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Welcome to the third lecture of week 1 which is on design of thickener. This if you remember
this section here we are considering one session where lecture 2 and 3 are clubbed in lecture 2
we have discussed the, we have defined the sedimentation, we have seen its application, and we
have derived equation to calculate the cross sectional area of the thickener. Now in this particular

section we will start the calculation of height of the thickener.
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Design of Thickener - Height

To determine height or depth of the sedimentor, initially, depth of
the compression zone within the retention time (t; - t.) should be
found. Here t; is time required to attain the desired concentration in
underflow i.e, when C, =Cp, t=t;

t. is the critical time when all solid enters to compression zone,
Therefore, the volume of solids in the compression zone at t = t,

and after will be equal to the total volume of solids fed. Thus, the
volume of compression zone V, within retention time is

V. = volume of solids + volume of liquid




So to determine height or depth of the sedimentor initially depth of the compression zone within
the retention time tp-tc should be found. Now here if you consider this tp as well as tc what is tp
is the, if you remember D we have denoted for the underflow, so time at which the concentration
of underflow that is Cp is obtained that time is called as tp. Now what is tc is the critical
sedimentation time which we have defined as where layer two layers will be, only two layer will
appear that is clear liquid as well as the compression zone, clear liquid zone as well as

compression zone.

So tp is the time required to attain the desired concentration in the underflow when C =Cp at
t=tp, tc is the critical time when all solid enters to the compression zone. Therefore, the volume
of the solid in the compression zone at time t=tc and after will be equal to the total volume of the
solids fed. Thus, the volume of the compression zone within the retention time is volume of the
compression zone is volume of the solid plus volume of the liquid available in the compression

Zone.
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Design of Thickener ~ Height

V. = volume of solids + volume of liquid

0 wlEl g It can be solved graphically
p(l” —‘=)+QI ¢ dt or numerically if t, is known
LML
o T The value of t, can be
j P HO T d determined using Roberts
‘ method i.e. the rate of settling
Q _+____ i "' AR in compression zone is
S essentially linear w.r.t. time as
2 :
—— = -k(H-H.)
dt

So how we can correlate this is Q volume of the solid is Q/p(tp-tc) what is tp-tc is that we have

seen the total time from critical to final concentration achieved and Q is the total fed, because all



solids are entered into the compression zone therefore, we have considered total Q/p. So that is
nothing but the volume of the solid and that is multiplied with time because Q is containing the

time factor also plus Q integration tc to tp[1/C_-1/p]dt.

Now what is this particular section Q is the total volume total mass flow rate of the feet 1/ C —
1/ p now if we multiply this by C, so this would become 1 and — C./ p now this C_ / p is
basically the concentration of solid divided by the density of solid so that’s I nothing but the
fraction of solid available in the compression zone.

So 1- that fraction of solid is available is equal to the fraction of liquid available in the
compression zone so that we have multiplied with Q and dt after resolving this we can find this
particular equation resolving thiswe can get Q to/ ty 1/ p + 1/ CL — 1/ p d; 1/ p will be cancelled
out so final equation would be Q integration form tc to td 1/ CL td, now this particular equation it
can be solved graphically or numerically if tc is known so as | already know the td value I can

calculate td value because | know the final concentration but | do not know the tc value.

So how tc will be calculated it will be calculated by the method proposed by Robert so this
method shows the rate of settling in the compression zone is essentially linear with respect to
time so the expression should be dH/ dt = - k(H-H)., H.,, y we have considered because that is the

final height of the compression zone and H is the variable height of the compression zone.
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aH " ¢
I HH, In(H-11, )] "o ‘k’]u Time corresponding to
N_— ¥ = (1+y')i2 gives to
stz Critical sedimentation

2 =
- O

ln I’ II,,, =—k{ yg.z}_{ Y ﬁmetc
H,-H, o oal ;
3 e s.1 "
H and H,, = height of T 02— astsons d et _|
compression zone at time t = ’ 10 2, 15 1pied
and at infinite time. Em e B NI (o
k = constant for a particular S oof—— N —
system ost———— —
0 Fol 0 (%] 8

So here we have this expression after integration integrating this so H-H., / Ho — H, log of this
would be equal to — k t where H and Hy is the height of compression zone at time t and at o
infinite time that is the final height of the concern compression zone so once we draw this H-

H.. / Ho— H., verse tis semi log graph paper from the slope we can find the k value.

