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ABSZRACT

Frocont worll involvoo tho ptudy of liquid
flu&&imatiun in tapowcd ?ﬁsa@lﬂ*ﬁiﬁh taporing rcngzng
fron 10 to 120°» coﬁané gina colid pevtisles (Glepao
bocds s Quartz ond Caleita) hovo bacn uocd for otudying
tho offoct of physioal propcrtios of the motorial,
bcd waicht cnd eono caglo on fluldination choPoetore
dotigoe Cxopho plotecd Dolucon prosauro dxop cnd
1iquid flow sata ghou thoe cnprated Bohavriowr oand tronde
Follouing cogrclation Reog boon peopoced for tho dotoRe
nination of wogsure poolt, '

(%’ a 1‘02&0 3 (g_;)lcﬁs i%ﬁ‘ %) 3.33( ‘!l.a.,g O?lz

IG hos boon oboeved that smooth £luldipaiion

| oacura only in lowvar cono caglas de0s 10, 15 ond 200,
for tho matozinlo otudicd. In 30 end 48° conos portio
alo povamsnt io ﬁim&lﬂﬁ £0 Sho ono obsceved in opoundct
Bcdoe In ovartoporced voupols of cono cnglos geontcw
then 46% onfl upto 120° nizidng of coldds 1o confincd <o
tho ecntpal port of tho bed only with thick perticlo
loyor ronoining ototloancyy ot tho vosool walle
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INTRODUCTION
1,1 INTRODUCTION TO FLUIDIZATION P HENOM ENON;

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

When fluld is passed upward in a bed of closely
sized granular so,li.ds; a pressure gradient 1s required
to overcome friction. In order to increase the rate of
flow, a greater pressure gradient 1ig required. At low
flow rates, fluid merely percolates through the void '
sp aces between stationazy particles.. - with increa§e
in flow rate, particles move apart and a few are seen to
vibrate and move about in restxd cted reglons Thig isg -
* expanded bed'e At still higher velocities, a point is
reached when the particles are all Just suspended in the
up ward fievﬁ.ng streamn, At thispoint the frictional force
betwaeen a particle and fluid countere-balances the wel ght
of the particle, the verticle component of the compressj.ve
force betwaen adjacent particles d sgppears and the pregsure
drop through any section of the bed about equals the wel ght:
of the bed in that section,  The motion of the solids ig
created at superfecial velocitles far below the teminal
free settling velocltles of the solid particles and consti-
tutes the beginning of the fluidization., This ig point of
‘incdiplent or minimum fluldlzation'., The process is approxi-
mately equivalent to the inverge of hMndered settling.



The precise behaviour of a mass of fluldized
solids depends on the particle size and the nature of
the fluid, When the fluid is liquid, fluidization bedin:
as a gentle rocking or ogscillation of the solid particle:
In the fully fluidized bed, the parti cles move in random
di rections through all parts of the liquide There are
strong transient currents Ln the bed with many paxticles
travelling temporarily in the same direction, but in
general parxticles move as individuals. 'Gmss flow
instabllities are damped and remain small and large
scale bubbling or heterogenity is not obsexrved under
nomal worklng conditions. With further increase in the
liquld rate a smooth progressive expansion of the bed
results until each particle behaves as an individual and
i s unhindered as a freely settling body by the action of
any other solld particle. This entire process is known
as 'particulate fluidization®,

When the fluid is a gas, the action in the bed is
what di fferent and is strongly influenced by the particle
size, Under conditions for good fluidization ( with paxt
cles of the proper slze and density ) some of the gas
travel s through the bed between individual particles,
but much of it travels through in ‘'bubbles' or 'pockets'
contalning almost no solids. At the bed surface the
bubb) es break, ‘'splashing' individual partlcles oxr
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streamers into the space above. 1In the bed itself
the partlcles move in distinct aggregates which are
lifted by the bubbles or which move aside to let the
bubbles paste A .fluidizing action of this kind is
known as 'aggregative fluidization?t,

When particles are fluidized in a tall narrow
vaessel a phenomenon known as 'slugging' may occur. Bubbles
‘of gas tend to coalese and grow as they rise through the
fluidized beds The rate of growth depends on the size
and density éf the particles; it is rapid when the partli~
cles are large and hé-avy, slow when they are sma];l and
light, If a vessel that is small in di ameter contalns
a deep bed of solids, the bubbles may grow until they fill
the entire cross-section of the vessel. Successive. bubbl es
then travei up the vessel, separated by the slugs of the
solid particles. Operation is erratic and unstable.

A typical variation of pressure drop with super-
feci al ve,locity is shown in Fig. 1 where the 1oga::itfm
of the pressure drop is plotted against the logarithm of
flulid velocity. The stralght line from  to B represents
the varlation of the pressui‘e d:mp through the bed with
fluid velocity during the period of fixed bed operation
when no motion of the particles occurs. ?luid m erely
p ercolates through the void spaces between stationary
particles and the pressure drop is given by Kozeny-camman



equations Eventually the pressure dxop equals the

force of gravity on the particles (Point B ). Bed

has bedome unskble now and a minor movement and re-
adjustment of the particles in the bed begin to take
place to offer the maximum crossw-sectional area for

flows Bed exands slightly vwith the gralns still in
contacts The change in the stmatum of the bed pro-
duces a deviation from the simple relationship bet?ween
the pressure drop and the veloalty shown in the section

A to B, Instability of the bad continues as the veloci ty
is increased, until at point C the loo0sest arrangement

of particles in contact 1s establisheds With any furttn_n"
1ncre§se in the ﬁel‘oéity of flow some of the particles in
the bed are no longer in pemanent contact with one another
and becomes continuously agit ated_. 'fhi‘s point *C' igs
known as the pcint of 1ncipient fluidization, At this
point of fluidizatlon the bed begin.s LQ a:@and with

increasing fluld velocity thus more and more parti cles
loosing contact with othexrs. At point 'D' fluidization
is ccmpiet.e and all the particles are in motion, From
point 'G' to 'D' there is sudden though slight fall in
the pressure drop due to unlocking of particles wth
"each other, Further increase in f£fluid velocity beyond
the point 'D! a#é attained by rel.a."&ival:y slight increase
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in procsure daoy moraiy sl rogul ped %o overwsma tho
ingyosse in Tdctional losnes botwian dlidd, sugpondod
godids and woldo of the cunbaines Fanlcles nove more
snd moxo vigbrounly, sthiling absud ond travalling An
zondem ol rections, The dontents of tho tubo Rzondly
roacaile a bolliling ilqiig, |

Tha lansar vodkty of the flufd betwoen She
paziislos 48 mush Mghor than the velocity 4in ‘Eha: gpase
abovo the bady Jonccquartly neazly 2il tho pasticles
drap out of tho flwld akove the body, Even with vigozougs
| fluldantion only the oaslicst gralng are citzained 4n
the fiudld and cazxzled away. A= fluld volody La furﬁ}aw,
incgoanocd tho posoaity of the bod f 508, the bad of solids
acyy expends, a‘ué 1¢s densiiy €falls Entralmmant becomes
appzetighle, then sevorg, thon complofcs At point *&°
ali %ho paru%aa have Bacn entralnod &n tho fludd, tha

to oMoks Tho ghmmmm %hen beccnos that of She sioule
tancsud flow of Gvo phasase From point 'D° to '*2' and
bayond preosurs daep riges vith fluld volecl by vexy

sl Gy

A2 QPP ARATLVE SIUDY OF FLULLL ZATION IN WNZ)&&AL
: ﬁNQ TAP BRED VESH L5y

vihan Buidization Lo carzlad out in cydindrical
vosaels, a Usual practics, solide mding rato An longltudlie
nal @ rzection Lo quiteo navore when thay are fiuldlzod by



gas strean. This severe sollds mixing is responsible faf
increased heat and mass transfer rates between the two
phases i. e solids and the fluld stream due to increased
bed turbulence but at the same time creats solids back =
mixing in the same dlrection, Both increased bed turbulence
and solids batk mixdng may not be degirable in some cases
for example in case when solids axe uhder use as catalyst;
this extrene bed turbulence may result in a continuous
attrition of solids and thu.s lags of catalyst as fines
which will be carried out of the boed along with xising

gas stream. In case of continuous processing of solids,
where it 4s desious that each solid particla ghould

spend the game length of time in the bed as any other ise.
solids should move along with xigsing fluld stxeam in a
plston like manner. Back mixdng of solids in the bed will
make that soma s0did particles wWlll be grossly overwreacted
wl'ﬁ.lest others may well _pass thmugh mreacted. ln such

cases it is advantageous to have reduced degree of mix&rxg
of solids in longitudinal eﬁmeti-an‘buﬁ still retalning
all the other desirable propexties of the £lui di zatd on.
The back mixing of solids;, as Sreated by severe
.'so-lid&mi)cmg rate is suposed to be reduced if fluw dizae-
tion ig elther carred out 4n long narrow tube with Mgh
L/D ratios ox 1n*:¥x‘ul,t5,$tages'; It has been observed that



if fluidization ig carried out in deep beds whth M gh

L/D ratios it is quite noneunifomm. Since in such

beds pressure drop ig quite satl sfactory and belng a
compressible fluld gas goes on expanding as it passes
through the bed thus there is a congequent rise in its
valocity., Wwhen the uppsr portion of the bed ig made to
fluidize satisfactorily it has been found that lower .
portion of the bed is not fluldized at all while vhen

the gas velocity at the base or distributor corresponds
to the Unf value i.e. bottom is made %o fluldlize sati ge
factorily the upper part of the bed is slugging badiy.
This is gpect ally‘; serious for uni-'fe:unly sized large and
dense soli d.paiti cles where it 1s difficult to fludize Vtha
~ bed at all.% \ |

, 1f fluidization is carried out in tap ered/coni cal
Ve;s-aals with such a taperxr that supgrfecial gas velocity
is more Or Less 'cénst:anﬁ' -axound Umf '-'Va_kué- as8—the-gas-1ises.
up through the bed, ‘the whole bed .taan be fluidized unkfomly
through out its helghte This is only true for deep bed of
dense material or wi th unifomly Vsize‘c.il coarse/denge matexi al s.
solids mixdng rate which was aev’é:ce in cylindrical beds is
reduced much il‘t ga¢h vesséls. gtill retaining other desirable
important properties of the fluidized bed. This may also
possible because of the majbr portion of the gés which flows
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- Rhyxcugh thao bod as 'J.waaa prastisally sellid frae gas
babbleg wMle the hod aolids avo ssspordeod by a volos
tivaly slowmeving gade |

in case of Xiquid vl dlzalon 44 has boen
okgorvod tha? when Ghe bed ig gofisfactozidy ﬂ.ui&:mﬁ |
tha bad a@aig&.m 19 aed undiform, Porxogity of the hod
guoo on inspeasing fxcm bottom %o %he top. Furthey
- %ho interfaco at tha top of tho Guidized baed Lo not
Cloar and & otindt,

Thy anethor advantage of Tiperad vogsel La Lhat
nlxod elaos e bo flul dizod well, tho fineg ox lightor
being at tho top while the wa#ﬁm’ or dengd at Tho botdtom
Meh intemodiatao &n botwesn. Thus Qlutszsiation of solids
as fines along With Malng fluld atros: is aliiminated
conpl etealy wvileh da pdvontagosus for catalytdice rassllenc

‘303 FLUDIZATION IN T4% GR3D VHSSH.S:

| thon fluddlzation ocowso &n confcol vossals tipore
ing dovnunzd thoxe 1o a conagl dozablo prossure poak gt tho
2imdt of otcddiftys TH o poak 4s cuch laggor thon gh
tm oot of fAuldizalion in art sppavatus A dh constand
sronoesooticn end Ad <10 to condgal fom of tho bod, 3in
gomQ oxparincnts of Golparin (5.%&033 the preasuro dxvp

- buforo tho on sot of fluldization tms w0 %0 throe Siman
grentor then the valuo ootabiiphod after tho lMmit of
stability, Xn a conicel spparatuc Sho bod pacses nto



tha flul dized stateo only after fluidization ef its

e or pertdon, dinco gb this timo the gasg velddliy

in i3 lowow d middha poztiong oI She Loy azxa consle
dozably greatar than the cxiticnl fiulBastion valociiles,
tho pressvis dzxop Ln She stationazy bed purtions incrasoos
wopldly eompazed whih that at the Mislit of atabdility in

a oylindiical bad oFf 4he asne hal ahts  lemediately

bayend the 1imit of #k-M1ity tho prossure dyop falla to
gpproxdmately the ugval thooreticeal value, amal to tho
pmcﬁuut 6f the bed dmisity and £ 14 holght, segord less
of 1%tg configuration Sn the samo tay that the hydraslie
PLegsurs on %ha- botton of 'a voazcl doas not depend on 1to |
shan o,

AP = (Wv=-e¢) C Ps - :a_.‘-\..;-.\i'—‘-'-“‘"
Q S~ C¢D 5 Acwa. {1)

_&@ma L $n $ho boed holght, W, th2 bod wel ght and f’sa.,,ga

Ag tho fluid weloeity ia tuﬂhm: incressed tlw
P XA3IUT0 dESp dOeg nAT emaln cungtant bul, An contrust
20 the oylindsicosl bad, begin % €all. The resson bdap
that as ths fractional weddage "e® increasas, the bed
hel ght moro or logs <o m& increasos whth the sgne pdod 7
and thus thy produsat L{1w ¢) goos on deeronshfge(Figs 1e2)
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Hwperiments have revesled that in ¢onical vesssls
the point of incipient fluldigation L not as clear cut
2% in cylindrxical vessals. Furxther, as the upward flow
of fluld thaough the fixed bed of particles in a conieal
vessel 1% incressesd f2tm 2020, a dmpacting effect L s
noted, Tiks effect is seen wﬁm below the point of Ansl-
plent fluldxation, The emplanation appears to be that
the parti cles near ths bottom 0f the bed san experience
a3 substantial ﬂpmxﬁ drag foruw, due to relatively large
velocity of the fiuld Near the bottom of the bed The
upward deag force can be larger than the foxce of gravity
on the particles, At the sane time, the vb&edty nesy
the top of the bed 1a still relatively small, so the
force of gravity on particles near the top of the bed
Ls larger $han the upward drag force exertead on them by
the fludide The resultant foxce on the particles near
pasticles near the top is downwazrds The bed hel ght
resthes a mindmun value dus to this compaction effect
and a minimun observed porxosity Ls thus realized.
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og of supsefecial f£luid veloaity, v

FlGelel « PRBESURE IROP VS« FLOW RATE CURVE FOR
A DED OF CLOSELY SIZED P/ARTICLES

Clog ( W 48P )

log of superfeainl fluid velogity, v

FIGe 142 » FRESSURE DROP VS. FLOW RATE CURVE FOR
SOLID PARTICLES IN A TAPERED VESSEL
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2, LITERATUE REVKEY
2.2 FLUSLATION OF sOLIDs DY @as STREAMS

