Mass, Momentum and Energy Balances in Engineering Analysis
Prof. Pavitra Sandilya
Cryogenics Engineering Center
Indian Institute of Technology, Kharagpur

Lecture - 15
Energy Interactions in Reacting Systems (Contd.)

Welcome, today in this lecture we shall be doing some problems on the Energy
Interactions in Reacting System. So, here we shall be using all the concepts we
developed in our last lecture and check that how to implement those concepts in solving

some real life problems.

(Refer Slide Time: 00:27)

Problem- Degree of freedom of combustion
process

Methane is burned with 5% excess air in a furnace. The stream composition and
variable values are specified in the following figure. The process occurs with each
stream at 1 atm. Determine the degrees of freedom for the system.
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So, first problem is on the concept of degrees of freedom and this has been applied for a
combustion process. In this problem methane is burned with 5 percent excess air in a
furnace. The stream composition and the variable values have been shown in this
particular figure. And the process occurs with each stream at 1 atmosphere pressure. So,

we have to determine the degrees of freedom for this system.

So, here you can see, this is a typical representation of the combustion of methane. Here
we have a furnace and we are inputting the methane stream and the air stream. And as
you can see that air is basically consists of nitrogen and oxygen which are the major
components of air. And here the pressure have been written and the temperature will be

something arbitrary, but it is specified.



Now, after the methane gets combusted, there could be the production of carbon dioxide.
If there is a complete combustion and if there is partial combustion there will be
production of carbon monoxide. So, you can see in the outlet stream, we have a carbon
monoxide and carbon dioxide both of them and then it will also produce water. So, here
we have H20 plus some unreacted oxygen and the nitrogen is remaining unreacted all

throughout.

So, whatever nitrogen is going inside the furnace will be coming out of the furnace
without any kind of reaction, but what changes will occur is this the inlet streams will be
having certain temperatures. Due to the combustion the temperature of the outlet stream
will be different from the inlet stream temperature. And here it has been shown the
queue; that is if there is any kind of heat exchange between the furnace and the

surroundings.
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With these information now, we shall be doing the degrees of freedom analysis to figure

out whether this problem has been defined from properly or not, so that we can solve for

the unknown variables.

Now, first as we learnt that we have to first list out all the unknown variables. So, here
you can see that we have listed out the variables. So, species in the F 1 and there is again,
I have shown for your reference this particular figure. So, here we have only 1 species,

so that is why we are counting only 1. Then species in F 1, this will be F 2, so this will be



F 2 here, ok. So, this in F 2, we have 2 species that is oxygen and nitrogen. So, we are
counting 2 here and in the stream F 3, here you can see we have 1 2 3 4 and 5. So, we

have 5 components and we are putting 5.

Now, please understand what we mean by these species in F 1, F 2 or F 3, we mean that
their composition, ok. So, how much of thus, these species are present in each of the
streams is given by there may be mole fraction, may be mass fraction, or maybe some
concentration in terms of say mole per cubic meter. So, all those things are being

counted. So, that is what we mean by this counting of the species.

And next we come to the total stream flows. Now, here we have three streams F 1, F 2
and F 3. So, these are the 3 variables. And then we have stream temperatures. So,
associated with each stream there will be one temperature. So, we have 3 streams. So, we
have 3 temperatures and then steam pressure. So, we have 1, 2, 3 streams, so, we have
this stream pressure. And then the queue that is the amount of heat that is going out of

the system, that is the 1 and extent of reaction.

Now we have two reactions possible as I just told you. So, methane can react with
oxygen partially to give carbon monoxide or it can also react with oxygen completely to
give us carbon dioxide, ok. So, for each of these reactions, we can associate some kind of
extent of reaction as we learned in our earlier lecture and this will be counted as 2 more

variables.

