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Lecture 27
Principles of Cake Filteratoin-2
Welcome to MOOC’s course, Mechanical unit Operations, in the previous lecture of this
course, we have seen principles of cake filtration under the constant pressure filtration as
well as the constant filtration rate process conditions as well. So, within the constant
pressure filtration case we have seen, what are the governing equations for the batch
process as well as the continuous process and for the continuous process, continuous flow
rate or continuous volumetric flow rate process we have seen a corresponding equations

on governing equations as well.

So, now, in this particular lecture, we are going to have a kind of a few example problems
both for batch and continuous pressure filtration processes. And then we discuss some
details about the centrifugal filtration processes followed by problems on centrifugal

filtration processes.

(Refer Slide Time: 1:25)

Example -1

* Data for the laboratory filtration of CaCO, slurry in
water at 298.3K are reported as follows in a below table
at constant pressure drop (Ap) of 338 kN/m?2 The filter
area of the single plate-and-frame filter press was 0.0439
m? and the slurry concentration was 23.47 kg/m’. The
viscosity at 298.3K is 8.937 X 10 Pa.s.

* Calculate the specific cake resistance and filter medium
resistance from the experimental data given below.

So, let us take example number one, so, data for the laboratory filtration of calcium

carbonate slurry is in water at 298.3 K are reported as follows in a below table at constant



pressure drop off 338 kN/m?, the filter area of the single plate and frame filter press was

0.0439 m? and then slurry concentration was 23.47 kg/m?®.

The viscosity at this temperature is 8.937 x 10 Pa-s. The table data is given in the next
slide. So, calculate the specific cake resistance and filter medium resistance from the
experimental data given below in the next slide. So, the first problem is about to how to
calculate the filter medium resistance as well as the specific cake resistance under

constant pressure filtration conditions.

(Refer Slide Time: 2:23)

Time, s Filtrate volume Time, s Filtrate volume

x 10% m’ x10% m’

The experimental data time versus filtrate volume collected is given here. So, filtrate
volume is now here multiplied by 103 so, that means 0.493 that means, 0.498 x 10 m® of
filtrate volume would be collected by time 4.4 sec. So, like that the filtrate volume at

different time levels are given here, at different time intervals are given here.

So, this information we have to use basically t versus V information is given. So, we have

the equation % = (%) V+ qiand then % versus V, if you plot you will get a kind of a
0

straight line with slope % using this K, value you can get the specific cake resistance and

then intercept of this line would be qiand then using this qi intercept value you can
0 0



calculate the filter medium resistance that is R,,. That is what the process that we are
going to follow in order to get o and R,,, values as required by the problem.
(Refer Slide Time: 3:30)

Solution:

. t_(K\p L
We know that V_(Z)V+qo

1 _ by

Q@ Abp
* Thus, plot t/V vs. V to get a linear plot; from slope &
and from intercept R, can be found B

P

So, we know that < = (ﬁ) V + —and then K.= %Cand L = #Rm 5 in this equation
%4 2 do A Ap do AAp

everything is known, so, plot % verses V. So, that you get a linear plot and from slope «

can be calculated and from intercept R,,, can be calculated.
(Refer Slide Time: 3:59)

t/Vvs. Vplot




So, let us rearrange the data é versus V and then if you plot the data you will get a kind of
straight line like this. So, this 5 x 1073 versus VV x 1073 is there. So, whatever the slope
that you will get, that slope has to be multiplied by 10 and then whatever the intercept is
there that should be multiplied by 10~ because of this 10 here and 10 here. So, this é

versus V, the plot is like a linear plot where in the form of y = mx + ¢, slope is 2.885
and then intercept is 6.7838.

(Refer Slide Time: 4:46)

* Slope=» K/2 = 2.885x10° DK, = 5.77x10° s/mé

al
* But K, =:2_Ap

_ KeA%p _ 5.77%10°%0.0439°x3.38X10°

>
He 8.937x10"4x2347

=1.7919 x 10"'m/kg
Sl

R
* Intercept® 1/q, = 6783.8= ‘/:Tp &

5
IR, =22 - 7838 x “UDSAT _ 11263 x 10!1m!
Qo K 8.937x10 e —

—

So, from here, slope % is equal to 2.885 and that should be multiplied by 10 then K. is

nothing but 5.77 x 10 s/m% but K, = %. So, in this expression except a everything is

known. So a = %ZAP so, Kc just now we found it as 5.77*10°, A is nothing but 0.0439

and Ap is nothing but 3.38 x 10° Pa divided by u is 8.937 into 10 Pa-s and then c is
given as 23.47.

When you calculate simplify this expression you will get all @ as 1.7919 x 10! m/kg.

Similarly, interceptqi is 6.7838 but that should be multiplied by 102, when you multiply
0

by 10° you will get 6783.8 and then that qi IS nothing but % and then from here you can
0



1+xAA
get R,, as R,, = —2,
qol

substitute all the value simplify. So R,,, value you will get 1.1263

x 101 m inverse, so this is about the first problem.

(Refer Slide Time: 6:26)

Example - 2

* The same slurry as in example problem - 11s to be
filtered in a plate-and-frame filter press having 20
frames and 0.873 m? area per frame. The same
pressure will be used in constant pressure filtration.

* Assuming the same filter-cake properties and filter
cloth, calculate the time to recover 3.37m? of filtrate.

