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1.1 Object of the Work

The problem of separating solid barticles from a flyid
stream or their classification according to size or density
arises in large number of industries and tbe(usuai method followed
is settling by grevity. As the particles are gfound smaller,
they reach a size where the surface drag of the surrounding fluid
almost neutrelises the gravitational pull with the result that
the particles require a very long time to separate out from the
fluid wmedium. In many industrial operations this type of fine
slime almost in colloidal range are to be encountered. The
present trend is, therefore, to use cen%rifﬁgal force which is
many times greater than the gravity force. The separation rate

can then be enhanced and controlled.

The objective ?f the present work is to study the motion
of particles in suspension flowing through a horizontal rotating
cylinder, to study the effect of centrifugal force on the separs-
tion of particles and compare the settling with that in the case

of flow of suspension through stationary cylinder.

«

n_a Flowing Strean

1.2 Clessification

The phenomenon of separation of psrticles from a flowing

KR

fluid stream has been used in many conventional classifiers.
fhe literature contains a large number of excellent contributions
in this field. Lapple and Shephard have deduced equations for
particle trsjectory for two dimensional motion of particles in

stationary fluid.

Tnvestigations in hydraulic trensport have led to
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valuable contribution 'in the field of settling from suspensicn
¢ - <4 .

flowing through pipeline., It has heen fquidA that there are

two definite velocities which are useful in slurry flow. Onk

is called the minimum velocity below which the solids settle
freely, and the other is defined as standard velocity where the
entire mass of solid is carried out in a near homogenecus. flow
without any concentration gradient from top t5 the bottom of the
pipe. In all intermediate velocities there Is a concentration
gradient. A correlation for stendard velocity has been given by

=

Soells from a combination of Froude nuwber and Reynold's number

valid for particle size between 50 to 800 microns.

«

1.3 Use of Centrifugal Force for Separstion of Phases

For the treatment of fine sizes of materials differing
very little in gpecific gravity, the use of centrifugal force
in solid-liguid mixturés dates back to as early as nineteenth
century when de Laval, a Swedish physicist invented continuous
centrifuge. Substantial progress has since been made in the
design and performance of centrifugal classifiers and these have
found extensive use in a Jarge number of industries. Hebb and
Smith6, Lavanchy e% 317 give a comprehensive treatise on centria

8 o
fuge«e and their mechanism of separstion. Moyers , Mrrrisg have,

- .
!

A-~e1% yith the problem of selection of ceéntrifuze for snecil
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ie
‘separstion nurposes. Danatos  has deseribed the use of centri-

fugal classifiers for various applications in chemical indusfries.

— 3

e
N 1] . . R
Koeber and Ruf have dealt with centrifuge for continuous onera-

i

tion. A very interesting application of centrifugal force is in

- . 1 2 - - .
the field of centrifugal extrachor ~. For the separation of ion
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exchanéé'matefialsfinfo precise grain size fractions,qqentrifugal
separatign has ﬁeen:utilised by Verteshev%?. Continuous centri-
- fuges of large capacity are being used at present in many indus-
tries, Usually, a scraper is used in these cases for removal of

deposited material,

«

Continuous separation into two streams has been péssible
by the deveiopﬁent of hydrocycione, where centrifugal force is
imparted tO'tﬁé solids by tangential entry of the. suspension
under ﬁigh pressure.( Valuable informations on hydrocyclone can de
obtained from the publications of Danlstrom +’°, Rietma o’ .

18 : 19 20 21-24
Lilge , Bradley , Fahlstrom and a numker of other workers .
Hydrocyclone has the advantage of simplicity and flexibility but
as opposed to centrifuge it is more suitable for classifying
rather than clarlfylng. The reason is to be found in the dpvelop-
ment of higp?Shear stre;p in case of hydrocyclone which promotes

suspension oﬁ&particlesband opposes flocculation of finesl6.

