the bed 

AP 	= Pressure drop across the bed, frictional 

pb,pt = Proscures at the base and top of the bed respoottvely. 

RpRo = Radial distance from the apex of the cons to the tq 

of the bed and upto the distributor rospostivoly. 

rbtrat,r= Bed radious at the base, top and at an intermediate 

point of the bed respectively. 



/LA 

Aw 

us) 
	Superfecial fluid velocity at the distributor. 

tit 	Terminal velocity of the particles. 

Wnee Net weight or buoyant weight of mat al in the bed, 

Exponent in equation (14). 

= Bad porosity. 

o' Densities of the solid particles, fluid and of 

the bed (bulk) respectively. 

= apex angle of the cone. 

fluid viscosity. 

= Pressure peek in the tapered vessels, 

= particle; shape factor. 



APPENDIX 

PROGRAMMES FOR LEAST SQUARE CURVE F/TTIOSo 

C C PROGRAMME NO. 1 
C C ME THESIS ISHWAR CHM:MA CHEMICAL UOR 

DIMENSION Y(7O)*X1t70)+X2170),X3(70) 
READ5oN 

5 FORMAT4153 
READ10*(Y11),X1(I),X2(I),X3(I),Int1*NI 

10 PORMAT(4F150.5) 
DO15/=1,N 
Y(t)ctiOGF(Y(t)) 
XI(I)=LOGF(X1(I)I 
X2(1)121LOGF(X2(I)) 
X3(1)=LOGF(X3II)) 

15 CONTINUE 
SMYa000 $ SMX1=00) 3 SMX20000 S SMX502000 
0020ImltN 
SMY=SMY+YIII 
SMX1aSMX14-X1(1) 
SMX2r2SMX24(2(1) 
SMX3*SMX3+X3(I) 

20 CONTINUE 
AN'N 
YMoSMY/AN 
XM1=SMX1/AN 
XM2riSMX2/AN 
XM3=SMX3/AN 
PUNCH30,YMI•XM1,XM2,XM1 

30 FORMAT(5X0HYMa0F100492X,4HXM10,FlOo4,2X114HXM212,F1004,2X,4HXM3Ist 
1F10.4) 
51a0e0 S 52220.0 S S3=0.0 $54e040 
S630.0 S S75000 $ S8c0.0 $ 51122000 $ 51200.0 
D040I=21.N 
ZYnY(1)—YM 
2132X1(1)....XM1 
Z2aX2(I)—XM2 
2312X3III...XM3 
SlaS1+21*Z1 
S2aS2+Z1*Z2 
S3=S34.214,23 
540iS4+21*ZY 
S60$6+22*Z2 
S7=ST+22*23 
SegsS8412*ZY 
S11aS11413*Z3 
5120512413*ZY 

40 CONTINUE 
S5=2S2 
S9*S3 
S104257 
PUNCH50,51,S2,5311S4 

50 FORMATC/5Xo3HSlirs,P1.3*4,2X0HS2e.F10.14,2X,31453*01004.2X, 
13HS40,F10o4/// 



PUNCH60,55.56,57.58 
60 FORMAT(/5X.3HS5a.F10.4.2X,311$6a,F1004,2X0H$713,F10.4*2X,  

15HS8=2.F10.4//) 
PUNCH70.590S10,S110512 

70 FORMATC/5X.3HS9ntF1).4,2X*4HS 
14H51212.F1004//) 
STOP 
END 

67 

042,F10.4.2X.414SllufF10.4,2X. 

0.26 1.68 *125 56.0 
1.17 108 .085 120.0 
0.88 10 .085 100.0 
008 1.56 0085 90.0 
0.61 200 .125 70.0 
0.66 2.21 012t,  85.0 
0.28 1.32 016 56.0 
0047 2.16 .16 68.0 
0.68 2.4 .16 8000 
0071 106 .085 33.0 
0079 10 0085 38.0 
1.19 1.98 0085 4700 
0.15 1.18 8125 20.0 
0052. 200 .125 26.0 
0054 2.21 .125 32.0 
0024 108 .16 22.0 
0 028 2.12 *16 27.0 
0052 2.35 .16 33.0 
0.16 10 *28 74.0 
0.22 2.26 *28 86.0 
0027 2 0 37 .28 91.0 
0064 2,32 *28 113.0 
0.84 303 .435 160.0 
0072 3.11 .435 130.0 
009 2076 .435 95.0 
*57 1034 *16 72.0 
*88 202 016 96.0 

1.0 2.48 .16 120.0 
.35 1.038 .28 101.0 
.58 2.12 .28 121.0 
063 2.5 .28 153.0 
*92 3.1 .28 189.0 
084 2.4 *435 193.0 
.82 3.11 .435 240.0 
102 3.3 *435 280.0 
1041 108 .085 117.0 
2.23 1.43 .085 133.0 
2.23 2.03 .085 149.0 
086 1.72 .125 88.0 