Now, if you add up all these number of variables then you add up to they add up to 20.
Now after counting the variables we have to count the number of independent equations

correlating these variables. So, let us now go for this equation counting.
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olution
Number of equations:

Independent species material balances

Sum of species in each of the 2 streams (E n{ = Fj)

Energy balance 1

Specification of the value of a variable rr
Total stream flows, F, from the basis and F, from 5% excess 2
Species values [CO) 1
Pressures (P, = P, = P; = 1 atm) 3
Temperatures (T, and T) 2
1
2

0, to N, ratio specified in F,
Complete reaction, the extent of reaction is implied for both reactions (to CO and

Total

Now, here we have put all the equations that are necessary for this. Now, first we have
the independent species material balances, they will count to 6, ok. For each of the
species like we can see here that we have 1 plus 1 this methane, oxygen, nitrogen, 3 then
water 4, then carbon monoxide 5 and carbon dioxide 6. So, we have 6 species involved
in this particular process. So, we are putting that for 6 of this species, we have 6 material

species material balances.

Now, once you are writing the species material balance there is no need to write the
overall material balance, ok. Now sum of species as I was telling you this will be
counting to the total stream flow. And for these two streams we are having this total
stream flow. Energy balance will be always be 1, because energy balance is not done
species wise, but it is done for the overall system so, it will always be counting to 1 and
then specification of the values. Now, you understand this, these specifications if you do
not make these specifications; that means, you can also do the degrees of freedom
analysis without these specifications, ok. So, if you do not count this then you will find

that this total count will not be so.

Now, when you specify what we are trying to do is that you are trying to reduce the
degrees of freedom to 0 so, that you can get some unique solution, ok. So, that is why we
are doing this specification count. So, here we have some specification please,

understand that the specified variables are not unique. The selection can be a user based



thing depending on the situation the specifications can differ, ok. So, this is one of the
typical set of specified variables, I can say depending on the situation you can also alter
this set of the specified variables, ok. For this particular set as you can see that we have
specified the pressures temperatures, etcetera and this oxygen to nitrogen ratio in the
feed stream. And we are assuming complete reaction to extent of reaction is implied for

both reactions, etcetera.

So, all these things you will find that we have specified these variables, ok. So, if we
specify this sort of variables and then we count these equations then what we find we are
having these 20 equations. Now you can see that when we are doing the degrees of
analysis. Now, we have to simply count the number of variables, number of, independent
equations and then degrees of freedom means 20 minus 20 that is 0. Now 0 means we
have a unique set of solution, unique set solutions for all the unknown variables in the

problem.

(Refer Slide Time: 08:16)
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Number of variables = 20
Number of equations = 20
Degree of freedom = Number of variables - Number of equations

=DOF=20-20=0

So, every time what whenever we want uniqueness, we have to make sure that the

degrees of freedom is always 0.
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Problem - Calculation of adiabatic flame
temperature

Determine the theoretical flame temperature for CO gas burned at constant
pressure with 100% excess air, when the reactants enter at 100°C and 1 atm.

The reaction is
C0(g) + (1/2)0,(g) - CO4(g)

The system is shown in the following figure.

100°C
0| ) =t T=
100°C Reactor [——— Co,g)?
e Ml=?
0.

N,:0.79 Oulgl=?

Next, we come to another problem. In this problem, we have to estimate the adiabatic
flame temperature, what it means is this whenever there is some kind of combustion
happening. Now due to this combustion, you know that it will lead to some energy
generation and there will be rise in the temperature. So, this rise in the temperature can

be estimated and there can be are various methods.

Now, in adiabatic flame temperature, it means that word adiabatic means that it is
assumed that there is no heat transfer between the systems and the surroundings so that
whatever heat is being generated by one particular reaction that remains within the
system. So, that heat can increase the system energy or internal energy of the system to
the maximum possible extent, ok. So, that is the significance of the adiabatic flame

temperature.

So, here we have to determine the theoretical flame temperature or adiabatic flame
temperature for carbon monoxide gas burned at constant pressure with 100 percent
excess air when the reactants enter at this temperature and this pressure and this is the
particular reactions. So, this is the Stoichiometric reaction which is given in terms of that
for 1 mole of carbon monoxide getting combusted with half a mole of carbon oxygen to

give 1 mole of carbon dioxide all in the gaseous state.