So this type of curve will apparel and here where you see at y axis would be semi log and x axis
will be the normal graph so how we calculate the value of tc is the time corresponding to y which
is equal to 1+ y’ / 2 gives the critical sedimentation time now what is y’ y’ is as this particular
section is almost liner as time passes it is almost linear so that is the compression own line when
we extend this it will cut over here that would be nothing but the y’ so 1+ y * /2 some where it
will lie over here and when we see the corresponding value of time the value we can see as t; so

this is the Robert Smith method to calculate the critical sedimentation time now if value of.
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Design of Thickener - Height -

If the value of H_, is not known from the experiment, it is calculated by trial
and error.

Assume H_ and plot In (H-H,}f(H,-H_} us t

If bottom partion of curve is not linear then assume another value of H_.
Repeat the pracedure till compression curve satisfies the equation,

Once, H_ is known, height of compression zone is computed asH, =V, /A,

Corrected value of W' = H_x 1.75
Total height of thickener = H'_ + allowances (clear liquid zone + feed zone +
transition zone + pitch of the bottam + storage
capacity to cover interruption or irregularities
in discharge)
= H'a +(0.3-1.5) + 0.6 + 0.6 + {0.3-0.6) + (0.3-0.6)

o AL, Dyies
@ bt CEICLEH Do

Now | value of h,, is not known from experiment it can be calculated by trial in error usually h,
we find through bad sedimentation test but if it is not available we have to go for trail in error
what we have to do in this case we have to assume h,, and plot log H* H../H  H., verses time if
bottom portion of the curve is linear then assume the value of H, is correct otherwise we have to
take the new value of H., and fine draw the this semi log graph and observe the tail of this that

should be linear.

If it is when it will come to the linear we have to consider that H. value as correct value so once
H. is known the height of compression zone is calculated as H. which is equal to V /A, that is
the volumetric volume on the compressions divided by cross sectional area so corrected height of
the tank is H¢’ that is which is equal to He x 1.75 1.75 is the correction factor here we have to
calculate the total height of the thickener that is Hc” + a lines, a lines for what the clear liquid

zone + feed zone.

Plus transition zone plus pitch of the bottom plus a storage capacity to cover interruption or
irregularity in discharge so considering all these factors we have to calculate the height of the

column height of the sedimentary and these co values are shown over here which a some of the



values are in range and other values are a specific value so adding all these to H.” we can

calculate total height of the sedimentary now here we have illustrated design.
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Design of Thickener - Example-1

A slurry consists of 2% by weight of solids (s gravity = 2.5) is to be clarified
by continuous sedimentation. Feed to the clarifier is 5000m* per day. The
underflow contains 10% solids. Design the thickener.

Batch sedimentation test data is

' Time (min) 0[5 12 24 40 70 250w
Height of interface (cm) 40 (25 15 8 5 3 18

e
~

Solution % 10 Feed 2

e e ) )
2500 1000 Y 2500 1000

weight :
solid - 20.2429kg I m’

A |1
n ~106.383 kg / m’

Of the thickener through an example here a slurry consists of 2% by weight of solid which is
having a specific gravity 2.5 is to be clarified by continuous sedimentation feed to the clarify is
5000m® per day the under flow contains 10% solid for this system we have to design the
thickener now for this system the bad sedimentation test data is available in this stable you can
see here we have time as well as height of interface see this data is available to us. Now as far as
solution is concerned this is the final; equation we have to find now what is the purpose of this
equation we have to calculate A, that is the cross sectional area of the tank through which we can
calculate the diameter so here we have to calculate XCL and CD, as final concentration is 10%

like underflow has 10% solid.

So final concentration we can calculate as if 10% solid is available obviously 90% water will be
available so 10/10/2500 + 90/1000 so considering this we can calculate CD as 106.38, feet
contains 2% by weight of solid so from here we can calculate CF that is 2% if solid is available

98% would be liquid so considering this expression 20.2429 would be the concentration of feet.
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Design of Thickener - Example-1

@ At t=50 min, tangent to the
“ curve has slope of 0.00092 and
2 it cuts the y-axis at H=8 cm.

