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SIUARY

The thesis entitlsd " Studles on Cantinuous
classification in Pneumtic Systems" is presented in
six Chapters, In Chapter I, the introduction to the
clapsification of mAterials 1s gl ven,

| ~ InChapter II, the review of earlier work relating
to fluidization Charecteriatice minimnm fluidizing velo-
city, bed expansion, terminal wolocity in Pmeumtiic
systems, 1s repaoried. The studlss oan camtinuous air
ciassification for mixed gized particles amd their analogy
are also indlcted.

In Chapter 111, is presented the p.hysic&; and
flow properties of solids like particle diameter,
particle density, static bed porosity, sphericity and
solids angle of repose for miterial like spherical glass
bsads, muxite and Calcite.

Chapter IV deals with the experiman‘tatzim i as
continuous. Pneuzmtic classifiweviat in 70 mm I.D.
perspex colum baving & vertdical wooden baffis comical
in shape, Aluminium grid plale having 10% opening is
used as air distributqr_and te suppart the particles,
spherical glass beads, crushed tameite and ca’ht:e in



81z6 range of 977 micron to 460 microns hive bean
studied. The experimental procedure is also explained.

- InCmapler ¥, the observed belmviour of bed is
explained along with the correlations. The effect of
air flow¥ale, 2diéd fead rals, composition of feed,
ratio of DC/DF, mterial density and Beight of stabilizing
zone  the loading ratio (By/rg), $a-view inyirchmnt
factor and skipping factor have been shown in the foram
of dimnsionlass groups liks (Re/r), Fp, D¢/DF, Hy/H,
and (s = £)/Pe

- InCiapler VI are glwn the conclugions based
on tho present study and the scope for further work.

The Biblography is given at thm end of Chap terV}

™o data {tables, sample ocdalculation and compu tar
programmes are given in appendices 1, II and II1 respe-
ctively.
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LIST OF NOTATIONS

A Croas Sectional Area Available far Fluidization
end,

DCMAX Diamater of column Cm.

DEMIN Equivalent Diameter of column at Minimum Cross
Sectional area Cm.

DCEMR Equivalent Diamter of column in Enrichment
section cm,

DCSTR i:%uivalent Diameter of column at Stripping Section

Db]. Diamef;er of baffle (Minimam) cite

Db, Diameter of baffle (Maximum) cm

DC Plameter of coarse particle Om.

pC 'I:}ian'letét of c¢arse particle Cm

DF piameter of fine particle (cm. '

DBZ Ratic of DC/DF DPL avgedlams-hem-ai-sha

PP, Avg. dlameter of particle in top product,

Dp, avg, diameter of particle in bottom product.

EF Enrichment fzotor

Fr Froude factor rmc_;/Uf2

g Acceleratisn due to g}cav_ity 880 gn\/secz

of Fluid mass velocity Kg/m°s. N _

GrE Mindnum fluidizing mass velocity kg/mzjsac'.

Hi Height of stabilizing zone Cm

H Helght of top exist om.

T Solids loading ratio(Ws/Wg).

rl Solids loading at ratic at top

r2 solids loading ratioc at bottom



Re Reynolds numper DGE/ A

us linear velocity of £luid m/sec.

wnf Fluid velocity at on set of fluldization m/sec.
ut Terminal velocity of particle m/s.

we solids feedrate kg/s

4y Top product rate kg/s

WB Bottom product rate kg/4.

XE‘V Friction of f£ines in feed

xr Friction of f£ines in top product

XB friction of fines in bottom product
greek Symbols

& Bed voidage

& m Bed voidage at on set of fluidization
€o sStatic bed voidage

. Sphericity _

) Angle of m,repqse of golid degree
faf Fluld viscosity g/cm.sea,

ps Solid density g/_cma

Po gas density g/f:.m;3

sﬁbacrigg ,

1. large aize particies

2e Small size particles
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LEIRODUC LI ON

Separation of mterials into two or more fractlons
depending upon their physical properties is called classie
fication. The classification of miterials on tho basis
of size, density etec. is frequency important as a means
of preparing a product for sale or for a subseqwent op-
eration. It is also & widely used means of analysis,
olther to control or gauge the effectivensss of another
operation or to determine the wmlue of a product for soms
spocific application, The classification of solld Mave
impar tant applications in the Cbemicdl, mining, petroche-
mical, Pharmecitical, M tallurgical and @ither allied
indus tries.

Classification equipmnt cdn e cdtegorizad bAsed
upon the physical properties of salid, and mochanigsm
employed, lild mcmnical ar nm-mochanical, btateh or
continuous and Hydraulic classifier (wet) or Pneumtic
classitier (dry) depending upon the flugel used. The
mjor Mmtation of hydraulic classifier is the wet
product. If dry product ﬁssrequirad the natarial from the
hydraulic classifier mst Athrough & drylng equipment, mRny
times inspite of this additional operatioan the final

product my not lnve the desired characteristic dus to



possible agglomratin, Dry product can be directly
obtained from aj Pneum tic classifier as the msdium is
g8 (usually air).

The pnoumA tic classification of material based on
ajze and density s attached the attention of geveral
workers, among these, investigations of zenz and welll (11 ).
lawig, Gilliland and lang (14) Blwkisr and Pavlov (15),
lawa (7), Obberg and clnrlaswart Yagl and Aochi (9), ven
and Hésizinger (12), Sanaris (8) Kunit (13), Thoms ot al
(10) and Gopal'K;'ishna and Rao (20,21) my be mentioned
ag leading works.

In spite of large nuner of investigations,
information awailable iz not qufficient to dosign a
continﬁous Pnoumtic classifier or to predict the perw
foroance of this type 0f ¢lassifier. The aim of the
present investiga¥ on is to stuly the elfect of various
parameters like m’i:r flow rate, solid goed rate, solid
composi tion, ratio of dlameter of coargse to fines,
density of molidd~, and positin of baffle m the
product rata, enmichmnt factar, stripping factor and
loading ratio (rl/ro) and to develop correlation to predict

the performance i1f the wnit,

In order to have fine sapaeration of two compoments
or o increase tha clagsification efficlency a vertical



canical baffls mde of wood has been introduced into a
cylinderieal colum, which will provide different linear
wldcities of fluld at different heights of the colum.
The provision wore made to shift the laffer verticallyin
its position, The classification was used,continuous
i t.

The soepemation efficiency in each case has bheen
caleulated in terms of Envichmnt factor and shripying
factor, and attenp t has been made to propose a correlatiom

in terms of dimensianless nunbers,



CHAPTER « II

A _REVIEW OF EARLIER WORK

2el Separation of materials finto two or more fractions
depending upon_ their phyaical properties is callead
classification. The separation of materials on the baais of
physical properties guch as size, density etc., is frequently
lmportant as a means of preparing a product for sale or for

a subseguent operations It 1s also a widely used means of
analysis, either to control or gauge the effectiveness of anoth
operation , or to determine the value of a product for soma

specific application.

In the marketing of coal, the size of the particles
is the baais of its classification for sale. Certain
equipment such as stokers require definite limits of gize for
successful operation. In the case of sand and gravel for
concieeta, on the other hand, only a properly blended series
of sizes will ensure the most dense packing, requiring the
minimun of cement and securing the greatest strength and
freedom from voida. It has frequently been observed that tle
rate of a chemical reaction between a solid and a fluid is
roughly proportional to the surface involved. Since the
surface areas may be computed from a knowledge of the sizesg
of the particles, a sizing operation is of particular value
in controlling the rates of reactions involving solids. Since
the getting of Portland cement must take place within a
specified time, it has been necessary to specify
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certain size limits., The hiding power of a paint pigment
48 indicated by size gince it depends upon the projected

area of the particles.

So the classificatlion of solids have important
applications in the Chemical, Mining, Petrochemical
Pharmacitical, Metallurgical and other allid industries. \

2.2 Based on the Physical properties of solids and the \
mechaniam used, such as j _ '\
(1)} Mechanical oxr Non Mechanical "
(11) Batch or Continuous
(111) Fluid used = Dry or wet.