Now, example two, the same slurry as in example problem one is to be filtered in a plate
and frame filter press, this one type of you know filtration equipment we are going to see
in the next lecture, having 20 frames and 0.873 m? /frame. The same pressure will be
used in constant pressure filtration as in example number one. Then assuming the same
filter cake properties and filter cloth, the filter medium properties calculate the time to
recover 3.37 m® of filtrate basically, all the conditions are exactly same as in the previous
problem except the area, filtration area has been changed, filtration area earlier it was
0.0439 m2,

So, now here we are using plate and frame with 20 frames, each frame is having 0.873
meter squared area. So, the overall filter area would be 0.873 x 20, further it mentioned
that everything is same as in the example number one. So, a and R,, etc will also be

same as in example number one, but then what is change? Change is area, if area is

changing according to new area what is the K¢? Slope what is the intercept qithat you
0



have to modify and then from there you further make use of the same equation to get the

time required to get 3.37 m® of filtrate.

(Refer Slide Time: 8:10)

Solution:

* In this problem, everything is same as in example - 1
except the area of filtration

* Since area of filtration has changed the time required to

collect a specific volume of filtrate will change

* Since cake resistance and filter medium resistances are
same as in example - 1, values of K, and 1/q, should be
corrected according to new area because these are
functions of filtration area

That is, in this problem everything is same as in example one except the area filtration is
changing. Since area filtration has changed the time required to collect a specific volume

of filtrate will also change. Since cake resistance and filter medium resistance are the

1 .
same as an example one values of K¢ and q—should be corrected according to new area
0

because these are functions of filtration area, how they are functions of filtration area that

WE See.
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* Filtration area of this problem, A, = 0.873 X 20 = 17.46m?

. g o Konew _ Hog _ 00839 % 10-6
ke Adp Ky« Al Keoa A 1746 = 03218 x10

= Kepew = 6.3218 x 1076 % 5,77 x 10° = 36.4786 s/m"

R

. - - M.l
1/g = 67838=
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46 ——m?

t_ (K 5 Go /04

Now, o= ( 5 )new V+ (Qo),,,w —

36.4786

t= X 3 37% +17.0566 ><3 37 = 264.6227s ~ 4.41min
T ALl L01 02208

Filtration area of this problem is you know a new issue designated as a kind of new is
0.873 per press and then there are 20 such presses so, multiply by 20 you get 17.46 m?,

is inversely proportional to A2 So K. for new

then K¢ we hav

area, if you wanted to calculate and you designate it as K. so, then we have Kenew , old
Cold

stands for now, for the previous problem example one.

So Zenew g1 should be ‘”d , A2,; 1d and previous example what is the area? (0.0439)? of

Cold new

it divided by new area for this problem is 17.462 of it, when you do it, you will get 6.3218
x 10, if you multiply it by K¢ of example one, previous told example K. that is 5.77 x

10°°, then you will get K. as 36.4786 s/m°. So much it has decreased, in the previous

case it was out of 10° now, it is order of 102 only.

Slmllarly — |n the previous case 6783.8 that is nothing but so what we understand

from here q— is inversely proportional to filtration area. So, that means, if you wanted to
0

calculate qlfor as per the new filtration area should be 6783.8 that i Is — of previous
0

Qonew

example problem, this is that is example one value, multiplied by old area, the

90514



previous problem area 0.439 divided by this problem filtration area 17.46 then you will
get 17.0566 s/ m®.

L or = for this case, it also substantially changing, like previous case it

qonew qo

was order of 10° to 10* now, here it is order of 102 only, 10™.

As a kind of

So, accordingly the time would also be very much different to collect required volume.

So, now, we have this equation éz (%) V+ qi . So, now, here % and then — they
0

do

should be used for the kind of new conditions, that this new filtration area and then v is
given to collect certain value of v how much time is required that you can calculate now
from this equation so, t is equals to whatever this new K, value 36.4786/2 and then V
3.37 m® volume if you wanted to collect. So, whatever the left hand side is there we are

taking to the right hand side so, there will be V2 for the first term and then second term it

will be multiplied by V. So, qit for new K, is 17.0566 multiplied by v is 3.37 so, that
0

comes out to be 264.6 second which is closely 4.41 minutes. Now, you can compare both
the cases, in the previous case in the example in order to get 3.37 m® of volume of filtrate
you have to give only less time whereas here it has to be large time 4.41 min. Likewise,
this comparisons one can make.

(Refer Slide Time: 13:03)

Example - 3

* A homogenous sludge forming a uniform incompressible cake
is filtered thr a batch leaf filter at AP = 4;}Rsi forming a %

inch cake irﬁﬂ with a filtrate volume of 1500 gal. 'h@ o
minutes are required to drain liquor from the Tilter, Twes—
minutes are required to fill the filter with water, Washing

proceeds exactly as filtration, using 300 gal of water. Opening,

dumping and closing také 6 minutes) Assume the filltrate to
have the same properties as wash water, and neglect the —

resistance of fi th and flow Jines,
* What is the\total cycle timeJand how many gallons of filtrate
are produced on'average per 24 hours?




So, now example 3, you take a homogeneous sludge forming a uniform incompressible
cake and is filtered through a batch leaf filter at Ap 40 psi and then forming a 3/4 inch
cake in one hour with a filtrate volume of 1500 gallons. So pressure drop is given, filtrate
volume is given, cake thickness is also given 3/4 inches and then filtration time is also
given as one hour, further 3 min are required to drain the liquor from the filter and then 2
min are required to fill the filter with water. This is about washing process, washing is

also include, washing proceeds exactly as in filtration process using 300 gallons of water.