_ A plemoady D%atod that in case of gas fluldination
golido ol xng goto An vcrﬁ@a& ¢l roctlon 4o quAta sovorxo
in eyllindsieal ke, Brotz {1052) 2 ond Romen (2059)3
otatad Bhat tho o Ang rato dncseason zﬂ.théinasen&ﬂg
Flul d vQlockiy, Moot of Iho mimdng of ¢2lido An ¢ho
Alul Ezod bad sgerr by the Bul Rk movoemonta of tho ¢oldd
matorialy Ssch bDullk movouonte ore gonasolly ansoed atod
With cadles &n Maidd £l dzod bodo znd with bobhlos

in gas Awidliaod nyotemoss Mg govoro mixdng in leagls
twdngk & peadion Qousos baslt ol Mng ¢f golido 4n ¢ho
bod. - Brposimentat 20 90 39 hnks to imow tho zocddonso
Wmo Aotzibution of solid pasificlos &n a continsualy
g0od gos fwidizod bed havo dven that colide bohavo

spp rofliataly oo tho econtcntd of a centinuoucsly otlgrod
Sonk or porfoetly ol xod vanale Sprond of reol doaco
Wmo Lo wory Ada indesd. S0 that tho vido rengo oF
“wool dengo-timo ¢l ot sl lution ;ﬁ_‘ﬁ- a contlaucus gas fvidie
aation column may bo Toduscds cAthor fluldization 1z to
bao cartlod out An m—u;t&otagemm‘ Wwieh a narrow rengo of

oolids zodddongo $ine &n onth | l_‘:°li ds]TL_
l th ovagnll coundor currcat ===

fNlow of goo eond colldd Figs21) —====

oxr o aalo tho bod Voxy doop 4a ““::"1:\:%:1‘:’:“
]

xgl:ati.nn 2o 4to c@m@ter in agdor gas
o mal ol xing of tho uppos cad ( Fig. 2.1)




dowar rogions of tha bad moro difficulte Dut this
laedo o tho non-tnifornily of fluidization qualitye

If deop bedd ere apploycd in oylindrical vos00e
1s tho prossuro drop botucon bottom and top of tho bed,
which ig ncoded Lor the gas flowv o ocour therough tha
peoked bed ond %o ovor gomo tho rosistonoo offozod by
the colido in tho ponsngos and thup fiuidizo the body
bagomes satiafactorys, The oo voloclity inezoasos
conoidorably dua to tho ges oxponsion ns gas PEISAD
through the bod Zrom bottom to tops Thio moans Shed
if tho géa~vm1aa&%y is only modo pufficlont to givo
normal £luidising eonditions 4in tho uppor rogions of
tho bady thoe baoco of tho bod will bo complatoly atatioce
If the gas volocity 1o inerossed until Sluidisotion
ogourn lmmodintoly obowve tho suppork plate at o bhotion
of tho bed, thon the bed io violently ogitated of fhe
topy emd tronsport of bed natorisl may ogcue

It was originally suggeotod By Omas ond Pusukowe
(1253)%), for 11quia filusdacd bods, that o possibdla
solution to tho problon of smooth oporation of deop
beds would bo o incroona the bod ¢Fosa « Bootional
aroa upwardly theough tho bod 0o thot inercaso in goo
volume could be cocomodatcod fs0e to construct a bad %ayﬁriﬁa
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towards Lts bBase. Thus uniformly ewpanded bad,
in case of Jiogudd fluldization, can be achi evad,
The fizrst sueh bed to he constructed and cparated was
that af Lavey et. al (&‘Pﬁﬂ}i who were investigating
the possitilities of a fiuldized bed reactor for the
conversion of Uranium O de %o Ursnlun Flouxide by
ﬂu&&am&ﬁ with Hydrogen Flouride gas mixed with
by NLtrogen m a dAluent %0 moderate the reaction and
carzy away the heat, Spheslodally shaped W, pazticles
in slze mg# Wedd mesh were flul dized in m Py
cylindxi cal tubes and for bed hel glts above twd faet .
flul i zation was Mghly noneunifomn with violent bed
erxuptions and inefficdiant 6%‘!&3&&,&&9.&# the fluld.
Fiuldization was Obsezvaed 10 begin at the uppexr surface
0f the bed wid procesded downward through the bed as
the inlet gas wvelocity was ral sed and when the gas
veléc¢ity was sufficient to flul dlse the bad ctimpletely
the upper portion of the bed was slugding. Since the
super fesial gas velodhty incréases considexably along -
the bed owing to the expansion of the gas ( the pn
dyop being mpprodmately 3475 pai/ft ) the hobhle volume
increases steadily along the ded, #md thus deeper the
bed and highexr the particie denal ty or size, the greatex
1x the tendency of the kad tuvs.mgi. Bed amanamp was
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quite hgh and a much higher velocity is xequired to
fluldize the whole bed, than for a shallow bed..

To compensate for the gas expansion thus to
have constant mperfecial_ gas velocity along the bed,
t hey ‘enpioyed a suitably tgp ez;ed‘tube. The angle of
taper for the ideally fluldized bed was as ¢alcul ated

out, for conical vessels:
« = tan™l (%0 FB/2p, ) | (2

Here a, is' the distance normal to the longi tue-
dinal axis of the column between tapered sides. Fgis
bulk denglty of the bed and py is pressure at the inlet
to the bed.

In such beds it was noted that pressunra' d-mplf?.
fl ow rate curvesare llke those ordinaxily encoun.tered
in fluidized beds, a linear portion before the bed is
fluldized and therxeafter a horlzontal linear porxtion.
Thus ,.quit.euuni._fénn fluidlzation was seen taking place;
All the propeérties nomally assaci ated uﬁ.tl::thefluf.dize&
gtate, such as flow ab:t.]_.ity of the bed and good heat
and mass transfer were retal ned and the bed'emansien‘
was reduced, gas bobble fo;mation was largely supperessed
and most impoxrtant of all, the ammount of mixing bestween
the upper and lower regions of the bed was reduced by
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atleast an oxrcderof magnitude. It was noted that at

vel oci ti es substantially above the minimum, bubbles

do gppear but they do not coalesce and in many cases

di sapp ear before reaching the upper surface.
Acéordin.g to Romero and Johanson ( 1962) t he

reduced rate of mixding of solids is caused by operat-

ing rate-0f close to the minumum fluldizing velocity.

Suthezxland (1961)4' carried out mixing rate
experiments using a taperad bed of copper shot, sized
between 3052 Mesh, Nickel spheres of the same size
and densi ty acted as a tracer material which were added
{ about 1% of the bed weight ) fxom the top while the
bed was under Jjust fluidizatien stste and then' increasing
the gas ve}:._orc;i.-t:y to the desi réd values. Qualitati.vely."
the cuxves of Nickel concentration against time for
various probe J.cc;ati.ons showed that vertical solid
mi )d.ng :ate was greatly reduced in tha tsp ared beds.

It was alss sham that this effect is found only wlth -
deep bads of dense materxial s and only at flow rates less
‘than 0% above the MFV and to bed hel ghts greater than

2 feet. Sutherland also observed 1ike levey et. all

that particle movements and bubbling in untap ered beds
began at the top of the bed as the alr rate was increased
and that by the time particle movements was obsexved at



- A6

the base, the top was slugging VAolently. In tapexed.
beds he Observed that the fluldization at ]lower veloe
citlies was more even vhth bubbles sppearing in the
Lﬁmx‘ a8 well as in the uwper part of the bed, Once
the flow rate resched w2 ~ 1.3 times of Unf, however,
the wole bed began to slug and to appesr very gimilarx
to the corcesponding nenstsp ered beds. In m.m;a.st to
sylindd cal Dbeds, a more preclse value of Unf was obtal ned
for tapered beds. Timg main effact of tapering would
appear to bs the stabilizing of the just fluldized state
through out the depth of the beds |

Later work of wmithexland svd Howe (1964)5 was
dt yected at clucidating the midng mechanian, A bed of
copper shots was overladd with a NMckel shot layer and
flddized for varying petiods. It was concluded that
with out bubbles in the bed there was no mixing and the
range of flow rates in which the bed was fluldlzed but
bBubbl es were &hsaﬂt ‘was Vexy narrowe Only 4n this zah ge
could the bed be operated as a continuous plug flow
reactom | -

Littman (1964) als¢ compared the solids mixing
rates for denge particles { «140 200 mesh copper ) in
stral ght and tapered ﬂ.uidi.ztd beds of rectangul ar crosgw
section, Gas Walock tiss upto JI0X -above the MFV snd bed
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hef ght to &mﬂﬁr ratios of B and 16 to 3 were
snployed. Agsin it was notad that at gas vealecities
close to MFV addal solids midng vate: is quite slow
242 LAQUED FIMEIUACATION OF SOLIUSS

Like gas=e0lid system hexe also the paii.m' of
incipient fiukdization is not as clear cut as &in cyline
dricsl vesssls, as noted by Farkas (19734, It is aise
noted the point at which pressure dwp rasches %o a .
maxisun valus, Just before the shaxp decrease 1g reprow
ducible and #0 it is selected arxbitrazily as the point
of inciplent flulidization, '

Various Correlations fpr the detemination of
the polnt of incipient fluldization in tapered vessels
have besn proposed. Fhe flrst &g due to Gelepexin el.
o5 (1960)% With basic sesumption that bed whll start to
- axpand at ths flow rate at which the velockty st the top
of the bed based on anpty crosseseciion reasches the value

of incﬁ.p&mt ﬁuid.aati@n vﬂ.aﬁty characteyistick of the

particul axr parxticle fluld systen in cylindsigsl vessels.
The sane assumption is quoted by Gorshteln and Mukhl cnov
(1964)%3. Baskakov and Gsl perin (1969)18 sgouncd that the
bed beging to expand at the moment when the resistance
to the flow becomes eguial to the net welght of the partie
cles in the tuntalner whieh Lis
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Yz a‘. | ‘ : { 3)
Hoze 14 bodng Uhe paxtlcles wel ght, 2 particlae.
doncdh 8y in tha bed, ondd thoy gavo tho corrdlation,

fags = 7 SIn® /2 [GA KD ( Rey, DU,
v G8 “%’3(34»&@‘}1331 -4

Ty values of Gy ond 02 axo agaln as glven by
Brgun (1992) foe G = 350 and G, = 1,75 and A and B

are 35 FOllown A (M/acmd) C-edYed

S = (_Pc—/@g*»?) Crv-«d/ed

It ghould bo notad that anscumption of B-as-Kakow
Lo quito dA¢fovent frem that of Gol*poxin ot 28, exd;:pt
4n caso of sylindz cal vonsols, Rocent empordnental gtudy.
mado by Fastao (2973)%¢ hao choun the lator ae correct,
Equation of Daockalov Ea&xcady given can bo uscd %0 got
xnﬁ&pi ent fluldizatien valosity from madmum oxpodmental
pEeisure diin value 1§ pproprd ate valuog 0Ff constants
Gy G, and < axe usods

Tho Bohavicuzr Of bods cempocod of particles of mi xod
oo hao bgon investi gatod in c¢ylindsl cal bada by McCune
end wihan (3949)1%,  Thoy obsozved that tho onaller
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ieh rclatos tho sortotoneo of tho £ nod bod end
the fivld pcoclityy

Hgia anaFges 050 tho hd ght ond bulk dendSy of tho
otatienary bod rocpellivadly ond Wy is cuporfceial filuid
veaic%i%? a% tho baody |
" An anothoz Thocoroti¢al oquation no dorlvod by
Golt'podin o al (&9{5@3% again valld forxr lontnar flowls,
foxr f£ixod hod progsuzc diepy
| @ o KUd{ B/, -1 ) 2 tan /2 )

Tho coafBeAent Kis o dven ¢
K oo Cu/2 ,99_*3 . (8)

Tho valuo of gogntant € was not ¢lven by tho
suthorde Baokakovw and Gal®poxdn (2.963}3‘& proocntod tho
followlng oquations

T e gA A"%»&i%ao)ﬂ&t@z&m&%f_}i g;%ag}‘u g

Ty Coofflellent § @nd G, aro tho proposaed values
of Ergun f. & G = 19 and Gy = 2,73, constants A and B
‘havo ol goady been descri bods

actually tha apnoumption forx und forn di stxi bution
@f gos 80 for fyom fulfllled in practicey For this pumposo
$ hoy pmpﬂs@d‘a@.
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&n= F( D/D,, tan %/2) (10)

—trug for a single gas solid system, for example

for sand-alr gysten the correlation is as given:

D 2.98 ;
Mgt ™ 2.53 ( D) (tan «/2)"1+19  411)

o

Here, zanges of « and D/B, are 10.16° and (1 - )
to 6,77 respectively. )

1n wsual practice the ratio ( a/® )Emf value is
lower than theoretical one due %0 non~uni form di stri bution

of gas which led to the fluidization of a more or less narrow

column Of materl al before the mean velocity at the ext

cmss-—sec‘{:isn reaches the cxi 'livcal value W_oe i.e. at

small er hydrodynamic¢ resistances of the fluidized bed,

The recent experimental studies made by Farkas
(1973)14 has revealed that conical or tapered vessel data
can be ¢orrelated by equation of Baskakov if new values
~ of coeffi-dents Gy -and C, were substituted for the cylin-
drical vessel coefficients, even where the gpex angle is
small. They‘ substituted axdal distance Z for radial dis-
tance R and ¢g Dp for D, thus introducing a particle
shape factor. Constant C and C, are strongly dependent
on the geometry of the bed (conical, half conical of
two-dimeitional ) may be due to that the flow di stribution
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in. the packed bed s certainly influe:rmed by the bed
ford and 1 s most probably not the same as in cylindrical
beds, Ag pointaed out by Farkas the pr, drop as to be
usec:i above is @f. frictional losses in the bed and is
glven by the relation,

g2 Porogs = Pstatic (11)

4. e substracting from the Gmss value the 'static head
value® for the bed. Th s fact can be verified from
Bernovlli's equation,

0.4 BED E)XPANSION IN TAPERED BEDS:

Kolar (1963)}7 studied expansion of solids particles
fluldized with 1iquid in 10, 20 and ° conical beds. He

correlated average bed porosity with the expressions,
¢ = 1,037 (M) %3 £or 10° cons and (12)
¢ = 1,07 (v/y)°- 182 for 20° cone - (13)
© In these eqations, properties of particles are

- accounted only throﬁgh terminal velocity V..