The classification equipments can be categorized
aa follows: , _
1. Depending upon size & colour only, of the golida.
2. Depending upon size, density, & sphericity of solids.
3. Deperkiing upon other properties of solids.

2.2.1 Baged on sige & Colour only, of the solidss:
This can be further divided into two Categorieé. that
ia Non' Mechanical and Mechanical. The Non Mechanical \

i
!

includes the Plicking out of particles by hand on the basis ,,fv"“
of size or colour. It 1s applicable only when size differencL
s much higher. And mechanical type includes the Screening

or Sieving.

sScereening isg accomplished by passing the material
over a gsurface provided with openingas of the desired size.
The equipment may take the form of atationary or moving
bara, punched metal plate, or woven wire mesh, 3Screening
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consists in sgparating a mixtuwre of various sizes of

particles into two or more portions, each of which is more
uniform in size of particles than is the original mixture,
Dry screening refers to the treatment of a material containing
a natural amount of moi%ture or a material that has been
dried before screenling. Wet screening refers to an operation
in which water is added to the material belng treated for the
purpose of washing the £ine material through the screen.
Screen may be operated in batch or continuous depending upon
the equipment, Screen can not be used for very low particle

size range.

2.2.2 Based on Size, Denaity and Sphericitys

Separation of particles in contact with a fluid, depend
on differences in the behaviour of particles with regard
to their termipal falling veloclty or terminal velocity. Thia
depends primarily on density and size of particles and to a
lesser extent on shape besides f£luid properties like dansity
and viscoaity. Thus in many cases it is possible to usge
this method to separate a mixture of two materiala of
different density or material of dif ferent sizes into close
cut gize f£ractions. Soms mechanical operation or device may

algo be attached to it, for a quick or easy separation.

Equipment used for the claasification on the above
mechanism can be categorized as, Mechanical, equipment and
Non Mechanical equipments, )

Mechanical equipmenta are te

{a) Centrifugal geparators

(b) Drag clagsifier



(c) Rake Classifier
(&) spiral Classifier
{(a) Bowl Classifier
(£) Hydroseparator
{g) others

Non mechanical eguipments can further be divided
into Hydraulic (wet) or Preumatic (Dry) classifiers and
these units work on the basis of difference in terminal

valocities of particles.

Hydraulic classifiers c¢an be further divided as:
(a) The Gravity Settling tank

(b} The Spitzkasten

(¢} The Double Cone Classifiar

(@) Hydraulic Jig

(e) Eluk~altar |

{(£) others

In Hydraulic classifier a liquid is uged for
classification in most of the cases the liguid is water
as it is chespest and easily avallable. The major limitation
of using liquid like water is wet product that is obtained bes
ides the possible loss of solids disolved in the 1iqued. I€
dry product is required the material from the hydraulic {
claggifiers mast pass throughAa‘d#ying equipment, many %
times inspite of thig additiohal operation the f£inal ,w;n:t:uiucz‘!':.’i
may not have tha desired characteristic dug to possible

agglomeration,



Dry product can be directly obtained from a claassifier
1f a gas i3 uged as a medium. Wsually air ia used as a
clagaification medium, as it is avallable every where in
plenty, and can be compressad whenever needed. These
classifiera known as Pneumatic classifiers and can be further
divided intos

1., Elutriator

2. Conical vessel

3. Modification over Blutrlator

These will be discussed at a later stage.

2+2.3 Based on Othexr pPropertios:
(a) Magnetic Properxrties
(b) Electrical Properties
{c} Surface Properties,

In the magnetic geparator, material is passed through
the £ield of an electromagnet which causea the retention
or ratardation of the magnetic constituent, It is important
that the material should be supplied as a thin sheet in
order that all the particles are subjected to a f£iecld of the
same intensity and so that the free movement of individual
P articles is most impeded,

Electrostatic seperators in which differences in the
electrical properties of the materials are exploited in order
to effect a separation, abé now sometimes used@ with small
quantities of fine material. The solids are fed f£rom a hopper
on a rotating drum which 1s either charged or earthed, and
an electrode bearing the oppoalte charge is situated at a
small distance from the drum. The point at which the material
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leaves the drum is determined by the charge it acquires

and by suitable arrangement of the collecting bins a charge
classification can be obtained,

Separation of a mixture using flotation methods depends
on differences in the surface. FProperties of the material
inwolved. If the mixture is suspended in an aerated liquiq,
tha gas bubbles will tend to adhere preferentially to one
of the congtituents - the one which is more difficult to wet
by the liquid and its effective density may be reduced to
such an extent that it will rise to the surface. If a
suitable frothing agent is added to the liquid, the particles
will be held in the surface by means of the forth. Until they
can be discharged over a welr. Froth flotation ig widely
used in the metallurgical industries where, generally , £he
ore is difficult to wet and the residual earth ls ereadily
woetted,

2.3 The working of classifier using air ds geperating
madium can be understood by knowing the various changes that
take place, when a bed of solid is contacted by air., This

comes under the broad area of gag-solic £luidization.

Fluidization is a well known technique for contact;ng_
golids and flulds and finds wide application in petrolaum,
metallurgical, chemical and allid industries. The importance

of this techniqua can be wvisualiged from the following
applicationg =

1. Roasting of ores.
t
2. Production of carbon=disulphide arﬁ}’imalic anhydride
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3. Drying of granular solids and creats. ‘

4, Coal gaaification and coal aarboniz§tion.

5. Hydrocarbon syntheais

6. Fluldized bed crystallization

7. Classification-and mixing of solids in
£luildized beds.

Advantages of Fluidized bedss *

Despite the serious draw-backs the compelling
advantages of overall economy ©f the f£luldized contacting
system have been regponsible for its successful use in mahy
industfial operations., Understanding and deficiencies of
fluidized contacting and efforts to overcome them can lead

to successful operation of difficult systems.

Fluildization has many advantages like amenability of
contimous controlled operations on large scale and high
transfer rates. However, cdontinuous fluidization systems have
digfdrent residence time for solid particles yielding none
uniform product . tAnot:her limitation of f£luidized gystem is

the carry over of f£ines produced due to attrition of solids.

wWhen é £fluld 15 passed through a bed of fine particles
at low £fluld flow rates, the fluld merely percolates through
the void spaces between the stationary particles leading to
a ' FIXEp BED ' ( 5,6}, At increased flow rates, particles
move apart and a few are seen to vibrate and move about in

restricted zone giving “ EXPANDED BED".



At atill higher wvelocity a point is reached when the
particles are all just suspended in the upward moving £iuld.
At this point, the preasure dreop in any section of the bed
equals the apparent weight of the solids in that section.
The bed 15 considered to be just f£luidized and is refexred
to ag an " INCIPIENTLY FLUIDIZED BED" or a bed at " MIN_IMUM
FLUIDIZATION®,

In gas solid systems with the increase in flow rate
of gas peyond minimum f£luidization, large instapilities with
bubbling and channelling of gas are observed. At higher flow
rates agitation becomges more viclent and movement of solida
beComes more vigorous. Such a bed s called as “AGGREGATIVE
FLUIDXZED BEDL", or a ™ BUBBLING FLUIDIZED BED"™, However, in
1iquid solid systems an increase in £low rate of the Liquid
above minimum £luidizing condition usually results in a smooth
progressive expangsion of the bed, Such a bed is referred to
as * PARTICULATELY FLUIDIZED BEDM,

A " DENSE PHASE FLUIDIZED BED" is one where there 1is
a Clearly defined upper limit or gsurface to the bed, At
sufficiently high £fluid flow rates, when the tarminal velocity
of tha solids is exceseded the upper surface of the bed
disappears, entertainment becomes appreciable and the soclids
are carried out of the bed with the £iuld stream. In this

gtate we haye a digperse, dilute or " LEAN PHASE FLUIDIZED
BED" with pneumatic transport of seglida,

‘ENTRAINME%}“ refera to the removal of solid from the
bed by £luidizing gas. The section of the vessel between

the surface ogf the dense nhase and tha awvitina
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gas astream from the vessgel is called the ' FREEBOARD'& its
height is called the freeboard height. The purpose of the
freaboard is to allow the solids to separate from the gas
stream, and as its height is increased entrainment lessena.
Eventually a freecboard height is reach;d above which

* antraiment becomes constant. This 1s called the transport
Aisengaging heilght TDH.