1038 2.06 .125 133.0 
1.96 2.15 .125 151.0 
2.25 20 .125 181.0 
045 2.0 .28 109.0 
.65 207 .28 137.0 
096 2.6 028 161.0 

1.25 3.1 .28 185.0 
075 205 .435 131.0 

1.22 3.11 .435 181.0 
1.23 301 .435 250.0 



C 

60 FORMAT(5X019HSTINDARD DEVIA7/0Nom.F10.5) 
COV0(STD/CKAVG)*100.0 
PUNCM70000V 

70 FORMATI5X,25HCOEFFICIENT OF VAR/ATION*.F10.5) 
0080Istl0N 

80 YNI1)0CKAVG*Z1(Y)*Z2III*Z3fI) 
PUNCH900(YtI),YN(1),I=10/ 

90 FORMAT(2F1505) 
S1*000 
52=0.0 
00100Ial*N 
SlaS14.1q1) 
S2=524.YNII) 

100 CONTINUE 
ANcIN 
YM=S1/AN 
YNMitS2/AN 
SY!0.0 

'SYNo0o0 
001101010N 
VY0A8SF(Y(I).'..YM) 
VYNgsA8SFIYN(I).YNM) 
SV=SY+VY**2 
SYN*SYN+VYNG*2 

110 CONTINUE 
CAN=1.0tSYN/SYI 
PUNCH10,CAN 
CAN10SORTF(CAN) 
PUNCH120,CAN1 

120 FORMAT(//5X.34HMULTIPLE CORRELATION COEFFICIENT 0 .F15.5) 
STOP 
END 

67 
0026 	1068 	.125 	56.0 
1.17 	1.98 	.085 	120.0 

•■.*...ALL THE SIXTY SEVEN DATA CARDS HERE AS PLACED TN 
PROGRAMME NO. 1 

0.96 
1.11 

C 	ME THESIS 

2.1 
2.33 

ISHWAR CHANDRr 

*125 
.125 

CHEMICAL UOR 

4200 
5500 

.00047 000058 .00058 *00072 

.00071 000057 .00061 *00067 

.00073 .00131 .00104 .00116 

.00057 .00123 000093 .00103 

.00080 000067 *00053 .00050 

.00054 .00083 600114 .00125 

.00103 000102 .00096 .00076 

.00088 .00091, .00080 .00075 

.00168 .00092 .00110 .00103 

.00118 .00092 400109 .00097 

.00109 .00093 .00105 .00098 
000111 *00098 *00179 *00167 
n00101 .00088 .00073 .00050 

ft 



3 

	

.00151 	.00105 	.00081 

	

.00121 	.00089 	.00151 

	

.00126 	.00145 	000138 

	

.00233 	000149 	*00120 
CKAVG0 	.00102 
STANDARD DEVI AT ION= 	.00036 
COEFFICIENT OF VI RIATION* 35.31694 

	

.26000 	.56253 

	

1.17000 	2.04875 

	

.88000 	1.54043 

	

.80000 	1.13178 

	

.61000 	.87614 

	

.66000 	1.18383 

	

.28000 	.47076 

	

.47000 	471462 

	

.68000 	.95261 

	

.71000 	.55402 

	

.79000 	.77348 

	

1.19000 	1.05110 

	

.15000 	.27025 

	

.52000 	.43284'. 

	

.54000 	.59049 

	

*24000 	.23772 

	

.28000 	.35911 

	

*32000 	.49000 

	

.16000 	.30594 

	

.22000 	.45179 

	

.27000 	.50822 

	

.64000 	07871t.  

	

.84000 	4)75114 

	

.72000 	08822 

	

.39000 	.38728 

	

.57000 	*57312 

	

.88000 	.94123 

	

1*00000 	1.34123 

	

.35000 	.40833 

	

*58000 	.60126 

	

.63000 	.80263 

	

.92000 	1.25580 

	

.84000 	onek 

	

.82000 	.91016 

	

1.32000 	1.23145 

	

1041000 	1.39286 

	

2.23000 	1.93876 

	

2.23000 	2.48928 

	

.86000 	.80643 

	

1.38000 	1.45201 

	

1.96000 	1.83515 

	

2.25000 	2.47909 

	

.45000 	.43823 

	

.65000 	.68006 

	

.96000 	.88724 

	

1.25000 	1.30473 

	

.75000 	.42792 

	

1.22000 	*74452 

	

1.23000 	'1.24369 

	

652000 	.60090 

	

.65000 	.91106 

.00147 

.00182 

.00113 

• 



•aavvv 1.19347 
.48000 .32378 
.50000 .48639 
.57000 .7200.5 
1.85000 14,2895.i 
2.33000 1.97342 
2.33000 2.66722 
1.20000 .81235 
1.98000 1.11333 
1.70000 1.37660 
1.00000 .70477 
1.80000 1.33412 
2.08000 1.88412 
.90000 .39401 
.96000 .65947 
1.11000 .9464b 
.09373 

MULTIPLE CORRELATION COEFFICIENT x 	.30616 
0 	STOP END AT S. 0120 + 01 L. 
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