: Therefore, at t=50min,

» x=0,00092 m/min and

1 H,=8cm

10

; ~— (?L=‘—;%=101.215kg!m"

Now using batch sedimentation data we can draw this graph here y-axis is basically H and X-
axis the time value now for example at some point we have to draw the tangent so to for that
purpose if | am considering value 50 at t = 50 million tangent to the curve has the slope this
tangent has that slope 0.00092 and it cuts the y-axis at H = 8 cm therefore the parameter should
be at t = 50 x that is the sedimentation rate which is equal to 0.00092 m/min and HI in that case
would be 8, so you can see the expression to how to calculate CL is H; C_ = Ca Ho this was the

expression. So for this particular case we can calculate C_a as 101.215 kg/m®.
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Design of Thickener - Example-1
timin) | x=dzfdt (m/min)| H(m) | C (kg/m)
5 0.030769 40 20.24291
& 7 0.014091 31 26.11989
:: 10 0.008333 25 32.38866
- 15 0.005263 20 40.48583
i 20 0.003 15 53.98111
: 35 0.001571 11 73.6106
u 50 0.00092 8 101.2146
: e
[} 5 150 155 g 50

Now we have to extract the data for different sedimentation rate as well as C, so that we can
draw the plot of LCL/AR so to draw this we have consider different time over here, let us say at
50 velocity is 0.00092 and here you can see this velocity we can have we have represented X
which is equal to dz/dt basically it should be dh/dt, so that is the correction over here so at t = 50
velocity is 0.00092 Hi is 8 and C, is this. This will value we have already seen, similarly at t =35
the value we have obtained.

And similarly t=20,15,10,7 and 5 so we can find the values of the values are different point so

once w have this value x as well as C, value.
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Design of Thickener - Example-1

LC/A,
x=dH/dt (m/min)| C, (kg/m?)| LC/A (kg/m’min) *
0.030769 20.24291 0.769231 16 '
14 4
0.014091 26.11989 0.487828 12 |
0008333 | 3238866 | 0388048 | '
0.005263 40.48583 0.343997 [“]': '
02 l X
[} : :
0.001571 73.6106 0.375491 0000 001 DS 002 0028 003 D03
0.00092 101.2146 1.915709

We can calculate LC./A so here in this slide we have the value of x as well as C, and we can
calculate LC /A LC_/A; so here e have the graph and if you remember the value of LC, /A sould
be equal to x/1/C_-1/Cp Cp is fixed and C_ and x are varying so based on that e can calculate
LCL/A; so drawing this we can find the minimum possible value and that minimum possible
value we can find as at x=0.003 which is 0.328767.
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Design of Thickener — Example-1

Lc, 0 O(Feed rateof slurry)
4 _5000x202429

: - —————— =70.2878kg / min
24x60
- 07.(3)‘228877687 =4 8.
Safety factors:
(SF),=1.1, (SF),=1.3(4.5m < computed tank diameter < 35m)
Therefore, A,.,,, = 213.792x1.1x1.3 = 305.7 m?

So once we have this minimum value we can calculate area corresponding to this but before tht
we have to find the Q value and Q is the feed rate to the slurry, the slurry was feed as 5000
m*/day so that is 5000x20.2429 that is Cr value so divide by 24x60 so total feed rate we have
found as 70.2878kg/min so cross sectional area we can calculate as 213 diameter of this is
16.5m. Now adding the safety factor (SF); 1.1 and (SF), 1.3 w have taken because diameter is
lying between 4.5 to 35 m therefore actual area should be 303.7 and corresponding to this we
can, we have to calculate actual diameter of the tank.
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ForHy=40 cmand H, = 1.7 cm t {min)
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So to design of height of the tank we have to take the value of Hy as well as H., and that you can
see from the batch sedimentation test for Hy we have 40 cm value and H., in this example is 1.7
cm so following this we can calculate value of H-H../Ho-H,, at different time. So once we
calculate this value we can draw the semi log graph where y axis is log and x axis is normal axis
so once we have this graph we have to extend this line to calculate dc value that is critical

sedimentation time so we have extended this up to here.