Now, please understand that whenever we are doing this kind of analysis, we are

assuming that the outlet temperature pressure of the exiting stream is same as the reactor



temperature, ok. So, that is why we are not counting the reactor temperature and pressure
separately. And the same thing we did in our earlier problem too, we did not count the

temperature pressure of the reactor separately from those of the outgoing streams, ok.

Now, here we put all the conditions as given in the problem. And here we are assuming
that the air to be a binary mixture of nitrogen and oxygen, ok. Even though air is not
truly binary, but here we are assuming to true binary mixture. And in that case, we take
that conventionally, we take the air to be composed of 79 mole percent of nitrogen and
21 mole percent of oxygen. So, when you convert the mole percent into mole fraction,

you get 0.79 mole fraction of nitrogen and 0.21 mole fraction of oxygen.

Now, here we have to find out the temperature at the outlet and also we do not know the
composition of the outgoing streams. Only thing is this, we know that this nitrogen

which is going into the reactor will come out fully without any kind of reaction.

(Refer Slide Time: 11:44)

Solution
Basis: 1 g mol of CO(g) (Reference temperature T = 25°C and pressure P = 1atm)
Material Balance:
The moles of 0,and N, entering:
C0(g) + (1/2)0,(g) - CO5(g)
1 mol CO requires: 0.5 g mol 0,
50% excess: 0.5 x 1 gmol 0; = 0.5 gmol 0,
Total 0, required: 0.5 g mol 0, + 0.5 g mol 0, = 1 g mol 0,

0.79 g mol Nz/g mol (mole fraction of Np in air)

0.21g mol 03/g mol(mole fraction of 03 inair)
=3.76 gmol N,

Entering N,: 1 g mol 03 X

Now, what we do that as we learnt earlier we choose a basis. So, here we are choosing a
basis of 1 gram mole of carbon monoxide as our result in the problem statement is to be
reported in terms of this particular quantity, ok. And the reference temperature is taken to
be 25 degree centigrade and pressure to be 1 atmosphere, because as you know that the
enthalpy is to be found from some reference values of pressure and temperature. So,
these are the two values of temperature pressure based on which we are going to find out

the enthalpy.



So, we write the balance equation here. And now what we find that 1 mole of carbon
monoxide reacts with 0.5 gram mole of oxygen. And in the problem statement is says
that we have sent 5 percent excess so; that means, the actual amount of oxygen sent is
the 0.5 is a stoichiometry amount into this 1 gram mole, this is the excess amount of
oxygen we are sending. So, total oxygen is this 0.5 gram mole that plus the 0.5 gram

mole that is 1 gram mole, ok.

Now, once we know the amount of oxygen sent into the system then we can now
calculate the amount of nitrogen entering into the system by knowing the composition of
the air. So, here we are writing that for 0.21 gram mole of oxygen, we are getting 0.79
gram mole of nitrogen. So, for 1 gram mole of oxygen how much nitrogen will be sent?

So, this is the amount of nitrogen that is also entering the system with the air.

(Refer Slide Time: 13:29)
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Solution (contd..)

A summary of the Material Balance is given in the table.

Species g mel Species  gmol
Co(g) 100 COy(g) 100
0;(g) 1.00 0,(8) 100

05
) a6 NG 37

Now, we write the material balances that these are the gram moles of carbon monoxide,
oxygen and nitrogen and these are the various species at the outlet. And now from
stoichiometry we can know how much of carbon dioxide, how much of oxygen and
nitrogen are going to be produced, ok, because we are going to make this. One more
thing that in the exit, we have 0.5 gram mole of oxygen, because another 0.5 gram mole

has reacted with carbon monoxide.
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Solution (contd..)

* Assumption: Adiabatic reaction

Enthalpy change due to reaction, AH is given by
RAH = Ay — AH;y

BHy=) 8H;  OHow= ) O
Jj=1 j=1

T
AH; = Hi(T)) - Hy(25) = m I cp;dr i ﬁﬂ?f i Aﬁphase thangel

25
AH = AHqy - AHyy = 0

{@ SHagam 0

So, after these material balances, now assuming that adiabatic condition now we find

out, we have to find out the enthalpy of the reaction. So, that we can find out the
temperature and we know that enthalpy of reaction is given by delta H out and delta H
in. And in this case the in one we know, because we can find out the total enthalpy
change associated with each of the components and here outside also enthalpy change
associated with each of the components. So, here this R is representing the total number

of reactants in and the P represents the total number of products species.

