Concepts of Thermodynamics
Prof. Aditya Bandopadhyay
Department of Mechanical Engineering
Indian Institute of Technology, Kharagpur

Lecture — 67
Supplementary Lecture: Problem Solving with the Aid of a Computer
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Hello and welcome to the session in which we are going to solve problem 10.79. In
which we have ambient conditions as 100 kilo Pascal and 300 Kelvin. Energy is supplied
as 1200 kilo joule per kg air from a 1500 Kelvin source. So, this thing is at 1500 Kelvin
and the energy supplied is 1200 kilo joule per kg. In some part of the process, heat
transfer loss so, the loss is 300 kilo joule per kg and this happens at 750 Kelvin. The air
leaves the engine at 100 kilo Pascal and 800 Kelvin. So, we have to find out the first and

the second efficiencies.

So, because it is a loss I will write this as minus 300 kilo joule per kg. So, if you write
down the first law for a steady state steady flow process with all the heat transfers
accounted for. We have 0 is equal to summation of Q dot plus m dot air hi minus m dot
air he minus w dot, where we have neglected the kinetic energy and potential energy
changes as air passes from state 1 to state 2. If we divide by the mass of air we have 0

equal to summation of q plus hi minus he minus w. This is equal to 0 equal to 1200 kilo



joule per kg minus 300 kilo joule per kg plus hi minus he minus w. So, this will yield the

work done during the process.
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gh=1200

ql=-300

hi = enthalpy(air, t = 300-273.16)

he = enthalpy(air, t = 800-273.16)

0=qh+ql+hi-he-w
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So, the definition of the first low efficiency, this is equal to the work obtained during the

process by the amount of heat input to the process. So, this should be divided by q H. So,

let us go to a computer and see what the calculation tells us.

So, we have gh equal to 1200, gl equal to minus 300, hi is the enthalpy of the inlet air.

So, because air is considered as an ideal gas, the enthalpy is simply a function of

temperature and in this case it is 300 Kelvin rather is if we make it 10 degree Celsius it is

this, he is the enthalpy of air at t equal to 800. So, then we write down the balance the

first law for the steady state steady flow process. So, it is q h plus q 1 plus h i minus h e

minus w and eta i or eta 1 is equal to w by gh.
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So, if you solve this we obtain the first law efficiency as 0.3152. Now, coming to the
second law efficiency the way to do it is that, we first find out the reversible work and
then we compared the work obtained during this actual process against the benchmark of
the reversible work. So, how do you find the reversible work? We note from our studies
that the irreversibility is defined as the w reversible minus w which is nothing, but T 0
into S gen. So, if you write down the. So, this is written in a per unit mass basis. So, this
should be small i rather if I write it down as this which is w dot reversible minus W dot is

equal to T 0 S dot gen ok. So, how do we find the expression for T 0 S dot gen?

(Refer Slide Time: 04:57)

o o e Gmew [muss Jae P e gy G File B View Page Tooh Options Help
il <ol | g vinl=iuel ol S ST o
1743 SRS oo sm®Es) 1| 8 SiLg s Aledls -

N — = (R R0 T TTTITEN
gh = 1200

gl=-300 D= Smbe Shie LSQ-
hi = enthalpy(air, t = 300-273.16) 0 embi- Zmese + é§-+9ﬁ
he = enthalpy(air, t = 800-273.16) T

0=gh+ql+hi-he -w Sgn = 2l . Re -58;
7

ela_| = wigh

To . p,fT& Thr 1(8e-80NT
g =W J_rir;—é ( e- 80)7,

Wy = Wedt + ToSen

= Bl; = Aane _q;_ﬁm "dq/-ff TD

T T
+l’/'i/-z,'@£ +TO(E€—/§'




So, we have for the steady state steady flow process 0 is equal to summation of m dot 1 si
minus summation of m dot e se minus summation of Qi by T 0 Qi dot plus S dot gen. If I
divide by the mass flux then I have simply s gen is equal to summation of q by T plus se
minus si. In this case this will be ¢ h by T h plus q 1 by T I plus se minus si. See if [ do T
0 into s gen this will be simply multiplied by T 0.

So, w reversible if we look at this particular formula this will be w actual plus T 0 into s
gen, where w actual I mean already we have it, but still just to go through the derivation
w actual will be h 1 minus h e plus should have been plus. So, pardon me that sign
mistake was there. So, this is all minus it is a very anyway. So, minus q h by T h

multiplied by T 0 minus q 1 by T I there are T 0 plus q h minus q 1 plus T 0 se minus s i.
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And this gives us the classical formula that we have which will be nothing, but h i minus
T 0 si minus of h e minus T O se plusqh 1 minus TO by Thplusql 1 minus TOby T1

and so, on where all the temperatures are; obviously, in Kelvin.

However this expression in mind let us go ahead and encode this into the computer. So,
for this I knew now need to just work with this particular equation because once T 0 s
gen 1s known, I can simply add the w actual to find the w reversible ok. So, the very first
equation is w reversible is equal to w plus the irreversibility, where irreversibility is
equal to T 0 multiplied by sgen where T 0 in this particular case let us go and look into

the problem what is T 0, it is 300 Kelvin. So, T 0 is 300 we need all the temperatures in



Kelvin now. So, now let us write down the expression for s gen. So, 0 is equal to si
minus se plus q h by T h minus rather plus q 1 by T 1. So, for those of you who are

wondering how I have written a positive sign despite q being a lost.

The fact is I have accounted for the negative sign already in this expression. So, I do not
need to account for a negative sign over here the sign is already conveyed ok. So, this
expression will give me sgen; however, T h and T | have to be defined. So, T h is 1500
Kelvin T 1is 750 Kelvin, si is the entropy of air at t equal to the given conditions and p
equal to 100 kPa; se is the entropy of air at t equal to the given temperature at exit and

the given pressure at exit.

So, the given pressure is also; so, the yeah like this both the pressures are at atmospheric
pressure. So, the inlet and the exit of the heat engine are at 100 kilo Pascal. So, that gives
us the entropy at the inlet and exit; unlike the enthalpy the entropy is a function of both

pressure and temperature as you might have seen in theory class.

So, with this we should now be able to obtain sgen let us see yes we do have s gen. So,
then we also have the irreversibility and w reversible. So, the eta second law should now

be equal to w by w reversible let us see what the value is, it comes out to be 0.6719.
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So, essentially of the possible 562.9 kilo joule per kg one is able to only make use of the
378.2 kilo joule per kg. Implying that you are only able to use 67.2 percent of the total



work that you could have hypothetically obtained if you were to convert all the processes
into a reversible process, implying the sgen of the total cycle should be 0. So, the
derivation and the problem should make the ideas of the first law and second law

efficiency very clear and with this not I end this video, I will see you next time.



