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Lecture — 10
Macroscopic Balances

Welcome. Today, in this lecture, we shall be doing some solutions to some problems on

based on the Macroscopic Balances.

(Refer Slide Time: 00:34)

Problem

Q. Find the heat energy required to convert 100 kg of ice at -5°C to 100 kg of
steam at 200°C at 1 atm.

So, first we will take up a problem on the energy requirement to heat up ice to water.
This is a problem which you might have done quite regularly in your school days, but we
shall be looking into it from the angle of setting up the various equations, because this
kinds of equations are always necessary for energy balance problems. So, we will find
that the energy requirement for such kind of conversion of phases come, as some kind of

source terms in the energy balance equations.

So, here we have to find out the heat energy required to convert 100 kg of ice from
minus 5 degree centigrade to 200 kg of steam at 200 degree centigrade and 1
atmosphere. So, first to do this problem, we have to understand the thermodynamics state

of ice and the steam.
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So, here you have to refer to this phase diagram and we know that minus 5 degree
centigrade is below the freezing point of water at 1 atmosphere. Similarly, 200 degree
centigrade is above the boiling point of water at 1 atmosphere. So, you see that in this
particular thermodynamic diagram, we have these three curves, which are denoting the
phase change curves. So, this is the condensation curve, this is the fusion curve and this

is the sublimation curve.

And here we have triple point, and here we have the critical point, and this is for water.
And we know we see that our temperature lies somewhere on the right hand side of this
100 degree centigrade at 1 atmosphere and the temperature of the ice is below the
freezing point. That means, here somewhere it is 0 degree centigrade so ice is somewhere
here at 1 atmosphere ok. So, we have to go from the solid zone to the superheated vapor

zone.

So, in this case, we see that if we plot the temperature versus our heat energy
requirement, we see that when we start heating up the ice, it undergoes various changes
in its phase. And during each of these changes of the states, what we find that we need
different types of the heat energies. So, first the minus 5 degree centigrade ice has to be
first heated using sensible heat up to O degree centigrade. And perhaps you know
sensible heat means that heat that can be sensed by the thermometer through some

temperature change ok.



So, during this point from minus 5 degree centigrade up to 0 degree centigrade, we need
some heat energy. And then once it reaches 0 degree centigrade the phase transformation
will occur. So, during this time there will not be any change of the temperature while the
ice will be melting. And in this case, we shall be using the latent heat of melting or
fusion. After all the ice melts then what happens, it will now be again further increasing

its temperature.

Now, it will be water here. And again we shall be needing the sensible heat to increase
the temperature of water from 0 degree centigrade to 100 degree centigrade to get the
saturated liquid. And once it goes to saturated liquid, then again we find that phase
change will occur at constant temperature and during this period we shall be using the

latent heat of vaporization or condensation.

Once all the liquid has got transformed into the vapor, we get the saturated vapor state.
And further addition of the heat energy will result in the increase in the temperature of
the superheated vapor. And during this particular process, we shall be again using the
sensible heat. Now, to find out the total amount of heat energy required, we have to

simply add up the heat energy required at each of this processes.

(Refer Slide Time: 05:01)

Solution (Contd..)

* Heat energy needed to raise the temperature of ice from —5°Cto 0°C [process A-B] by
“Sensible heat transfer”
QR—B = mcp,iceATire
m =100 kg
Cpice = 2,108 k)/kg.K
AT )= 0°C ={=5°C) = 5C
Qa-p=100x2.108 x5 = 1054 K]
* Heat energy needed to melt ice at 0°C to convert to (subcooled) water [process B-C]
by “Latent heat transfer”
Qp-¢ = mhy
m =100 kg
hy = 333 k]/kg (latent heat of fusion or melting)
Qgp_c =100 x 333 = 33300 k]

So, let us see how we do it first we see that heat energy required to raise the temperature
of ice from minus 5 degree centigrade to 0 degree centigrade by sensible heat transfer

this is the process AB in the diagram. So, heated here Q A B that is the heat energy



during the process A to B, we have the mass of the ice then C p that is specific heat of the

ice, and the delta T ice is the temperature difference of the ice.

