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Lecture - 36
Quasi-Steady Analysis of Simultaneous HT and MT
Welcome to the MOOC’s course Transport Phenomenon of Non-Newtonian Fluids.
The title of today’s lecture is Quasi Steady Analysis of Simultaneous Heat and Mass
Transfer. In the previous lecture, we have taken a case where simultaneous heat

transfer, mass transfer and reaction are taking place.

So, under such conditions how to apply the quasi analysis and get the time dependent
properties as well those things we have seen. So, in this lecture we will be taking a
couple of cases where only heat and mass transfer occurring and then we apply the
quasi steady analysis approach to get the required information, ok.
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Evaporation of Column of Liquid

* Consider a vertical cylinder of radius R and height
H, and is filled with a pure organic liquid

* Initially it is open to the air and evaporation begins

att=0
_

* Evaporation is lowering gas-liquid interface by an
amount /1(z) that increases until the liquid is gone

* z= 0 is chosen as origin which is the gas-liquid
interface i

* For simplicity, air is viewed as a single component,
so that diffusion in the gas is binary

So, first problem we will be discussing evaporation of column of liquid right. So, here we
have a cylindrical column whose radius is R and then height is H right. So, in this one
initially a liquid which is organic in nature so, that is filled in so, that we are designating
with B and then outside there is air.

So, that we are designating as A right liquid is B and then air is A and then we are assuming

the air is single component material we are not we are not taking into account the



composition of the air. So, that to avoid the diffusion between multi component. So, now,

we have pure liquid and then air. So, that only we can have a binary diffusion case, right.

So, initial interface is taken at z = 0 as shown here right. So, now, initially it is opened to
the air and the evaporation begins at t = 0 right. Evaporation is lowering the gas liquid

interface by an amount h (t) that increases until the liquid is completely gone.

So, initially it was here. So, then gradually the interface is falling down. So, let us say at
certain time t the height is z = h (t) and then completely when complete evaporation takes
place the height would be H ok, interface height should be said there should not be any
interface after it is completely evaporated; however, till the last layer we can call it as H,
ok.

So, then z = 0 is chosen as a origin which is the gas liquid interface ok. So, this is the origin
we are taking for our coordinate system. For simplicity air is viewed as a single component
so, that diffusion in the gas is binary only. So, we do not need to worry about the diffusion
of multi component systems because if you take oxygen, nitrogen separately and then if
any other gas is present in the air then the system will not be binary anyway ok. So, that is
the reason for simplicity we are taking air is as a single component.

So, now initially the concentration now the actually you know evaporation of liquid B is
taking place right evaporation of liquid B is taking place ok so; that means, we need to
find out NBz; z direction you know it is taking place right, we need to have the boundary
conditions as well. So, the evaporation whatever is taking place. So, then that is diffusing
out. So, that near the interface the organic whatever is there that is very less amount only

the organic vapours mostly it is occupied by the air right.

So, at z = 0 whatever the concentration of xg is there. So, that we call xo. And then z = h
(t) whatever the concentration of B should be there that should be 0 because we are saying
that you know most of the organic whatever is there that is only small amount of organic

is evaporating and then that is at the interface only right.

So, rest most of the remaining space is occupied with the air so; obviously, at the top which
is you know z = h (t) location as per this schematic your xs would be 0. So, we need two

boundary condition need to be understand right. And then this Ng; is there in the liquid



Ng; towards liquid side whatever is there is very much higher compared to the Ng; towards

the gas side.

Because liquid B is evaporating so; obviously, towards the liquid side whatever is there.
So, the flux would be higher right and then we are going to do the interfacial balance as
we have done for the previous problem where we have taken the quasi steady analysis. So,
then this understanding is required in simplifying the interfacial flux balance equation

right.

And then also here v, the liquid whatever is there that height is decreasing so; that means,
there is a motion. So, that % would be there towards the liquid or the v in the other side

would be 0 because that gas is not moving ok. So, these understanding is required to

simplify the interfacial balance equations, right.