"Rl chardson and Zaki (19 54)18 hag suggested that
- more general correlating equation for expansion of liquid
fluidized beds in conical/tapered vessel would be:

¢ = YNy (14

Here exponent x is exected to depend on particle properti es.
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. Expansion studlies by Farkas (.1973)‘14 have
veri fied the above equation on log-log plot with
g as ordinate and ¢ as absicca, | the intexcept as
faurid'is logy VU, as predicted by this equation,
except for 16~18 mesh particles in 5° two-dimensional
bed., Here wall effect 1s considerable and intexrcept
1s Logg Vg = D,/1.25 where 1,25 1s the spacing between
the walle in ame It 1 concluded that exponent x depend
both on the bed fomm ;arld on the properties of particles.
At larger apex angleparticles properties have a smaller
influence.

2,5 DESIGN OF TAPERED BEDS:

Levey et. al (1960)! observed that in a deep non-
tgpered bed the upper part was fluldized violently while: .
the lower part was hardly moving .at all. By overtapering .
he was able to obtain a bed in which the lower p art was
well fluidized while the top of the bed was stationary. In
both '*Ehéjs‘é*casesrt'he'ree—i«s- no- true.MEV for the bed as a
whole,

Ag thé aim is to produce unifom fluidization, the
- voldage and bed density can be taken unifom thus to keep
the gas velocity eaa——bet-ark-en urt-fom thus to-kéep +he-
gas-veloelty constant, through out the béd}pfessure w1l
be linear function of the bed hei ght above the base.
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Thas basod on the assumptions that (&) absoluto
gas progoure varles lineaxly with height 1in a tapered bed
(44} the bed particlos are round, gmooth and of uniform
size (444) the porticles are unifommly packod threugh out
tho bod £, 0, ¢ 4s conotent, the malntenance of censtant
gas veloclity through ocut the dopth of the bed roqd xog
that tho c¢roggegectional arga at agny point aleng the
a¥is bo inverxsely pmparbianal to the gas prassuro at
this peint, This lod %o the follamﬁng’relatiang

=N
Nt A ’Va?
IR T 4 \x AE Lwme -t Qs>
>\ "MQ X x t—-w\(_

‘mﬁ:ﬁrq & is giwven by the ralation,

B = Rvwe e V= €me = Py A )
1f proosure d::ap agrogs an indpliently. fluldizod bed 4o
| oqual to tho bed wal ght pey umlt crogswsectional area, or

finally, )
;Q=_ Vo ler Y Bvmg s Q- €vmed ) . | s
Pr+ Ps Clmemed Clame -1y -
_ RERI S
Prer s V=€) Chamem VD Qs>

Here r 4 s tho radius of tapered tube ot a axial dlistance

L from the bases
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Thus the curvature of the profile being parabolic
and this is tzue for dense materialé like copper shot
( &= 8.93 } ut for light matex:'\.als like sand or glass,
t.ha curvature of profile can be ignored and taper is
glven by the following simplified form:

'ztmr/l-tw mi Cg (l-& f?)., (18}
Py | |

Ac;.:tually in casés where bed expansion increases
regul axly Lp the bed in proportional to the gas expansion,
the tapexing is noi deslroug. It Ls probable that all
‘beds whill exhibit some increased expansion,so that a
bed tapeifed on the assumption of unifom eipa’xsion woul d '
then be slightly over<tapered., In fact the desl gn foamula:
as glven by levey et, al (1960) «(Ed. 2)di ve the angle of
taper less than the theoretical.

Ri dgway (1965)6 has concluded that when the pressure
drap a.cmss “the—bed i large-in _compared to absoluf;g gas
pressure, effect of gas density along with thé veloclty o
change is also to be accounted, because the drag force

of the particles is as given byzz.

F=Cy{ n D 3 PfUa where C, 15 drag coeff. (4O
alrh d
Hence desigl of taper ig tabe guch that not\U”.but (’(_93 shoul d
‘be constant so that the drag force is constant on the
particles which gives: the final relation,
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Previous siwdies cerried out by various rescarch
- workers on fluiﬁiaatien in tsporsd vessels svre confined
upto 60° cone angless Pragent work inveolves the study
of 1liquid flusdigation in tapsraé~veasels with topering
ranging from 10° to 120°. Cosrse size solid @articiqn _
bcsi;n spherigal and crushed ( gleas besdso, quarts snd
caloite ) in differont sizes are used Lo sgsee the ‘effect
of psrticle sizay shape facotor, solid density and haﬁ
weight/height on pressure pesak, pressure drop and
1iquid flow rate at onget of Lluidization.
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EXESRIMENTAL SETUP AND PROCEDURE &
3e1 EXPERIMENTAL 0BT UPs

Sahomplic ﬁaccﬁcm of tho czporimontal sot up g
choun in Figs 2«1 cnd clso in plato 1oe 1 {oy b Je

8ot up conoioto of o tonk (1) connocted to tho inlet
of a aanﬁgiféﬁal puny (6)e Outlot of thae punp is gonncQe
tod o tho bottom of the fluldizing colurmmn (13) ¢hrough
rotomotor (7) ond ventwpringtar (9)e Rotemeter (7) is
S in parallicl to tho noin stream line from tho pumps
Globa velues { A D rnd C ) ore provided %o contzol
tho liquid flov raloos Overflow from tho fluidizing
oolumn 1o dgliverced befilr ¢o the tenk itselfe. A grid
plote (14) is providod nt the bottom of tho £luidizing
oslum (13) o oupport tho colid porticloss A colming
ggoetilon (12) is olszo provided bolow the grid plato
peclicd with O+5 ci dis. glass becds to smoothon tho
liquid streos ontoring to tho fluidising column.

- - & ono moter 1@ng anrhﬁn tatra chlcridaamancma%ar

(16) is provided to maasure pressure drop nerésa the bad
and o &/E motor long oeroury.menonoter (10) across tho

vonturinetor «3ellnd LIl i33ng 00 umi s« LsopoRed ~Loaaahsd

‘G+1(a) Fluidising colurmg (tapored vossels):

| Seven different conical vossels with differant
cona englos 1.6+ 10®, 15°, 20°, 30°%, 45%, 80° and 120°¢ '
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hag boon uscde “hoy oro £eobricoated fyrom 1/16 inche

thigl: nild otoel chcste Bottom diarotor of oren Cona

is topt 4 ors [bout 12 cng bolow from tho ton 1 inch
gcoghat 19 wolded fop liquid outleot. 4 10 om . flengo

io wvolded at the botton of caoh c¢onco. Through out thg
haodight of ocach cona along tha wall, a ﬁerapax sheot

1 inoh in width ond 1710 inch thick is fizcd by oralditos
Proossurce tnpo oo poovidcd at difforont but equel heighta
along ‘/f,(.;:gmll oL ocoh  GOnGe

S

'/Dataiieﬁ dArcuing of 16° ftapared vassol is shasn
in Fige 32 ond fop othozos plota noe 2(oy b) cen bo
Soilovads llain dimcapions of aach cona oro cgiven in ¢eblo
Dele

Tobla 3»1
cona englo Top Girmetor Bottom diaomoter  Colurn hoirht

| en en en

10° 128 4 50
1E° 1G5 4 €0
20° 200 4 &0
3oe £2e0 4 €0

. age 478 4 50
20o 5945 a 28
1z0° G240 4 17

3+1(b) Grid plote ¢

Crid platc 19 nodo frorm o 10 oo digmoter, 1/3%
inch thick gluniniuiz plotes Holag of slzo Vg \\. o0
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dyillod in a squero piteh of 0.25 ems through ¢ut tho
contrpl portion of tho ploto in 4.6 om dlae A fino
rogh coppor vwiro eloth piceco in § om dia is fized aob
tha abovo surfoco of tho plato by araldita.

<ha soro typa of plate, axcept with copper wilrstipmpoh
45 usad ot tho botton of tho ¢alming sceation o as ¢
suppdr¢ packing cotexriale

3sl{a) Calning Cactlion 3

Colming ocetlon 15 rode from o 1le§ inch nonminal
sizo GeIs pipc of 10 oo long throcded on both sidos to
havo fl-enaean 0«5 o din gloos bordo oro onmploycd o
pocking catoralle

J«2 DXPERIMLCITAL R.OCEDURE 3

Dot a Bryo bogn to'en for threo difforont matorioels
{ Glaos boeds, Cucris end Csleitc ) in tho size rengo
O0f «8410; 10412 ernd 16418 mosh nos. (for glaco baolon
instacd of 82410, llgoh gizeo 8 is used ).Frossure dgop
vorlagtions end onoct of fluddization studics arc mrdg fop
. Thyoo dirfgoront bed volghto for coch sanplo in stapss

£ tho stort of o run, ¢t weighted ommount of
moterial is put in Sho fluldising column ocnd Initinl bed
haight 15 notcd downe Thoro nfter pump 15 startced kooping
voluos " A end *B' closed excopt 'C' fully opene I[lou by
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greducl opondng of voltia 'B' flou rato is ollowcd to
dngraaco in gecdupl otons ond corrosponding PrOSSURS
drop reroog tho bed cmd bed hoight is noted dovme In
¢cnso vaon moro liquid woto is roquired doyond tho 2mro
of rotamotorpvalvag * A is pllowed to open graluonlly

end prossurc dyop 0cross veonturimetor givos tho €Orros.
ponding liquid flow ratoe Coro was tokcen ot tho Xinit
of stability vion prosouro drop roochos ¢ moximun voluo
and thora aftoxr swddonly falls down to o constant valude
Thus propsure poalk cnd proscuro drop at tho onset of
fluidization ceross tho bed is notod downe IFlow roton
era further incrococd $11l ¢ho vhole bed is fully fluildiscd
anﬁvparticlan oo wndor viporous stirring actions

Thg doto in tho aecrmoe woy org rapcatcd for othor
bed hoights ond colld matorinlss



CHAPITER iv



Qe

-3l e
FXFCRIBITAL DATAy
REQSULTY ATD DISCUGSION &

Tho axpcicontal data woro obtaincd in diffcrent
ﬁapargd vassols in fized bed rogion and at onsot of |
fluidigotions Tha pras:ure drop - flov rata’data oro
showm in tablas 4«2y 2, 3, 9p 10, 11, 17, 18, 19, 26,
28,3 31 and 34 ond £igures Gel,y, 2y 3, 4, 9, 12, 14, 17,
19, 22, 25 cﬁﬁ aa:for glass boeds, teblostd, 6, 65 iﬁ,
13, 14, 20, 21, 22, 286, 29y 32 ond 36 and figuios 4.
By Gp 7y 8, 104 13, 15, 18, 20 end 23 for uecrtz rngd
toblas 4e 74 8, 18, 16, 23, 24, 27, 30, 33, 26 crd
figuro Qe 11, 1Gy 2ly 84 for calcito.

Dffoet of bed hoight

For tho ocoio motoriol ond porticle sizoy proscurs
pook y praossura dyop mmd liquid flow rote ot onsot of
fluldization hoo boon found to incressa with bed hoight/
woighte.

Highar value of prossure drop is due to moro reois.
tanco offorod by increansod noe. of porticles to liquad
flowy through tho veid spacoss lidgher valuce of proosurg
pack znd liquid {lov rate is due to incroosed dagroo oF
intorlocking bLotuocen thq ad Jacont particless o that popti.
olog Loy loosc contact with sach otheor and thus may
fluldizoy o prootor liquid forceo is raguircde Aftor
cttoining tho pras.uro penk volua,; prossure drop osuddonly
faollo down to o otoa .y velus corrasponding to tho not
voight of tho bede |
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Effact of pryticla glso 3

For tiv ocrmo nateriel ond bed woight, prossura
paali valuc scons to inorooso with porticlo olzsee In
gddition it is found that thora 1s a intermedioto
rangae of perticlo gizo for which this voluo 1s mexioun.
Honea it can ba ¢oncludod that upte particle pizo 10412 mogh
progsura ponk voluo goes on incressing ond whon tho
porticle olzo ctecaeds this value progssure poal atoeis
falling.

Lika prossurc pesal pliquid flov rato at ongot of
fluidization is oloo found to inercooc with particlo
oizo vhile tho prossure drop velue at onsot of fluldl.
zation i olmoot conptante

Increpocd voalue of pressuro ponk ond liquid flou
rato is duc to incroascd dogroo of interlocking botuoon
particles as particle siza incronsos while tho progsuro
drop value 1s almost constent oqual to tho net wolght
of tho bods Interlocking is oupposed to bo more porw
faoct for particle sizo for vhich pressure poak is Cound

naxinune
rffoet of ghapo foctor 1

Praosouro ydah'ia founi nEmeesrrreeryiciver to ineraanso
os porticlas ayro non-sphorical in naturo. ¥For tha asomo
» 7 saptriebyIs brabynd siped eatghkdad BRggsure poaks for gquarts
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cd anlodto cro quito high oo gomporcd %o gloos b0¢ﬂua’
Liquid flov rata at cngot of fluildipation 1o o 14%slo
highoz for crushcd coltcoziolds whilc psoscuro drop valuo
a 1i8tlo lowor, oo conparcd to ophorienl particlas of
tho ooms oipae |

Tho lowor volua of prossurc drop oftaxr tho onodt
of £luidigotion 2o duo to pryticlos boirg oomplotoly leoso
wrdth oconeh othay of onasod of Liuidigntion; hava orionted
thcnoolvan oo as to provido mcﬁimum.pnrmianabla @an foz
£l¢ir vhileh 10 aven prooiox then for spharienl portiglos
of tha ocmo 01a30e

Tho highaw voles of progsuroe pock and flow pato
roquizced at onsot of £luldization 1s dua o tho nom o
sphceioal naturo 0f $ho poetialaas vhich hava tha botior
dntorlocking chorcetoriotico with ooch otherq'

EFEECYT OF coleE ANGLE?®

Foz ¢ha samoe nokezrdal, pc_macie sizo and bed waighS,
tho valuaa Of pROScure paclty, prosouro dsop omd liquid £lov
gato at ongat of the fluldizeation deoronso a3 eong anzlao
incracooss Tho Focoon boing thot bed hoight goes on pedueing

vory rapidly with eono cagla for tho samo woight of tho bede

Fpoosurs poci: voluog opo noted to bo much pcoduccd fop
€0° eona ond oven fusrther fop 120°: Tho wangon baing thet
{c) tho bcd hoighto oo quito pmoll in thosﬁ vogsolo
fog tho oamo wolght of Sho bed oo in tho othors (b)
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only o linitcd pord of the bed, confincd $o tho
control rogion oaly is fluliigod (see plato nos 36osb)e
Tho c£olids in boftwoon tho woll and outsido this contral

rogion,y vhich congdot o pojor port of tha bed; are quito
stotionory juot lilke oo in fixed beds