The various investigations carried out on entrainment

can ba grouped ag followss

1. Entrainment at or above the TDH based on the saturation

carrying capacity of the gas stream ( 11}.

N Entrainment below the TDH and the infiuvence cf the

properties of the dense phase on this entrainment
(11.14,15,18),

Table 2.1 sumarizes representative investigations
into the various agpects of entrainment.

TABLE 2.1

EXPERIMENTAL CONDITIONS FOR ENTRAINMENT FROM
FLUIDIZED BEDS,

- mafnr _ Experiments ’i"n:ter.nals._uae&'

Zenz & Weil(1l) Entrainment of FCC Crtalyst
, _ Steady state operation Mona
Lewia,cilliland Entrainment, one component wWithout and witg
and Lang (14) steady state operation stimer or wire
: ' ' obetruction,
Blyakher & Parlov Entraimment, one component Grids, above de
(15) batch operation in bed, perforatec

carried vessels plates, or tube




2.4 SEPARATION OF MIXED SIZED SOLIDS

If the bed containg solid particles of various
aizes { or densities), as velocity of gas increases mainly
fine particles are first {luidized at a gas velocity Upg
{( beginning of fluidization) and large particlesg later at the
gas velogity U | complete £fluidization). Conversely as the
gas veloclity is reduced mainly large particles are first
deposited from the bed, whilst the fine particles may still
be fluildized. The procesaes in such a hed are representad
by fluidization curves with;hypdcal reference points 1 and
2 { £ig. 2.1) the abscissae of these points correspond to
valocities Upf and Utf and they depend on the size distributi.
on of the bed particles { or thelr densities}.

In mixed particle gystem therc will be a zone with
beginning and corpletion of entrainment. This will be
similar to minimum fluidization velocity for mixtures.
Initiation of entraimment will correspornki to a gas velocity
Ube in the vicinity of the terminzl velocity of finer
particle amd the compietionh of entrainment.will be at a valow
city Uté- in the vicinity of terminal wvelocity of Coarse
material. This represented in Ehg Fig. 2,t:by point 3 & 4,
The greater is the difference between termipal velocity the
better will be the seperation. If the sizes of particles
differ appreciably, elutriation occurs and the smaller

particleas are continuously removed f£rom the system.

Elutriation refers to the separation or removal of
the finds from a mixture and this may occur either below



oxr above the TDH, while the entrainment refers to the removal
of s0lids from the bed by fluidizing gas in both single
cofponent and multicomponent ayatems, More prec:l.selYa‘
elutriation refers to the gelective removal of £ines by
entrainment from a bed conslsting of a mixture of particles
gsizea, The rate of elutriation of solids of somes size
from the misture is chargcterized by the net upward f£lux of
this size of solid. In elutriation above the TDH both the
gilze distribution and entrainment rate becomes constant
and are given by the saturation carrying capacity of the
gas stream under pneumatic transpert conditions. The study

on elutriation can be classified as above and below the TDM.

Table 2.2 summarizes representative inveatigations
into the various aspects of elutriation

TABLE 2.2

EXPERIMENTAL CONDITION FOR ELUTRIATION OF
FINES FROM FLUIDIZED BFDS

Investigator Fxperiment operation Internals
. ’ . : used
1eva {7) Two compohents Batch None
-Uabarg, charles ' o '
worth ( 8) Two components - Batch Nona
Yagisdochi{9) Two &mlticomponznts Batch & ¥one '

steady atate
Wgn_& Hashingex .

(12 = 0= | Batoh " None
Sanari & Kunii(l3) Multi component Steady state None
Thomas at.al(10) Two component Batch None
Gopal Krishna & :
Rao . (20,21)" ‘wo component Batch & With baffl

steady state
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2.5 Fixed bed-fluidized bed - Entrainment are analogus

to solid=-ligquid-vapor phases of material. This anclogy was
usad by Kondukov and Sosma ( 25). The analogy between a
fluildized bed and a liquld is caused thermcdynamically by

the relacionship between the external effect and the ' 1/

corresponding conjugate potentlal and co=ordinate. A

Considering the tranaition of a £ixed bed to the ,f
fluidized state as analogous to melting a solid body, amd \
entrainment ( carry-over) of particles from the bed as
analogous to transition of liguid to the vapour state, vwe may
speak of three * aggregate atates® ( Phases) of solid
particles/ fluldizing ageat aysatem, °* aolid', ( £i:ed bed)

* liguid* ( fluldized bed) and ' vapour® ( entrained material,
dilute phase). Similar anoclogy was alsoc used by Gelperin
et al ( 26 ) Petov(27).

The Concentration of solid particies above the
free surface of a fluldized bed increases with inerease in
the velocity of air 1in a similar way to the increase in
vapour pressure of a liguid with.temperéture. The existence
Qf the iiquid is limlted by the critical temperature, and
similarly the upper limit of existence of a fluidized bed
da close to the fXee falling velocity of single particles
and it may further be proved by many other factora.

The existence of equilibrium between the dilute and
dense phases of the fiuldized bed made it possible to apply
process«.* aof ' digtillation’ and rectification to separate

mixture of particulate materials according to particle size,
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The lean phase is treated analogous to the liquid wvapour
system by Leva (7), Zenz and Othmer (24), Galperin &
Eintein (28), Nakashio and Sakai(29), Gelperin et al (26)
Wen and Hashinger (12), Donat (30) Friman et al (31)
Gopal Krishna & Rao (20)(21),

2.6 FACTORS AFFECTING ELUTRIATION

Application of elutriation to a solids ~ separation
problem req.ires an understanding of new elutriation rates
" are affected by system variables, Paétora of inportance may
be apparatus born, involve the characteristics of solids and
£luids or both,

Apparatug Effectss

Effects of apparatus construction sppear conplicated
go far they have not been studied quantitatively enough to
permit formulation of final coxrelations. The principal

factorg involved areie

1. Fluid distribution and bed height.

2, Column diametexr | ]

3. Fi:eepoard above the aolids bed.
Effe.cé:s of flulds & sSolids

The effects of £luld armd solids characteristics upon
elutriation rates have been noted with more precision than

the apparatus effects discussed above. Specifically investigat
ware influence of tw |

1. Superficial gaa rate through beds,
2. Particle gize of fines components -
3. Particle size of bed componentg



aRLE 2.3

QUALITATIVE EFFECTS OF VARIABLES ON ELUTRIATION

Variahle variation in elutriation rate

Fluid distribution Should incroase as £luld distribution

improves.
Bed Height Should decrease with increasing bed
Height,
Column diameter Effects so far obaerved are conflicting
Free board Decreases as freeboard increases,

becomes indeperndent beyond Ximiting
value of frea board .

Superficlial gas rate Increases sharply with gas rate.

Finea diameter Incfeases rapidly with decreasing
fines diameter.

Bed conponent dia~ Appears to increase as bed component

mater alze increases.

Sglids density of Increagses as for congtant linear -
£ines conmponent valoglity, £ines density dacreases.

Particle shape of Decreases as shape becomes more
£inas ) irregularx

Particle shape of |
bed _ Not yet investigated

Fluld Vigcosity Increases as for Constant linear

Valocity, Viscosity increases.