So, opening, dumping and closing of this filtration process takes approximately 6 min.
So, assuming the filtrate to have the same properties as wash water and neglect the
resistance of filter cloth and flow lines and that is R, is negligible. What is the total cycle
time and how many gallons of filtrate are produced on average per 24 h that is the
question, total cycle time, this total cycle time is the total time for the filtration, total time
for the washing and then total time that is there for individually draining the liquor filling
water etc those kind of things.

So, all the time should be added together to get the total cycle time, filtration time is also
given one hour, but washing time is not given. so, we have to find out the washing time.
So, once you find out the washing time add that time to all these filtration time of 1 h and
then draining of liquor 3 min and then filling the filter with water 2 min and then closing,
dumping, opening etc 6 min. If you add together all the time you will get the cycle time.

So, in order to know the cycle time you need to know wash time also that is what you

need to calculate, but washing proceeds exactly same as the filtration that is also given.

So whatever the constant pressure filtration process equations are there §= (%)V +
qithose equations we can use here also, because washing proceeds exactly same as a
0

kind of filtration and then filtration is at constant pressure of 40 psi. further in this
equation, most of the things are given in a kind of FPS units. So what we will be doing,

we will be solving this problem in FPS units.
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Solution: we will be solving this problem in fps units
* Pressure drop, Ap = 40psi = 40X144 = 5760 Ib/f¢*
* Volume of filtrate, V = 1500 gal = 1500/7.481 = 200.508 ft’ (since 1ft

= 7481 US gal)

* Cycle time is summation of time for filtration process and washing
of cake

For filtration process ®  draining = 3min (liquor)

filling = 2min (liquor)
filtering = 60min ( 1 hour)

opening/dump/closing = 6min

So, Ap is 40 psi that has to be in kind of, it will be a mask for ft2. So, that has to be Ib/ft?,
so, inches are there and 40 per inch?, so, 1 inch is, 1 ft is nothing but 12 inches. So, feet
square should be 144, So, 40 has to be multiplied by 144 so, then you will get Ap as 5760
Ib/ft?, this is simple conversion from psi to Ib/ft?, volume of filtrate is given as a 1500
gallons, but 1 ft3 is equal to 7.481 gallons, especially US gallons, actually these

conversions, gallon conversions are different for UK and US.

So, let us take US gallons conversion so, according to US gallon conversion 1 ft® is
nothing but 7.481. So, when you do the conversion you will get V as 200.508 ft3, cycle
time is summation of time for filtration process and washing of cake along with another
time of draining, filling kind of thing and then dumping, closing kind of time whatever

the times are there are those times are included or added together to get the cycle time.

So, filtration process draining is the 3 min and then filling is 2 min. Filtering is done for 1
hr so, 60 min, so, 65 min and then opening, dumping and closing is 6 min so, 71 min is

taking per filtration process, 71 min for the filtration process,
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* Washing is same as filtration as per problem, thus

Wash water fill = 2min¢” (1 46= 7m
Wash water drain = 3min ¢

Wash time = ?

* Total cycle time = 76min + wash time

.

But we should also include the washing time also, in the washing wash water filling is
required so, that is 2 min given, wash water drain and so draining time is 3 minutes
because whatever the filtration is there the same way washing is also taking place so, for
the filtration whatever the draining or filling times are the same time should be taken for
the washing also. So, 71+5=76 min till now on this time. So, and wash time that is not
given so, we have to find out. So total cycle time is going to be 76 mins plus, wash time
if you find the wash time first part of the question would be done.



(Refer Slide Time: 19:05)

¢ We have, Ap =(# +W0

* But as given in problem, R , is negligible

dav
ufmea 3
+ bp =" (%2); now subsitue m, = VC and u = 4

E—

v I ap= f%(vTca) 5= (r)?
s

; 2
* By integrating above eq. P t = (A—z":—p%—)zz— +C,
c

T nac \ v
* Butwhent=0,V=0 <> Cl =) Thcreforc, L= _Azdpgc) r

mea
A

How to do? So, we have this equation Ap is equals to ‘;—u( + Rm) S0, NOW we are using

FPS unit since FPS units are using so, then this wherever the forces are involved the
conversion g_ has to come into the picture like this. So, g, is having 32.17 this ft/s® units.
So, it is similar like in a conversion for acceleration due to the gravity kind of things. So,
but as given in the problem R,,, is negligible, so, you can strike out this part is negligible

it is given in the problem.

So, this equation further now you can write is Ap = ’;—” (%) So, m, you can write V.C

c

and then u, you know it as dV/dt divided by the filter area A. So, now if you substitute
this thing here you get Ap is this one and then you rearrange this equation such a way that

dV/dt is one side and all other times are other side. So, this equation by integrating

nac
A2Apg.