Now, we know that delta H 1 equal to H 1 T i minus H 1 25 that; that means, this is the
standard temperature for us. So, with respect to this standard temperature, we are trying
to find out the enthalpy of, enthalpy change for ith species. And as we have derived
earlier that in this case we have to take the sensible heat, we have to take the heat of

formation and the heat necessary for the phase change.

Now, the with this particular thing, we know that this is the adiabatic. So, we are putting
this delta H equal to 0 that will delta H out is equal to delta H in.
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Solution (contd..)

* The specific heat may be estimated from the following correlation
¢y =a+bT+cr* +dr°

The values of the parameters a, b, ¢, d are given in the following table

m-mm
2895 0411 0.3548 -2220

03 29.10 1.158 -0.6076 131

N, 29.00 02199 05723 -2871

€0, 3611 4233 -2887 7464

Cp isinkl/(kmol K), and T iss in °C

Now, this is what we learnt earlier that C p may be given by this cubic, polynomial and
here we have given you the a b ¢ d values for all the species, ok. And here, we say that

the Cp is in kilo, joule per kilo mole Kelvin and temperature is in degree centigrade.

(Refer Slide Time: 15:50)

Solution (contd..)

Species | No.of | T(°C) | Standard heat | Sensible heat AH = ny (AH} +AH o)
moles (g offormation | AT = " ¢ dT (1/gmol) 0
mol)[n; AR ) | BT

100 100 -110520 21916 1084284

0, 100 100 0 22210 22210
N, 376 100 0 21874 8224.6
Total A, -97982.8

AH phase change = 0 for both reactats and products because both the reg
ants and the products are in gaseous phase

Now, next of the things are very simplified, I am not going into detail of this, because |
have done such a calculation in the earlier lecture. So, here we simply put this formula
and find out the delta H, this sensible heat from this particular integration. And I have

just put the final values after doing this integration here and the total change in the



enthalpy. As we learnt earlier has to be found out by multiplying the respective amount
of the number of moles of the species with the change in the enthalpy for that species.
And for each of the species we have simply multiplied these numbers the number of
moles to get all these things. So, we are we are adding these two up and then we are
multiplying with number of moles. So, we add this two up and multiply this mole, we

add this two and get multiply with this number of moles.

So, after doing this, we are finding this is the total enthalpy change at the inlet stream.
And then we know that there is no phase change in the system, because all the species
are in the gaseous phase. So, we are putting this enthalpy change associated with the

phase changes 0.

(Refer Slide Time: 17:01)

Solution (contd..)

[ e
mal) [n;] A} (1fg mol)

Out o, 1.00 -3845
0, 050 0
N, 376 0

And now, we have all these information about the outlet stream, these are standard heat

of formation. And again these values are found from the data chart given in the literature.
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Solution (contd..)
P P P

Blow = ) 8H;= ) mdRsc + 001} = )
i=1 =1

i=1 i

T
{ I c,,dT+AH§']

25
AH

out P P

P

=(T- 25)2::1 a;+0.5[17 -zsz]zn,bi +0.333[7° - 253]211; o
i=1 P P i=1 i=1

#0.25[1 ~25] ) mdy+ ) m 0B

i=1 i=1

And now, we are ready to find out the delta H out and again we are putting all these. This

is the final equation for the delta H out, it is similar to the word that is in, delta H in. And

what we are doing now? We want when we add up all these over the species. What we

find these all these temperature terms can be brought out of the summation and the

summation is occurring for each of the components for each of the parameters in the

specific heat equation.

So, here you find all these summation represents the parameter in the specific heat

equation and these terms are representing the terms after the integration.
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Solution (contd..)