(Refer Slide Time: 05:51)

* Let A 2 Air and B = organic vapour

* Mole fraction of organic vapour at z = ( is constant and is
denoted as x(0,0) = x «

* Air above the container is assumed to be well mixed and to
contain a negligible amount of organic, such that x(h, =0

* Assume no air enters or leaves the liquid, as would be true i
the organic were pre-equilibrated with ambient air q:

* What is the time at which evaporation will be completed, i.e.,
what the expression for the process time scale (z) @

Additional details if you see we are taking air as A and then organic vapour as B. Mole
fraction of organic vapour at z = 0 is constant and it is Xo actually it should be time of

actually it should be function of time as well not only position. So, xg (0, t) is Xo ok.

Air above the container is assumed to be well mixed and contain a negligible amount of
organic such that xg (h, t) = 0 that is at the top layer at which there is no organic or very
little organic is there mostly it is air is there, ok. Assume no air enters or leaves the liquid,

as would be true if the organic were pre-equilibrated with the ambient air.



So, this is the additional conditions. So, what does it mean by? If no air is entering or
leaving; that means, flux of this component is O this component is designated as A and
then it is we are flux we are taking in the z direction. So Na; = 0 that is for the air Na; has
to be 0. So, in the combined momentum flux equation when you write so, there you can

substitute this Na; = 0 as per the statement.

And then what is the time at which evaporation will be completed that is the expression
for the process time scale t, we have to find out ok. So, since the time you are finding out.
So, you have to have go for you must go for you know so called quasi steady analysis or
completely time dependent approach completely time dependent approach is not possible

analytically doing. So, then that is the reason we are going for quasi steady analysis.

(Refer Slide Time: 07:47)

* Solution:

* This problem is slightly different from diffusion through a stagnant
gas film as the interface is moving with the time

* We begin by supposing that a pseudo-steady analysis is valid

* In absence of time derivative and/or in absence of chemical S
reactions, IN,, and Ny, are each independent of z ze.,
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So, what we do if you recollect we have done a similar problem diffusion through stagnant
gas film where a liquid A is evaporating and then mixing with gas B and then diffusing.

XA—XAS
XA0—XAS

So, what is the you know expression for the mole fraction = that expression we

have derived right.

So, that expression if you remember this problem is quite similar to that one, but while
solving that problem that was a first problem we discussed in our mass transfer part of the
course we assume that you know interface is constant, there also I clearly specified that

we are going to take a similar problem where interface is not fixed as a constant it is



varying. So, now, here that same problem similar if not the same we cannot say the same

problem similar problem we are taking by considering the moving interface as well ok.

Now, we assume this pseudo-steady analysis is valid for this problem again. Then in the
absence of time derivative and or in the absence of chemical reactions both Na; and Ng;
are independent of z how it is, that you can realise when you simplify the species
conservation equation. So, for species C this is the equation. So, now, in the case of there

IS no time derivative and then in the absence of reaction we have this equation right.

So, here time derivative we are not taking right and then Na; is there only in the z direction

only Na; is there Nax Nay are not there and then Na; is varying only in z direction. So,

ONg4
ONaz

= 0; that means, Na; is independent of z direction is not it? So, this is going to be

very useful in further simplifying the equations similarly for the B component you do no

time derivative no reaction.

So, B flux also it is there only in the z direction right. So, % = 0. So, this is in fact, very

much essential compared to this one because this one we anyway know that Na; is 0 from
the problem statement. So, this one is going to be very much useful in solving you know
subsequent balance equations.

(Refer Slide Time: 10:31)

* Combined molar flux of B: = Ng, = xp(Nf; + Ng;) — cDyp 22 = (1)
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* With no transport of air across the interface and with z chosen so that the
interface is stationary » N, = 0 everywhere
—
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So, now combined molar flux for B; we are writing. Why we are writing for B why not A?

