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Lecture 02
Solved Examples for Flow process
Welcome to the class. We have seen that the overview of thermodynamics through different
laws and then we have seen what are the different terminologies in the Thermodynamics
specifically, we will deal in this class for the examples which we will deal with the review of
thermodynamics practically in those examples we will focus on the control volume analysis or

flow processes.

This is very much required since the components which are going to be studied for the gas
turbine power plant each component would be a flow process based component hence. The
analysis of that component can be well understood with the base what we would be constructing

through these solved examples. So let us workout with examples.
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1. At at 10°C und 80 kPa cnters in to the diffuser of s jet enggine steadily with velocity 200 nv's. Ikt urca of
the diffuser is 0.4 m* Air leaves the diffuser with very small velocity compared o the inlet, Find mass flow
mte and femperature of the air kaving the diffuser
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So, the first example says that air at 10 degree Celsius and 80 kilo Pascal enters into the diffuser
of a jet engine steadily leave with velocity 200 metre per second inlet area of the diffusion is

.4 metre square. Air leaves the diffuser with very small velocity compared to the inlet find out



mass flow rate and temperature of the air leaving the diffuser. So, let us see what are the given
things here?

So first given thing over here, so we are working with diffuser, so let us plot the diffuser,
diffuser in general is a divergent area section for us. We are dealing with very low speeds, so
for very low speeds the diffuser is a diverging section. So since this is the inlet of the diffuser
station 1 is the outlet of the diffuser. Station 2 we are told that P1 is equal to 80 kilo Pascal and
T1 is equal to 10 degree Celsius which is equal to 283 Kelvin. We are also told that V1 is equal
to 200 metre per second and inlet area Al is equal to .4 metre square.

Given:

m
P, =80 kPa;T, =10°C =283 K;V, = 200?;A1 = 0.4 m?

We are told to find out the mass flow rate which is m dot and we are told to find out T2. So,
these are the two things which we need to find out. So, we can know that mass flow rate is

m = pAV|y = p1A1Vi = p, A, Vs
So, let us first find out Rho 1 from perfect gas equation we know

P,  80x10° _ 0.9849 kg
RT, 287%283 m3

Py = p,RTy » py =

k
m = 0.9849 x 0.4 x 200 = 78.79?‘9

So, this is what one of the expected answers and for this answer to arrive at we used mass
conservation equation. We got this answer using mass conservation equation. For steady flow
analysis always or for flow process we cannot just use energy equation. We also have to

consider most of the times the mass conservation equation also.

However mass conservation has to be considered before considering the energy equation so,
now let us apply energy equation between the station 1 and 2, so we know that steady flow

energy equation is



2

. 43 . V3
m h1+7+ng +Q;,,=m h2+7+g22 + Wt

So for the diffuser we have

Qin =0;W,,: = 0;A(K.E) =0;A(P.E) =0

So, we get

h+VlZ—h+V22
o2 )7\ 2

Further it is also told that they air leaves the diffuser with very small velocity as compared to
inlet.

(200)?

= = = 0
T, 283+2*1.005*103 3029 K = 25.9°C

This is other output of the example and this has been obtained using the energy equation.
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2. Airat 280 K and 100 kPa is compeessed to 600 kPa and 400K, Mass flow rate of the air is 0.02 ky's and heut
loss during compression ks 16 kJ/kg. Consider the change in potential and Kinetic encrgy 10 be neglipble in
the process of compression and find the power input requared for compression,
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Now let us move to the next example, it states that air at 280 Kelvin and 100 kilo Pascal is
compressed to 600 kilo Pascal and 400 Kelvin, mass flow rate of air is .02 kg per second and
heat loss between the processes of compression is 16 kilo joule per kg. Consider the change in
potential and kinetic energy to be negligible in the process of compression and find the power

input required for a compression.