2.7 PROPOSED WORK

After review of earlier work it is concludad that
s01id seneration is possible by using air-solid £luidization
in lean keds, analogous to distillation. Better separation
can be attain by creating a rectification zone in which air |
velocity should decrease as we qgo up the column. The height f
of ractificacion colunn ghould be sufficient enough, so that
the coarsger particles whose terminal velocity is higher ;
than the gas veloclity, may fall back to the bed, This height
may also be called as the height of stabilizing zone asg it
stabillize the geparation of materialis. So to develop such
rectification column, a special type of weoden baffle’conica%ﬁ
in shape and prouvided with hales in the upver portion to ;
adjust it in different positions { different height of T
stabilizing zone) 1is used in a cylinderical wvesgsel ags shown

in £ig. 4.2

The aim of the present investigation is to study
the effect of various parameterg like air flow rate, solid
feed rate, solld composgsition; ratio of diameters of fines
to coarse in feed, density of solids and peosition of baffle
on the product rate, enrichment factor, stripping factor
ard overall effectiveness of tha classifier,
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3.2 DENSITY fb

The density of the solids is daetermined by the usual
liguid displacement. To ensure that the wettability of the
solids by a liquid does not effect the results, the densities
were determined by water, Kerosene and Carbon Tetrachloride ,

The densities are shown in the Table 3.}

3.3 POROSITY €3

The porosity or void fraction of a solid material
of a definite size is determined by knowing the volume of
the bed and the volume of the golids. The ratio.,void velume
to the voilume of the bed gives the porosity of the bed. The
porosity data 1s shown in Table 3.,1. To ensure that the wall
affect doea not influence the porosity values, cylinder of
aimilar dimension as used in the present experiment was

employed.

3.4 SPHERICITY s

The sphericity of crushed materials was determined
by pressure drop measurements. Fdr a given material, the
pressure drop is deternined in f£ixed bed zone using air as
the medium. In the test carrled out the gas veloclty was
kept in laminar zone by limiting the particle Reynold‘'s
number‘yalue to lesas than 10. With voidage pressure drop and
other fluid and solid properties known, the sphericity was
calculated using Exgun's (37) £ixed bed pressure drop .

equation. The sphericity values are shown in Table 3.1
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3.5 ANGLE OF REPOSE 8

For frea flowing solids discharged from a wvertical
ox horizontal opening the angle formed by the free surface
of the materilal aloﬁg with the horizontal is termed as the
' angle of repose'., The angle of repose of various gaterials
was determined by measiring the dimensions of the Pile { cone)
of solids formed below 2 hollow vertical cylinder. The values
of obtained and other Physical propertieé are shown in
Table 3,1

TABLE 3.1
PHYSICAL PROPERTIES OF SOLIDS

Sle o Denglty | Particle [Static  pphericity |Angle
No. Matarial 5 size Bed 1 @ Lepost
gny/ce | Microns Porosity a8 9

| op | Es Degrex
1. Bausaite 23 977 0,530 0,880 39,00
2 650 0,518 0.860 38,00
4, Glass 2.5 977 0,400 1.000 26,60

Beads ‘ , .

5. 650 Q330 1,000 26.00
6, 460 0.382 1,000 - 26.00
7. calcite 2.75 977 0,520 0.590 29.80
8. 650 0,482 0.625 29,00

9. 460 0.446 0.626  28.80
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CHAPTER = IV

EXPERIMENTAL INVESTIGATION

4,1 EXPERIMENTAL SET UP 3

The experimental claamsification unit is shown in the
schematic diagram ( Pig. 4.1). The details of the batffle,
and cutlet connections are shown in fig. 4.2. The column (K)
essentially consisted of a perspex tube 70 mm I,D. and 622 mm
length placed between two specilal flangeg ( F 1, F2). One
conical internal batfle (B) maée of wood, was inserted
vertically concentric to the column in a hole provided in
the upper f£lange and is held in position by holding pin (HP)
in the holes (H) on the baffle. The baffle is held in
position without wobbing during classification by means of
gulding pins (GP 1) fixed on the baffle. A grid plate made
of 3 mm thick aluminium sheet having 1.5 mm holes drilled on
a square pitch of 4 mm was £itted in the special flange (F2)
The area of the openings in the grid was 10% of the empty
solunn cross gsection. The grid p;af.e. covered with a 200
mesh brass wire screen, was used as air distributor and |
to gupport the solids. Alr drawn from the Compressor (C)
through surge tank (S) after £iltration and regulated
through pressure regulator (PC) was introduced into ghe
column at the bottom through a' calming section (AD) which
was £illed with porcelain raschig ring to provide uniform
air distribution through the bed,
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composition were fed to the classlifier, through the gravity
feed hoppers {( OF 1, GF 2) at a ateady rate controlled by
stop cocks T1, 13: 'The gravity feeders were calibrated |
earlier, by determjning the weights of the material digcharged
at air f£low rates. The bottom product rate wag controlled
with the help of stopl: cock provided, while the top product
rate is at the £4ll opening, a steady state bed height of

70 mm, was attain. Steady state conditions ware assumed

when: (1) Bed height (2) Pressure drop across the bed &

{3) Solid inlet and outlet rates remained constant. Then

the run was taken, the du#atinn of the run was maintained for
5 minutes after which the solid feed was stopped and the air
£low cut off. During the run, bed haight was checked
cohgtantly with the help of manometer to engure constant bed
haeight in the classifier,

The top and bottom praduct receivers were removed
and the products weighed. The percentage of fines in top and
bottom products wag determined by aleve analysis.

To sze 1f the duration of the run has any effect on
the percentage of finea or the rates aof the products obtained
the classifler was operated for 4 to 10 minutes.

Frequently observatiorns were checked for reproducibilit
by repeating the runs, |

The air classiflier wWas used for studies on continuocua
alr classification of feed under dlfferent operating conditionsg

Data were taken for different matarials which included
crushed bauxite and calcite & glasgs beads, density, ranging
from 2.3 to 2,75 gm/¢ﬁ3.
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The data obtained are the solid feed rate, air flow
rateXof fines in feed, diameter of coarse and fines, position
of baffla, rate of the top and ﬁottom product and the
percentage of fines in each product, Sample tableg of
axperimental data are given in Appénd.‘l.::_t I‘, and detailed datas

are presented as graphs in Chapter = V,

4.3 RANGE OF EXPERIMENTAL VARIABLES.

TABLE = 4,1
Sl;f . . L]
K Variahle Units Rangea
l. Materials Bauscite, Glass
; beads and calcite.
3. Air flow rate 2 ‘ ' ‘
Gg gm/em” /min 340,986 - 877.898
4. Particle size Dp Un | 460 - 977
5, Solid feed rate Wo gnymdn 95.00 - 360,00
6, Feed compogition X, % f£ines 31.78 - 82.82
s Ratio of diameter of ‘
coarse to fines Dclby 1,413 - 2.124

8, Height of stabilizing o ‘
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CHAPTER W
RESULTS AND DISCUSSION

The air classifier waa used for studies on continuous
air classification of mixed size feed, under differeﬁt opertin
conditiona. The solids feed rates ranged from 95 gm/ mim
to 360 gm/mim. and air flow rates varied from 340.986 gnV'cmz
min. to 877,898 gm/Cm?—minm At constant sollds feed rate
ard air flow rate, clasaification was carried out at different
compositions of the feed ranging £xom 31.78 percent of fines
to 82.82 percent of f£ines, The ratio of the diamever of
coarse to the f£ine was varied from l.413 to 2,124, The
height of the stabilizing zone was varied from 168 mm to

308 mm by changing the position of the baffle,

Data were taken for different materials, which included
glass beads and crushed particles of bauncite and calcite
of densitdes ranging £xrom 2.3 to 2.75 gm/cm3. The experimenta
data are plotted, Fig. 5.1 to 5,10,

Fig. 5.1. 12 a plot showing the variation of golid
feed rate with alr flow rate for glass beeds of size 977
and 460 microns. This plot is for an initial feed compsition
of 55 percentage of fines when no air £low iz present, The
graph shawa that with the increase in air £1ow rate, the
total solids feed rate and the individual component feed
rates £rom the gravitcy feedér decreases. The decrease of
sollid feed rate is obacrved to be 20 g mim in the case
of particle size 460 microns as compared to 5 mg/mim for the
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particle size of 977 micrones. when the air flow rate

increases from 340.986 gm/mim CmZ to 877.897 gm/mim Cm>.

This would mean change in feed composition of 56.62 of

€ines to 60.14 of fines with thewtal air flow rate

ranga. In the present analysis under the condition of
changing feed rate of salids and feed conposition of

solids with air flow rate, the average values of composition
of feed and féed rate of solid have been taken at all air
flow rate.