Because now here B is the organic liquid which is evaporating so, for that only we are



writing this combined flux equation. So, Ng, = xg(N,4, + Ng,) — CDAB%R N, is 0 in this
case as per the problem statement. Because no air enters or leaves the interface so;

obviously, N4, is 0. So, with no transport of air across the interface and with z chosen so,

that the interface is stationary N,, is O everywhere.

So, now accordingly the instantaneous flux of B anywhere in the column of gas we can
get by simplifying this equation number 1 that is nothing but N, at t instantaneous because
N, is varying with time also because concentration is varying with time interface is
varying with time. So, then; obviously, the flux of B component which is there that will

also be varying with the time.

So, now, this Nz, we cannot write just Nz, we have to write N, function of time should be

—cDyp 0 . . . . .
= —2=% which is coming from equation 1 only from equation 1 only, but we are
—AB

specifically writing Ny, as function of time because now we realise that the interface is

moving so; obviously, Ny, should be changing with the time. So, the same thing we can

write this equation as c¢D,p %ln(l — x), right.

Now, this equation if you integrate because what we understand? Already we understand

that Ny, is not function of z. By simplifying the species conservation equation in the
previous slide where we get a';—j = 0. So, when you integrate this one we are going to
integrate with respect to z. So, Ng,as function of time can be taken as or can be treated as
constant because we are integrating with respect to z. And then at z = 0 what is xj it is x,
and z = h (t) what is x it is 0 that also we have seen.

z=h(t)
z=0

So, Ng, (t)z| = cD 45 In(1 — x5) would be there. So, after integration; integration of
z is z, integration of dz is z and then z = 0 to z = h (t) and then integration of d In(1 — x3)
would be In(1 — x5) limits when x = 0, x5 is equals to a constant which is say x, and then

z = h (t) then x5 = 0 that also we have seen, right.
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= Np,()h(t) = cDzp(In(1 - 0) - In(1 - xo)]

D
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* ie., flux of B decreases over time because of growing distance between gas-

liquid interface and top of container

¢ But this relation cannot be used as complete final form of solution because

h(t) is not known; thus interfacial flux balance would be useful as below
=z

When you substitute the limits and then simplify you get Ny, is equals to this and then

finally, N, at some given t time tis —ChD(—‘t’fln(l — x) right. So, now this is the final flux

equation for component B if you simplify this equation you can get the probably required
time to get the complete evaporation done. So, that we can do only when this h(t) is known

right so, otherwise we cannot use this equation that we are going to do anyway.

So, now what this equation indicates the flux of B decreases over time because of growing
distance between gas and liquid interface and top of the container ok. So, initially you
know this is the origin that we have taken. So, this z = 0 gradually decreasing with
increasing time. So, that is what it means by so; obviously, the flux of B decreasing over
time. But, this relation cannot be used as complete final form of solution because h(t) is
not known thus interfacial flux balance would be useful as below that we are going to do
now.
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* Interfacial balance at interface: (N, — C 9%)?: -= (l“/m -Cp lz)lz:gi =>(4)

* z2=0"andz = 0" denotes liquid and gas sides of interface, respectively ﬁ 2=
25

s g F 3 : LN
* With interface as origin, v}, = 0 in the gas side and v, = — in liquid side
A=E 23 dt

* In this reference frame, it is the flow of liquid relative to the interface that

supplies the material that is evaporating, “\ sd

* Let C; be the molar concentration of B in the liquid, equation (4) indicates that the
U e s p R i ey

flux in the gas is: | Np,(t) = CL% X 0

So, interfacial balance that we do for the flux of B then (Nz, — Cz v;,) We are writing just
indicating interface at z = 0~ and that should be balanced by (N, — Czv,,) at z = 0*
location. So, this container this is what we are having initially. So, this is z = 0 towards the
liquid side whatever layer is there that we are calling z = 07, towards the vapour side
whatever is there that we are calling z = 0* the same location, but which side are we taking,

right

Now, towards the vapour side there is no velocity. So, this term is 0 because you know its
air is stationary right and then the vapour B is also very small quantity in the gas that is
what it has been mentioned. So, compared to the flux in the liquid side this flux should be

very small.

