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Lecture - 14

Fluid - particle mechanics (Contd.)

Hello everyone welcome back to the another class of Fundamentals of Particle and Fluid
Solid Processing. We will continue our discussion on this Fluid particle mechanics and
particularly motion of particles in fluid, we have seen the problems related to terminal

velocity.

(Refer Slide Time: 00:45)

Problem statement

A sphere (pp = 2500%) falls freely under gravity in a fluid (py= 700 kg/m?

and =05 X 10~2Pas). If the terminal velocity of the sphere is 0.15m/s,

then calculate its diameter.

What would be the edge length of a cube of the same material falling in the

same fluid at the same terminal velocity?

And now we will move on to another two interesting problems that will help you to

understand that this C, versus R curve that we mentioned and the two parameters C Dﬂ%i and

the C,/R .

So, here there is a problem it says that a sphere of known density falls freely under gravity in
a fluid of known density and viscosity if the terminal velocity of the sphere is 0.1 meter per
second, then calculate its diameter apparently very simple problem. And the second part it is
asked that what would be the edge length of a cube of same material falling in the same fluid

at a same terminal velocity ok. So, at first understand the problem.



A sphere of known density is falling in an known fluid; known fluid means the fluid density
and viscosity is known, the terminal velocity of this particle is known ok. So, the question is
what is the diameter of this particle? So, which means if we think of the again a stokes law
the terminal velocity expression we can see that there is a U, expression is there ok, but the
point here again let me read it that this assumption of stokes law. Why the assumption should

be valid? Ok because you do not know in which region this terminal velocity is attained ok.

Now, you remember that C, versus R plot there at the first part or at the low Reynolds
number we had stokes law region, then intermediate region, then Newton’s law region and
then boundary layer separation region; so, this terminal velocity at which region. To do that

you remember the methodology that we mentioned, there were two parameters that C Dﬂ?i

and Cp/R , these two quantity gave two constant values and independent of either terminal
velocity or the particle diameter. So, here particle diameter has to be calculated for a given

terminal velocity ok.
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L e
Solution

+ calculate the dimensionless group Cp/Re,, as given below:
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Hence,

Cp _ 4[981x (0.5 x 107%)(2500 - 700)
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So, the parameter that we have to calculate is C,/R , because if you look at that expression

Cp
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it shows that C,/R ,gives an expression which is independent of the particle diameter ok. So,

irrespective of the particle diameter this C /R, is basically a constant value and what is that



constant value? This value is 7.12 x 10 >. You I hope you remember this expression ok. So,
here this expression is independent of the particle diameter, similarly C,R ,was independent
of terminal velocity ok. Since the point is here to calculate the particle diameter, we have to

found we have to find a factor, which is independent of this particle diameter.

So, we do the numerical calculations here by replacing all the parameters because all the
values are known here this is the particle your particle density and the fluid density this is the

mu that is given here g value U; and the rho f square ok. So, this gives the value C/®R, of

7.12%x10°.

So, what is to be done next is that we have to come up with the C versus R, plot or the
standard drag curves are typically given ok. Now how it look like? So, from that expression
the thing you can do that for R, three four points of R ,you take 1, 10, 1000, 10,000 and you
calculate C, this will give you the C, versus R, graph or R, plot which would look like this
kind of value where this remember this expression that we have got is for a sphere which

means the sphericity is 1 ok.

(Refer Slide Time: 05:57)

Solution (contd.) -
For plotting the relationship: E
ReP CD 100%:
100 0.712
1000 712 L
10,000 712 E
c.‘\l
* forasphere (¢ = 1), Re, = 130
+ Re, =130 =221
u
¢ x =619mm

So, here we see that standard drag curves will have these many lines that this we have already
discussed in the previous class that with the changing its sphericity this line shifts upward as

it goes away from 1 typically it all the values are lesser than 1, then it shifts upward ok.



And this C, versus R, ok, if we plot this C, versus R, relation this would give you a straight
line for with the slope of positive 1 and it intersects at a point that is our R, and this line is
that C, versus R ok. So, but this is this is a schematic remember this whole thing is not to the
scale, but to show you that how the stand standard drag force curve will be there and where

how you have to draw this C, versus R line ok.

So, if we plot the C, versus R in this case we get this expression which is the which have a
positive slope and will intersect this sphericity one line at some point at this point. So, this is
basically the 8, that we are looking for and it intersects in this case we see that it will be in
the range of 130 numerically. If that happens if we take the value 130 which is this value
close to 130 and then we equate that with the expression of the Reynolds number particle

Reynolds number

we see that all the parameters are known except the diameter this gives the value of x that is

619 millimeter ok.