¥Flg. 5.2 13 a plot of percentage of fines in top and
bottom product vs air flow rate from the classifier without
baffle for air %1aas beeds system of mixed particle gilze of
known composition. It is observed that with increase in air
flow rate, the percentage of £ines in the top arnd bottom
product decreases. It may be noticed that percentage of
fines in the top product at any aixr flaw rate is more than
the corresponding valus of in the feed while the percentage
of fines in the bottom at any flow rate jig lower than
carresponding feed value., Filg. 5.3 shows variation of
percentage of fines in top and bottom product with air
flow rate for classificr with baffle. The trained of
variation of percentage £ines is similar to the observed
in beds with out baffle, that with increage in air £low
rate the percentage of fines in top and bottom product
decreases.

This decrease of percentage of f£ine in top amd
bottom product with increase in air flow rate is in

agreement with the earlier ohgservation of Copala Krishna

A o fAamd
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Flg. 5.4 i8 a plot of percentage of £ines in top and
bottom products vs air £low rate with and without baffle
for air-glags baeds systan of £ixed composition. It is
observed that wlth increase in alr £low rate, the percentage
of £ines in the top product and bottom product decreases 1n
both cazae {with and without baffle). It can be seen that
at any £k air flow rate, the percentage of fines in top
product are more when baffle 18 used compared to the
carrespornding value for bed without bagffle. The trained was
similar for the bottom product composion, this indicates
" that classifier with baffle 18 nore effective then classifier
without baffle, ,

Fig. 5.5 18 a plot of percentage of fines in the top
product and bottom product Vs air flow rate for the feed
of different compositions, the system being air glass beads.
It is observed that, the percentage of f£ines in the top
and bottom product incresses with increase in percentage
of fines in the feed. ]

FPig. 8.6 shows the variation of the ratio of top
prodyuct to bottaom product rate with air flow rate for
diffaerent feed compositions. The ratioe (rI/:Z) increases
with increase in air flow rate for a given feed composition,
it can be further seen that at a given air flow rate the
(ri/rZ) increases with lncXease in percentage f£ines in the
feed, _ |

Fig. 5.7 (A) shows the variation of percentage f£ine
in top product (XT) with aixr £low rate, with DC/DF as a
perameter. For a given DC/DF percentage f£ines in top product

decrease with air flow rate as obsarved earlier. At any
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alr £low rate the percentage of fines in top product increase
with increase in DC/DF ratio.

The ratia of top product rate of bottom product rate
(WT/ 1) 1is plotted as a function of air flow rate in £ig.5.7
(B) for dlfferent values of DC/DF, it is observed that the
ratio increases with fncrease in DC/DF value at a given
alr f£low rate.

Fig. 5.8 (A) is a plot of ratio of top or bottom
product rates Vs aix flow rate for variocus particle densities
This reveals, that, with the increase in particle density,
the ratio of top product to the bottom product increases.

From £1g9.5.8 (B) showing the variation of percentage of
fines in top product with air £low rate for different particl
denaities, it will be chserved that the percentage of f£ines
in the top product increases with increase in particle
density at constant air flow rate.

Fig. 5.9 {(A) and (B) are the plot of ratio of top
product to the bottom product rate Vs sblid feed rate and
V8 gsolid feed rate, percentage of finea in the top product
for the system ailxwglass beeds at_c.‘onstant. alr flow rates,
and feed composltion. It i3 observed that, at constant air
£low rate, the ratioc of the top product to the bottom
Product rates and also the percentage of £ines in the top
Froduct decreased with increasge in solids feed rate.

Fig. 5.10 (A) and (B) are the plots of ratio of top
product to bottom product Vs height of stabllizing gone
and percentage of fines in t.he top product Vs height of
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atabllizing zone for air glass beeds system at Constant

air flow rate. It is observed that at a constant air flow
rate and solid feed rate as the height of the stabilizing
zone increased, the ratio of the tcop product to the bottom
product increased while there wag a decrease in the percentage
of fines in the top product.

The above obscrved behaviour can be well understood
with the theory of £luidization. In any bed at gag velocities
higher then minimum £luildizing conditlion gas will flow essent.
ially in two phases, the bubble phase and emulsion phase.

The bubble phase will be surrounded by a cloud of stoids and
will be fallowed by a wake of material ehind it @s the
bubble rises and reaches to the surface of the bed the bubble
will burst projecting agglomerates of solids into the gace
above the bed, In this space the gas velocity will be lower
then the bubble raise velocity and the solids which are
essentially in lean phaza will be present in three forms,
namely (1) finely dispersed upmoving solid phase (2) agglo-

q&%ﬁ;we-mie& wihied ant wpmotmy o
ere 1s a continuous inter-

merates which are down mavingi
change among these phases, and some short of balance is
malntained. When two solid size. are used in the feed

and when the gas wvelocity 48 greater then the terminal
valocity of the finer solid, the upmoving dispersed phase is
likely to be fine material. At any gas flow rate depending
upon the amount of bubbling the top product rate will be
controlled by the gas velocities, increasing air f£flow rate,

the bubbling becoges more pronounced thas bursting at surface
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will become more vioclent and larger quantitieg of aolids,
both £lnes and coarse will be thrown in the space above,
this will result a lapger product rate at top aml more
quantity of coarse getting out of top outlet: reaulti.ng
in decrxease in f£ines comosition at tope.

An decrease in the diameter of fine particle keeping
coarse particle size constant, will result in a faster
rate of removal of £ines from the bed, this will result an
increase in top product rate as well ag increasing percentag
fine in the top product, when compared with the performancCe
under inentical condition when the fines size 18 large '
(DC/DF is lower).

At any given air flow rate the U/Ut values will be hig]
for a lighter particle than for a dense particle when
particle alze is constant. Thus it will be observed that
the top product rates will be lower for denser particles
then for lighter particle under identical condition, for the
same - percentage of £ine in top product will be more
with higher density solid material then compared to lower
density material. | |

The intorudction of a baffle in the dispersed phase
assentially helps in stabilizing the material in the lean
phase and reduceases the value of TDH as a result,, when
the batfle did not interfere with dense phase it is expected
that percantage f£ines im top product will increase in bed
with beffle when comared with a bed without baffla, when



the baffle is lowered and it penetrates the dense bed the
danse bad characterigstics are changad as the effective area
avallable for gaa flow iz reduced, thus reduced, thus
results in more severa bubbling and large quantity of

solid is been pushed in the space aboVe the bed as a result
it is expected that the top product rate will increage at
the expanse~ of decrease in the percentage of f£ines in

the top product.,

Thus it is expected that the baffle location always be
sharp that of should help in reaching the more homogenity in
the space dbove the bed causes due to bubbling and smoothen
the characteristic of the bed rathex then making the bed more
violent by increasing the ubbling due to the baffla penetrat-
ion into the bed.

To evalyate the performance of classifier, correlation,
have been davelcped. This made posaible by knowing the effect
of various characteristicsg of classifier, which include flow
properties of solids and ailr, geometry of bed and baffle and
aixr flow rate, solid feed rate, feed composition, top and
bottom product composition and rates. Then these parameters
were grouped to give dimensionless groups namely

D. &
Ra- vE

Ep = ’32.5:".__. aﬁ H, D1 J%“[; !'

o D _7'—
e T r (x )
1’ ~2f (A = and sp
2

The expected correlationsve of the form as shown
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at b* o )% oy ]
BF = K [-f’".t" ()T (D207 R 7&1 g

and SF= K, I:(xa)a” crrz)b” (%g )c-_- m% @ g Ps?_;_fg‘,e Jf

The varicus terms used in the calculation of thd dimensio

less dgroups are defined here and sample calculation iz given
in Appendix IX. The calculation were made with t he help
of copputer. The camputer programme f£or one set of calculatio
i3 given in 2ppendiX IXII, othexr programme ara based on the
same steps. The f£inal correlatiofis wexe also tried with

help of computer programme given in Appendix XIIX.
50lida Loading ratiot The ratlo of gms. of solida per gm.

of air is termed, the solids loading ratio 'x°*, rl' arrd'rz'

represent the solids loading xratios in the enrichment and
stripping sections of the claas:l.fier respectively. This
r=x +X, and ri/rz bacamea . * the ratio of the top
product €0 the bottom product.