AH = A,y - AHjy = 0
= (T-25) 20 nya; +0.5[T% - 252 £ n; b; + 0.333[T° -
25%| 5 myc; + 0.25[T* - 25%| 57 myd; + BF. my AR, - (-97982.8)=0

= (T-25)2F. ma; +0.5[T% - 252 I n; b; + 0.333[T% -
25%| Bl myc; + 0.25[T* - 25%| £Fy myd; + TFy n; AHY; - (-97982.8)=0

So, here I am not any more going to detail, it is simply rearranging the two equations, we
have found out for these two’s enthalpies. And next is this, we are finding that the final

equation becomes a cubic equation in temperature.

(Refer Slide Time: 18:14)

Solution (contd..)

* Let, f(T) = (T - 25) If my@; + 0.5 - 252 T, n by + 0.333[1° -
25%| . mic; +0.25[T* - 254 F- myd, + iy my AR, +97982.8

soecis |0 | bx10 | _cx10' | dxi0’ |
4] 2895 0411 03548 -2.220
0, 29.10 1.158 -0.6076 1311
N; 29.00 02199 05723 -2871
€O, -2.887 7464

And so, we are basically, we are trying to solve an equation that is the function of

temperature and here we put the values of a b ¢ d.
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Solution (contd..)

 fI(T) = Bhympag + TS0 n by + T Iy myc + T3 IHy myd

No. of moles (g | Standard heat of formation
mol] [ny] A (/g mol)
ut €0, 100 3845
2 0

0, 05

And now, we find that we are using a Newton Raphson Method. So, we have this
derivative of the function. Newton Raphson Method, I shall be teaching you in my
subsequent lecture, this is one of the ways of finding the root of the non-linear algebraic

equations.

(Refer Slide Time: 18:52)

Solution (contd..)

* Newton Raphson method:
gty = oo~ F@)

T
plks1) _ (0 AL
| X100

Where € is a user defined convergence criterion.
Solving by Newton Raphson method we get

T = 1555°C

So, we are putting this derivative of the Newton Raphson Method and here we are

putting the number of moles and standard heat of formation of all the components. And
here this is the recurring formula, recurrence formula in the Newton Raphson Method;

that means, in this method what we do that we take some assumed value and keep on



updating the value in terms of the function value and the derivative of the function. So, I

am not going to details of this particular method, I shall be taking them up later.

So, if the suffice to say is this that here is we put some kind of convergence criterion and
this K represents the number of iteration. So, basically we are checking the values in the
two consecutive iterations just a, small modification. Here will be that these Ts are
calculated at the k th temperature; so, at the kth iteration level, ok. So, it is as, as you can
see this is for kth iteration level at the same temperature, we will be calculating this the

function value and the derivative of the function.

And then for checking the convergence the user puts some kind of convergence criterion,
it could be 1 percent, 10 percent or 0.1 percent depending on the accuracy needed. So,
we put that criterion here and then we get some convergence and if you solve this
equation, you will find the approximate value of the theoretical flame temperature or

adiabatic flame temperature is going to be this value, ok.

So, this is a pretty simple way of putting this, applying the energy balance, because in the
energy balance we are assuming the change in the kinetic energy, potential energy to be
0, the adiabatic means Q to be 0 and there is no work done, because a reactor is a fixed
reactor rigid reactor, ok. So, when in the energy balance equation when we drop all those
terms, we will find that we are having the, the terms which were shown in this particular

solution.
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Problem- Application of energy balance with
multiple reactions

Combustion of limestone (CaC0,) with natural gas (CH,) in the presence of 50%
excess air produces calcium oxide (Ca0). CaCO, enters the process at 25°C and
the Ca0 exits at 900°C. CH, enters at 25°C and the product gases exits at 500°C.
Determine the amount of CaCO, produced per g mol of CH, combusted.



Now, we go to the next problem. In this problem, we are applying the same energy
balance equation, but for multiple reactions so far we have looked into one reactions.
Now, we are going for multiple reactions, in this we have the combustion of limestone,
limestone is calcium carbonate with natural gas that is methane, primarily; in the
presence of 50 percent excess air produces carbon calcium oxide that is Ca O and
calcium carbonate enters the process at 25 degree centigrade and calcium oxides exits at
900 degree centigrade. Methane enters at 25 degree centigrade and the product gases exit
500 degree centigrade. So, we have to determine the amount of calcium carbonate

produced per gram mole of methane combusted, ok.
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Solution (contd..)