So, we put all the values given in the problem and this value we get from some data
source. And here we have the delta T ice is the final temperature minus the initial
temperature. So, this is 5 degree centigrade. And so, we can find out Q A B by putting
this values and this is the value of the sensible heat required to heat up the ice. Next we
come to the phase transformation of ice to liquid water. So, here we need the latent heat

of vaporization for this we simply need to multiply.

The mass of the ice with the enthalpy of vaporization, enthalpy of melting and in this
case this s is signifies the transformation from solid to liquid state. Again putting these
values here we find this is the heat energy required to melt the ice to water. And here we
can see the latent heat is much more the sensible heat it is always. So, generally
whenever there is some moderate amount of temperature change, we find the latent heat

contribution is much more than the sensible heat contribution.
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Solution (Contd..)

* Heat energy needed to raise the temperature of (subcooled) water from 0°C to
saturated liquid water at 100°C [process C-D] by “Sensible heat transfer”
QC-D = mcp,wnterATwnter
m =100 kg
Cpwater = 185 k)/kg.K
AT yarer= 100°C = 0°C = 100°C
Qcp =100 x 4.185 x 100 = 41850 k]

+ Heat energy needed to vaporize (saturated liquid) water at 100°C to convert to
saturated vapor steam [process D-E| by “Latent heat transfer”
Qp-g = mhy,
m =100 kg
hy, = 2256 k] /kg (latent heat of vaporization or condensation
Qp-g = 100 x 2256 = 225600 K]

Fvaasteon

Now, next we come to water. In this case, now the sub cooled water at 0 degree
centigrade will be heated up to get the saturated liquid water at 100 degree centigrade at
one atmosphere pressure, and here we are using the sensible heat transfer. So, here it is

computed by multiplying the mass with a specific heat of the liquid water and the delta T



water please note that we are assuming the specific heats to be constant within the

temperature range.

So, for ice, for water, for water vapor, we are taking them to be constant ok, but if it is
not to be taken constant, then we have to take the integral C p into d t and we should
have in that case some correlation for specific heat based on temperature. And we have
to integrate the correlation with temperature to get the heat energy required. So, here we
are taking them to be constant. So, we are taking value of the specific heat of water here
and the temperature difference of the water from 100 degree and 0 degree centigrade. So,
we are having this is the sensible heat required to convert water from 0 degree centigrade

to 100 degree centigrade.

Now, next the phase transformation of liquid water that is saturated liquid to the

saturated vapor.

(Refer Slide Time: 08:40)

Solution (Contd..)

* Heat energy needed to raise the temperature of (saturated) steam from 100°C to
superheated steam at 200°C [process E-F] by “Sensible heat transfer”

QE—F = mcp,sleamﬂrsleam
m =100 kg
Cpsteam = 1890 k] /kg. K
AT steam= 200°C = 100°C = 100°C
Q;¢ = 100 % 1,890 x 100 = 18900 K]

So the total energy required for the conversion of ice to superheated steam ({4 ) is
Qotal = Qa-p + Q¢ + Qc-p + Qp-g + Qs

Quotal = 1054 + 33300 + 41850 + 225600 + 18900

Qiotar = 320704 k] = 320.704 M)

B R s R RN B

So, here we are again using latent heat of vapor vaporization. So, here h 1 v signifies the
latent heat from liquid to vapor state. So, this is the value of the latent heat. And here we
are again getting the amount of heat energy required to convert the saturated liquid to

saturated vapor.

After this we go to the raising the temperature of the saturated vapor to superheated

vapor at 1 atmosphere to 200 degree centigrade. Here again we put the specific heat of



the steam and this is the value. And again we get the delta T steam as 200 minus 100
degree centigrade that is 100 degree centigrade. And again putting the values in this
particular formula, we get the sensible heat transfer needed to raise the temperature of

the steam.

Now, when we want to know the total amount of heat energy required, we simply sum up
the heat energy required in each of the sub processors. And here we get after adding all
this heat energy contributions. This is the value of the total heat energy required in kilo

joule or in mega joule.

(Refer Slide Time: 09:37)

Problem

* Consider a storage tank being filled with water as shown in the figure. The
velocities of water at various inlet and outlet ports (P) are as shown. The ports
have areas of cross section as A, A, and A, respectively. Consider the tank to be
of uniform cross section (4).