Enrichment factor

: _ . C e colrse
EF = FeECentage fipes in top product.  Pexcentage/in top pro
Percentage fines in feed Percentaga coarse in

Stripping factor
Sp = Yercentage coarse in bottom Percentage £ines in bott

_product - product _
Percantage Coarse in feed Percentagae £inea in feed
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To develop correlation of the expected type the graphs
are plotted Flg.514-31 the siopes of these grapha are given
in table Mo, 5.1

Lo |

<

T™he £inal correlation ao obtained for (rL ) « BEF., and

2
SF are;
- (o1, % R 1.5282 , ,=1.2985 2.355
— ) m g “a (F_) DC ,2.35 HL
, r, { — ) r { SF-) . 5? g’")
f& - Fg_~1.1028
¢ =7 )
-.2493 0.3153 , ~
- EF = (x,) (F..,) » DC_4.7046 .7962
KZ 1 rl ( ¢ H

“OF ﬂ.i.)
: a_ P4 )2-6529] b
5

-2.1445 i )"3+0843
H

(&)
: ' - c
‘ }')6_ - ) )-*o.ﬁaeri‘

-, 7265 -2,1445
~SF = Ky [ 2) (r 2) DC

where K, = 4,7785 x 10732

R, = 8.8247 x 1077

X3

1.2998 x 10™13

b & + 0.6249
e =+ ©.7812



TABLE 5.1 44
Fig. No, Variables Slope
5.14 C
{;3'-} Vy Ce ) - 4+ 1.5282
2 T
5,15 r
'Eé.) w (F) = = 1.2985
2
5.16 r,
L) veEE) - + 2.3558
r2 DF
5.17
(-—) Va (Q) = + 2.3553
5.19 EF VS rl = -,2493
5.20 EP Vs wﬂ) = 4+ 0.3153
521 EF vs ¢.2C ) - 4+ 4.7046
DF
5.22 | EF vs () - -0.2962
5.23 EF Vs ‘PF_;& ) = + 2,0503
g
5.24 SF Vs (x,) = =0.7265
5.26 SF Vg ( %E,g-) = = 2.1445
5.27 | s¢ vs (i -~ 1.0649
5.28 SF Vs cﬁ’ ==/9) n = 0.6847
5.29 T)_vs B = + 6008
T2
5.30 EF Va B: + .6248
5.31 SF Vs B'® - 4+ ,7812
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are

- 1.5282 -1.2985 .. 2.3558 (H1,2-3358 s -F
( "%""" ) r P R

- o H.:L LY i) )
(2,)"* 2493 (p J')"“"51'-“"3 ( 5F 87048 (= )=2902 LJ,?B é)‘g)z’°5°'
: T

- - -0,6
DC.~2+1445 (_Hi.j;_, 1.0649 (ﬁ; “Ja_ 3

- -20 445

Intercept of the curve Fig. 5.29 to 5,31 are 4.7785 x 10"12

= 3 -
7 x 10 and 1,2998 x 10'13 respaectivaly.
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CHAPTER. VI

CONCLUSIONS AND RECOMMENDATIOND

The studies on continuous pneumetric classifier
showed that the efficlency of this new clasgifier is

botter in comparision to elutriator. The mjor prop-

erty of this unit is that 41 doses not lave any movi-ls

pamt and can b_a convently used for clagsifying the

's;ouc\, mterials. The following conclusion can e

drawn besgaed a studies conduciad,

(L

(2)

-

(3)

With introduction of Mffla, percen fage

of fines in top product and also the

ratio of btep. product to the bottom product
increased,

at constan { goldds feed rate and air flow
rate, as the percentage of fines in the |
foad increaged, the ratio of the top product to
the botiom product and also the percentige
of the fines in the top product increased.

With the increase in the ratio of the diamster
of coarse to tl® fines the ratlo of top product
o the botiom product as well ag the per-
contage of fines in tha top product increased.

Tty ‘1' ”;»,_."..,' yar
K verye
R TR



(4) at constan t solid feed rate and air flow
. rate as the density of the mterial increasad
the ratio of top product to the boitonm product
ag woll as the percentage of fines in the
top product increaged.

(5) at constant air flow rate, as the solids
' feod rats increased, s ratio of the %p
product to tle bottom product and also the
| percentage of fines in the top product deo-
creased, ‘ '

(6) ata congtantair flow mts and s.atid feed
"' rath, as the elght of the stabildzing zoue
increased, the ratic of the top product
to the bottom product increased whils there

wag a decraasé in the percenipge of fines

in the top praluct,

The valuss of (r)/rg), €F and SK can bs predictled
fron the proposed coi'rala.tim No.1,2 and 3. FURTHER
experimnial investigations are necessary in order
to predict the performance of Pneummtic classifier,
specifically to preduct over all efficiency and design
of the classifier. The collection of large number of
data. Using better technique of control in experimntatiom,



various quan$itles like solid feed rate, Solid comp=

osition, Air flos rate, diameter of particles, position

and Goeomtry of beffle will result a more genaralized

correlatioras. These stulles can e mmde broadly in the
following areas:

and

Q)
(2)
(3
(4)
(5)

-

(6)
(7

(8)

Changing the locatian of feed point
Use of different beffls geometry. |
Use of materials of various densities.
Use of reflux of top material.

Use of mierials of various D¢/H¥

(1) Keoping DC constant

(i1) Keeping DF constant

~

Cianging Height of top exit.

Use of different gases (effect o density)
of gas).

Use of warious diameters columns.
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APPENDIX

* . _DATA TARLES

TABLE NO. 13

EXPERIMENTAL DATA

Syatem : Adr Class beads ( without haffle)
Column Dia 3 70 mn

S0lid feed size: Coarse = 577 micron

Fine = 460 micron

Ratio of diameter coarse to fines - 2.124
Solld feed rate » 145,76 gms/min

Pexcentage of fihes = 58,15

RunNo.|Air £iow kate Top Produat

Bottom product

gr/cm /min Rate gm/min | % of £ines| Rate gm/mir1 % £1

1. B877.897 74.40 77.15 61,00 49,18
20 788.412 54,70 77.15 82,71 51.64
3. 698,927 35.80 7765 104.80 . 53,05
A, 609,442 24.65 18.09 123,20  56.17
52 . 519.956 13.16 80,01 140.50 swfaz
6. 430,411 4.66: 84,78 154}40 58,04

Similarly other tables for different materials, solid

feed rates, composition of feed and ratio of diame-ter of coars

to fines with baffle at a position to glve height of stabilizd

zone 248mm were prepared, and are presented in Table No..2 to7



A] ‘l

TABLE NO. 2

A
EXPERIMENTAL DATA

Column Dia (D) = 70 m.

{0

Height of (HI) Stabilization zone = 24.8 mm.
S0lid feed size (DPL) Coarse :

(DP2)Fina

¢ 460 microns

977 microns

Ratio of diameter of coarsge to fine ( Da ) = 2,124

bf

Solid f£eed rate (WF) = 167.07 gn/min

Percentage of £ines in feed (PF) = 57.86

Run | Adir flow | Tep Product Bottom Product
No. rate Rate _J% fines Rate I% Fines
12 788.412 22.00 78,18 155,00 55._03
13 663.133 1;._.@0 79.31 158.80 54.97
14 609.442 3.40  80.89 166,40 55,00
15 519.95§ 1.30 84.61 170.60 56-00
16 430,471  1.15  B6.96 175.40 §7+05




TABLE NO., 3

Syatem : Alr Glass Beads ( with baffle)

Feed size DPI_ = mesh 977 micron
DPZ = 460 micran

Peed rate WF = 120,08 g/min

PF = 40.13

Runn | Alr flow rata | : __Bottom Produgt
No. Rate | % of £fines | Rate [ of f£ines

17 524,206 14.60  73.97 93.00  44.95
18 788.812 = 12,00 74.83  102.60 45,22
19 734,721 9.10 75.82 104.80 ' 46.99
20 698,927 . 5,00 77.40  112.80 48,09

21 609,442 3.35 78.21 120,20 49,10




System

Size

Rate

DpP

1

Wy
193

TABLE NO. 4

= 977 micron

= 460 micron

3 Alr glass Beads ( With baffle)

3y

. Top Product

Bottom Product .