L:25°C

m h G (E m(llz)DP;:lcdl.lCt gas
Neaco, €0, "{’u;
0y ﬂ:';l
Nyiny,
Klln Hy0: “ﬁ;ﬂ

Ca0,100%

Rean

P 900°C | ‘ T M:25°C,CH; 1g mol, 100%

A: 25°C, Air:
0.79 and 0.21 of N, and 0,
respectively by mole

So, with this problem statement now, we show you schematically how this thing looks
like. So, here we have the incoming stream of calcium carbonate, ok. This is a kind of
kiln in which this reaction is going on and here we have written the conditions of the
calcium carbonate as given in the problem. And here, we show it 100 percent that is it is
taken to be pure calcium carbonate. And this is the number of moles of calcium
carbonate and the another in that stream is the methane here. And all the conditions for
the methane are also given here, it is pure methane the natural gas, it is primarily

methane, but here we are assuming that it is pure methane stream.

And when we have shown the product streams over here, we are showing this thing on

this left hand side, because calcium carbonate is solid so, by gravity it will come down.



And similarly, this calcium oxide is also solid so, it is will be taken from the bottom of
the kiln. On the other hand any kind of gases will move up due to buoyancy and they will
be collected from the top of the particular reactor, ok. So, they have been shown on the
top, ok. And similarly, these gaseous inlet stream is also shown from the bottom, because

it will tend to move up the column.

Now, along with methane, we are also sending the air and again we are assuming the air
to be a binary mixture of nitrogen oxygen and nitrogen is taken to be 0.79 mole fraction

and oxygen taken to be 0.21 mole fraction.

(Refer Slide Time: 23:13)
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Solution

Assumptions:
+ The process occurs at 1 atm and 25°C
+ System is adiabatic: § = 0
Basis:
1g mol of CH,
Specles Molecular Weight (g/ g mol) Heat Capacity (k)/g mol)
CaCo, 10009 0,130
a0 56.08 0,062

Reactions:
a. CaC0,(s,25°C) — Ca0(s, 900°C) + CO,(g, 500°C)
b. CH,(g 25°C) + 20,(g, 25°C) - C0, (g, 500°C) + 2H,0(g, 500°C)

Now, the assumptions are the process occurs at 1 atmosphere and 25 degree centigrade
system is adiabatic to Q is 0 and neglecting other terms like changing in kinetic energy,
change in the potential energy and there is no work done. So, we shall be arriving at the
total change in the process will be simply the change in the enthalpy of the product

stream and minus the change in the enthalpy of the raw materials.

So, taking the basis as this 1 gram mole of methane, we write for the species the
molecular weight, the heat capacity taken from the literature. And these are the two
reactions; one in the first reaction, we find that calcium carbonate is going into to
decompose into calcium oxide and carbon dioxide. And in the second reaction what we

are finding that methane is combusting with oxygen to give carbon dioxide and water



and these are at 5 degrees 500 degree centigrade and this calcium oxide is at 900 degree

centigrade.
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Solution (contd..)

€aC05(s,25°C) - Ca0(s, 900°C) + CO,(g 500°C)
CH4 (g 25°C) + 20,(g, 25°C) ~ CO,(g, 500°C) + 2H,0(g, 500°C)

The moles of 0,and N, entering:
1 mol CH, requires: 2 g mol 0,
50% excess: 0.5 X 2 gmol 0, = 1gmol 0,

Total O, required: 2 g mol 05 + 1 g mol 0; = 3 gmol 0,
0.79 g mol N3/g mol (mole fraction of N in air)
0.21g mol 03/g mol(mole fraction of Oy in air)

Entering N,: 3 gmol 0, x =11.29gmol N

And here you see that with this kind of balances, we have also put the number of moles
of oxygen and nitrogen entering the system. So, 1 mole of methane requires 2 gram mole

of oxygen as you can find from this stoichiometric equation.