So, this can be cancelled out compared to the flux towards the liquid side. So, that is what
and then liquid side the velocity is nothing but %that we know because interface is moving

down with respect to time, right. So, then z =0~ and z = 0* denotes liquid and gas sides

of interface respectively with the interface as the origin v;, = 0 in the gas side and v;, =

2 in the liquid side.
dt

In this reference frame it is the flow of liquid relative to the interface that supplies the
material that is evaporating. So, now if you take C. be the molar concentration of B in the

liquid that is Cg in liquid side whatever is there that we are calling now Cy, right. Then



this equation 4 you will be getting Cg; = CL % remember we are writing 0* 0~ or

07 locations like that in the previous problem also only for doing the balance required

balance to in order to write the required balance.

Once the required balance is balanced equation has been written and then simplified then
we remove all those things because it is the same location at the interface only thing that
here in this case z = 0~ indicates towards the liquid and z = 0*indicates towards the gas

side ok, but it is at the same z = 0.

(Refer Slide Time: 17:35)

* Now equating eqs. (3) and (5) yields a nonlinear but separable differential

Eq.for AO: Ngo(8) = - S2In(1 - x0) = 3) & Ny (8) = €, 5 = (5)

/

dh D, d(n 2¢D,

. CLE=—ch(—:;’ln(l—xo):%=—cc—;'“]n(1—xo) and h(0) = 0 (6)
& WO b —_—

— ) -

* Length of liquid column that has evaporated at a given time is given as

(obtained by integrating above eq. (6)): = h?(t) = t=(7)

- 2cDyp In(l—xo)
G

* ie., hvaries with Vi @ ’;"&,‘A

=

So, now this is the flux equation. Now, this equation number 3 that previously we solved
and then this equation number 5 just we got because of the interfacial balance equation.

Then if you integrate both of them what you get C % = — ChD(—’:fln(l — x) and then initial

condition what is that? Att =0 h =0 ok.

ZCDAB’ ln(l—xo)

So, now, this equation if you integrate h?(t) = t that is what you get right;

L
that means, h varies with +/t, right. But, now we need to find out ty; t, is the time at which
this h becomes H, h as function of time whatever you say that becomes H that is complete
liquid has evaporated. So, if the complete liquid has evaporated; that means, height is the

height of the column that is H.
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* With the time for complete evaporation given by h(t,) = H, above

1
T T (8)

equation (7) gives that:

* If the vapour pressure is low enough that x, << 1then In(1 -
— Py L

X0) ~ —x0 and
kst a2

2
So, that if you substitute here you get t,, = — z%DH_ln(ll =
AB A0

ok. Now, if the vapour pressure

is low enough then x, would be usually very very smaller than 1 under such conditions we

can write In(1 — xy) = —x,.

2
So, this equation we can write like this t, = %DH— right because now In(1 — x;) is

X0 VaB

nothing but —x, and then this cx, we can write Cc which is nothing but molar

concentration of B in the gas, but at the interface.

So; that means, if you know the molar concentration of component B in the liquid side and
then if you know the molar concentration of the same component B in the gas side then
you can find out you know total evaporation time using this equation. Because in general

Dag for such for majority of the systems are known or available or we can measure, ok.
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Melting of spherical crystal

Assume that a spherical crystal of initial radius R, and temperature T, is
immersed in a large stagnant volume of same liquid at temperature ’—

Melting temperature(T,,)is such that T, < T, <T,, so that the crystal
immediately begins to melt; and latent heat for melting (per unit mass) is A

For simplicity assume that solid and liquid densities are equal; thus, there is

no tendency for the crystal to rise or settle and no radial flow -
Select centre of crystal as orig'n of coordinate system

Assume symmetry so that it ensures that T = T(r, t)

Liquid velocity has at most a radial component v, (7, t); that is, there is no
need for the spherical angles

Obtain the time (t,) for the crystal to melt completely

Now, we take another problem melting of spherical crystal ok we have a spherical crystal
it is having the initial radius Ro it is gradually you know melting. So, Ro whatever initial
radius is there that gradually decreases. So, R is function of time ok. So, how much time
it required for the complete melting of the spherical crystal that is what we are going to

see in this problem ok.