2
above equation what you get t = ( )V? + C;. So, but t = 0, V = 0, because there

is no filtrate collected at t is equal to 0. So, then constant C;=0 so, then what we have this

t= (AZPZ; )V; so if right hand side of this equation if everything is known, then we can

use this equation straightforward to get the wash time. But here « is not known and then
u is also not given, C is also not given, A is also not given. So, what we have to do? We

have to do some mathematical steps in order to avoid requirement of these things.
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=2 (%) =0.1163 x— o = 1:6705 o

~ 12.5 gal/min

So, for the filtrate what it is given in order to get 1500 gallons so, before that one what
we do the same equation we rearrange like V2 one side and then all other times other side
and then right hand side terms Ap t which are known, so, these things we keep as it is and

then rest all other terms A? Ap t terms we retain as it is and rest all other terms we can

2
u

2
write it as — that is V2 =422
CZ Cz

where Ciz is nothing but to 32 which is not known, mu is

not known, Alpha is not known, C is not known. So that we are taking as a some constant

1

o
Now, but for the filtrate 1 h filtrate and 1500 gallons that is given, that is given. So, V for
the filtrate and filtration process is given 1500 gallons when we converted it to the feet
cube it has come as 200.508 ft® so /2, the square of this value is equal to A2, A value we
do not know, C2 we do not know, Ap it is given 40 psi, in Ib force/ft? it is 5760 and then
filtration time t is also given 1 h. So, that we write as 60 min, because cycle time we are

writing in minutes so that is the reason.

2
So, from here f,—z how much you will get? 0.1163 so, unknown whatever the things are

2
there Z‘,—Z that you have calculated from filtration information, in 1h filtration you get 1500

gallon that is given. Now, this value you can make use for wash liquid so, but this



equation dt/dV is equals to the same equation, previous equation when you remove the

R,,, value you rearrange this equation like this so, then you will get dV/dt is equal to this
. - 29, . . 1

equation and this 1S nothing but o

Anp A%
Cox2V' C,

So, when you write dV/dt is equals to you just calculated as 0.1163 and then Ap

is 5760 Ib/ft> and then V is nothing but 200.508, when you substitute all this tings
volumetric flow rate you will get 1.6705 ft3/min. This is again for the filtration; this is
again for the filtration because we have used volume of filtrate collected here. So,
filtration on is there and whatever the volumetric flow rate of filtrate is there that is
1.6705 ft3/min.

If you convert it into the gallons because it is given in gallons, so it comes out to be 12.5
gallons/min. Because in 1 h 1500 gallons, you are getting that then per minute how much
you get? 12.5 gallons/min to get any way, that same thing by calculation. So, this

information we will be using in order to get the washing time.

(Refer Slide Time: 25:04)

* This dV/dt value equals the rate of washing because both
filtration and washing proceeds same with same properties as
given in problem

* Thus, washing time = volume of wash water divided by the
volumetric flow rate of wash liquid
300/, 481 = = ;
i = 240087 ~ 24min
* Total cycle time = 76+24 = 100 min

* Average filtrate per 24 hour = %ﬁ X 24 x 60 =
1

2888.006/" /,,,,. ~ 21605.1721gal/24hr

= time for washing =

So, this dV/ dt value equals the rate of washing because both filtration and washing

proceeds same way with properties as given in problem one. So, this washing time should

be volume of wash water divided by the by the volumetric flow rate of wash liquid. So,



time for washing is 300 gallons of water is used for washing. So, 300/7.481 gallons if you
do that will be ft3 of water required dividing by volumetric flow rate of wash liquid is
nothing but volumetric flow rate of the filtrate because both of them are proceeding same

way.

So, volumetric flow rate of filtrate we already calculated as 1.6705 ft2 /min so that comes
out to be 24.0057 so, that is approximately 24 min, that means total cycle time is nothing
but 76+24=100min, now average filtrate per 24 h is required, the second part question,
so, filtrate volume is 200.508 ft* /min and then cycle time is now 100 min.

So, but we need in per 24 h so, if you multiply by 60 that will be per hour and then
further multiplied by 24 that would be per 24 h. This is the second part of the question so,
that comes out to be 2888.006 ft® /24 h and then if you convert this one into gallons it will
be 21605 gallons/24 h. This is the average filtrate that you get, per 24 h of process time,

filtration time.

(Refer Slide Time: 27:21)

Example - 4

* The following relation between « and Ap for superlight CaCO,
has been determined to be @ = 8.8 X 10'°{1 + 3.36 x
10'4A1;°"E}; where Ap is in pounds force per square foot. This
relation is followed over a pressure range from 0 to 1000
Iby/in.2. Slurry of this material giving 3.0 Ib of cake solid per

cubic foot of filtrate is to be filtered at a constant pressure
drop of 70 Ib,/in.2 and at a temperature of 70°F. Experiments
on this sludge and the filter cloth to be used gave a value of R,
=1.2 X 10" ft!, A pressure filter of tank type is to be used, The
viscosity of the filtrate is 6.6X10* Ib/ft-s

* How many square feet of filter surface are needed to give 1400
gal of filtrate in a 1-hour filtration?

Now, we go to the another example problem, the following relation between a and Ap for
superlight CaCO3 has been determined to be a is equals to 8.8 x 10%° x {1 + 3.36 X

10~*Ap°88}. So, now here cake is compressible cake, because that a as functional Ap is



given, Ap is in lbf / ft? so, in this equation if you wanted to get a value for a given Ap
value, this Ap has to be Ibs / ft?, that unit has to be used.

This relation is followed over a pressure range of 0 to 1000 Ibr /inch? so, but this range is
given in inch squared so, you have to convert in feet square, slurry of this material giving
3 Ib of cake solid per ft* of filtrate is to be filtered at a constant pressure drop of 70 Ibs
/inch? and at a temperature of 70°F. Experiments on this sludge and the filter cloth is to
be used gave a value of R,, is equal to 1.2 x 10% ft1, R,, value is also given, a pressure

filter of tank type is to be used.

The viscosity of the filtrate that you collect is 6.6 x 10 Ib/ft s. Now, the question is how
many square feet of filter surface are needed to give 1400 gallons of filtrate in an hour of

filtration? So, this part of the question is a kind of measuring the filtration area.