Run Rp. Adlr Flow rate
Rate |% of fineﬁ Rate [% of £ines
22 824.206 8,40 12.56 82.40 31.31
23 788,412 7.00 74.28  82.80 32,37
24 734,721 2.80 75.00 91,40 33,70
25 698,927 2.10 76419 93,00 35.37
26 699.442 2,60 77.50 100,20 37.55




-

Syatem

aize

Rate

TABLE NO. 5

t Alr Glass Beads ( with Baffle)

DFl

== 16 + 18

pp, = -‘22 + 25

Dpl/ Dp, =

WP = 137.83
PP = 48,10

4th hole

Run No.| alr £low rate

27

29

30

3

Top Product Bottom Progduct
Rate | % f£ines Rate J % fines
877.897 12,90 50.00 332.80 50,90
733'.412 10.00 52,00 134.20 52.10
698,927 6420 54,03 137.20 52.78
609,442 2.60 56.15 139,00 53,24
519,956 1.45 57.93 143.00 54.62




\

519.956 4,00 93.5

System 3 Air Glass Bead ( with baffle)
Size DP1 - 650 micron

DP2 = 460 micron

PF = 8812
Run No, | Adr £luw rate RODUC B RODUCT

RATE | % f.tneg RATE B £ines

37 824,706 60,00 85,50 250,00 78,77
38 698,927 14,20 88,52 267,00 81,25
39 663,133 7.30 90.41 274.60 82.68
40 609,442 5.90 91.19 281.20 83,00
41 283,60 83.36




TABLE NO,. 7

System 1 Adr ILdme Stone ( with baffle)
Size DPL = 977 microns

P2 = 460 microns
Rate WP = 121,70

P¥ » 40,88
Run No.] Air f£flow rate - TOP BRODUCT BOTTOM PRODUCT

Rate % f£ines Rate % finen

‘42 824,706 35,33 87.74 77.18 34.79
43 698,927 1‘7;16 92.25 95,16 35,20
44 605,442 11.49 37.13 114.16 37.35
45 519,956 5.99 97.32 136.50 39.56
46 430,471 2.20 96,22 141.65 40,27
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TABLE No. &

EXPERIMENTAL DATA

Syastem : Air CGlass beadg ( with baffle)
Column dia. 70 nm.
Height of stabilizing zone : 248 mm
Solid feed glze: Coarse : 977 microns

Finas s 460 microns
Ratio of dilameters of coarse to fine 3 2,124
Percentage of fines in feed : 44,19
Afr flow rate = 788,412 gm/cm>/min,

Run | Solid feced rate | Top Droduct Bottom Product

No. gm/min Rate gm/min|% fines Ramea
51 358,07 11.60 75.86 343,60 39.11
52 301.69 12.00 77.05 292,80 40,09
53 250,83 13.20 78.57 241,60 40798
54 187 .40 14,40 80,55  165.20 42,35
55 146.87 16.00 82,50  130.80 44.19

one more similar table was there at different air flow rate.
equal to 116,488 Kg/M%/s, |

| Table No. 9 o |

56 362,69 8.75 78486 354,20 39.64
57 298,27 9.15 78.91 292,00 41.06
58 248.31 9,95 80.30 240,00 42321
59 191,59 11.12 81.74 181,00 43.55

60  147.22 12.50 83.20  134.25  44.96,



' \
TABLE NO. 10

EXPERIMENTAL DATA

System : Air glass beads ( with baffle)

folumn dia:

Solid aize : Coarsa

£ines

70 mnd

w 977 micron

= 460 micron

Ratio of diameters of coarse to finea

% f£ines in feed

So0lid feed rate

Air flow rate

= 127.26 gm/min _
= 698.927 gn/cm>/uin,

- 8a

Top Efcduct Bottom Product
Run | Helght of Rate gm | % £ines |Rate gm/min | % £4ines
Ko, | Stabilizing /min,
zone mM.

61  30.8. 15.20 81.50 113.30 53.80
62 28,8 9540 82,98 119,20 54,19
63 26,8 7485 83,10 120,50 54.50
64  24.8 6.00 83,33 122,00 54,79
65 22,8 5.00 84.25 123.50 ' 55.20
66  30.8 4,50 84.44 125,00 55,40
67 18.8 4.00 86.35 125.45 85.98
68  16.8 3.40 86.23 126,20 56426

One more similar table * ig there ! forlifferent material
and other conditionss mame mo. 11 '



TABLE NO, 11

EXPERIMENTAL DATA

system : Air Lime stone ( With Baffle)

Column Dia ¢ 70 mm

Feed size : Coarse
Fines

w 977 microns
= 466 microns

Ratio of dlameters of coarse to £ines = 2,124

% £ines in feed
Solid feed rate

Min, flow rate

= 43,48
= 121,92 g/min

= 101,574 lqg/mz/sec.

il

Run | Height of Top Product Bottom Prpduct
No. { atabilizing Rate gm/m Fc £ines Rate g/m %ﬁnes
zone mm
69 28.8 13.25 96.98 112.20 33,39
7 20.8 6,50 97.38 120,25 42.59
5.17 97.68 122.00 4%91

12 16.8




APPENDIXwe»IX

SAMPLE CALCULATION

Sample calculaticns for Run No, 20, Table Mo, 3 are
givan balows

Data Givens:

(1) Constant in Table :=

3 3

qnv’c;'t_x

Viscosity of gag /,lg = 1.83 x 1074 gr/om.sec.

Bensity of Gas f. = 1.294 x 107

Height of stabilizing zone Hz = 24.8 om,

Height of exit ( Top) H = 41.5 cm.
Density of soldd fa = 2.50 ¢ /cm3

Friction of fines in feed Xr = 00,4838
Diamdter of column Da Max. = 7.0 cm..
Diameter of column at Min Crosg=gsection De Min = 6.3245 com.

Average diameter of column in Enrichment section

Average diameter of column in stripping secticn
. De GTR = 6.8809% om,

M, Air flow rate = 698.927 gm / cmz/rrﬁ.n. Solid feed rate

{2) variables in Table:

Diameter of coarse particle Da = 9.77 % -10"2 cm.

Diameter of fine particle DF = 4,60 x 10"2 cm,
Top Product rata Wrr = 5,0 g/min

Bottom product rate WB = 112.80 g/min

Friction of £ines in Top Product XTI = 00,7740

Friction of fines in bottom praduct XB = 4809



~

CALCULATIONS

(1) Constant quantities in Calculations
1, Solid loading ratio ' r' =

~

solid feed rate in g/min = 4.7691 x 10™

Alr flow rate in g/min

3

2« Reynold*s Mumber Rep.

REp = DV J,g = $.4558 x 10

D - at maximum cross section of column

3. Rep = 9.3431 x 10V

4. Froude Group Fr. _
D_ g -1
u
B |
D, * Average diameter of particles in feed based

P
on mass friction
Ug : Linear weloclty of ailr at minimum annulax
area»' )
5. Stabilization Factor HF

I % = 5.9759 x 107}

©. J-*—jafﬂ = 1930, 9938
(11) verisble quantities in calculation
= 1.8588 x 10™4

- 4.193% x 10~

T7e T

14

8. »

N

3.

Ny

= 4.4326 x 10°2

M
S



o

10. Fr = DP. ¢ o
1 —lg—— . 5,9184 x 10~/
np1 3 Average diameter'of particles in top product

based on mass friction

Ugl 1 Average linear velocity in enrichment section.