Assume that a spherical crystal of initial radius Ro and then temperature To is immersed in
a large stagnant volume of same liquid at temperature T oo; that means, the crystal is let us
say if you have taken the you know water as a system. So, in the water you have the ice

spherical crystal of radius Ro ok.

So, that is the material is of same whether it is you know whichever material you are taking
water or some organic liquid the crystal and then liquid phase both are of them of both of
them are of same material only they are only that they are in different phases right.

And then liquid at temperature T., the volume of liquid is very large and it is also stagnant.
Melting temperature Tn, of that crystal is such a way that T, is in between To and T right.
So, that the crystal immediately begins to melt and latent heat for melting per unit mass is
lambda tilde.

For simplicity assume that the solid and liquid densities are equal. So, that you know there

IS no question of rising or settling of this crystal and there is no radial flow also that is also



given. So, select centre of crystal as the origin of coordinate system. So, we are taking
origin as the centre of the spherical crystal whatever has been provided assume symmetry
so, that temperature is function of r direction and then time only because it is a quasi steady
problem, ok.

Liquid velocity has at most a radial component that is v, and function of r and t that is there
is no need for this spherical angles; that means, you know whatever the let us say this is
the crystal is there. So, the liquid you know vibrations like you know moving the velocities
is like that or contours should also be like that spherically moving in the radial direction,
right. As we move in the radial direction. So, there will be no effect of 6 or ¢ directions

etcetera. Obtain the time for the crystal to melt completely that is the question.

(Refer Slide Time: 23:09)

* Solid-liquid interface moves inward as melting
proceeds; however, accordmg to EoC: v, = Omliquid

* EoC: l— (r*v, +Wﬁ /{sm()) 0

Liquid at(T,,

[
e (rzvr) 0 everywhere in the system = T

dg=t

initial radius
& N

* Since v, =0 atr=0,=C=0
s ity =0= 9, =0 | =0 § fora]lr
—
siiiel) everywhere in the system of both liquid and crystal

* And accordingly, HT in both phases by conduction only

T, (initially)

So, now pictorially we have a spherical crystal of radius Ro initial radius Ro right it is
initially at temperature T = Ty it is suspended in a liquid of the same material and then the
liquid is at some other temperature T, ok. Solid-liquid interface moves inward as melting
proceeds; however, according to equation of continuity v, = 0 in the liquid that we can
prove how to prove. So, let us say equation of continuity in spherical coordinates we write.
So, | have written only the r and 6 components phi component also we can similarly write,
ok.



So, but now v, is function of r ok, but ve is not there so, then what we understand from
here? aa—r(rzvr) = 0 everywhere in the system, right. So, this should be valid everywhere

in the system that is inside here and then surrounding liquid also because it is a continuity

equation; that means, r2v, = C right.

Now, if you substitute r = 0 that is at the centre r2v, should be 0, right so; that means,
obviously, C should be 0 because of the C = 0 r?v,. = 0. So, that v, = 0 for all values of
r ok it is very important otherwise we cannot able to solve the problem without this
information that is everywhere in the system of both liquid and crystal v, is 0 and then;

obviously, heat transfer in both phases would be by conduction only.