(Refer Slide Time: 29:20)

Solution: we will be solving this problem in fps units

* a=88x10"{1+3.36 x 104p"%¢}
* C=31b of cake solid/ft® of filtrate

* Ap =70 Ib/inch? = 70x144 = 10080 Ib,/f¢

*R,=12x10"ft!

Thus, by substituting pressure drop in cake resistance eq., we
get = L710" /1o

V= H00/1481 = 18121

* )= 6.6x104 Ib/ft:s

So, again we will be solving in fps units « is given this expression, C is also given 3 Ibs
of cake deposited on filter medium per ft3 of filtrate that is given directly, Ap is given in
Ib force for inch square so, that you have to convert into the Ibs /ft?> because here in this
expression a Ap has to be Ib force per feet square as per problem statement. So, Ap is
10080 lbs /ft? so, that if you substitute here in this a expression you will get specific cake

resistant at this pressure drop, R,, is given this value.



So, in the equation Ap when you substitute a you will get 1.7 x 10** 11 ft/lb. Volume of
filtrate collected is also given 1400 gallons so, if you divide it by 7.481 it will be

converted into the ft3, so, on 187.2 ft3, viscosity is also given this value.

(Refer Slide Time: 30:32)

’Wehaveg( )V+— v

pat 65><10‘4><3><1.7><10“=> _ 10379
AZApg, Ax10080x32174 A2

where K, =

1 _ pRm _ 66x1074x12x100 _ 2442
Qo Abpg.  Ax10080x32174 A

Thus, t = 3600 = M «187.22 + 1872x2442

A
D A*-1.26984 - 50517 o:&i—n 713ft2}

So, now, we have to use the same equation here because in this equation K¢ go if you
write in terms of « and R,, everything so, everything is known except that A value, the

area, filtration area that we can calculate here. So, before that what you do? You expand

it or you straightforward find out what is K¢ what is qi because everything is known, mu
0

is given, a is given, C is given, Ap is given, g. is 32.174. So, in K. except A? everything

is known, when you substitute you will get K, is equal to 10579

Similarly, qi= A"A’;’Z , here also except A everything is known, substitute all the values
0 c

simplify. So, you will getql is equal to 24.42/A. So, this K. and qi if you substitute in
0 0

this equation, then you will get the required area for this filtration which provides 1400
gallons/h. So, it is given per an hour.

So, t is given that is 60 min so, 3600s is equal to that whatever the V is there in this
equation that also we are taking to the right hand side. So, K, is nothing but 1037.9/A?
and then 2 is as it is, and then V take to the right hand side so, V2 so, V is also given 1400



gallons is nothing but 187.2 ft3, so (187.2)° +qi is nothing but 24.42/A and then this

should be multiplied by V that is 187.2. When you simplify this equation further you get
this quadratic equation when you solve this equation, you get 2 roots and reliable root is
71.713 ft2. This is the filtration area required.

(Refer Slide Time: 32:47)

Example - 5

* A continuous pressure filter is to yield 1400gal/h of
filtrate from the slurry described in previous
example - 4. The pressure drop is limited to a
maximum of 501b;/inch.?

* How much filter area must be used, provided if the
cycle time is 3min and the drum submergence is
50%?

Now, we take another example problem but followed up of the example number four. So,
a continuous pressure filter is to yield 1400 gallons/h of filtrate from the slurry described
in previous example four. So, the properties a, R,,, viscosity everything has to be taken
same as a previous example number four, the pressure drop is limited to a maximum limit
of 50 Ibf / inch?, in the previous problem, the pressure dropped 70 Ibs /inch? but here in

this problem it is restricted up to 50 Ibs /inch?.

How much filter area must be used provided if the cycle time is 3 min and drum
submergence is 50 %? The previous one that we have done for kind of a batch process,
constant pressure but batch process, this problem is the same slurry, same properties of
cake resistance, Rm etcetera viscosity of filtrate etc. But this problem is constant pressure
but continuous filtration not the batch filtration so, here we have to use the equations

corresponding to the continuous filtration.



(Refer Slide Time: 34:08)

Solution: we will be solving this problem in fps units

*a=8.8x10"{1+3.36x 10~*4p"%}

* Ap = 50 Ib;/inch? =
'R, =12 X 100 f!

Thus, by substituting pressure drop is cake resistance

eq., we get & = 1.49x10" ft/1b

So, a is given this expression in the previous problem so, same the how to use C is also
this value we given in the previous problem, Ap now, in this problem is 70 Ibs /inch?
whereas, in the previous problem it was 70 Ibr /inch? now, it is in this problem it is 50 Ibs
/inch? when you convert into Ib force per feet square, because here in a definition Ap has
to be b /inch?.

So, when you convert into, convert inches into ft, then do the simplification you get 7200
Ibs /ft? as a kind of pressure drop. R,, is given 1.2 x 10 ft1. So, in this equation here
now, this 7200 if you substitute here you will get a as 1.49 x 10 ft/lb. So, this is the
change compared to the previous problem because the pressure has changed, pressure has

decreased from 70 Ibs /inch? to 50 Ibr /inch? so, a has also slightly decreased.
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* V=1400/7.481=187.2 f¢’
2D V/t =187.2/3600 = 0.052 f6*/s

and i, = € = 30,0520 = 0.156 1b/s

o 1= 6.6X10° Ib/fis
* f=50%=05
* Cycle time = 3min % n = 1/(3%60) = 0.00556 rev/s

* We have, x = _’_“;,,___J-) A, =26.7f¢
tq "

V is given as a kind of 1400 gallons and then this gallons if you convert into the ft* it

comes out to be 187.2 ft* same as the previous problem. But, per hour it is given 1400

gallons/hr so, that is volumetric flow rate % is given as 187.2, tis 1 hour so, that is 3600s
so we have 0.052 ft%/s and % is nothing but %x C that we know. So, C is given as 3 in

the previous problem, % here in this problem is 0.052.