And again we have been told that we are sending 50 percent excess air excess; that
means, that 2 gram is needed. And we are putting excess of this that is 1 gram mole is
excess and that is total amount of oxygen going into the system is 3 gram mole, ok. And
once, we know the amount of oxygen going so, we can find out the how much nitrogen is
going into the system. And we can find out the gram mole of nitrogen going inside the

system.
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Solution (contd..)

Element material balance 25 (g mol Product pas
'ﬁhﬁiarl i
a0 [
4 1+4L 1y, (1) wind
By
w1129 n, @ Kin
H 4(1) 2nj,, hencenyj g = 2 (3)
[1} 3L+2(3) anuz + Zn';.': + nﬁzo +P 4 ;ﬂ%'] l WSO, 1 gmel 100%
Ca L P (5) e

AT Ar
0.79 and 0.21 of N; and 0y
respeciively by mole

Now, we write the species material balance to find out the number of moles of each of
the species. So, here I have shown you for the inlet stream for all each of the individual
species over here, ok. And here I have shown you for all the outgoing streams here. So,
here I am doing the elemental balance as I told you that in this case elemental balance
will be bitter, because we are just trying to find out that carbon is going inside the
system. Now, how much carbon is going out of the system and we are not going to go for

the delta H reaction that is the heat of reaction.
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Energy Balance: Output streams
Species gmol T(C)  Heatof formation Sensible heat Stream
n A} k/gmol) Al (kafgmol) 8 = m[ARY + i) (k)

0, onf, S0 -393250 21425 ~371825nfy,
0, 1 500 0 15034 15034

N; 11.29 500 0 142411 160.780
H,0 2 500 ~241.835 17.010 =449.650
Ca0 P 900 -635.600 44,685 -590914P

Outputs

8Houpus = z AH, = ~371.825nfy, +15.034 + 160.780 - 449,650 - 590,914P

i=1
AHguipuis = ~371.825nf,, — 273.836 - 590.914P



So, we are going with the elemental balance. So, after this what we are doing that we put
all these values from the literature heat of formation sensible heat; as sensible heat as you
know that we have found it out by the integration of the CP DT. And this is the total heat
or change for the all those streams for the output streams and these are pretty
straightforward. And since I have explained these things to in the earlier problem so, I
am not going into details of this. Once you know the temperatures of the various streams,
you can find this particular values very easily by integrating from 25 degree centigrade
to these temperatures. And then afterwards you are just simply adding these two and

multiplying with the number of moles and now you get this kind of output things.
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Energy Balance: Input streams

Specles gmol T(C)  Heatof formation Sensible heat Stream
n AHY (ofgmol) &g (kifgmol) AH, = m[AH} + Al | ()

CH, 1 5 -49.963 0 ~49.963
CaCo, L 25 -1206.9 0 =1206.9L
0
0

0, 3 25 0 0
N; 11.29 25 0 0

Inputs
At = Z AH; = -49.963 - 1206.9L
i=1

)= AH(]nt]mla; i AHInpurs

it

Now, here you see that once you put for the input and output then you find that there are
many of these things are unknown, ok. So, you have to know the number of moles of
carbon dioxide, you have to know the feed stream velocities. So, what we have whatever
equations, we have written earlier. And what we are just rearranging the equations to get
the solution for each of the unknown variables. And this is very straightforward basically,

you are solving a few coupled linear algebraic equations, ok.
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Solution (contd..)

Q=AH Outputs — AH Inputs
Since Q = 0, AH, Outputs = AH Inputs
371.8251'1&]2 +273.836 + 590.914P = 49,963 + 1206.9L

From species material balance, P = L
= 371. 8251:&,2 - 615.986L = -223.873 (6)

From species material balance,
1+L=nf, (1)

Solving Egns. (1}and {El,
=3.439gmol and L = 2.439 g mol
2.56 gmol CaCO; 100.09 gCaCO; 256 g CaC04

1 gmol CH, 1 g mol CaC0; ~ 1gmol CH,

So, I am not going into detail of this solution slso; you can do it very easily and
ultimately you find that you are getting these two values. Once you get these two values,
now you can find out that how much calcium carbonate is being consumed per unit gram

mole of methane by this particular formula, ok. So, this is very straightforward problem.
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So, more details you can find out from these two books.

Thank you