Teae fluiddizgation is éaan to occur in lowor cone.anqies
1s+0s 10§ 156°; nnd 20°« In 30° mmd 46° coneg fluidization
1s Juot lilka oo in pgpoutcd bedo, solids moy ba oocn coming
douyn by tho pido of tho wnll of voesdls ond rioing up in-
tho contrFal port of the bed upto some hoight thus having
intorfoce ot € he top of tho bod convox instocd of hoing
£lot pa in lovez onglope In ovar topored bedo lika C0°
ond 120° fluldigation of solida ig only confinaod ¢to tho
contrel pegilon of tho bed, looving tho sorroundingo quite
ptotionory+ Tvan ot much higher veloeitlos tho pnnme 1s
sagon Yo happon oxcopt solids in ths contsnl zone pgo uplto
muah highor distonces It is concludaed that all €ho
liguid scems to pass through this cantral rogion of tho
bod s

ratunlly vnen angle is lags solido haova tondoney
to slide dQoun nlong tho woll so mixing of golids in CONw
£inod %o tho wholo bod (goc Fige 4«27)+ Tha comntore
curront motion of solivo 1g moro proncuncod in Z0° ong

A46° gonone In cooo of ovor topoxred boedo sinco tho
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enlile of cono heoo increnccd €O such & veluo bolow
anglo of rcpoco of oolid porticlos thot solids hewo
logt tho tordeney to slido Gown along tho wall honeo
nixing of solld doos not oxtond to tho whalo bed

{ 800 Fifls 428 e

Ap fop os fiuddiezation in 10%, 15° cnd 20° cono
ongles in concorned 1t 2o ocon that in 10° éona, glooo
breds oro £Avdiscd in a quito smooth woy having clooy
intorfraa nt the tops o slugging insidg tho dbod 4o
sean ot alls Por both calelto and quortz in this cono,

4% is goon thot vholo bod 1g 1ifted up upto sonma disgtonco,
conpoeted y €111 Shio starts disintegrating to

individual porticlaes and Linally to ro-fornation of tho
compactad bed vhich 18 pgoain lifted upe

Ag conc onnlo inercoasops from 10 o 18° olupgcins
goos on redueing for both calcito end jucetszs fJowthola
bed hog stoppad to ba compreted ond horicontol uator
ripplos owe soon within tho bod rising upto somo hoipghts
end Thon disappooring thomaelvess In 20° dong; finidle
zation for thooe materinls 1o quito smooth ond unifoxrm
uiﬁh olony intorfreo ot the top 5nﬂ no slugeing insido
tho bede Fox gloss boods in these waosgols fluidizetion
hng vorgoneds Thug it is concluded that an partislas
arc non-spherieal in noture the cone anglo roquircd éo
fluidizo them, in o uniform and omooth woy is og lovpore
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3G
BED POROSITY AI'D FRESSURE DROP AT ONSET OF FLUIDIZATION

I8 hpo boen obsorved that for ir.regular particlos
1.0+ Quorts cnd Celelto bed hoight goas on rodueing trithincvecsein
liquid flov patop €411 tho minimum valuo is reechcd at
tho limit of otobilitye This is duo %o reoricntation of
perticles and dus ¢o bed compootion affocts Any how the
raduation in bcd haight 1s very small end almost abacnt
for sphorical oness AC onsot of fluildization suddonly bed
oxpends & 11ttlo ond goos on expending as 1iquid flow rata
ineyonsoge |

Equotion 1 hoo boon checked sith exparimantal data
end it hos beon confirmed that 1t 19 ag not ogyg in tho
oquotions In toblo 4e37y APThao Value hrs boon comperoed
uith APopg Valuas for ooch cone » lesh size, vs solcetcd,
10 10412 and bed welght 1 kg« AOPohg is tho obgorved volue

Tablo Nos 4037

ﬁntcriai APThoo™ . — APaha st
¥net/Co| 10  15° o0° 30° 45° 0o 120°

Closo bapds 476 |4D¢7 438 3767 24l 1407 702 363
Quarts 800 A4Ge0 376 35+6 30.0 1l1l.8 G+1 3.0
Calaito 8040 48e6 403 330 = 22.2 123 Be8 363

of proasura dyop in gn/en® (prossurs drop, os obtainaed, is
multiplicd by 1.598; tho spe gx of CuCl,) APip. 18 coloulea
toed by dividing thst velue {(oge 3) uvith gy, eroc of tho cona
at tho bnooe Dota ghov that wholo bed is suspondod in tho
rising fluid strocn at ﬁﬁv prowvidcd tho cona anglc is lovw
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Toblo [10e 407

Ccng ongla, 10° l:)p 2 0336 G

llatorial s Gloas bacds Wo = Re§ gry/ac

Licoh 110s o6 P, =1

Sle Bed wte Lige Llou lionomiotcr logs AP, am-Cl L Dod hte

1T0e kg gotos rocdings Qile

) 1i¢/nine cng ,_

i 18 521 De® 2.0 14X
2 40 857 1042 102 4.1
3 a3 - 8le? 282:2 222, 141
4 Qect 00 GBe2 002 ﬁﬂa% 14,1
5 a0 60«7 10:2 13 1840
8 190 £2e5 174D 179 160
r 1Gs0 6086 17+8 170 170
1 3 W4 819 A0 2 D7 108
2 28 890 428 1Ge0 108
3 7-G G308 383 3@96‘5 100
A Oe? 1040 708 2740 A71 b RO7%¢!
B 10«0 G3+3 378 a6+ - 220
G 1Nl G3«0 3840 26«0 223
7 100 G20 382 D el 83283
1 led 8§20 40«2 28 2¢e4
o 39 572 4369 133 DAl
3 740 03«1 330 35*1‘# el
4 10 1146 84a1 1740 G7ed 244
& 1146 GGe0 36e1 B0 GF 26e7
] 17+G G658 3645 300 D73

. i "y . ok " i

*  Trossure pocl: voluo (ot 1imit of stebllity ) for fmcd
Beda

bid Prosouro deop value ot ongat of fluiddzations
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Cono cnglo, 10°
Matorionl,y Glass bocda
liooh HOa w10¢12

Dp
g

Tedblo 10 a2
= 0415617 on

Sl. Bed wee Liqe £low Hemomator

J

lags“fap.cmgcclﬁ Eod htoe

10« ke rata, rocdinge en
B 1it/mine one
l 07 Bl+2 4744 3:8 133
2 12 526 4549 Ga'7 133
3 R0 &E6+8 A7 13.1 13.3
4 D7 60«8 37:8 2340 133
§ 0.4 496 6546 3360 z'ex 1303
G 1Y) 5803 4062 18.1 127
7 Gl 531 4004 177 1640
8 Ce0 83.2 405 175 1660
1 00 5148 4546 B2 13:7
2 16 56+0 4364 116 18a7
3 s Y41 Gl 0 37«4 23«6 107
4 2 1Y 630 303 3747, 137
] Oa? 540 7248 28«06 Q?ﬁax 187
G 540 Gl.0 3Ge? 862) 103
7 744 Gle5 3G9 2448 06
g 1260 Gl «4 370 2444 D0
1 l.1 5401 46O T2 231
o Pell G4+3 3648 277 N3l
3 3a7 718 2849 ‘.52&9{, N3«
4 G0 84.2 1GeH G177 £3e1
5 840 66e0 34.8 ar.2* D464
(] 1140 684 36+4 3040 6«6

4 Frosgurc peak volue { ot limit of stobllity ) for

fizod bods

. Prossuro drop valua ot onsot of fluddisetions

4



Teblo os 46

49

Cono mglo, 10° Dp = 00827 en

l'otordiely Glaos bocds Fg = 246 gn/oa

liooh 110+, «1G+13 \pﬁ =1

Sls Bed ute Liqs £low Honomatcr 1o@s APy0meCClg Led Hte
ftloe ki« rotoyp raedingo, am

1i¢/Bin. T - Om8e

1 07 63s7 4646 741 132
2 1.1 5G9 AT 4 138 13.2
3 12 GO +H 30:8 205?,} 132
4 Qe 07 GB+3 3BH S0«B 132
5 27 59«0 41«4 17.6% 141
G Cef E8a7 4le7 170 147
7 Ge0 53+6 4l.9 1Ge7 1046
1 Os7 64+86 4Gl Sed 1347
3 1.1 58¢5 4293 1Get 1347
3 1.7 GleB 371 26;6" 1347
4 0.7 31 © 729 277 650%3 1047
5 Jel G3«0 376 25 20802
G G2 3246 37.8 2448 0210
7 D40 02«4 380 224 0Nl
1 ¢ PY <] BBe4 4a6sl 103 S0eD
2 1«2 81.8 38«8 %-&0@, N0«
3 140 3.8 8444 1640 G3+4 280
4 | 348 6548 3447 31.1% 2440
6 Ee8 G6+sQ  35e4 30e6  26s0

+ Prossure pool volue ( of limit of gtobiliRy ) for

£ized bede ' '
z

Pxo.asure dros vaolue ot onsct of fluidizotion.

sl s,

N ‘i'r'.:" -
v,

LOCER

071926



Toblo lloe deg o

Cons ongla, 10° Dp = 00,1865 em

tintozlal, Cuorts | d g = 27 tn/ee

ooh 110s 3 «B+10 938 =

5le Bod wee Liqe £lou Menomotor legs OPy0maCCly DBad hte

"o KQ» rotogy recdings Qe
o 11t /mine gmoe o
b s P2 Ble3 7003 240 1447
2 207 8845 4Ca9 GG 144G
3 Je2 6§78 428 1640 148
4 440 G28 378 2540 14«8
8 Q4 Had Gisd 3386 83&5‘} 1246
<] , Ge7 803 203 €00 16«1
7 Ge? 5348 4l+7 17.1% 1Ge0
g 11sG £3¢8 42 40 1Q=86 175
5] 1Ge5 6842 4248 1Ga0 100
1 040 8le6 4940  BeB 024G
a el AT ) 4Gel 8o rad P 4]
3 3G 50«6 4).40 184G 208G
4 Ou? Sel) S8Ge’? 0 S "Z i T
21 * Def 3646 1540 706G 08
G Da2 62«0 386 2057 24
7 1244 Gle& 300 228 el
8 1048 Gle2 392 2240 2465

"‘“-1' S 036 517{3 | 428 ‘242 | | .350.4 |
2 DeD 572 43e4 1348 264
3 de8 G658 34:9 309 253
4 140 8s0 7653 2523 50&04,_, 202
<] 1044 £9el 18 0748 282
G 1044 6540 360 20407 2740
7 1440 63:8 3648 2740 278

+  Prooapursc ponk voeluo ( ot Rimit of otaobility ) fop

£1204 bede

2z . Prassura drop valuo ot onsot of Zluidizations



Tebla 10« A8

Cono engloy 10° D, = 015617 a1

B
1'08h 10s; 10412 fbs =

51s D34 ute Liqe flou lanonotor 10go &Pgﬂmucdi Tod his |

lloe lkpe votay yordingo, Cne
lit/mim emo e

1 1&2 880 450 Dol 137
2 22 (0 1Y 5] 4042 Eﬂtﬁ‘:’ 1348
3 Qed 52 740 26«86 4040 *13e8
4 , Gel 58¢7 4240 1Ga7¢ 1Ge2
& LY 58.6 422 1G+3 170
8 1044 584 4223 1Gel 138
1 Qo7 6527 482 488 203
2 Sedd G2el 300 83ed 200
3 07 De@ 710 30, Ql-()} 2040
4 Gs G . E0eD 1149 790 A7
5 Gel G2e4 388 D P 8945
1] DG Gle3 30«6 2"-3 202

ol a L 0 S, bl ety i D A Al el .
! 0«7 528 28a7 30 2804
2 147 572 A1 1862 86«2
3 2aD 357 387 300 209
4 1.0 Awd Bla2 1045 61-7,& D47
8 78 £2s0 200 260 2407
G 740 GAa 3Gs0  28eg° 2647
7 Sed €4¢G 333 2363 2706
8 Ile2 63«7 3740 OGa'? 9845

%  Prossups pank waluc { at limit of stobility ) fop
Lited bode

% Pregoura dpop volue ot onget of fluldizntion.



Toblo 1o 4G

Conas onsic, lo° Dp = 0607027 cn
ateriol, Quid . 'd g = 207 gn/ce
lagh T'oe, »1G718 By =
Ble  Bcfl Wee Liqe flou Honomotor 10go APy en.CCL, Bod hte
f1os koo rato, rocdings,y ' CLls

i B lit/mine Cmie o ) o
1 140 544G 463 8e3 1503
2 1.7 " 8948 41e5 131&0.? 163
3 Q4 440 ' GBe8 322 230G 1642
4 » 440 EBeD 4242 1Ge7° 1744
6 H09 587 42D 1G04 180
o T2 " 68«8 42 e 1G22 198
1 OeB 8840 4Ge0 040 2ls4
2 147 G247 38«8 S48 . 2leD
3 Sed GD+8 318 37&7¢ 21leld
4 0«7 4«6 - B6.2 158 G‘&-g}l 2l.1
& AeB G202 38+9 23 i 237
6 Ged G283 398 22e2 840
7 00 Gle7 39«4 247 2640
1 0«8 EBed ABe7 Ce?7 26«3
2 201 410 3449 31les 26«2
3 2.8 7440 D78 AGe7 2Gel
4 1.0 3ed B8ls86 1925 G240 O6al
6 H0 €020 1140 e, i? 2Ge1
<] ZeD G592 3540  S0aa% 2847
7 G ghed 367 &7 7 20«0
8 J0.0 460 372 8G»0 300

¢+ Proosuro poak volue ( of limit of stability ) Loy
£imed bode |

b4 Pmasum drop valuo 6t onsot of fluvidinoiions



[

Toblo Tos A7

Cono gmglo, 10° Dp = 0.1865¢n
' Metorial, Calcite e T 27 é:a/cc

tiogh T10e 5 -8+10 Dy =

Bl. Dod wee Lige Tiou lionomovor legs 5?,0::3..(:(:14 " Bod hias

ro0s Ug retas racdings on
_ 1it/mine _emg o |

1 lel 5240 4848 3.2 14.0
2 1«8 £330 471 Ge8 138
3 30 5940 42«1} 162 134G
4 AT G745 335 340 13486
8 Oed 6o 718 2946 42407 135
6 ' GeG 5049 209 19,05 1647
7 30 85«8 4143 1842 1648
8 '1114. 603 41leG 17.% 17.3
d P 8522 48«5 D7 £00
a 340 568 443l 1267 19D
3 el 63«4 37«8 2845 107
4 0.7 - 8e0 T4¢8 268 4040 N 1.7
5 1042 BA3 1643 B0 1067
G 1040 632 377 266~ $0e3
7 12040 627 3B«0 29+7 223
1 049 526 48.8 37 2T
2 1Y} £59+4 47%a) 173 el
3 39 G749 336 343 130
4 Ge2 ey 223 5Ce0G, 2440
5 046 0GeB 3¢5 ea.tg 2440
6 Bs6 GGl 347 Sl e 2G4
7 1240 G8ed 35256 300 D72
8 1540 6840 36x0 2340 0360

¥  Proosura pock voluo { ot limit of staobility ) fop

f£ined bode
X  Prossurc dyop volug at onset of fluidization.