So, %you will get 0.156 Ib/s, viscosity is given and then as | mentioned in the continuous

process of filtration, continuous filtration process, the area filtration is not the entire area
of the filter medium but the only the fraction of area that is submerged in the slurry that

area should only be taken as a kind of filtration area.

So, here 50% of the filter medium is submerged in the slurry so, f is 0.5 so, and then
cycle time is given us 3 minutes so, n should be coming out as % X 60 so, that is 0.00556

rps, then we have this equation for continuous constant pressure, but continuous filtration
process we have this equation, in this equation now, At is known because the fraction of
area that is, At is to be calculate, how much is the filtration area, this R, is known, n we
just calculated here this one, Ap is given, a is known, C is known, f is known 0.5, n is

known, u is known, everything is known in this equation, R,, and everything is known.



So, when you substitute all these things including this mc is also known, so, only thing
unknown is At so, that At you will get it as when you substitute all the values and

simplify you will get that value as 26.7 ft.
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Principles of centrifugal filtration

Now, we go to the case of centrifugal filtration, what happens in general centrifugation, a
separation by centrifugal forces there is a kind of bowl and then this bowl is rotated with
a kind of high speed or with a kind of certain speed in general, when this rotation takes
place a kind of centrifugation forces will also develop, let us say initially slurry level is
something like this before rotating this bowl so, when you start rotating the bowl what
happens, the interface with slightly move like this, depending on the speed, if you rotate

at very high speeds, so, then the interface may be like this.

So, all the material is here only so, if you rotate at very high speed, so, then there may be
kind of cases like this, the most of the material or something like this here so, now, these
cases, when centrifugation takes place whatever the heavier material is there that is now
here in this case slurry in the slurry particles are the kind of heavier materials, particles
would be gradually deposited on this surface of the bowl, like this either side, the
particles would be forming a kind of cake along on this the surface, on bowl surface like

this, around the bowl surface and there will be a kind of a clear liquid next to it like this.



So, here we have a kind of cake, you have a kind of liquid. So, now, this is, let us say
rotating it w speed something like that so, now, we have a kind of, we take a kind of case
where, such kind of clear separation of cake and then liquid is possible as a kind of ideal
case like this and do the analysis. So, what is the pressure drop under this condition? That
pressure drop is related to the w and then density of the bowl etcetera, omega and density
of the liquid whatever the filtrate liquid is there that density etc that depends on that one
also it depends on the inner radius of the bowl, this is r> and then the clear interface of the
liquid whatever is there that is kind of ry, the interface between the cake and the clear

liquid is known as the 7;.

So, that means if you know the bowl radius and then if you know the thickness of the

cake, you can know what is r;, r,- thickness of the cake if you do you will get r;. So, Ap

. 2(rZ—r? - . . .
in general w, this is any way we are going to derive in subsequent lectures for

the time being we will be taking like this, this is what happens in centrifugal filtration.

So, whatever the rotational speed is there that can be related to the Ap so, under such
conditions what is gq? This is a kind of continuous process, continuously cake is being
taken out, continuously liquid is taken out, so, what is the volumetric flow rate in meter
cube per second that you can principles that you can develop here or you can develop the

equation those we can use for calculation for a given system.
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Principles of centrifugal filtration

P Basic constant pressure filtration theory can be modified to apply to
centrifugal filtration

» This theory applies after the cake has been deposited and during
flow of clean filtrate or fresh liquid through the cake

P Assumption
P Effects of gravity and of changes in kinetic energy of liquid are neglected

» Pressure drop from centrifugal action equals the drag of the liquid flowing
through the cake

P Cake is completely filled with liquid
» Flow of liquid is laminar
» Resistance of the filter medium is constant

P Cake is nearly incompressible, i.c., average specific cake resistance can be
used as constant

So, basic constant pressure filtration theory whatever is there that can be modified to
apply centrifugal filtration here as well. So, this theory applies after the cake has been
deposited and during the flow of clean filtrate or fresh liquid through the cake, it is a kind
of continuous process, when there is a whatever the equation that we are going to develop
so, it is valid for the case where already there is a certain amount of cake is already

deposited and then the clear filtrate or fresh liquid is passing through the cake.

So, there are several assumptions here because, so, many things are happening in
centrifugal filtrations so, what are those assumptions? Effects of gravity and of changes
in kinetic energy of liquid are neglected, compared to the centrifugal forces these
quantities gravitational force and then kinetic energy are very small, that is what it mean
by and then pressure drop from centrifugal action equals the drag of the liquid flowing
through the cake, same as the kind of packed bed case, cake is completely filled with

liquid.