So here we are talking about a compressor so we will draw a compressor. Here it is station 1

here it is station 2 and this is a compressor. The given things in this example are:

kg kJ

T, = 280 K; P, = 100 kPa; P, = 600 kPa; T, = 400 K; 1 = 0.02—=;q = 16@ W, =2

So we are supposed to find out what is the W in, In the process of compression so let us apply

the energy equation, we will write down the same energy equation:

2 2

. Vi : V;
m h1+7+gzl +an:m h2+7+g22 +Wout

This is general steady flow energy equation. Now in this case W,,; = 0, We are again not

going to consider any change in Kinetic and potential energies, so we will have

mhy + Qi = mhy + Woye



Sorry, we are supposed to find out W;,, so we are working with compressor. So we need W
only change in potential and kinetic energy is neglected so we know

0.02 C,T; — 1hq = 0.02 C, Ty + Woye
Woye = —0.02 % 1.005 * 10% % (400 — 280) — 0.002 * 16 * 10® = —2.732 kW

Negative sign indicates that work output is negative. That means work in is positive and it is
2732 watt or it is equal to 2.732 kilo watt.

W, = 2.732 kW

So here in this example we just needed to find out the work output and then that needed only
the energy equation.

(Refer Slide Time: 13:17)

3. Heliuen is compressed from 20°C and 100 kPa to 315°C and 1400 kPa, Outlet arcs and velocity are 0.001 ne
and 30 ms, Inet velocity i 15 m's. Find the mass flow rate and inlet ures, Given: R=2077 Vg k

Vo) &
__--T 3 2_0.(. =1k = wokls | h-_\(eolfq , hs ywie= N 19
=
® M'Ooo\"‘" V2 30 mls ;““K"“
= ¢ \ e
st A - WWOORW | o |i4c Fplm
Tampriot " ey 8= ""Tt 203 n SN )
(0} ms v = 3 AV W eoxie® = 0:\¢4 ¥plm
= PURAT 3 e &
b 217 5303

e | exdono ool

) 10035"“
Bl Aol il

5 AYE MM 4
Az Ah o S0bls 00 M
- -—’:-\;‘—' “olen T

So, we will move next example and next example says that helium is compressed from 20
degree Celsius and 100 kPa to 315 degree Celsius and 1400 kilo Pascal outlet area and velocity
are give which are .001 metre square and 30 metre per second respectively inlet velocity is 15
meter per second, find out mass flow rate and inlet area R for helium is given as 2077 joule per

kg Kelvin.

Again this example deals with compressor. So we have one at the compressor inlet 2 at the

compressor outlet and we will note down the given things for us. So given things include



m
T, = 20°C = 293 K ; P, = 100 kPa, T, = 315°C = 588 K; A, = 0.001 m%;V, = 30? ;
m
V1 == 15?
We are supposed to find out

m=7;4, =?

m = p A1V = p A,V

_ P, 14000 10° 1146kg
P2 = R, = 2077+588 ~ 3
_ Py 100%10° _0164kg
Pr = RT, T 2077%293 3
kg

m = 1.146 x 30 * 0.001 = 0.034T

p1A1Vy = pA,V,
4 P2V 0034
L™ pV,  0.164%15

= 0.0139 m?

This is also evaluated by us using only mass conservation equation. So we have to see which
equations are important for solving the example in case of steady flow and then we might need
both area and mass conservation. We might need energy and mass conservation or we might

need either.
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4, Stators of & gas turbino are disigned fo increase the Kinetic cocrgy adiabatically. Air caters in the stators at
IT0°C, 2100 kP und velocity 25 m/s. Exit conditions are 1750 kPa and J40°C. Calculate velosity at the exit,
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So next example state that stator of gas turbine are designed to increase the Kkinetic energy
adiabatically in the example, it is stated that it is adiabatic. So, adiabatic means there is no heat
interaction. So you it is given that q is zero. Air enters the stator at 370 degree Celsius 2100
kPa and velocity of 25 metre per second. EXit conditions are 1750 kPa and 340 degree Celsius

calculate velocity at the exit.