O
* R R A

Next we come to a problem where we are we shall see that how to apply the material
balance. Now, we are going to the lumped parameter analysis or macroscopic balances.
Here we have a problem which says that we have to consider a storage tank being filed
with water as shown here. And here we can see that in this particular tank there are
several ports one port is for the inlet of water and there are two ports which are the outlet

of water now during this flow of this three streams we shall be having some water.

Now, this water depth will be changing depending on this three flow rates ok. Now, once
this three flow rates come to a value come to some values, which resistance steady state,
we will find that the level of water will also reach constant value ok. So, this is the

process description and other things are that we are designating the ports by P. So, this P



1 port, P 2 port, P 3 port, P 1 port is inlet P 2 and P 3 are outlet ports then we have the H
1 that is the height of the port P 2 from the bottom of the tank.

So, and here the liquid height when the bottom of the tank is taken to be H and this v 1 is
the velocity of the incoming water v 2 is the velocity of the outgoing water from port two
and v 3 is the velocity of the outgoing water from port three. Now, please note that these
velocities are average velocity over, the whole cross section; That means we are not
considering any distribution of the velocity across the cross section. And the areas of
each of the ports are taken to be A 1, A2, A 3 and the area of cross section of the tank is

taken as A.

(Refer Slide Time: 11:36)

Problem

Using the integral form of the conservation law,

i. Draw a material balance for
a) The given system
h) The system if a mass of ice (M) is placed in water.
at steady state.

ii. For both the above cases, develop formulations to find out the variation of
water level (H) in the tank with time.

Now, with this we have to do something that we have been ask to use the integral form of
the conservation law to draw, the mass balance for the given system and then for the
system if a mass of ice is placed in water, and this is at steady state. Now, for both the
above cases develop the formulations to find out the variation of water level in the tank

with time.
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Solution

P, lb' /
i (a) Choose the control volume as shown (with dashed line) — —\Jr = |~ == =
* Writing the integral conservation equation, we get

1]

I
|
d —" _10 I
i 2" I
—!{ @(rbd }:—%j(r,t).ﬁdﬂf j(rt)de P
dt[:‘;,_,l' ; y_,q -_k"- Water

-

=

* Assumptions: 1,
i. Steady state (since the liquid level is constant) @~ *—---- - - -
ii. There is no generation or consumption
iii. Liquid is incompressible (constant density)

Now, in this case first we come to this particular case that we choose the control volume
and the control volume is cutting all the ports ok, so that we can take care of all the
inputs and outputs into or from the control volume. Now, we write the mass, the integral
conservation equation and this is a generalized one, it can be applied for mass balance,
energy balance, momentum balance. Now, first we understand that this is steady state

process. So, we take the variation with time to be 0.

And because in this case the liquid level is also constant and there is no generation or
consumption. So, we take this term to be 0. So, what we are left with is only the flux
term. And here we are taking the liquid to be incompressible so that the density of the

liquid will be considered constant along the flow path and at the three ports.
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Solution (contd..)
+ So we get
§, J(r,t).7ndA =0

* Now J(r,t) = pv Where = v,i + v,j + v,k
+ As per assumption (iii),
§, pU.fidA =p §, V.idA=0

= fﬁﬁda: fﬁ.ﬁm fﬁ.ﬁdn fﬁ.ﬁda:o
A A A3

So, we write this particular flux term here. And now we recognize that the flux is the
product of the density and the velocity that is the mass flux. Now, suppose you take this
density to be kg per meter cube you take the velocity to be meter per second, then this
term will be a unit of kg per meter square per second that is flux is the quantity per unit

time per unit cross sectional area

So, here we have the velocity is written in its vectorial form this v x, v y, v z are the three
components in the three directions and 1, j, k are the unit vectors in the X, y, z directions
respectively. So, here we are now expanding these terms so first, because the density is
constant. So, we can take out the density out of the integral, and then we get this
particular term, and this term is now putting at apply to three different ports. Now, we

shall come to each of these terms one by one.
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Solution (contd..)
For P,:

1
Uiy = |]1'J'1||ﬁ1||:05180" :
3. | = (1% 2 2y _ 2 _ o
”1|: (Vi Tyt vi,)2 = (045, +0)2 = vy, = vy
¥y.7y = (V]| |cos180° = (v1)(1)(-1) = -1y

Let us see now for the port one what we see the velocity has this vertically down
direction whereas, the normal of this particular surface is out word. So, this velocity
direction and these normal directions are opposite top each other, and the angle between
these two vectors is 180 degree. So, when we take the dot product, we have to take the
magnitudes of each of these two vectors, and the cross of the angle between them and

this angle is 180 degree.