So, interstitial space between the particles within the cake are not free, they are already
occupied by, always occupied by liquid and then flow of liquid is laminar and then

resistance of the filter medium is constant it is not changing, cake is nearly



incompressible, that is average specific cake resistance should be used as a kind of

constant value, these are the some assumptions.
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Centrifugal filter

Coke Liquid

» Nomenclature

r, = radius of inner surface of liquid
r; = radius of inner face of cake

r, = inside radius of basket

b = height of the basket

= angular velocity, rad/s

q = volumetric flow rate of liquid
0 = density of liquid

Then centrifugal filters. So, let us say this is the axis of the bowl, the only one side we are
drawing it the same side, the same is other side also under the idealized conditions when
the cake is the solid particles are depositing along the bowl surface, inner surface of the
bowl as a kind of cake, they are deposited all the particles are deposited along the inner
surface of the bowl and then they are forming kind of cake and then there is a clear liquid

adjacent to it.

So, this interfaces are not state once like drawn here in general we may be having a kind
of interfaces something like this, however we take for this is for the cake and this let us
say for the liquid so, we take this is a kind of almost a kind of state something like this,
for simplification we take this interface of liquid as well as the cake that has formed is
having a kind of a uniform thickness along the vertical dimension of the bowl, that is
along the b at the bottom, whatever the thickness is there, the same thickness is there at

the top which is in general not true.

So, for further nomenclature we can take here. So r1 is the radius of inner surface of the

liquid and then r; is the radius of inner surface of the cake and then r, is the inner or the



inside radius of basket and then b is nothing but the height of the basket and then w is the
angular velocity in radiance per second at which the bowl is rotating. And then q is the
volumetric flow rate of liquid that is being continuously taken out, rho is the density of
the liquid.
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Centrifugal filter

Coke Liquid

» Nomenclature

r, = radius of inner surface of liquid
r; = radius of inner face of cake

r, = inside radius of basket

b = height of the basket

= angular velocity, rad/s

q = volumetric flow rate of liquid

0 = density of liquid

P For a thin cake in large diameter centrifuge, the area A for flow does
not change much with radius (nearly true)

» Thus, the linear velocity of liquid can be written as:

So, now whatever the constant pressure filtration equations are there they can be same
can be used here with a kind of a few modifications, what are those few modification?

We are going to see now, for a think cake in large diameter centrifuge the area A for flow



does not change much with radius, nearly true because if the bowl that if you take here if
this area the cake is very thinner, the cake is very thinner than this area is going to be

very large, A is going to be very large.

So, because of that one this area for flow does not change much with radius of the cake

that has been formed because the cake is a kind of thin cake now, thus, the linear velocity
of liquid can be written as u is equals to dV/dt by A so, dV/dt we can write it as q/A

and now, we have this equation number 6 developed in the previous lecture, Ap is equal

to Ap, + Ap,y, = ””Z‘C“ + R,,, now, in this equation substitute u is equals to q/A then you

have this equation.

So, but under the centrifugal force, what is the pressure drop here? The pressure drop is

d pwz(rzz_rlz)

as | mentione , this we are going to derive when we discuss the centrifugal

separation process in later part of the course, for the time being let us take this equation

as itis.
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TR ]
* Combining above two eqns.: q = ge ,(,:,Zt g ) = (33)

2"(7* A )

* When change in A with radius is too large to be neglected then:
q= pot(rf-ri’)

here A, is the area of filter medium (inside area of centrifuge basket)

= (34)

arithmetic mean of cake area ¥ A, = mh(r; +1;) = (35)

logarithmic mean of cake area A_L = ZL:’((L;-;TYQ = (36)
n
U

So, now this Ap in equation 31 and this Ap in equation 32 if we equate. Then you get an

pw?(rf-rf)

expression for q that is g = (:;fx %) Now, when change in A with radius is too large




to be neglected, then this A? is written 4, and then A, to match better with experimental
observations in general, where A is the area of the filter medium inside area of the
centrifugal basket that is whatever the 2mbr, is there that is A2 here, because, this you
know filter medium resistance this Az is nothing but area filter medium that is inside area

centrifugal, centrifuge basket that is 2rthr,

And then A4, is nothing but arithmetic mean of cake area that is b (r; + r, )because cake
is between r; and r2 only, only that part is the cake. So, wb(r; + r, ) would be giving the

arithmetic mean of cake area, it is arithmetic means similarly logarithmic mean of cake

—_— 2 b —.
area can be taken as 4, = %
(T2

Ti
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* Eqn. (34) applies to a cake of definite mass and is
not an integrated eqn. over an entire filtration
starting with an empty centrifugal

* o in eqns. (33) and (34) is somewhat greater than
that found in a pressure or vacuum filter under
comparable conditions

* For compressible cakes, « increases with applied
centrifugal force

So, this equation 34 whatever develop in terms of 4;, A, and A, applies to a cake of
definite mass and is not an integrated equation over the entire filtration starting with an
empty centrifugal, it is not like as | mentioned at the beginning of the principles of
centrifugal filtration process what we have taken these equations are valid for the case
were already cake has been deposited on the bowl surface and then liquid is continuously

flowing through and then being separated as a kind of fresh liquid as of clear filtrate.



So, this is for the such conditions it is valid, but it is not a kind of overall integrated
equations kind of thing as we have seen in the pressure filtration processes, « in this
equations is somewhat greater than that we found in a pressure or vacuum filter under
comparable conditions, for compressible cakes « increases with applied centrifugal force.
However, in this theory whatever the equation that we developed there we applied, we
assume that a is independent of Ap and then a average Ap should be taken as a kind of

constant value for that a, though, it increases with increase in the centrifugal forces.
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Example - 6

* A batch centrifugal filter having @ bowl diameter of 750mm and « height of 450mm
s used to filter « suspension having following properties:

Liquid, water
lemp, 25°C
Concentration of solid in feed, 60g/1t
Porosity of cake, 0.435

* Density of dry solid in cake, 2000kg/m’
Linul thickness of cake, 150mm

* Speed of centrifuge, 2000epm

* Cake resistance, 9.5%10 ft/Ib

* Filter medium resistance, 2.6X101 f!