So that is the value of y so how we calculate the y=1+y /2 and that will be 0.45 0.5415 so this
value will lie somewhere here and corresponding value of t we can see from this that should be
the T value and this T¢ value is coming as 7 min. So critical sedimentation time is the 7 minute.
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Att =50 min, C, = 101,2146 which is close to C, Therefore, t, = 50 min
Once the value of t, and t_ are known, Y, can be evaluated as

v,:ngd, R s [

% H ~H +@didy © CH
If Q=AC, 5

dl

rl

N

A Ty W
V.= 0 2 [ Hodo+H 4 -yt |
t=t =7 min, H =22 cm z
t=t,=50min, H,=3.7 cm It
Area under the curve between 0 [[\|
t=7minandt=50min —— T2

So at T = 50 minute C is 101.2146 that you can see from the table where times well as C_
values are available corresponding to T50 we have value 101.2146 that would close to the Cp

value which is 106.

It defers but it is close to that therefore we can consider Tp as 50min once the value of Tp and T¢
are known V¢ can be evaluated as this the expression further C_ we can write as C, Ho / H, after
putting this values H, value we can put over here which is nothing but the H, + D/ D X T so V¢

we can find buy this expression after replacing g with a Ca we have this A/Ho / 2 H_ Dt H, we

have available over here into D+ + Hec Tc— Hp Tp.

So here you see this expression we can write in this way so this is the final expression for
volume of the compression zone. Now this Dy / Dt that we have replace with Hc Tc — Hp Tp
because whole we have to integrate with the T¢ to Tp, so this final expression we can find to
calculate this we have to see the value of this and for this we have to draw h and t graph which is

found through bad sedimentation test.



So here we have two value Tp and T¢ if time T = T¢ that is the critical sedimentation time equal
to 7 min we have calculated in the previous slide Hc should be equal to 22 cm and similarly T =
Tp =- 50 min Tp should be 3.7 cm, so area under this curve we have to calculate and this area

would be equal to value of this.
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Design of Thickener - Example-1

[ 1 dt = 365.75 (cm) (min)

i

A = 5000/(24x60) = 3.47 m?/min
V,=55.7m?

Height of compression zone: Height comp = V_/A, = 55.7/305.7 = 0.182 m

Total height of tank: Height = 1,75 (Height comp) + allowances

For clear liguid zone = 0.5 m
For feed zone = 0.6 m

For transition zone = 0.6 m

For pitch of the bottom = 0.3 m

For irregularities in discharge = 0.3 m "
Therefore,  Height = 1.75x0.182+2.3 Height = 2,62 m

So value of this area is 365.75 cm min and A we can calculate ad that is the volumetric flow of
feed that we can calculate 5000/ 24 x 60, so this 3.47m3 per min from the previous expression
we can calculate value of V. so height of the compression zone that is VC / Al that we have
calculate as 0.182m. The height of the tank now is 1.75 height of compression zone +

allowances. So here we have different factors for different zone.

So considering all these factors we can calculate total height of the column as 2.62m, so you can
see here in this way we can solve the problem and we can design sediment to calculate the

diameter and the height of the tank.
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Summary of the Lecture '

v Sedimentation along with its applications is discussed.

v' Batch and continuous sedimentation is described,

v Procedure of design of sedimentor i.e. thickener is
discussed and illustrated with an examples.

So here we have the summary of the lecture and this summary includes the summary of lecture 2
and 3 of week 1 which includes the topic sedimentation as well as design of thickener. So the
summary of lecture 2 and 3 is sedimentation along with it is application is discussed. Batch and
continuous sedimentation is described. Procedure of design of sedimentation that is thickener is
discussed and illustrated with an example. So this is the summary and here we reference the

books.
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. Narayanan CM. and Bhartacharya 8.C.{1992). Mechanical Operation ter Chernical
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Swain &K, Patra K. and Rey G.K. (2011). Mechanical Operations. Tata MeGriw Hill
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Which I have referred for this lecture 2 and 3 and that is all for now. Thank you.
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