Teblo Noe 468

Cona congle, 100 Bp = 0«51 7an

lotorial, Colodio €5 = 27 gafee

looh oy :10+12 | $s =

5ls Bod wte Liqe flow Hanonoter 1oGs AFy00.CCl, Ded bte

[1oe kg roR0 s rocdings en

138/Dine eno

b { 10 5248 A7.+83 GeD 1440
a2 1,7 862 448 1127 13.3
3 | 82 6ls0 397 213 13+8
4 0ol 3el GGe0 346 315, 1346
6 500 TLeG - 2040 4240 1386
8 Ge2 592 41.8 17.7° 1640
7 T2 E3e9 4147 172 1Ce0
3 100 £8.3 419 1G«9Q 1786
le 07 - B247 4A8+1 406 10.0
2 le7 678 430 14.8 1e%
3 Je0 CB»8 3246 3060 108
4 o Db 72¢6  2Bed 4441, 1846
B ¢ Tt 8.8 738" o5
6 74 62e7 3843 24 o (2 2263
7 1040 62 s4 386 230 2340
8 1240 620 3940 230 2867
le 0a £33 AT 87 LYY ¢ B0
a 1.7 582 4249 1543 2«0
3 3.2 . 7043 309 39«4 Bled
4 140 30 738 . 28242 86+0, £33
5 * G4 1008 — Qa8 10040 2263
6 Gedt G59 8449 31e0%  2Ge6
7 O G52 386 2947 70
8 1240 64ed 363 28¢1 Sl

¥  Prosgure nog: veluo ( ot limit of stobility ) for

£ixcd bede

n  Prooouro dxrop volus ot onsot of fluidizations
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Toblo loe 4.9

Ceno cngloy 16° Dp = 043356 gn

latoricl, Glass bocds Fy ¥ 2+6 gn/oe

tiogh 110e; & R T

e : - oot . - - ' e e

g1, Becd Wee Lige fJou  licnomoter | APyGmeCCi,  Bod Hte

0w e TR0y rocdingo Gnle

11t/bdne aRde

1 13 G0s3 48.1 2.2 114
a Ded) Slel 4742 39 il:1
3 329 £3.7 4447 el 111
4 Osd Aad) £ln7 4247 1340, 1140
B Ge? 52s1 393 19« ¢ 110
141 GeO GUe7  Aled 15eY 110
7 90 §0¢8 4149 JA G 120
1 1,3} £3:2 48,0 De2 1c.1
2 07 621 40.2 T3y 1Cel
3 3.8 §4+8 4348 11.3 151
4 (P74 8040  38E 2l W, 1Gel
& Q47 7eG CE+0 3384 318 1640
G 720 G0s© 3848 81 145 1606
7 1140 E8:4 30 204 173
8 18+ 691 3922 10:9 1340
1 10 Dsd A7.D 245 19480
e 247 6243 4849 - Gad 1020
2 440 60«4 428 12486 1243
4 Gel 6260  3Ge3 2047, 1940
& 140 101 TG 267 &% 09 19«0
5 1040 G20  3Ge2 0548 20«7
7 140 Ele8  3Ga7 248 21«8
a8 17+8 Gle3 3Ga8 2448 D2 e}

4 Prosocurc paok ( of linild of stoblility ) for f£imcd bede

Prosouro drop o8 oanpst of £luidizotion.



Cors anglop 16°
latkordial ; Glaoo Bagdo
llesh 1108y 10212

Tubla [1os 4010

Dp = 00,1617 on
/g = 2.6 gn/ea

Pa”l

8ls B4 wdes Liq flou licnonataer APyomoCCl, Bod hts
¢ X kgo 2oto 2ocdings Oms
14t /Mmine omm
h Qa7 81 03 67#3 40 1069
a 0D - B82.0 468 Y 10O
3 123 6345 4841 84 1049
4 149 5Geb 4240 1‘505‘& 10.0
5 Qe Bell 89«8 320 206 1049
g 2:8 E7¢4 4lsl 16435 11.4
7 Se¢G G772  41a3 16.9 11«Q
8 H¢8 6740 Al«b 1556 121
(3] 73 8Ge©® AQleG 153 1240
1 Qe0 6ls8 AGe8 A7 4G-0
3 Qsd 5246 A58 GeB 150
3 o7 = BGaB  4leS 162 157
4 26l CheB  J748 2340 * 1500
8 07 386 G7ed 338 ' ;ﬁ%x 1546
4] 36l €0+8 3840 224 1601
7 S gd) €03 3861 822 1GeH
8 GeB 808 3048 212 170
© 100 §9«8 3840 212 1840
1 0«8 Olad A7l 403 10.4
2 140 63:7 2447 940 123
3 2e0 €Ds0 38«8 215, 19s1
4 140 4 72«0 BGe8 4,5:% 1040
b 48  G34Q 3646 27 19«8
g 68 G228 36«0 2636 203
7 1144 02s1 30643 8E5+8 210
+  Proosurc paalt ( ot limit of otability ) for fixcd beds

X

Progoura drop ot onsot of flufdimations



Table No+ 4011

Cone agngla, 156° 1)p = 0.,0927 om
Material, Glass bacds fg = 25 gn/oa
Kesh Nosy ~16+18 fg=1

81. Bed whe Liqs fiow  Nonometer AP,em-CCl, Bed hte

Noo kge rate, roadings ome
11t /min. cmse |

1 0B 527 45»8 649 109
T2 Qa7 85349 4446 943 10.9
3 . 08 54:7 4349 10.8 109
4 0.9 65:2 4304 11@8¢ 109
5 1.6 S58:68 400 18.6 10.9
6 Osd 146 674 41,2 1642% 11.3
7 19 §7+3 4l.2 1Ge1 11.5
8 2ol 57:1 4l+5 16+6 11l.8
9 302 §7:0 4l.7 16.3 12.0
10 550 §608 41.8 1640 130
1 0ab 852:2 462 60 159
2 0.7 85s) 43.86 1l.6 156
3 1s2 60sl 38:5 21«6 15.6
4 2l 5.8 8.9 39, 1544
5 0.7 2s:1 G602 3B.4 21, 15,9
6 2¢5 GOsl 38.4 21,7 158.8
7 1Y £69.7 3B.6 21ls1 16.6
8 62 897 3868 209 18.6
l 0ed B2.2 486.:1 Gel 19.4
2 0.8 54:7 4347 1140 1869
3 1.2 . 6le3 3742 24,1 18.7
4 led 63+2 354 27&8 ‘ 18.8
6 1.0 246 69+8 28B.8 41:% 18,6
6 28 627 388 28 19.8
7 L05 6242 36:4 26.8 20.1
8 740 62,1 3648 25+6 20+8

+  Prossure pask ( =t limit of stability ) for Rixed bods

%  Prossure drop at onset of fluldization.



Cono mmploy 18°

Tabla los 412 .

38.8

Hotordaly Querts fy = 247 gn/ec

logh Mosy <8410 Py =

8l Bed wte Lige £lovw H{ehomoter AP ;emcci'@ Bcd hte

lloe kge Tt racdingo Gite

148 fndne ange

1 1.0 B«6 4840 246 1241
2 248 84s1 44245 946 1149
3 40 §2:C 30.7 1943, 11l.8
4 Os4 G0 @4s8 344D 8947, 310
& =08 537 4leD a8 124G
G 2¢0 GGed D3 1440 134G
? 1440 G358 4248 1308 1360

i - — R "
1 O} B0e3 4803 240 1742
2 3.0 86+0 420 13ed 103
3 el G2+l  3Ge8 288, 107
4 07 80 72¢G6 260 ﬂﬁv% 1G«Q
& 80 GDe3 sl 200 13e5
< 12.0 G348 308 1240 100
7 220 §8e8  30s9 1547 2043
1 08 £0e3 4843 1.9 204G
2 146 8ledd 472 4eB 204
3 S0 G50 4249 13.1 20 «3
4 440 Gle8 J7+0 2428 208
& 140 5eC 7046 £8e4 42e1, 201
3 2+0 Ble2 1747 &3 @51‘ 2040
7 Ded G2¢0 36«0 D5e 2142
8 110 Gla0 378 2340 2240
o 220 59+9 2143 225

+ Procgeme ) pook ( ot 14mit of atobility ) for fixed bede

z  Peogouwre dyop ot onoot of fluldizations



Toblo [Tos 4413

cono cnglag 16° Dp = 041617 en

Notorinly Querta g @ 27 gr/ce

liosh I'oe <10412 by =

81s Becd wts Liqe fiou llano gater OPscneCCl, Bad hie

IIos kiye rolos facdingn ale

lit/mma CAGe

1 :Duﬁ Bl«7 At 4 _ 343 1261
2 del §3:9 4Ce3 TG 11.9
3 1.6 86+7 434 13.3, 113
4 ¥ Y 38 GEeG 3446 Sln%g 1le8
8 348 572 A4%:3 15 127
G 7+0 573 A28 18 130
? 1040 5G9 A3e2 137 1446
b A Gel Gl«2 400 - D8 173
2 1.8 862 &840 103 170
3 40 GlaB 38.8 cﬁhﬂ* 3GeD
4 5.0 T30 2220 5G«0 1GsO
5 047 540 GOeD 4040 20405 174D
G Ge0 598 AQe3 1946 18.6
7 Ce8 652 4020 134 15D
8 1440 Busl 404D 182 200
1. Y Slal 480 Do ola.0
2 Pal 8746 H2486 - 16a0 2048
3 . 3+8 GGe2 3348 32#4% 2047
4 10 Ted 8643 1347 72*@%‘ 2940
8 7ed B1la+7 581 23 218
G 10.+G Gl 2 38«7 D245 2840
? 1C40 CO«8 388 2146 23«8

4  Ppoosuzo poek ( of 1imis of ptobility ) for Sixcd bod.

% Pracoura dyop ob ongot of fluldizotione



Cono ongloy 159

Teblo Noe. del4

Dp = 00927

lotorialy Guests fg = 247 gn/co
osh 10s 16618 Py =
Sle Bo@ wte Liqs flov  Monomotor  APeomeCCl, Bed hte
170 kas sata rocdigs Cr3e
lﬁ.ﬁfmin@ anoe
1 Oe? 8342 4G« G 129
2 12 86s7 4343 1'3-%_9, 180G
3 Cadd £4.0 8540 2380 1848
4 0ed Taldl 57.8 4248 14eGE 153
5 3.0 B7+0 4Z:8  14.2 1G04
4] 1540 6Ged  45ad 131 15.1
1 C«b E8s0 AT7eE B+ 1786
2 148 60sG ADWH 19&1#, 173
K] el GOed 207 3847 172
4 07 38 5049  40.1 19¢8% 1940
6 Ee2 £OQe¢8 4003 1645 128
<] GeG 5243 2047 13+G 19.9
i Call £2:3 4C8 1848 g W
1 OeQ (3e8 478 He3 8l«f
2] 1.6 E0sd . 4240 1G4 0143
3 240 G2+ 380  2deq, 2143
4 - 10 &40 4.9 - 28e8 49«% 2142
53 446 Ole7 083 23:4° 207
6 Ged3 Gled 3846 227 2340
7 BeB COa8 303 218 2740
¢+  Peossuro paolt ( ot linit of stebility ) for flwad bode

Progewso drop ot ontat of fluidizatione



Toble [Qs 4016

Cono cnglo, 18° D, = 041365 ¢a
lictordnl y Caleisa fq = 27 gn/oc
iloch Noe <8010 Py =

Gls Bcd wes Liqe f1oU  lcnogotar  AP,0neGCla  Bod Bte

e ke yoloy roodingo an
13t /aire oenda
1 D8 800 402 “1.8 12.1
2 el  E2e3 45D 1844 1.1
3 et 5740  4leb 1566, 120
4 Gel G3e8 3446 200 11D
5 0s4 ' Geb 5G+8 4146 1585 123
G G0 £§5s0G Y 1469 13e8
7 100 E0s1 422 1549 159
0 160 E3e0 4243 1347 1Ced
1 Cal E0et 48e8 22 pIATVA
0 1.0 £348 4060 Ge8 23
3 el E0e8 D1 1E«8 1Ce1
4 AP Gl«8 308 31 20, 1Gel
& 0.7 7.0 T3:8 850 QG‘%‘ 10
Q 70 COe2 303 21 17 el
7 De0 B2e7 338 2C»9 I7aD)
] 1244 82+8 39.2 20 «0 130
o 1Ge0 £330 4040 1548 1Cel
3 Qb €060 4065 o8 20«3
2 Deb 867  426% 130 4040
3 39 G228 360 2806 10«0
4 Gel GOeft 8.2 402, 150
6 140 100 87+8 11.0 GGy, 1040
g 20«0 Cle:D 3645 2504 818
7 1240 6leda 370 Dhat £20
8 o L7e6 €063  3Bel 2242 0240
) A 1«3 62el 4840 Ael 2541
2 20 BG«@ 43+8 13«0 P8el
3 | 80 GGed 3367 32:6 28e1
4 . Teds 80s8 1944 Glel S50
8 128 Q40 C2a7 72 8Ge6 DeD
G 130 10640 .« 5s0 11040 B840
7 13.0 GEe8 - 8442 3leg 87.1
a8 2140 Gle7 3642 2086 231
3 3040 G4+0 33«0 280 301

4  Prosouro pock ( of 1imit of stobility ) for fimcd bode

% Prossurc drop ot onsot of fluldizatiene



Tabla loe 4.1G -

Cono on3lo, 186° Dp = 0+1617 en
tiotoriol, Caleito . g = 247 gwee
Hoch T10+.30418 By =
8ls DBed vie Lige flow icnomotor  APyenWCCl, Ccod ht.
NOe ke raRoy gacdinga G ‘
AiSladn, cmg e —