(Refer Slide Time: 25:04)

* Determine R(?) and melting time (¢,) assuming pseudo-steady conditions

Low
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* Now heat flux frorrenergy equation for crystal

* The interfacial energy balance is = g,/ — ¢, = Ap(W,lc = v,11)

o1/ a9 ( 0T\ 9 (0T LT
=——(rt—|2—(r*=—]|= =
rtor ar) or\ or

ar
* But(; =0 becausea=0 ar=0 &

—

o o
. ﬁ everywhere in the crystal 2|q,|. = 0 [¢—

So, now the question is that determine R as function of time and then melting time tp
assuming pseudo steady conditions right. So, the interfacial balance if you do. The gy in
the crystal side. So, that is what we are having here also we have a crystal and then there

is a surrounding liquid.

So, in the crystal side what is the flux q:|c and then what is the flux at liquid side that is qr|L
that should be balanced by 1p(v,|. — v,|,) right this we should have the understanding
and then these two are right at the interface right, not somewhere far away in the liquid or
not somewhere towards the centre of the crystal right on the crystal surface, but one

quantity is towards the crystal another quantity is towards the liquid side fine.



Now, this equation here the liquid side whatever is there liquid side because the crystal is
gradually melting. So, because of that one there is a motion or you know disturbance in

the liquid side. So; obviously, in the liquid side this velocity whatever is there that is

nothing but &
dt

So, now, q,-|. — g, is related to Z—f by this balance equation so; that means, q,-|, and then

qr|. that is the heat flux towards the liquid and then towards the crystal side, but at the
interface at r = R (t) if you find; you can find out what is this R function of time once it is

there. So, then you can find out the t, also.

So, this equation we can use only when we know what is q,.|; g,|.. So, for that reason
what we do we will be writing a balance equation or energy balance equation whatever is
there or the energy equation that we have derived previously that we simplify. So, we have
to write that for the liquid as well as the crystal separately. So, now, heat flux from energy

equation for crystal we can find out.

So, what we have already realised that here you know only conduction is mode of heat
transfer previous slide that we have seen because v is 0, ve, vy are anyway 0 that statement
given they are not under concentration no spherical angles need to be considered. So, v is
function of r and then that v also we found it as O, if v, is O there would not be any

convention there would only be conduction.

So, in the energy equation temporal term and then conduction terms have been included.
Conduction terms also only in the radial direction we have included because heat
conduction is taking place only in a radial direction. So, remaining terms we have not
written directly because now we have done several problems almost we are end of the

course. So, then you can understand this way right.

So, that is the reason directly I have written right. So, now, temperature as function of time
we are not considering because the time factor we have considered in the balance equation
interfacial balance equation right. Because it is not completely time dependent solution it
IS a quasi steady solution ok.

Then here whatever oc we do not need to worry. So, then what we get :—T(rz g—i) =0

(r2 a—T) = (C,; that means, C; should be 0 because T —0atr=0 right. So, this is the
ar ar



crystal that we have we are doing for the crystal only at the centre what is the temperature

right.

So, that we do not know actually, but then what we can say? We can say % at the % =0

at the centre. So, that centre is nothing but at r = 0 location. So, atr =0 % is 0. So, then;

obviously, C1 should be 0 in this equation.

If C1 is O then what we get g—:would be 0 because C; is 0 because Ci is 0. So, r? % =0;

that means, 3—: = 0; that means, everywhere in the crystal g,|. is 0 right. So, that is what
we got. So, g,|.is 0. So, now, you take off this q,.|. from this equation number 1 because

now you realise that g, | = 0, then what you have? q,-|, = p /TZ—I: right.

(Refer Slide Time: 30:04)

* Thus eq. (1) simplifies to the form

* Now heat flux from energy equﬁon for liquid ) /
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And then this q,.|; is nothing but —k;, Z—z atr =R (t). So, now, we have to find out what is

g—: for the liquid side. So, similar energy equation we have to write for the liquid side. So,

that heat flux from energy equation for liquid for the liquid side also the energy equation

is nothing but having only conduction terms.

Because convection terms are not there vy is 0 and then conduction also and then
conduction also it is there only in the r direction 6 and ¢ direction we do not need to

consider that is given in the problem. So, simplified energy equation would be this one



and then temperature variation with respect to time we are not taking because it is a quasi

steady, right.