Now, we know the magnitude of this vector velocity is v 1 x square plus v 1 y y square
and v 1 z square and to the power half. So, in this case we have only the y component
and vertical component. So, we write this vy v 1 y and this we take equivalent to v 1 ok.
So, now this v 1 dot n is this we put this has v 1 this is at unity and this cross one the

degree is minus 1. So, we get minus v 1.
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Solution (contd..)

3':2 R 0 = n;-; 0
ﬁz i S —_— -

vz.fiy = [Ballity|c0s0° = V2 (1)(1) = vz 5y fy = [5lig cos0° = (ug) (1)(1) = v3
T P e ) = B 13
[lvz] = (v + V3 + V32 = V2 23] (jy] = (02, + L ALEL L

§i’ fidA = J -vydA + [ =vydA + J ~vydA =10
A My H) Ay

= =t d) +13 A; +v3 43 =0
=21 .4| = vrzﬂz Uy .Idg

PPRV AL AP

Now, with a similar logic we also see at port two that the direction of the velocity, and
the direction of the out word normal at port two are the same so that the angel between
them is 0 degree, we apply the same analysis as before. And we find that this v 2 dot n 2
is coming to v 2 x in this case we are taking this as the x direction. So, v 2 x and we are

putting that is v 2.

Next for the port three again we find the out word normal and the direction of velocity
are in the same direction. So, that the angle between them is 0 degree. And again we find
that this is the expression for v 3 dot n 3 and we put this as v 3. Now, please note here
this will be v 3 ok. So, with this now we have all the terms of the flux in the equation

ready.

Now, we shall be applying this two our previous equation for the mass balance. And now
we see that we are putting the respective values minus v 1 A 1 plus v2 A2 and plus v 3
A 3; oh this will be plus. Here it will be plus here you see plus here. So, this is how we
are getting, the final expression correlate correlating the velocities at the three ports and

the areas of cross section.
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Solution (Contd..)

i. (b) For the control volume CV, the mass conservation

equation is given by Tee(Myey) |
d I |
—U ¢(r,:)d4r]=-§ J(r,t).7idA + f i(r,t)de \
dt v v P
A \

Where =
o(r,t)=p J(r,t) = pv HIIL

[ 400 = g
L :

Next we come to the second part of the problem here we have been asked to consider
that there will be some ice, which has been put in the water. And this ice will be with
time it will be floating here; that means, when once, it goes down then this ice will also
come to the surface of the water and we can see that ice will be floating here. So, this is
the way for this particular situation again, we have to make the mass conservation law.
Now, you see that in this case when the ice is put the ice will start melting. And due to
this melting there will be a change in the water level ok. Now, this makes the system

unsteady.

So, now this ice the addition of the ice is not at any of the incoming or outgoing port it is
within the system. So, this may be taken as some term for the generation of the mass. So,
now when we put this we find that we will not be able to put this as 0, because this is
unsteady state process, we have to written this and neither, we will be putting this as 0,
because this will take care of the melting of the ice. So, here we are writing this that this
phi cap is taken as the rho and this j is the rho v again as earlier and this particular term is

the amount of ice in the system.
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Solution (Contd..)

d

ﬁUv pdv] =—p f V. AdA + 1y

d !
p E[L d‘!’] = —p(-v1Ay g Ay 3 A3) + '{mell

dv ) 1,
T (V11 v Ay —v3 Ag) + ;en

= W

."',-i\pbi'.‘i«-l"!f."!-".‘.‘ &
A

Now, we see that this tho dv is this rho dv, we are doing on the left hand side and we are
putting this v dot n and this is put a melt. And again whatever we have done earlier we
are put with that we find that this is the rho is taken out of this differential, because it is
constant. So, this is giving us the total volume of the system, and this is giving all these,
all these terms for each of this flux terms and this is melt. And then after rearrangement
we arrive at this particular equation to find out how the volume would change, because

of the inflow and outflow and due to the melting of the ice.