So, this is how we get the diameter irrespective of knowing the flow region or the settling
region because here you can see that this terminal velocity is not definitely in the stokes law
region. So, if you had assume that stokes law region and had calculated the value of U, the
value of diameter from the expression of U, that would lead to a wrong value ok. So, by this

you can find out the accurate value of the diameter.
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. -
Problem statement

A sphere (pp = 2500%) falls freely under gravity ina fluid (pf= 700 kg/m?

and 1= 0.5 X 1073Pa s). If the terminal velocity of the sphere is 0.15m/s,

then calculate its diameter.

What would be the edge length of a cube of the same material falling in th

same fluid at the same terminal velocity?

So, the first part the calculation or the question was if the diameter is this one what is its
diameter that we have find out that it is 619 millimeter. Now, what would be the edge length
of a cube of same material which means the rho particle becomes same the fluid remains

same and of the terminal velocity remains same ok.
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+ calculate the dimensionless group Cp/Re,, as given below:
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So, if that happens then this expression

Cp

p

gulp,—py)
Urp;

_4
3

=



is always there as it is irrespective of the size ok. So, this is the same expression will be there
for various size of particle having same terminal velocity ok. Now, since it is now a cubic in
nature it is a cube; so its sphericity is different ok. So, it will have to maintain its same
terminal velocity as of the sphere in the same having same material and settling in same fluid
ok, it will have its different dimension. Because from the graph you can now understand the
although the relation remains same it intersects the sphericity of a cube that we have seen in
earlier class is 0.806. So, which means the second line from the bottom will be used for this

calculation now.

So, now we can see the intersection is at a different value. So, this would be your particle
Reynolds number in such case. So, the point is irrespective of the dimension or the diameter
equivalent diameter let us say here since it is a cube. So, irrespective of size of the object if
the material is same it is same fluid it is settling at the same terminal velocity, the C, versus
R, this Cp/N, relation in this case remains identical. But this line intersects at different

points of R, for different sphericity values.

For this cubic particle or the cube shaped particle it has a sphericity of 0.806, we see that this
line roughly this intersects roughly at a point of 310 three hundred and ten again this is not to
the scale magnitude here, it is the schematic that is shown if we plot it in a log plot and do
this calculation we do this plot accurately we will see that it is indeed at this 310 this
intersection happens for sphericity of 0.806. If that is the case we get that the if the volume

equivalent diameter a sphere ok.
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Solution (contd.)

+ for a cube (¢ = 0.806)
* Re, = 310 (from the intersection)

. _ 310x(05x107%)
Y= odsxio

=148x1072

3
* Equivalent sphere volume:% =166 x 107" m?

+ cube side length = (166 x 1079)%s = 1.18 x 103 m = 1.18 mm

o

So, this value is the equivalent spherical object fine having a sphericity of 0.806 that is

roEhy,
2R
"‘lnml"l
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settling on the same rate. So, for this diameter spherical particle the equivalent sphere volume
is this value ok. So, if this is the equivalent volume of that sphere of the equivalent sphere
volume as that of the cubic particle, one side length of this cube particle will be one third of
the cubic root of this value which is 1.18 millimeter. I hope this is clear that how we have

calculated this side length of a cube.

So, what we did, since this is the same material same fluid it is setting at the same terminal
velocity C,/R , this expression remains same the drag it intersects the drag curve of having
different sphericity values at different points of R, We initially find out that what is the
sphericity of the object that we are calculating in this case it is cubic particle or the cube
shaped particle. So, that it has a sphericity of 0.806. So, this Cj, versus 8, line in this case

intersects this 0.806 at 310 which is here and then we equate that with the R ,expression.

xU
R,= PXUr

U
Now, R, expressions are valid for the equivalent sphere diameter ok. So, it is it can be said in
this way that a sphere having 1.48 millimeter diameter having sphericity of 0.806 which is

basically the velocity of cube is settling in the same rate ok. Now, we can find out what is the

volume of that spherical object having sphericity 806 which we say that the equivalent sphere



volume and since this is the same volume of the cube we can find out its side length ok, with

this we move on to the next problem ok.

(Refer Slide Time: 15:57)

Problem statement

A particle (xy = 0.5mm, p,= 2000% and ¢ = 0.60) falls freely under gravity
in a fluid (o= 1.6%and =2 x107Pa.s).