1.4 Trajectory of Particle and Mechanism of Separation by

Centrifugél Force

The'mechanism of separation has been studied by several
workers particularly for the separation of very fine sigzes.
25
Neuzil and Neuz1l "have derived an equation for the sedlmentation

time in ar centrlfugal field,

<
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t éy VA _/(1n Ry = 1n Ry) for spherical
_ 72 N2 d2 (Pg= £ . particles.
g;é 555 _/ (1n Ry = 1n R;) for cubic

R N d (PS- $- ) particles.
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Yoshire Mori et alZB'Have developed a theoretical dbrrgla—
' tion for the efficiency of recovery in a(ﬁertical Centrifuga%'
classifier, With the help of this equation, it is pbssible to
correlate the positions of  the partlcle at the entrance and at
the.ex1t end, The equatlon assumes the application of Stoke's

law both in vertical and in radial direction. .
a7 : ) ' '
. Hauser and Lynn  have developed an equation for the tra-
jectory of partlcle din laminar flow condltlon. The equation has

been proposed to be used for the determination of particle size

in the colloidal range. The equation is of the form

2 2
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Svedberg , Beams .and McBain . have developed techniques
for the estimation of particle size by using ultracentrifuge,
: 31
R.D, Murley has found methods to calculate particle size dlstrl-
butlon in centrlfugal separation,

<

In hydrocyclone the flow pattern.has beén.the subject of
study by different workereo o', Kelsal1?), Bradley ’°° ang
Lilgels studled the particle trajectory and have given reiations
to determine the position of particle in the . hydrocyclone under

.dlfferept operatlng conditions and to predict the probability of

particles escaping along with the overflow of underflow, The



effect of hydrqcyclone geometry has been the subject of 1nvest1-
gations by different workers « The separaflon

«

efficiency can be predicted from equations developed by
‘ 15 a2 18,19,23,43-45 )
Dahlstrom s Tarjan  and other workers in this .

field.

An interesting investigation has been reported by
Ferrara C. He has calculated the sliding velocity of particles
‘along the cylinder wall inaxial direction when a suspension»is
flowing through a horizontal rotating cylinder, It has been shewn
by him that the sliding velocity will depend upon the flow rate
of suspenéion, the RPM of the cylinder aﬁh particle characteristicss
Cohditione-can be so chosen that the particles, depending upon -
their density and size, may noF have any &xial sliding velocity.
Following this principle the author ‘has claimed to have developed
a methed,for separation‘of ' particles according to their size and
densitﬁ.: The method proposed_suffers from the drawbacks of con=
- ventional centrifuges in that the deposited particles will have to

be‘interﬁittently scraped out and removed,

1,5 Scope of the Present Work

_From the published literature it is found that although
the ﬁse‘df centrifugal force for the.seperation of fine particles
from a suspen51on has been widely wused in 1ndustry, the relation=
Shlps developed for partlcle motion are restrlcted malnly to
very flne sizes, The investigations reported are llmlted to the
Stoke s law range i.e, for ultrafine partlcle and for very low
flow rates, and as such cannot be applied to the partlcles of size
range usually encountered in 1ndustr1al processes. Further, in

majoritj of cases where centrlfugal separation is adopted, the



proceséjié usually intermittent without simulataneous discﬁarge
of the~tw; products. In the horlzontalltube classifier proposed '
by Ferraraés, the conditions are such that due to a difference

in slidin% veiocity, only one product is discharged and the other
is retéinéd within ihe tube, In the case of hydrocyclone it is,
however, possible to obtain two products continuously, but there
is a limitation to the tangential force and for the separation

of very fine sizes the capacity per cyclone has to be low re-

quiring the use of(a battery of cyclones,

The object of the present work is, therefore, to study
the motion of particles suspended in a fiuid stream flowing |
through -a' horizontal rotating cylinder and the possibility of
developlng a continuous separatlon-cum-cla531fication device.
. The problem can, therefore, be divided into two parts (i) to study
the trajectory of particles and its settling on the cylinder wall,
v(ii) The separation and‘discharge of particles into two streéms,
the coarSer sliding along the cylinder wall and the finer f70w-
1ng in suspen51on through a concentric tube introduced for the

purpose.