(Refer Slide Time: 19:41)

Solution (Contd..)

ii. {a) Choose the control volume as shown (shown by dashed line) s ko
+ Writing the integral conservation equation, we get N

«0
d ® ,"’ ---------------------
E{ L P(r, t}d-.r] =- f J(r,t).7idA + L"%’ Do

-

L I 1
+ Assumptions: J‘f;|| =

i. There is no generation or consumption
ii. Liquidisincompressible




Because now we have to find out the change in the height of the system for the next part
of the question: so first we take this particular thing now here we are not taking any kind
of steady assumption. So, there is only we are taking that there is no generation or

consumption ok.

(Refer Slide Time: 20:05)

Solution (Contd..)

%U rtd-tr} j]rtndn

o(r,t) = J(r,t) = pv

[ J pdv] j pv.iidA

d
pdtU d”] P14y ~vy Ay =v3 A3)

dV
E = lel = Az =V3 Ag

@

So, with this and this liquid is in compressible. So, again we put all these values over
here and without generation term and again, we see that all these things we have done
earlier repeating all those exercises, we arrive at this particular expression without any

generation term ok.
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Solution (Contd..)

d
s (HA) = v1dy vy Ay —v3 Ay

AdH A A a
—=9p =P =P
dt i Loy Bl e VAl J |

dH L. 15'1.41 =7 Az k] .43

And now to find out a change in the height of the liquid inside the tank what we do we
put the volume of the liquid inside the tank as HA. And we take out the H out of this
differential, because it is taken to be constant. And we arrived at this particular
expression, which will give us how the height of the liquid inside the tank would change
due to this various influxes and out fluxes ok. So, here this thing is finally here. So, here

we rearrange this term to get the change in the height of the liquid with time.

(Refer Slide Time: 20:58)

Solution (Contd..)

i, (b)
dv mmell

i (A1 v, 4 —v3 4;) +

d(HA i1
% = (044 vy Ay vy Ag) + —=%

dH Myl
A—= (v d; -1 A —13 43) +
= (v14; —vy A —v3 4y) G

dH _ 1A~y 4z ~v3 Ay) | Timee
dt 4 pA



For the next problem, we have the melting ice. So now, again we write for this v we put
HA and A is taken out of differential. And we finally, get this expression. Now, you can
see this expression is a slight modification of the earlier expression. And in this case if
you put the m melt as 0, then we shall be having the same expression as earlier. And this
is some kind of an internal check whenever you are writing this balances, you should see
that for some asymptotic cases you are getting the same result as without the particular
some term ok. So, here we find that if we take this to be 0, we are getting the same term

as earlier. So, this balance seems to be alright.

(Refer Slide Time: 21:45)

Problem- Mass and energy conservation

+ Consider an evaporator as shown in the figure. The liquid
is evaporated by passing steam through a coil. The vapor
and liquid streams after evaporation of the feed liquid, are
withdrawn from the evaporator. Assume negligible
variation of the liquid density inside the evaporator during
evaporation,

Formulate the equations to determine the variation of

liquid level with time, and the heat duty required.

) T'

Now, we shall consider another problem and this will be involving both the mass and
energy conservation laws. So, the problem is like this that we have an evaporator and
evaporator is a device. In which we evaporate a liquid and may be used for concentrating
some kind of juices in industries. So, here we have the evaporator in which we have
some feed that is going into the system and after evaporation the vapor is taken out from

the system from the top.

And a liquid is taken out from the system from the bottom and to do the evaporation
some steam is being used. So, we have been asked that you have to assume the density of
the liquid to be almost invariant during the evaporation and we have been asked to

formulate the equations to determine the variation of liquid level with time and the heat



duty required. And this particular steam is getting flowed through a pipe or may be a

coil.