Estimate the terminal velocity reached by the particle.

So, in this problem now we have a difference scenario, the scenario is we have a particle of
known, size, density, sphericity falls freely under gravity in a fluid of known density and
viscosity. The question is what is the terminal velocity reached by the particle? So, in the
previous problem we solved for a given terminal velocity what is the size, in this case we are
now solving that what is the terminal velocity when all the other parameters are known

except the falling region, the freely falling region in this case that is also unknown ok.

So, again instead of arbitrarily assuming that under Stokes law applies here or Stokes law
region applies here which may not be true ok. The strategy here again we have to find out an
expressions that is known already that C,/ iRi this value is independent of the terminal value

velocity ok.
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Solution

4 -
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4[(05 x 107%)° x 16 x (2000 - 1.6) x 981
=3 = 13069

@2x 1075

So, that method we will apply it here again that is the C, versus YRZP will have this expression
if we remember again that four third p;; f stands for the fluid and thus this subscript, p stands
for the particle, p is the viscosity of the fluid, g is the gravitational constant. So, C,R, this
expression is again a independent and the dimensionless value that is constant for all the

particles having this terminal velocity and the and the size of this value that is mentioned here

with sphericity 0.6, if the fluid remains same and the particle density remains same ok.

So, what we do? What we will we will be doing here is again we look we will look at the

standard drag force curve and we plot this C, versus R, relation here this will give a slope of

a straight line that is having a slope of minus 2 because C Dﬂ%i is constant value.
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Solution (contd.)

Re,
10 130.7
100 1.307

1000 0.013

« forg = 0.6,Re, = 40 £
. _an = Prvbr
Rey = 40= 221

cUp=10m/s

The C,, versus R, relation again from this expression for different values of R, if we put it
like 10, 100, 1000 we get the C,, values ok. Now, this Cp, versus R, this as I said now we
will create a slope of minus 2 which intersects this Cp, versus R, curve for different

sphericity at different R , values ok.

So, here we can see that since this sphericity is 0.6 here is mentioned already for this particle
it intersects this third drag curve from the bottom at a value of 40 near about forty again this
graph is not to the scale and with this line is also not having to the scale of minus 2, but if we
plot it in log scale we will see and if we plot this straight line with the slope of minus 2 we

will have this intersection and this value will definitely be numerically equals to 40 ok.

L is known from this third line intersection to this R, ok. So,

U
So, now this N,= 40=p’CXTV

this ), is 40 here which is nothing, but this again this expression is p; X, which is the volume
equivalent diameter and U, which is the terminal velocity divided by the viscosity. We solve
this one for U because Xy is known here. Remember here there is no place for the sphericity,
here the x v is directly this value 0.5 millimeter because this R, already is having this
sphericity into account ok. So, that is why X, directly of that value that is there and we find

that x t the U the terminal velocity is 1 meter per second.



So, this is how we calculate the terminal velocity when the diameter is given and in this case
the diameter was given with a sphericity value ok. So, this two problem; this two problems

physically will help you to realize the importance of these two parameters that is C,/*R , and

C Din, these two constant terms the in depend one value is unknown and one value is known.

So, in that case we see that this expression this Cp, versus %, and C Din, when is plotted on
the standard drag curve plot which are typically will be a which will be given to you for this

calculations. We see that the Cp, versus R, will create a slope of positive one which is

independent of the particle diameter and C,, versus R, square this C Din, this quantity is

independent of the terminal velocity ok.

So, remember this summary that for unknown particle diameter we have to find a quantity
which is independent of this particle diameter which is C,/®R , and C DiRi when the terminal
velocity is unknown ok. So, this helps us to have the estimate of either the diameter or the
terminal velocity irrespective of knowing that in which region the particle is settling ok. Is it
in the stokes or the Newton’s law region we need not required to know this part because here
you can see that in this problem it is settling in the intermediate region ok. Which means
there is no particular expression was there or the co relations although that are available in the
literature, but its hardly difficult, its very difficult to find out those expressions and to use it

to the precise manner fine.

So, with this I will stop here for today’s lecture that what we have covered today is that we
have solved couple of problems that helps us to understand the utility of the terminal velocity,
the utility of the two important parameters C DiRi and C,/R,. In one case the terminal
velocity was given we had to calculate the particle diameter without knowing its settling
region and in second case without knowing the setting region we know the knew the particle
diameter we had to calculate the terminal velocity. So, with this summary I will stop here and

we will see you in the next class with a some other materials.

Thank you your attention.