1 ' Ca? 507 480 A 247 LY.C.
a gy ' §56+2 A4A2.6 38 11.5
3 28 6048 30.0 2043, 118
4 0+4 4l 638 34.8 200, - 1le4
8§ 44l G742  4le8 15.7¢ 12.8
6 Cal ATY SR 7% °) 14,0 105
7 103 6EGs8 48.4 1390 l’.}:G
1 Ce7 500 Q7.8 3:l G
2 Re3 72 4148 167 - 160
3 Jel 83«3 35.1 23&5@, 1Ceq
4 07 CeG Td«3 2445 4.9:5% . 1Ge4
5 Ge QG 808 38.8 21 Y77
%] e} BDefs  3Ce? 203 1366
7 130 E3¢7 200 1067 3 .eQ
1 G 6840 BEe) D40 20l
2 B 648 A82 1Cses 20«0
3 SeF T3e7 3042 3&-&5& 100
4 Y EY:) C3«9 101 T4eB 1043
8 140 Tol GCel 4348 25425 2147
14 _ Vel G320 443 27« e
7 1844 Gead 4468 2348 200
8 10«4 677 Abod 2244 030
° @00 G740 4GeD 210 8245
1 Qa7 62«3  43.8 Qof S8
a3 sl B840 4GB = 746 5248
3 346 E3:0 4448 1l.8 22 oy
4 Dedl o 7Y 5) 38.8 2047 AT
6 le8 346 G8s3 . 81D 364, 233
G 0.0 1000 0 » 100 QQ.‘: e
Vi 940 G6+8 3448 307" 270
(4] 1«2 BAsT 3607 29.0 075
9 2040 G3s7 36eH 872 300

by - A biitdmisth

¢  DPrposousps wook { ot limit of astnbility ) for fined bode
T Progsouro drop of onsot of fluldigotione
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Tehio 0 4017

¢ono cagloy 20° Dp = 0336 ¢n
Moterdol y Gloso bocfe s = 2e6 try/ce
I'‘aoh F0es & ‘fbn =1

Py

51, Bod We Liqs £10U TICMODOLOF AP;0meCCL,  BCA his

flos - Kfe ratosy pacdings Qe
1l S 4G+0 4del 149 1040
2 De2 - 471 43s0 fol 100
3 S8 407 2044 £o3 10.0
4 Ol . GO 552 3348 2347 1040
5 GeD - 52¢0 30e)l 137 104G
<] 1leG Ble? 3Beqd 1343 1147
7 198 - Bl«0 38.0 4240 139
1l 1.4 AGe) 47el 140 14483
a 30 4769 403 Ba6 140
3 a2 §0e¢l A0:0 101 > 1448
4 0«7 762 50«0 320 260 1440
B 748 . B4d7 35486 10427 1448
(4] 1.2 B4e4 JBe? 1827 1500
7 1940 8363 3546 17.1 1Ged
1 18 A40e6 AJe JeQ 174
a 30 {4348 61*? GsB3 170?3
0 Qa8 52D 373 150 1744
4 1.0 540 582 3640 20 2, 174
12 8s0 G077 8048 31 t% 1744
G 8s0 - B56ed 3348 D% 17.8
7 14.8 56«0 342 2148 1847
8 224 6B+l 38el 2040 10s7

& Prooouro pook ( at limi¢ of otability ) for fizod bode
% Proosweo drop at onact of fluldizations




Toblo r'os Geif8 . 99

-Cono mgla, £C° Dp 3 Q4517 en
Later 40l, Gloss bocods lg = 2e6 5n/oo
1:98}1 b 1Y 9 «~10+12 : ;bs =}

Bls Bcd toe Liqe £10U LCOCOROF  OF0D-CGl, ~ Bod hts

Noe ke goto) socdingo A Clle
1it/mine i ) X e
1l Oeb 4548 el Y 1023
a 140 A7¢4 £33 " Bel 1043
3 1.7 §0.8 8840 ‘1‘8094_ - 103
4 0«8 2.8 - 8349 300 185 103
8 2.8 §2¢3 3748 14.0% 1045
38 A 620 377 143 1049,
7 Ge0 518 3340 i%:8 113
8 1040 Ele7 38s) Y38 12.8
i 0¢b 45+8 438 Bal 146
2 Usd Afsd A28 Bal 125
3 14 £0«8 3849 1149 1.8
4 07 1D G4asl 306.6 1846 , 1448
8 Hed 6Us7 3040 247" 1405
6 el EB+0 248 80 )8
7 &40 E4+G DBel 1048 1560
8 (et 4«85 3543 1042 1843
9 112 Bie3 3Be6 18.8 163
3 De7 470 A42:8 Aed 176
a 1ed B0+2 308 1047 17+8
3 17 03+0 JGe7 1643 1745
4 1.0 240 B6¢5 2 21e3, 1746
6 40 GAe7 2840 397 178
@ 4o 5G¢7 83l 23~ 1747
7 30 §3+3 8344 2040 182
8 120 BGsQ 337 2243 1847

.

¥ Proscape poos ( of limit of otobility ) for fincd beds

% Progsura drop o% onoot of fluldizotion.



Zablo 110« 4619

Ceno eaglog 20° Dp = 00587 o
laterdal y Glosao bocdo /fa = 28 gm/co
ogh UGe; «1G¥18 g =1

Ble Bod wie Ligqs Flow Menomotor  APpomaGClg  Bed hes

o« ke yato, . rocdinge . Qe
| lit/nine - QmSe o :
b A 023 43¢ 4346 340 1080
9 0eb A7:8 AReD B+J , 1020
a - De9 £0+6 394 113 0w
4 Qest 142 ECsd 378 149 3040
151 10 8423 3646 1849 1040
6 148 8208 2373 15.0% 102
7 b2 P73 E2«2 378 1449 1043
-8 440 6le2 3979 1440 11.2
1 G283 408 420 460 120
2 0e8 40«0 4047 B8 140
3 Qe 8le8 330 13«8 1440
A Qa7 Le3d 62«8 358 1043, 1440
b Bel 87«4 326 2048 ae0
<] De2 863 8446 2047 143
7 Jed 65«0 844D 20l 149
8 Gedd GheB 358 190 15+8
1 Oed G7edd AZ44d 80 168
2 Qe«d 8042 388 10.6 1GeY
3 10 E348 3Gel 1747 1649
4 10 .13 874 3224 2640, 1GeD
B 27 Gled B2Be8 328 162
8 27 E7+4 B2e8 24. 1748
? Hed 56«9 330 2349 1747
8 7eG EGeZ 3348 2248 18,2

}

¢ Propouro parlr ( ot 1imit otaobility ) for f£ized bede
T Preopurc Gpop at onset of fiuldizotions



Tablg 110e A0

Cono cnrlog C0° 99 = 0.1865 ¢n
Haterlolp Querts Fg = 247 gn/co
Mooh 170sy <0010 : ?‘53 =
81« Bod uwte Lige flov lanomotos QP@qmmeélé Bod hts
o Xkos vato, rocdings ‘ Ca
. | - M/pine . ende o o o
1 048 A6ed 442 2el 106
2 240 425 4lel Be8 10+8
3 Dedy BlsC 396 1l. 8, 1042
4 Dad 440 88+sC 3845 19&% 10s2
& 440 525 3840 188" 1067
6 God 51s9 3848 13,3 1140
7 Ds6 51.0 39«8 1lsF 1148
1 e 4730 44e0 b 1331 148
a 1a7 492 AlW7 Teb Ided
3 2ad B2:2 30845 130 4¢3
4 07 2n7 64+0 370 170, 143
& 540 RNl 30+8 300 1423
G Ge0 56e7 3Ge2 10:G° 1468
7 Gl 8120 36«0 130 1540
8 1040 82:0 J7+0 170 158
-1 10 4Ge8 4346 3.2 1847
2 148 - £000 4046 - D8 1848
a 0 - BSWO 3448 2148, 1845
4 10 Ge0 - GhaB 28+0 20 8 182
8 GeD  B5¢7 3447 21,0 1847
G 1040 55+0 235+3 197 197

5  Prosoura pack ( ot 14mie of stability ) for £irad bede

©  Proscura drop ot onsot of fluidizotion.

<

-



Toblo 11os 4e81

Cono caglay 209 Dp = 0s1517 em
jatordaly Guests (s = 27 gofoe
Hagh 0s «10%18 ;zs a =

‘mqa flou  Henomoter ! 4
2eRoy rardings ﬁma

lit/minw ono
048 a7s1 4363 348 1048
1.7 ADel 4ls0 Heb 10.8
Bl 82:6 23840 465, 10.7
33 58¢6 306+0 Eﬂe% 10.G
3.8 62.0 88e5 1348° 11.3
540 51«7 3940 1267 118
T8 5067 400 10.7 1263
i 0«8 4744 429 LTY:) 1567
2 14t 40:8 4008 047 163
3 260 B28 3747 14,8 160
4 0a7 203 B4ed 358 18&7,@ 188
6 ded G0e3 3040 30.63; 5.0
g - Aad 8%+8 3000 18006 1002
7 GG 83«8 3G8 1Ge7 1G»7
8 748 B33 3740 1Ge3 172
1 O:8 4Gs8 4440 265 18.7
2 16 §0s0 L2040 1040 186
3 268 88+82 38640 2Je8, 18+6
4 140 840 6247 276 3@&? 1844
6 840 563 3460 2008 1942
4 G40 560 3443 - 2le7 187
7 8«0 6540 3545 100 £0¢7

+ Prooours pook ( ot limd% of ptability ) for Lincd bade

o Proosuro drop ot onsot of fluidizetione



Tablo lloe £4.29

Conoc onpglog 20° Dp = 00027 on

Motordal y Querto Co = 27 gn/ee

Iosh 10osy 16418 55 g ®

Ble  DBcd Ute Liqe FIOU  1ioMOMQLGR  APyCheCCly Bod hes

Ros Itpe vate, rocdings enie

1it/mine S o1 T S

3 Qa6 47:2  43s) Gel 1146
2 1.2 B0e0 4045 De8 ile5
3 . 146 £2+0 388 1348, 118
4 Qed - 2ed 56e3 382 20 nlﬁ : 1leq
5 Bed 8260 T5Be+8 136 11.8
< 32 8le+8 39e0 1246 X243
7 842 Ble2 322 1240 133
1 Qaed A6sG 2348 Sel 10sd
2 Led Ble0 3DeG 11eB 31G«Q
3 146 54s5 3G BBy 1540
4 067 28 §9s0  3le6 75, 187
8 28 A8 TG0 1848 1Ga2
3 38 E4:Q0 JGeS 1780 1Ge7
7 B2 6347 370 1Ge7 173
B 840 63.0 83%+6 1548 1362
i | - 0eG 48:0 ARe4 +0 194
2 lel £0«8 30,7 d1l.1 103
3 1a7 6640 36e5 1060 19.8
4 242 B3,0 3245 2046, 10,2
6 .0 3e G2+ 2840 3445 1041
8 ~ 3.8 BGel 3442 21487 19.5
7 0] 86«6 38«0 2048 20+1
8 72 §4s8 3546 . 183 210

+  Prooouro pook ( ot 1imit¢ of otnbility ) Loy fined bede

% Prossura drop at onsot of fluidisations



Cono cagla,y 20°
Matoriol s Coleito
lagh NOos» <0910

Tobla [loe 4.23

Dp # 0186858 ¢n
/8 = 2.7 co/ee

fo =

bo

Bod e

BLl.  Bod wWee Lig Clow  Honomatas  OP MG
(-] kB ratoy rocdings oe
!.ﬂ.t/min s OnSe
i OQB A5+D Q4.8 1ad 100
2 13 4GeG 434D 2e7? 10+56
3 Be7 A0s1  4Aled 77, 106
4 ' G0 6040 328 "005 1064
B Osd Ge0 £2+84  88.0 17 e 11.0
8 72 652+2 381 Idel 11eG
] 11.2 61+ 38.8 127 12.G
3 1G«0 G0:3 3948 113 13.2
X ls1 A6a3 L&l a0 1541
2 243 43«2 4242 G0 18.1
3 304 8led 3940 1lad 150
24 G40 GGs8 D348 el A 1409
6 067 T8 Gile3 2845 303" 1449
<! 748 8450 36«3 X7:.7° 160
7 D8 B3¢0 3Ge3 17«0 1568
8 33406 53«2 372 15«0 15648
2] 160 02«8 D77 14.0 173
o roscampassnn ——— 2 — " . e - -
1 148 4GeD 4345 3eh 1844
2 30 80«4 4000 304 1843
3 3.8 53e7 3Ga8 1702 133
4 440 5940 3l 27+86 1842
6 140 G0 G3+s6 2645 37604 1853,
a GG 740  1Ge0 530, 1840
7 86 E568 3449 20«7 18e4
a8 16«2 5448 358 198 20«2

¢ Prosourg pook ( ot limit of otebilaly ) for £ixcd bede

b14

(ranoure dpop ot onsot of fluidigzotions



Cona raploy 20°

Tablo [loe 4624 ° 7

Dp = 0!1517 en

Hotordnl y Coledto fa = 247 gn/os

Mosh [osy 10412 ¢ s

1. Dod wes Lige fl0v Lrmomotor . OFj0meCOl,  Bed hte

O kge 2ato, rocdings Che

11t /mine cnne

1 028 A4C«2 4440 28 10.6
b 1.8 479 4242 LY 106
3 2s0 498 40456 sl 1048
4 26 8149 38«1 1343, 10.4
& 04sd S¢G 85G«0 A0 200 103
G 30 520 38.0 14::0“ 1140
7 &40 8147 383 134 11.8
a8 848 6140 39.0 120 110
1 08 AGe3 43%8 Lo 5 15*1
2 1.1 4748 4248 540 1640
3 . XaB 4067 402 Db 1840
4 0s7 .3 517 3842 135, 180
b Qefd €0e0 3060 30'&0.: 150
G 408 53«0 3740 1Ge0 1848
7 100 E2eD 3040 1440 16.3

sl ' - e o e "
1 06 AGa3 4347 - 28 1846
2] 1.1 478 4242 BHeQ 1844
3 led 4047 4led 73 188
4 17 €040 L4040 1040 103
6 1.0 Be7 6540 36.0 2040, 1882
3 80 630 270 36l0§ 1843
7 G0 5le2 3940 180 1847
8 120 - £Dw7 305 158 207

¢ Progouze pack ( of 1indt of stability ) fop fizod beds

% ifreoours drop ot oncot of fluidizations
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Tobla [0y 4025

b2

Cono caglo, 309 Dp = 01517 oo

l'oberdoly Clcoo bocdo £5 = 28 gnfoe

ltash Toe ~10¢12 Pg =1

8le Ded wte Liqe flow  Honomgler  APpen«CCla  Bed hte

los kg rate gocdinge Qoo

~ lic/mine cnge
1 Y (483  4Ge8  LleB R : V4
2 1.6  4De? 4643 Butt L Ged
3 243 - 6led 4349 7&3‘} Ged
4 3+7 824 42:8 99% L Ged
5 04 347 81+C 43486 " Bel T GG
6 4¢3 6led 4146 70 Gl
7 B+6 BleE 43.8 74 GaB
8 948 81«8 4329 Tel 7486
1 O+0 4342  4G.8 led 840
2 1.2 4043 4847 3+5 D41
3 ety 52«4 4347 9Q7¢ D48
4 , Aad CBAsB 4043 1445, ©+3
& 047 43 83s8 416 11e€ De3
3] ‘ Gs0 - £3.)  4l.8 113 s 2%
7 0«0 628 408 10«6 D«
8 1240 627 42483 104 108
1 00 ABeB ACe2 2eG 2
2 1:6 609 262 Ge? 10486
3 25 §309 4)ed 128, 106
4 | 248 7+ 38«0  10.0. 1045
5 140 Aol EGed 200 161 1149
6 : Gel 548 4048 laed 1143
7 De6 S48 A0 8 133 1146
8 1224 514G Alel 128 132
; | Q7 48.8 46«5 Dol - X360
2 1«8 - Ble§ 43+6 7D 13.0
3 22 . 37 Al 123 1340
B 16 36 ook e ol B0
ol * . T 208, »