(Refer Slide Time: 22:49)

Solution

* Mass of the liquid inside the evaporator depends on the liquid volume (1)
Vi = Ah

where A and h are the cross sectional area of the evaporator and the liquid
height inside the evaporator respectively

+ Let F': Feed flow rate, L: Liquid flow rate, V: Vapor flow rate

So, that means, that steam is not coming in direct contact with the liquid inside the
evaporators so that as per the mass balance of the liquid there is no effect of the mass of
the steam on to the mass of the evaporator system ok. But the liquid inside the evaporator
is interacting with the steam through, the heat energy transferred from the steam to the

liquid.

Now, first you understand that the height of the liquid decides the mass of the liquid
inside the system. And the mass is the product of the volume of the liquid and the
density. So, here we write the volume here and here we are putting all the flow rates like
this ok. So, liquid flow rate for an L, V vapor flow rate is given by V and feed flow rate

by F.
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Solution (Contd..)

+ Consider the control volume as shown in the following figure
* Writing the integral form of the mass conservation equation

40
e % U ®(r, t)dv} =- f J(r .0 ()df + I il Ddv
| g --: LI“ v 4 Jl‘f K
+ Assumptions: '
v'Mass generation or Mass consumption = 0
aesm v'Fluid is incompressible

¥'No liquid sticks on the wall of the container

Now, we take the control volume around the whole reactor and for this we first see the
mass conservation here we are finding that no mass generation. So, we take this as 0 and
then this flow rate it is incompressible to. So, that density will be taken to be constant

later, and we assume that there is no liquid sticking to the wall of the evaporator.
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Solution (Contd..)
Identifying the mass fluxes
i

! 1
foalagisy 1
]

:' l-___ ?A’."

ny |F|[ng|Cos(180°) = ~F

VIng|Cos(0°) =¥

Now, as we have done earlier we find out that flux terms for the feed, we see that the
feed the direction of the feed, and the outgoing normal are opposite to each other. So, the

angle between them is 180 degree and so we put these magnitudes of the feed, and the



unit normal and we get the flux to be minus F. Similarly, we when we go for the vapor
we find that this outgoing normal and the vapor of the same direction; so that the flux

value its coming to V.

(Refer Slide Time: 24:46)

Solution (Contd..)

Identifying the mass fluxes

E fy |Fl|n|Cos(180°)
=-F

|V|Ing|Cos(0°) =V
Tty

Ny
|L[ng|Cos(0°) = L
L

Similarly, for the liquid side the same thing I mean as vapor, we find the flux of the
liquid its coming to L. Now, the mass flux cannot be written by taking the sign into
consideration. So, this is a minus F plus V plus L and with the negative outside so it

becomes F minus V minus L.

(Refer Slide Time: 25:08)

Solution (Contd..)

Mass accumulation

d(m +m,) : d(pV; + p(V-7))) . v, _dp, v, _ dp,
de dt i

@ Pa e

d vy dp, AV dpy
dth G(r.t)dv]—p|ﬁ+v-ﬁ Py V‘I 03]

Combining Eqs. (1) and (2)

dh  dh _dp, _ dp,



Now, coming to the mass accumulation term, we see that the mass within the evaporator
comprises two components, one is the mass of the liquid, and the mass of the vapor. And
if we put the mass of the liquid in terms of the density, and the volume of the liquid and a
mass of the vapor as a density of the vapor and volume of the vapor. Now, you see the
volume of the vapor is the total volume of the container minus the volume of the liquid.
So, so that we are avoiding m an extra variable that is the volume of the vapor. Now, if
we put this here in the accumulation term and then we expand it, we find this is the

particular terms we shall be getting.

Now, this is the after putting this terms and I am putting the flux we will be having this
particular expression to find the variation of the liquid height with time inside the
evaporator. However, if you look at this particular expression you see that this expression
is not a very straightforward expression, it is a differential equation in terms of h. And
here we have one term we will be having the dh by dt, another term will be having just
the height of the liquid, and rest of the terms will not be having the h, but this will need
the knowledge of the variation of the vapor density with time. And rest of the things can

be solved using some standard solver for differential equations.
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Solution (Contd..)