So, now we take an example problem based on the centrifugal filtration process, here
batch centrifugal filter having a bowl diameter of 750 mm that is r, by, that is to 750 mm
and height b is 450 mm is used to filter a suspension having following properties. So, it is
a liquid water at temperature 25°C has been used, concentration of solid in feed is 60 g/L,
porosity of cake is 0.435, density of dry solid in cake is 200 kg/m?, final thickness of cake
is 150 mm, speed of centrifuge is 2000 rpm, cake resistance « is 9.5 to 10 ft/Ib and then

filter medium resistance R,,, is 2.6 x 10° ftL,
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* Final cake is washed with water under such
conditions that the radius of inner surface of the
liquid is 200mm,

* Assuming that the rate of flow of wash water equals
the final rate of flow of filtrate, calculate the rate of
waghing in m’/h?

Then final cake is washed to get water under such condition that the radius of inner
surface of the liquid is 200 mm. So, that is r; is 200 mm that is also given, then assuming
that the rate of flow of wash water equals the final rate of flow of filtrate, calculate the
rate of washing in meter cube per hour. So, that means straight forward that filtration and
then washing occurring in the same way, exactly the same way so, whatever the filtrate
volumetric flow rate g that you find out the same thing would be the wash liquid
volumetric flow rate in meter cube per time so, it is required in per hour so, you get the

meter per second that you have to convert into the m® /h.
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* For water at 25°C, ¢ = 998kg/m® and p. = 910 Pa.s

* o =2aN =27X2000/60 = 209.4 rad/s

* o= 9.5%10 ft/Ib = 9,510 X2.2045/3.2808= 6.38x10"* m/kg
* R, = 2,610 ft! = 8,53x10" m!

* b =450mm = 0.45m

* 1, =750/2 = 375mm = 0.375m

* 1, = 200mm = 0.2m

* Cake thickness = 150mm = (.15m

* 1, =, - cake thickness = 0.375-0.15=0.225m

So, for water at 25°C p and p we can find these values from any standard textbooks,
omega is required but n is given so, 2000 rpm is given so, 2—’; if you do that will get

omega in radiance per second. a. is given in ft/Ib so, that you have to convert in mass/kg.

Similarly, R,, is given in foot inverse, if you have to convert in meter inverse units, b is
given 450 mm that is 0.45 m, r2 is given 750/ 2 that is 375 mm or 0.375 m, r; that is,
inner surface of the liquid radius is 200 mm that is given so, that is 0.2 m is r;, cake
thickness is given as 150 mm so, that is 0.15 mm. So, ri you can calculate by subtracting
this cake thickness from r, so, r; is equals to ro-cake thickness, this 0.375 — 0.15 =
0.225m.
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o v
* m =mb(r)} - f,z)p/p(l - ¢) = 143.8kg
* A = wh(r; +1;) = 0.848m?

_ 2mb(ry-ry)

A, = = 0.830m?

()
* Ay = 2mbr; = 1.060m?
(il gty
222
v =20 g 67 %1075, = 06017,

“ame Ry

A A A)'— ———

So, now everything is known here except the mc, mc is nothing but let us say the volume
of the cake that you have to find out then you multiply by the density of the particles,
then you could get it. So, cake is like between r, and then r;, r, and r; that distance only
cake is there. So, within that only solid particles are there so, h(rZ — riz)pp(l —¢), if
you do, you will get volume of the particles within the cake, within the cake, because, the

entire cake is not full of particles and there are interstitial spaces filled with the liquid.

So, that interstitial space is 1 — ¢ is the fraction of the particles. So, mh(r# — r?)(1 — €)
if you do, you will get the volume of particles within the cake and then if you multiply
that one by the density of the particles you will get the mass of the particles within the
cake that you get 143.8 kg because here everything is known, everything is known in this
equation.

So, you substitute all these numbers you will get 143.8 kg, then A, is nothing but

nb(r; + ry)arithmetic mean of cake area so, that you can calculate here similarly,
2ith(ry—7;)

ln<%)
0.83 m? and then A is the filter medium, that bow! area that is 2br, so, that comes out
to be 1.06 m2,

logarithmic mean of cake area also you can calculate by this so, you will get



So, everything is known now, in this equation of g, in this equation of q everything is
known, rho is given, water we got the properties, w we got, r,, r; is known, p is known,
a is known, R,, is known, m¢ we calculated, 4, A, A already calculated, you substitute
all these numbers here. So, then you will get g as 1.67 x 10° m3 /s, that if you wanted to
make it a kind of hours.

So, what you have to do, you have to multiply it by 3600 when you do it, you will get
0.601 m2 /h, this is how we can solve the problems related to the cake filtration. So, what
we have done in this class we have solved several problems based on the cake filtration
by pressure filtration and then we also discussed the principles of centrifugal filtration

and under such conditions, we have also taken an example problem.
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The reference for this lecture is primarily, the entire lecture has been prepared from this
first reference book Unit Operations of Chemical Engineering be McCabe Smith and
Harriot. However, there are other reference books that we have in this course in which
you can find some information about the Principles of cake filtration processes. Thank

you