6 Be¢G %hQ 38.8 a1 13&3
7 7+G 6646 38.7 1748 1849
8 1142 6648 3903 1GsH 1404
19} 1040 8548 396 1549 1Ga0

¢ Prasouro pack ( of lindt of otobility ) for Sfimcd bede
2 Propouza drop of ongsot of fluildigotions



cone onglep 30°

ATablo {loe 4426
D.. = 01817 e

b

Hoterdal, Cuorts lg = 37 an/ea

Megh I'os w10412 pg =

Sl Bod wte Ligeflow Honomater APyC0-CCly  Bad nte

llos kge rota rasdings Ons

1it/mine omge

1 D7 481 47«4 047 742
2 20 493 A6+l 32 70
3 248 5043 4842 Ss+1 70
4 . Je2 &0+8 Ao gal 740
6 08 54 - 53«1l 42 4 10:7; 70
6 Bsd Eled 4440 Tt 7«2
7 Gel) 6l+3 4.1 72 72
8 0«8 E0+8 446G Ge2 840
1l Oe8 4840 476 08 0.8
2 144 401 4844 07 D7
3 D7 Elel AAe8 G0 Sa7
4 Je9 £3e1 4244 10+7 De'?
& 0.7 68 6Ge5 3040 "7"§; 047
a Ge3 63«1 428 10.6° 101
7 Geb £2¢8 428 1040 10.2
8 18,0 5240 43+G Bedt 1l.1
1l O+5 481 4724 0+7 119
2 146 404 46+ 38 118
3 32 816 4440 748 118
4 A3 H4ed 4le3 1340 11.8
8 140 8+0 €0+ 38«8 244G 118
G 340 5441 4146 1254 1243
7 112 6344 421 11+3 1247

&8 15.2 5248 427 101 138
le - 0s 48s1 473 0.8 14.0
2 1.9 49:9 48547 442 1448
3 4,2 4«2 Aled 1248 1446
4 4ad 5642 A0e4 1848, 1466
3 1.8 042 6846 3040 360, 1448
6 Oe2 6546 3948 1648% 1540
7 132 5447 408 139 1543
8 1848 5456 4120 1548

1348

¢ Prossura pack ( at 1imit of Stability ) for fincd bode

% Pragsuvo drop ot onsat of flunidizations



Cone englo, 30°

Toblo Tos 4e27

Dp 2 0.18)7 an

b9

ligtarialy Coledto Fo = 247 gn/ca
licoh Toey «Lovl2 Po @
8ls Bed wtes Plq flov  HMonoxotor APyonCCl, Dod hts
Toe e rate racdings e
" it 1%&“ : . g—-rm e
1 046 4842 4744 08 740
o le4 489 4387 242 740
3 343 8142 444 G«8 G
4 346 61+8 438 840, Ge0
4 B840 539 4A2+7 0«2, 38
(7 Ced 80 8le¢ L4 00 7+G 70
8 T2 813 4402 7l 7+2
78 15«0 gl «0 4407 Ge8 7+8
1l 0+3 483 473 10 Qa5
2 149 497 AG«0 327 Seb
3 34 818 4440 76 Deb
4 Cad 641 Al.0 3.2*5@, Cedt
5 0s7 G« 07 3640 AR7, et
4] | w0 8344 429 1l 07
7 Osdy 6320 420 30«4 Ba0
8 1660 6248  43.) Qe 113
1 09 4B 8 67#53.. 1#6 11.6
2 268 4.8 45+8 400 11.4
3 J+8 8148 439 78 1148
4 4.0 §3e¢4 4243 1l.l 1le3
8 10 el 66«4 358 - 1708, 112
G _ 748 6241 36«8 Bﬂﬁgp 1%}
7 Ta«Q 54.8 209 130~ 11.7
8 3«6 B3 413 1340 11.8
5] . 1248 8347 410 138 174
1 . Y 403 474 040 1448
24 230 4048 4Ce2 3.3 1444
a0 - 3ed 61+7 4349 78 1443
4 467 460 4l«8 12«4 142
6 1.6 Gel 578 377 2042 142
<] 71 Gle2 3444 263, 1ded
7 Cedk WATT: 31.0 30 t% 14.1
8 - Dedd B53eb ol JH 12, 146
9 1440 8802 4043 14.0 1449
10 22.8 Bde4 4142 132

1Ge0

4  Prasguro pook ( at limit of otobility ) for £izcd bode

X

Pragoure dyop of onoot of fluidizction.
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Cono onglo, 45°
Vatordols Glnsc bocdo

Dp

Toblo Nos 423

2 061617 an
fﬁ = 2.8 gn/oc

03

3

Frosouro dyrop ok onsot of fluidizotion.

logh 0oy «10418 Ps =1

6ls Bod wte Ligs flow Henonat oy APye=CCl,  Ecd hie

o« -0 rata roedings eoe

11t/mine ong s

1 1.1 4845 478 1.3 Bel
2 14 4848 47»1 17 Ssl1
3 Ba4 408 48e) 347 8s1
4 30 Blsl AleB G 3s1
5 0eb 4e7 51+9 4440 7.97;; 8l
6 Ja? 8lel A48 Be Bl
7 G0 807 A52 55 841
8 11e8 £0+0 46+3 Be3 8e1
1 0a7 483 476 0«8 047
2 148 49.1 AGeT7 2 D7
3 el B0+8 464 Gel 97
4 400 61+8 AAdsD 7%‘;5, Oe7
6 10 Gel3 658 2000 1548 07
8 [ %51 528 A3l De22 D7
7 Bed 623 438 8.8 S
8 1Y 4 £3e1 437 Bad 07
1 Q.0 4848 A7 +8 h 106G
2 X8 404 AGT7 27 10.6
3 Seb §l«2 Ade8 Bt 100
4 440G 8346 A2+86 109 10+8
@ 1.8 §+6 66«6 406 1409, 103
6 B«0 B6+6 3945 ?‘?cﬂ 1046
7 B0 541 410 12.0% 106
8 103 8364 424G 108 1046
9 2048 83.1 4249 10,2 108

¢ Prossure pack ( ot limit of atability ) for fizmod bede



Tablo Hoe 4e20 .

b b

Cona ongloy 46° Dp = 0+15617 en
l'otorinl, Quorta (s = 207 gnfec
Iogh T10e, 10412 pg =
8le Bced uwte Lige flou lonomater APyemWCCly “DBod hte
flos kge rato, rocdings | . ome
lit/ﬂiﬂo Q0 e

i led 4ABsd 477 , 067 GeD

2 350 4%eD AT el 1.8 GO

3 Astt E0e0 AGe2 - 3 ‘% Gs0D

4 0 Q¢86 Gub 5262 438 Bg? Ge9

4] Go S 5068 AS5e7° 4 G

G - Ds0 £0.3 45+.8 Leb GeD

7 14,8 = 8000, 4640 440 G0

i 1:0 484 477 07 a7

2 34l ADa6 4G4 3e2 De7 ‘\
& 849 628 4345 9a0, 947 .\
4 140 0 562 39.8 1Ge4. a7 4
5 OeQ &5ls7 4403 Tel* 7

6 1660 813 ALY Ge( Da7

7 260 - Bls0 A4 O Gol Oe7

1 e 4842 47«7 Qo8 129

2 400 40.8 46«40 = 3.8 129

H e 5324 42:5 109, 1249

4 15 B A 69} 368 ganax 139

4} 1C:4 5229 420 10.0° 1249

73 14«4 £2»3 438 8.8 129

7 240 5129 4349 8+0 1249

¢  Prassuro pock ( of limit of stability ) for fizad bads

% Praosure drop at ongot of fluildizatione



Cone ragloy 4&°
Hatoriel, Coledta
lorh Mo+ «10412

Tablo 116e 4430

Dy, = 0¢1617 ca
Fg =247 gnfeo

po=

Bod vee  Liae flov

lanonster

Sl AP ewCClp 3ad hte
Noe g« S'ato in roedings QOe
’ Qnde
b | 1&3 4801 473 CeB Cel
2 36 4867 A6 7 260 Geb
3 83 4048 456 Aol . Geb
v Gel 8lal 443 3 Beb
8 Ceb DG B2ed 430 Qafﬁ Geb
2] L2 1Y 50a3 452 £e1% Geb
? 1840 4909 Aa53C L3 GeB
3 200 4905 ABeO 37 Ged
i - 840 4843 A7 8 1.1 Te8
2 450 4042 4062 340 948
3 1.0 748 6240 {346 845, De8 . .
4 12.0 5548 4107 lée% Oe0
6 120 8leb 438 Te 0.8
a 1G5 845 2468 Ge8 9.3
7 2300 EQe6 4449 656G D8
h 1.6 A2:9 4649 1.0 - 118
2 3.8 4.2 454G 346 11.8
3 8a 5la7 431 8aG 11.8
4 Bed B3+8 4le2 1243 , 11.8
B 1o 1440 §3+4 363 2.1 118
6 1440 62:1 4246 0«6 % 1.8
¥ { 19.2 817 43,1 Be«G 11.8
2] 206s0 5led 4304 8.0 11.8
%  Prasourc poa: ( at limit of otnbility ) for f£ixcd beds

bid

Prascuro drop ot onsat of fluidizations
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Tabla NNo. 4Wll

Cona anglog £0° Dy = 041517 ca
Hntesdaly Gleoa dordo Fg = 25 gn/ea
Hogh Moep «10%12 Po =1

sle Bod wte Liqe floy  Honomotor  APyomeCCl,  Bed hte

los | ghte zotey rocdings cms
113 u onge
b 1.2 4842 A47.4 0s8 o0
2 20 ABe® 467 22, 50
3 3e4 802 4bs4 a4al, 5.0
4 0206 D4 492  4Ged Dag~ Ge0
b Gl 40423 4Gub Se7 50
< 100 - 4Be2  4Ge8 207 540
) § 142 483 4744 0D 59
] - 0.8 498 463 30@4. GeO
3 Ge0 Els8 4443 T2 a0
4 140 Ge0 E0el 450G 4B T 5¢9
8 Ca §0s0 4547 4s3 Ge9
<] 16«0 406D 467 de2 Se9
7 2040 490D A58 4el §e9
- — —— . . - AR BA

1 1eG A8s8 (7.2 De3 Go'7
2 Jed 496  4G6sl 3«8 Ge7
3 408 £004  45.3 Bel, Ge7
4 Jeb 840 522 4345 8.7, Ge7
& Bud - EOeB 482 Hef Ge?
G 12:8 60«3 464 49 Ge'
7 120 E0+3 4Abs4 4.9 Ge7

¢ Prosourd pochk { ot limit of stability ) Loy fixod bode

X Prosoure dzop ot onsat of fluidizatione -



Cono engloy €0°

HMatogdal, Cuextn

Tabla 10+ 4032

/g. = 27 go/ee

6

J

Prosgure dxop ot onsot of fluldizotions

liogh Fosp 10412 b=
31, Bed wte Liqs flow  Monoooter AP y0maCCl,  Dod hte .
. Noe hge roto racdinigo Qne
X 13t /mins COOe x
b | la4 477G 478 0s4 5ab
2 Ned 479 4068 lel Be8
3 440 4849 48«0 269, 5eb
4 0«5 G+6 8040 2447 5933 - Bel
S 0e0 4886  4Ge3 e 6545
G 100 ABed 40«8 148 Lab
7 1740 4Be2 466 146 546
1 140 47:8 471 Qe ' Ged
3 Bed 28 a 6eG
3 GeB 60e5  48ed  Bal, GG
4 10 1040 8le0 ~ 485.0 +0 G
5 1040 4900 458 3. 8eG
TS 1440 488 46s0 28 GG
7 D400 4867 460l 20 Qe
1 Cled 4707 47e1 006 7e4
o 263 4842 4646 l+6 T4
3 Ea8 60«0 44.8 5a2¢ Tl
4 18 130 Ble8B 43.0 30%1 o)
5 13s6 40e4 4548 Se . 74
G 1844 - 491 4548 3e3 7%
7 28+0 4340 459 3.1 74
il it sy —r — AN
+  Prasouro partt ( o8 limdt of stability ) fop finmad bode
7
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FEE A
Tablo IToe 4433 * ° 7 °

Cona cngla, 0° | Dp = 041517 om
tiatoriol , Coledto ¢y = 2¢7 gn/co
Nogh 110e, 10412 Pg = |

Bl Bod ute  Liqs fiow  Henometor  OPyemeCCl,  Bed hte

o ke ratoy recdings - Clle
ut/mim QLo « : o
1 2+2 4823 4748 1.0 Be8
a 3.1 48.8 4G9 109 - Ba8
3 ‘ Ged 4220  4E8.8 .éiét o173
4 0eb Gadt 49,0 4Geb s 5§
G 11.53 486D 467 2«2 Ge8
G P40 AQs8 4GB 240 5B
1 1.6 48Be2 4744 0.8 Ge9
2 45 AB»8 768 2.0 Ce9D
3 Ge2 80«5 45,0 . 5*5,9,, - 6e9
4 1.0 104 Ele8 4440 7033 GeD
) 10 A 800 457 1Y GeD
5] 1448 490e5  46el Jed Go®
7 2640 40.2  4Ge4 28 GeD
1 240 48:3 4743 - 1.0 78
2 4.3 4848  4E.7 4} 758
3 77 5led L4083 7&1‘? 78
4 1.8 1340 5247 4340 De7 78
B 1640 60«0  AEe6 Aed* 78
Q 200 4948 4Ee8B A0 78
7 300 A6 4Es0 30 T8

4  Prossure pock ( ot limit of stability ) for fixed bads

X Progsura dyop at onsot of fluidization.
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Cono mnglap 120°
I&atorial; Glass berdao
ogh [Tos 10418