Alternative Method:
+ Consider the control volume as shown in the following figure

* Writing the integral form of the mass conservation equation

L0
%Uv fﬁ(r,t]dﬂ] =- f J(r,6).ny(r)df + L_‘aiﬁzldv
* Assumptions: ’
v'Mass generation or Mass consumption =0
v'Fluid is incompressible

v'No liquid sticks on the wall of the container

Now, another formulation may be made to simplify this problem a bit and that is like this
thus instead of taking the whole evaporator as the control volume, we can just focus on

the liquid side as the control volume. Let us see that what advantage, we are deriving by



this particular alteration in the selection of the control volume. So, again we write the
mass balance equation for this new control volume. And here in this case, we see that the
there is no generation or consumption of the mass the fluid is incompressible and then

the no liquid is taking to the container.

(Refer Slide Time: 27:31)

Solution (Contd..)

Mass flux
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Total mass flux
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Now, again we write for this particular control volume the flux terms this same as earlier
one. And this is also the same as the earlier one only new addition is coming due to this
particular term and what is this term. This term is signifying the amount of vapor
generated from the liquid and this vapor is going out from the liquid phase to the vapor
phase. And since this is cutting this particular control surface; so this is taken as a flux
term and not as any kind of generation term. So now, with this new flux term I am what
we can see that the net flux will be the contribution of the feed flow rate, the liquid flow

rate, and the amount of evaporation taking place.
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Solution (Contd..)

Mass accumulaﬁinn
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Now, again we write this amount of liquid change with time in the evaporator as this dm
1 by dt. So, within this particular control volume, this is a change in the mass of the
particular system. So, this is again written in terms of density, and the volume of the
liquid. And here we are writing this particular volume and this volume is replaced by the
product of the height of the liquid and a area of cross section, this area of cross section is

taken out of the differential. So, we get this dh by dt into rho L into A.

Now, after putting this value and combining it with the flux term, we get this particular
expression. Now, you see this expression looks much simpler than the earlier expression
for the change in the liquid height with time. And the advantage we are getting is like
this that if we assume that the liquid is a saturated liquid, then whatever mass is getting
generated due to evaporation can be easily computed from this expression. In this we
have the amount of heat liberated by the steam divided by the enthalpy of vaporization of
the liquid.

So, this will we are able to simplify this particular expression only thing, we have to see
is this that if this assumption is not made, then we cannot write this expression. Because,
the amount of heat liberated by the steam will also be used to heat up any kind of sub
crewed liquid present in the system up to the saturated condition, and only after that the

evaporation term can be added.



So, without going into those details even though we can take those fetch into account
easily and only thing will be this the solution will be grid will get more involved other

than this rest of the things can be done easily.
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Solution (Contd..)

+ Consider the control volume as shown in the following figure
* Writing the integral form of the mﬂass conservation equation
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Next, we try to find out how this particular heat duty of the steam can be evaluated. For
this, we chose another control volume that will be across this particular pipeline. So, here
again we see that this is the um an integral energy integral balance. Here we again put all
the assumptions as before, and we can take out all these things that in this case we are
assuming that steady state within the pipeline. So, there is no accumulation, and there is
no generation term. And we also assume that there is no liquid it is sticking to the

pipeline wall.



(Refer Slide Time: 31:12)

Solution (Contd..)
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Now, here you see that we can like earlier, we can find out the flux values and this is

associated with the incoming steam this is associated with the outgoing steam. And you

can see that there will be changes in the sign of these two fluxes at the in inlet and the

outlet. And then the net flux is this particular expression. And from this expression, we

find the amount of steam going in is equal to the amounts of steam coming out of the

system.
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Determination of heat duty

i Writing the integral form of the energy conservation
equation 0
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Solution (Contd.




Now, for the energy balance what we do that we again write this in terms of the
enthalpies with the steady state assumption and no generation term. And we will find that
for the fluxes, we are getting this is the enthalpy that is going into the system with the

steam, and this is the enthalpy that is coming out of with the steam.
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Solution (Contd..)
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Now, this particular expression that is the heat liberated by the steam is also taken in the
flux term, because it is crossing the control surface. So, this particular heat is should not
be taken as any kind of generation, but should be taken as a heat flux. Now, once we
have written this particular expression at steady state. We find that the amount of heat
liberated from going from the steam to the liquid is the difference in the enthalpies of the

incoming steam and the outgoing steam.

So, this is the way you solve for the amount of heat liberated by the steam.
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More details can be found out in these particular references. And we shall be doing some

more problems from this.

Thank you.