DP -7
11, Frp * —22 . 8.2238 x 1077

2
Uz
LP, & Average diameter of particles in bottom product

Ug, ¢ Average linear velocity in stripping section

12, D& = 2,1239 , T
DE

13. Enrichment facelon F w mXE=XE) L 3 6202
14. Stripping factor SF = iﬁ%) » 1.1612 x 1072

15. EBffectiveness 3 (%P L
: XF = XB L {1=XT(XF=XB)
BEMS = " ) ( Srom— ) 1~ 5 messy !



APPENDIX 11 y

MADHMAY KANT*MeE, THESIS* CONTINUOUS CLASSIFICATION IN PNUMATIC
SYSTEM * EFFECT OF R AND REN

DIMENSICN R{1D},RI{10)}sR2Z(1LO}HRTIB2410)+RENILO) HREBRLIO) sFR(LO?
DIMENSICN FRI(10)sFRZ2(10)SEF{10)sSFLL10)EFNSLI0)sIJ(10)
READ 5+ N

FORMAT (15)

DO 100 FSET=1sN

READ 10s RGsDCsnDFVISG

FORMAT (4E15.5)

READ 11s RSsH&4sHsXF sG+DCMAXsDCMIN sDCENR$DCSTR

FORMAT (9FB44)

DEM2=DCMAX#2

YCM=(3,1416/440)#DCM2

A50=V]IS5G*604,0

A51=DC*(1,0=~XF)4DF%XF

A52={ DCMAX*DCMAX )} /{60 ,0%*RG)

AE3=AS52/ (DCMIN®DCMIN)

AS4=A53%A53

AS55=A52/ (DCENR¥%2)

ASEaAS5%A55

A572A52/(DCSTR¥DCSTR)

ASB=ABT*#AST g

Al=(R5=RG}/RG

A2eH4/H

A3=DC/DF

PUNCH 12, ISET

FORMAT (/20X 12HSET NUMBER =413/)

PUNCH 13,A15A2,a3

3 FORMAT{10X911H(RS=RG)/RG=9F10e49s5X s5HHL4/HoyFT a4 +s5Xe6HDC/DF=9F7e4/)
PUNCH 14

i FORMAT € T2H® 3000 6 3 K35 I3 I 000 120000000 0606 T 0 S 3 I R 3
L9 309 0 IR RN 2/ )

READG6 M

6 FORMAT (1%)

DO 50 Jm]l .M

READ15» IRNsWF s AMASWT oWBs XT e XB :
5 FORMAT (1546F12,5)

AMAGM=AMA®YGM

Al10=1,0/AMAGM

R{J)=WF*ALD

R1{J)I=WT*A10Q

R2{J)=WB*ALQ

RT1B2(J)sWT/WB

REN(JY={ DCMAX®AMAL/ASO

REBR{J}Y=REN(J)/R(I)

FR{J)={ASL*#G)/{ AMARAMARAGS)

DAPMT=DCR{1,0~XT)+DF¥XT

FRL(J)={DAPMT*G) / (ASERAMA®AMA)

DAPMB=DC*{1.0~-Xp )4DF*XB

FR2(J)=(DAPMB*G )/ (ASB8*AMAXAMA)
EF{J)={XT=XF)/7{xFR(1,0-%XF))

SFLJI={XF=XB)/{XF*(140=XF})}
REC=(XTH®(XF-XB))/{XF*(XT=XB)}



REJ=)lo 0= { {1l 0=XT)R(XF=XBI)/{(1eO=XFI®(XT=XB))
EFNS{J)=RECHREY
1J{J)i=IRN
in CONTINUE
PUNCH 51
i1 FORMAT (2X32HS5Ns2X9o6HRUN NO9AXs1HR9s11X92HR1911Xs2HR2310Xs5HR1/R2
1l 8X+6HREY NO}
PUNCH &0
30 FORMAT  { T2H 359 3 353 3030 303 30 20003006 0 03 3056 3696 26 96 36 9696 363606 3090 3698 2696 3826 36 0 96 96 34 3696 36 96 36 269036 ¢
1A% RN NN S/}
DO 53 J=1sM
PUNCHE 28 Je T J( ) gRIJVRLIIISRZ(IISRTIB2{I) SRENL Y
52 FORMAT ({2X2I292X41692Xs5E13e5)
33 CONTINUE
PUNCH 61
31 FORMAT (72 H% 93900 230 23030 33 3030360 36 96303 3630 0 96 3696 96 3636 36 36 30 9638 9090 3696363036 90 96 969696909636 36 36 K% 96
EZ2 222222 S TR T s
PUNCH 63 }
33 FORMAT (2X 9 2HSN92X26HRUN NO»3X9HHRE/R»8X92HFR9BX93HFR1 97X s3HFR2s
1 11Xs2HEF 36X +2HSF o4X9s4HEFNS)
PUNCH 75 '
16 FORMAT {7 28% %3936 536636 3 263 3030 36 36 36 363 3% 36 36 3636 26 369090 963696 90 30 02090 336 90 3630 3096 36 08 96 96 46 6 96 9 2639636
THERFR AR N RARXRRERH ] /)
DO 70 J=1.M
PUNCH 729J31J(J12REBRIJISFR{JISFRIIJIWFRZ(J)SEF(J)sSF{J) sEFNS(J)
T2 FORMAT(X9129Xel16sX24E1)e%92FTe49E11a4%)
10 CONTINUE
PUNCH 80
30 FORMAT  ( T2H# %3353 35 03 %0303 36 190 83036 H 3026 352620903 303 63006363030 36366 3696 300096 3 6
p RIS TS ST LTINS
30 CONTINUE
STOP
END



10

15
20

40

50
55

60

65

70

71

80

82

MAIN PROGRAM FOR LEAST SQUARE CURVE FITTING

PROGRAM WAS EXECUTED AT THE COMPUTER CENTRE AT SERC ROORKEE
DIMENSIONAC15315)9X(15+100)sXB(15)+CO(15)sY(100)sER{100)
READ1sNsMyIM

FORMAT (315)

N Is NOs OF VARIABLES M IS NCo OF DATA POINTS

IM =1 INDICATES RELATIONSHIP OF TYPE Y=A#(X##Q)#(Zw#C}
IM22 RELATION 1§ YsA+B®X+(C*Z

READING OF DATA POINTS

FORMAT (6E12,5)

DOS J=1lsM
READ3»(X{TsJ)simdlaN}
CONTINUVE

IF IM=l GO TO 10 » IF IM=2 GO TQ 20
IF{IM=1110+10+20

D015 I=1sN

DO 1% JslyM
X(T,J)sLOGF{X(I,d})
AM=M

DO 50I=1N

SUMe(o0

D0 40 JslsM
SUMsSUM+X({TlyJ)
CONTINUE
XB(])=S5UM/AM
CONTINVE

PUICH 55

FORMAT{ 5X» 11HMEAN VALUES A2t
PUNCH 3,(XB(I1}s1m1eN} .
DC 60 1w1,N

DC 60 JsIyM
X(IeJ)aX(Iod)yeXpil)
N1=N-1

DO 65 [=1sN1

DO 65 Ks=IsN

AlIsX) 0,0

DO 65 JslM

A{I oK) =A(TpKI+X{LIsJI®¥X{KJ)
CONTINUE

DO 70 I=2+N1

I1=71-1

DO 70 J=1lsl2

AllsJd) =sA(JsI)

PUNCH 71

FORMAT( 5X, 24HCOEFFICIENT OF EQUATIONS//)
DO 80 I=1sN3

PUNCH 3s(AfT1sJ3J=1sN)
CONTINUE

CALL SIMEQ{A,N1,CO)

COTl =XBIN)

DO 82 K=]1sN1

COI1l =COI1=CO{K)*¥XB{(K)
CONTINUE

IF{IM~1)83,83,84



%)

+7

i=IT

vEIT

LIl eJ)=ALls )

IF(IT=1}T»745

Ml=]T=1]1

CO6K=1sM1

LiTod)=Utlad)eUt s KEHULKyYJ)

F{JT=118+8,10

I1=1+1

IF(I=N14y4,9

JT=2

60 TO 1

UCT s 0Y=U(T ) 8UtLsT)

J=J+1

IF{J=M14 44,20

CONTINUE

DO30 I=14sN

0O30 J=1sM

IFil=J)25427+27

UL(T«JI=U(IsJ}

GO0 TO 30

UL(I4J)=0Ce0

CONTINUE

DO 354 =1N

X{J)=0,0

Nl=N

i=N1

FUIY=01(1,sM)
D045 J=1sN

X{T)=X(T)1eUl (]l %X1J}

Ml=N1~1

IFINLI-1)4T 440040

RETURN

END
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