) = 0; that means, (rZZ—f) = ¢, or &£ = £ Now, you cannot say

or r2

) aT
So, from here — (rz —
ar ar

you know you apply that r is equals to you know zero boundary condition and say here

also the constant is this C and then all that.

Because, this equation now is valid for r = Ro to oo far away from the crystal then, but this
Ro is changing we cannot say that at Ro T = To and all that; that boundary condition we
cannot take because this R is function of time ok. So; however, after integration you get

T

(Refer Slide Time: 31:47)

_CZ
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* Applying Boundary Conditions: = T(r = 0) =T, = (3 =T,

and T(r = R(t)) =Ty > C; = —R(Ty, — To)
AL A SRS RIS

R(t
3/'T ) =T+ (Tp-Tw) Qor liquid phase
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r=R(t)

—

So, now the boundary condition we have to carefully use that is what we are saying that T
=T, atr=ryitisclear itis clear. So, the crystal is here that is at To, but far away liquid
whatever is there. So, that is at T. So, this is clear. So, then Cz would be you know T if
you substitute this boundary condition here. And then at r = Ro T = To this boundary

condition we cannot use because the surface location is changing, right.

Initially this is at r = Ro, but gradually this r is changing because R is function of time. So,
we cannot use that boundary condition. So, what should we use? We should use at r =

some R function of time T = Tm, T = Tr, that is the melting point temperature, right.



Then you get C2 = —R(T,,, — T, ). S0, now, you have both C; Cz you substitute here. So,
then T as function of r and t you get Ty, + (Tyy, — Too) @. So, it is this temperature

distribution is function of both space and time now and this is for the liquid phase only.

So, from here Z—: is nothing but —(T;,, — T) :;2 that is what we have, but this we wanted to
know this Z—T we wanted to know at r = R as function of time t; that means, % atr=R (1)

is nothing but (m—t)“’) because — Yyou get r -. So, then R (t) right.

R(
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So, this you can substitute in the simplified equation g,|, = whatever piz—f in this
equation we can substitute. So, g,-|, is nothing but —kL E at r =R (t). So, that is —k; %

S0, ky (T, — Top) —

just now we got this one that is — (T, — Too) — RO

R(t) is nothing but q,.| ;.

So, that we can substitute here and then equate it to the p 2%. So, then we have this

equation, right.

Now, we know this r function of time and then Z—f is also there. So, then we integrate and

then get that relation. So, again here also what we are doing we are writing 2R ‘:i—f = % R?

2kL(Too _Tm) Ok

by multiplying either side with 2. So, 2 is here. So R2 is nothing but — 3

So, if you take the initial condition att =0 R = Rp that is given.
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* Integrating equation (3) and applying IC will give:

. > Rz = R% - ZkL(Te:'Tm)t = (4)
pA

-_

* Now melting time is defined by R(t,) = 0,ie,R(t = t,) = 0

e
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So, now then you get this equation. So, that how you get? So, let us say if you integrate

this equation you get R? = —Wt So, when t = 0, R = Ry so that means, R5 =

then thus + c the constant integration constant would be there. So, that should be 0 + c.

So, the integration constant is nothing, but R3.

So, that if you substitute here and in place of integration constant you get R? = R3 —

whatever W t as it is, right. So, now, melting time is defined as R as function of t,

which is when it becomes 0; that means, what is the time required when R becomes 0 when
R becomes 0; that means, the crystal has completely melted the crystal has completely

melted and then there is only one liquid phase there is no crystal phase at all.

So, in this equation you substitute t = t, and then take = 0 then you get 0 = R2 —
pARS

2k (Too—Tm)
2k (Too—Ti)’

3 So, tp is proportional to R3; that means, if you

ty; that means, ty =

double the size of you know crystal then you time required for the complete melting of

that crystal would be increased by would be increasing by 4 folds.
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So, the references for this lecture are provided here, but both of these problems you can

find out from this book as exercise problems.

Thank you.