D

Toblo [0e 4034

P = 041€17 em
/’3 @ 246 gn/ec

Bo =1

8le Rad wRa Mxp flov Hemomotor APpene(Cls  Dod hts
los kge M‘ko; rondings Qite
¥ Cuide
1 ”Mﬁ S0ed 209 Qett 342
2 240 308 DB 0#7 343
3 Jedd 31«0 29:3 177 G
4 Ceb RIS 300 20:86 lt.ﬁx R Ty
5] ' G0 308 284G 1.2 REYS
4] 1640 30e7 2947 1.0 Je3
" Ao . - - : ' sy
1 13 308 298 Qa7 &40
2 244 Jle2 2043 148 A $e0
3 8.0 31eG 2849 Qq?ﬂ 440
4 140 38 3la3 202 Sel 40
5 Ge O 31le2 2062 240 40
8 108 3le2 8043 19 Gs0
1 1sG 307 £969 {8 Y
2 D7 31leG 2849 247, Qo7
3 Al 32«7 27.8 4‘91‘: Qa7
4 148 8.2 31:8 £8.8 Je0 &7
15 ' 740 3le6 2849 27 Qo7
6 2460 3l:d 291 2e3 Qo7

¢  Prossurc paoh { ot limit of obobility ) for fixzed beds

z  Pressuro drop at ombt of £luidizations



Tabla 110e 4236 - -

Cono tmEle, 140° Dp = 041517 em
Motordoly Quorts £y = 247 gu/ac
‘ooh Noe 10412 Py =

51,  Bod WGe Liqe £10v = VGnomoter  APeOm.CCl, Lod hte

Toe glse ratoy rocdings ane
11t /Mine uta 1Y
1 1a7 3006 229 00 Je2
o 805 308 . 29.8 1 *3@ B2
3 39  3le3 D21 24 9.9
4 0.3 30 306D 2347 1o 4.0
8 7.0 3008 228 1.0 o
6 1608. 3067 2998 009 5‘2
1 1.9 30.6 29.9 047 403
2 3D 1.7 289 2»84_ 743
3 1.0 548 322 2844 3#3‘, A3
¢ B8 312 203 1.9° Aol
8 176 311 205 b WY+ A
1l 240 3067 299 0.3 I
2 30 3le3 89«3 240 840
3 ded 3149 287 <L 840
A 1s6 - Ged 326 230 30G B0
b 8s3 313 22¢3 20 . alp
2 1040 3l.2 223 1.9 840
B e T e T et " " i s o

+ Prossure poph { of limit of ohtobildty ) for fixcd bade

% Pressurc drop at onset of fluldizations



Tablo o« 4436

Cono mglo, 120¢ Dp = 041617 en
Haolorinl, Coledto /; = 27 g/
[igsh 110e 420412 Py =

8l. ©Dod wbe  Ldqs floy  lienomoter OPjumeCCl, Ded hte

llos kgs roley rogdings Qrte
| 14t /niny e T
1 1.4 30«8 3040 06 3vd
A 240 307 2047 1:0 ' Sud
3 o 440 3145 2040 2e6 36l
4 0¢b 440 30 206 1 nd® Qedt
6 | 740 30,88 2946 1,36 sl
6 1G4Q 30«9 2846 143 K IY)
1 146 3046 204 048 L2
e 346 3led 20l 2ed, de2
3 10 0 3206 2749 a7t a2
4 Ge3 313 20.1 0uT° a2
6 1640 31l 203 148 408
1 1a8 3005 2048 07 B0
2 400 3le€ 2340 2.8 540
3 148 72 33:0 274 6+6Y  Ead
4 780 318 2847 8415 BsQ
3 18.0 31 o 2940 244 G520

e o

+  Pressurs ponk ( ot 1imdt of stebility ) for fixod bode

®  Prassurn drop at onsot of fluldizations
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Corcrusiors

Experimontal studios wvero coxricd out in Lnporcd
vossols with epax cngleo ranzing from 10° %o 1207, €o
invastigote tho oplimum cono ongle for solidw.ligquid contonte
Basod on experimontal studies using glass bogds; caloito
and Quertz of difforont perticlo sizos it has been obsorved
that a cone mnglo graster then 48° edvarsely affoots Sho
solid.liquid contects In vossols having a cono englc nogo
thon 45° ¢ho perticlo movomant io limitod to a contyol
coxra w:th porticlos ponaining astationory in a thiok lpyor
e §acont to tha vaanol walle. '

It has baon obporvoad thaot ineronse in bed holipht
ineroasas tho pragours poalk valugs Foxr tho semo posticlo
sizo prassure pank is moro for orushcd matorialo thon gor
spherical particlos. Progsure ponk is morc in casc of
matorlal having cizo distyidution thon for a matorial of
uniform sizoe |

Fragsuro pask is o charactordistic of solid.gluid
contect in tapuradf§éﬁ§axag vhich 1s not so prominont in
caso of eylindricol vossolss Tho proasura paosk in conicnl
voasals is comparable in value €o the net bad wolight IPOS0w-
ura dgrope Frossuro poslkk hos bgen corrolatad in tormo of
ton /2y D/Do ond napmf based on tho cntrandoq Tha COFFCe
lntion givan bolowy 1o volid for conical vassols ronging
from 10° ¢o 45° for sphoricol o3 wodl es crushod matoricls
in s5iz0 rongo -10712 %0 16418 magh nose

LA“/QP)= Vo= "‘GRCD/DQ \.QEQ*O‘“NIQS\‘QS Q'ngxme/p>on\‘2.

Tha porcontoge dovigtion has baon found to ba £ 38
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OMRICLATURE L

& = (Mfge Dp® ) (1 -e)?/e?

davg
(25,3

DDy

Lpme
54

FaYid

Pp Pt

R fo

o2

i

Avarago crogs-gcational aree of the bode

distanco normal to the longitudinal axes of tho
column batuaan tapered sides.

(Pg!ganp ) (1lac)/e?®

congtant in equation (8).

coofficiants in Ergun typs equation ( 4 and 2 ).
prog coofficiont in equation (19)e -

Bed dirmotors at tho top ond bhottom of tho bad
reapsetivalye |
Perticlo diomotore

Drag foroo on tho particles in equation ( 19 ).
fecoluration dua to graovitys.

Oravitationel conotonge

coafficiont in oquation (7).

Ded heiphts from bottom of the dad to the top and
upto sone internediate point ragpectivoly.

Bad hoight ot the minimum fluidization.

Maps of tha solid particlas charged to the bed.
Pressurg drop across the bed, frictionole
Provcurco at the boso and top of the bed roespoctivelye.
Redial distanco fyom tho apex of the cono to tho top
of tho dgd and upfo tho distributor rogpoativolys

rhoFg = Bed prdlouvs at tho base, top and at en intormediate

point of tho bed roespoctivolye -

&



-iia L

Uo = guperfecisl fluid velocity at the distributor.
Ug = Perminal velocity of the particless
" sWnaet® Net wealght or buoyant weight of material in the bed.s
x = pxponent in equation (14)e
€ = ped m.rosity;
. /; /i = Densities of the solid particlos, f£luid end of
the bed (bulk) respectivelye.
X = apex mngle of the cones
M = fluld viscogitys
ow = Preogsure pesk in the tapered vesselss
72 = particle; shape faoctor.



no

APPENDIX

PROGRAMMES FOR LEAST SQUARE CURVE FITTII o

PROGRAMME NO, 1
ME THESIS ISHWAR CHANDRA CHEMICAL UOR
DIMENSION Y(T70)eX20T0)eX2(70)9X3(70)
READS N
5 FORMAT(1I5)
READIO»(Y{ I o X2{1)sX2(1}eX3([)slaleN}
10 FORMAT(4F15,4.5)
DO15I=1leN
Y(I)eLOGF{Y(1))
X1{1)1=LOGF(X1(1))
X2(1)=LOGF{X2(1I))
X3¢{1)=LOGF{X3(1})
18 CONTINUE
SMY20,0 $ SMX1=20o09 S SMX250.0 3 SMX3=0.0
DO20I=1sN
SMYasMY+Y(])
SMX1aSMX1+X1(I1)
SMX22SMX2+X2(1)
SMX3=aSMX34X3(1)
20 CONTINUE
ANaN
YMaSMY /AN
XM1=8SMX1 /AN
XM2=28MX2 /AN
XM3=aSMX3 /AN
PUNCH30 o YMa XML o XM29AM3
30 FORMAT(5X03HYMoaF 10649 2X s 0HXMIB 4F 100G 92X 96HXM223F 10640 2X 94HXM3 s
1F10.4)
51200 3 522000 % S350.0 3$54=0,0
$6=20s0 8 ST20o0 B S820s0 $ Slle=0e0 $ 512200
DO4AQI=1»N
IY=Y({1)-¥YM
Z1=X1(1)=XM]
Z2aX2(1)=XM2
I3aX3(1)=~XM3
$51e51+2182)
$2a52+21422
5383421023
S4854421082Y
S60%64+22422
ST=257+22423
S8aS8+22%2Y
S11m511423423
512=8512+42342Y
40 CONTINUVE
$8a152
591813
510257
PUNCHS50581+52053054
50 FORMAT(/5Xo3HS129F1J0492X93H820sF100492Xe3HS329F100892Xs
13HS4a oF100477)

2 ¥g)



PUNCH60955+56957958

60 FORMAT(/3X93HS55¢F1008692X93HS563sF106492X93H5T=9F100492Xy
13458=9F1004//)
PUNCH7095995S10»S119512

70 FORMAT(/5Xt3HS9=9FJJo492X04H510“vF100402X94H511ﬂ9?10o4vZXo
1AHS12=24F1064//)

5TOP
END
67

Des26 1.48 s125 %600
1217 1.78 o085 12040
0,88 1¢3 085 100,90
0.8 1,56 o085 90,0
0.61 200 012% 7060
D.66 2ell 012% 85,0
0,28 1.32 el6 5640
0ea7 ‘ 20,16 ol6 6800
0.68 20) ' s1l6 80,0
0,71 1o )6 0085 33,0
0@79 ) 1@3 0085 3800
1,19 1,98 «085 47:90
0ol 1.38 0125 2000
0052 2s0 2125 2640
0.54 2a021 0125 32,0
0s24 1.8 e16 2240
0.28 2012 216 2760
0032 2635 olb 330
016 1o 028 74,0
Qe22 2026 028 8600
0027 2037 228 910
De64 232 028 11320
Q.84 3.3 - 04398 160,90
0e72 3011 a435 13060
0,39 2076 0435 98,0

57 1.34 alb 72090

88 202 016 9640
1.0 278 alb 126.0

035 1478 028 101.,0

056 ' 2032 «28 12100

063 245 028 153,0

292 3.7 - 028 189+ 0

« 84 2ah « 435 193,0

082 3,11 «435 24000
1,32 303 0435 28040
l.41 1a738 s 085 1170
2623 1,83 «085 133.,0
2023 2,03 «085 149, 0

086 1,72 el2% 88,0
1,38 2406 e12% 133,00
1,96 2125 0125 1510
2,25 2:3 «125 181,0

o485 200 028 10960

s65 2037 028 137.0

096 246 «28 16160
1,25 3al 028 185,0

o715 2659 0435 - 13100
16022 3011 e435 18140

1,22 301 0435 25040



60 FORMAT(S5X+19HST/ NODARD DEVIATION=4F10653)
COVe(STD/CKAVG)}#100,0

PUNCHT700 COV

T0 FORMAT(3Xe25HCOEFFICIENT OF VARIATION®3F10.5)

DOBOI=1sN

80 YN(I)sCKAVGHZI(F)NZ2(I)8Z3¢])
PUNCHOO0 o (Y{TI)sYN(I)sIol¢N)

90 FORMAT(2F15,5)

S1
S2

D01001=1 N
SlaSl+Y(l)
52=252+¥YN(1)

20,0
=00

100 CONTINUE
AN=aN
YM=S1/AN

YN

M=S52 /AN

SY=0e0

‘8Y

DO1101Ia1,N
VY= ABSFIY({])=~YM)

M0, 0

VYN=ABSFIYN(])~YNM)

SY=SY+VYan2
SYNosSYN+VYNR2

110 CONTINUE

CAN=1a 0= (SYN/SY}
PUNCH10Qs CAN
CAN1aSQRTF(CAN)
PUNCH1209sCAN1
120 FORMAT(//5X»34HMULTIPLE CORRELATION COEFFICIENT ©2oFl545)

ST
EN
67

C C Mg

opP
(.

0.26
1,17

wee—w=efAlLL THE SIXTY SEVEN DATA CARDS HERE AS PLACED IN
PROGRAMME NOo

0,96
1112

THESIS ISMWAR

+ 00047
+0007T1
00073
000057
»0Q080
200054
«00103
s 00088
200168
200118
00109
00111
a00101

1.68
1.98

20l
2033

CHANDRY.
«000%8
o 0008 T
200131
200123
000067
200083
« 00102
o 0009¢.
« 00092
« 00092
200093
00098
« 00088

«125
2085

0125
0125

CHEMICAL UOR

« 00058
000061
200104
200093
2000583
000114
« 00096
200080
«00110
00109
20010%
2 Q0179
o 00073

36
120

] =~

42
55

o0
«0

o0
o0

« 60072
« C0067
s 00116
« 00103
0 00050
e 00125
« 00076
« 000758
¢+ 00103
e 00097
+ 00098
200167
¢ 00050

——

cn

[ )



2001951
200121
000126
200233

CKAVGs

«00102

200104
200089
«0014%
000148

200081
200151
»00138
200120

.Oh
>

200147
« 00182
200113

STANDARD DEVIATICN= 000036
COEFFICIENT OF ViRIATION= 35,31694

026000 056252
117000 204878
«» 880600 154043
«80000 1413178
061000 «eB87814
66000 118383
« 28000 047076
s4T000 o T1462
s 58000 095261
e 71000 59402
e 79000 « 17348
1.19000 1.0811GC
215000 0e2702%
252000 04328¢
54000 59049
24000 023772
«28000 35911
232000 49000
16000 s 30594
22000 45179
227000 050822
64000 o TETLY
84000 275114
072000 58822
39000 38728
37000 57312
88000 094123
100000 1434123
235000 «40833
58000 060126
«63000 «80263
92000 1+25%58580
» 84000 «5108%
282000 0921016
1,32000 1023165
1.,41000 139288
2423000 1.93876
2023000 2048928
086000 » 80643
138000 le45201
1,96000 1,83581%
22425000 2686790%
«43000 043823
65000 «568008
096000 288724
1,25000 130473
0o 785000 e B2792
1.,22000 o 74452
123000 "1a24369
052000 260090
«6500G 91106



eZOVVUY
«48000
«50000
e57000
185000
2433000
2+23000
1.20000
198000
170000
1.00000
180000
2408000
«90000
e 96000
111000
e Q9373

119347
32378
«H4B83G
« 72005

128957

le®7342

266722
«8123%

le11333

1e37660
70477
1le33411

1.88412
39401
e65947

-9#64&

G120 + 01 L.

MULTIPLE CORRELATION COEFFICIENT =
STOP END AT Se

¥4

«30616
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