So as per the example, we are working with a nozzle since it is a stator of the turbine this is 1

this is 2 and then we are given

T, = 370°C = 643 K; P, = 2100 kPa; P, = 1750 kPa; T, = 340°C = 613 K
m
V, =?; Vy=25—

Here we are not needing anything related to mass conservation equation so let us apply the
energy conservation equation between the station 1 and the station 2 which is the steady flow
energy equation. Let us consider steady flow energy equation between station 1 and 2 this is
the stator of the turbine so it has no work interaction. We are said that process is adiabatic in

this case not that under root cancels and we are obviously having no potential energy changes.

So, we have
2 2

: Vi : V;
m h1+7+gzl +an:m h2+7+gZ2 +Wout

h’l + 7 S h2 + 7



V12 VZZ
CpTl +7 = CpTZ + 7

2 V22

25
1005 * 643 +T = 1005 * 613 * >

m
V, = 246.82—

So we just used only energy equation to solve this example.
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S Abran 600 kP and S00K enters an adiabatic nozzko which has inlet 1o exit arca rutio of 2:1. Velocity
of the air ut the cntry is 120 m/s and at the exit is 380 m's. Determing exit pressure and temperatuse,
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Now move on to the next example to state that air at 600 kPa and 500 Kelvin enters an adiabatic

nozzle which has inlet to exit area of 2:1 and velocity of air at the entry is 120 metre per second

and at the exit is 380 metre per second. Determine exit pressure and temperature since we are

told that it is a nozzle. So for us low speed nozzle is a converging duct, so let us consider two

stations 1 and 2 for the nozzle it is adiabatic given things in this example our gas is air entry is
600 kPa temperature T1 is 500 Kelvin we have told that A 1 by A 2 is equal to 2. And V 1

which is velocity at the inlet is 120 metre per second and velocity at the exit is 380 meter per

second. We are supposed to find out P 2 and T 2 are the question.

Ay m m

2

So, let us apply the first energy equation over here



. 43 . 143
m h1+7+ng +Q;,,=m h2+7+g22 + Wt

This is the nozzle, it is an adiabatic nozzle. So No heat interaction. It is a nozzle. It has no work
interaction. We further do not consider any potential energy change. So, we have r getting
cancelled.

V 2
(1 +5) = (%)
2 2
C,Ty + Vi = C,T, + Ve
1t 2 2+ 2

Tz—T1+f(V1 V7)

1
— 2 _ 2
T2—500+2*1005(120 3802)

T, = 43532 K = 162.32°C

So now | need to find out pressure for that will apply mass conservation equation

i A x 1) * A, x V,
RT; >
PiA,Vy  PA,V,
Ty T,
A\ (V1 (T2
P=h (A )(V) (T1>
120 435 32

3
P, = 600 * 10° * 2 * 380 00

P, = 329.92 kPa

So this is how we are coming to know that we need. Mass and energy both conservation
equations to be applied for solving a particular equation for particular example of steady flow

process.
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6. Atr at 80 kPa and 27°C entors o diffuscr at 220 m/s with a mass flow rato of 2.5 kg's and leaves at 42°C. Exit
arca of the diffuser is 400 cnn®, Air Jooses the beat at 18 kVs. Detormine exit velocity and pressure
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Let us move on to the next example it states that air at 80 kPa and 27 degree Celsius enters a
diffuser at 220 metre per second. With mass flow rate of 2.5 kg per second and leaves at 42
degree Celsius exit area of the diffuser is 400 cm square, air loses heat at 18 kilo, joule per
second determine the exit velocity and pressure. So, for this example, again we are working

with diffuser for low velocity, diffuser is a divergent section and we have 1 at for inlet and 2

for the outlet in case of the diffuser

k
g T, =42°C =315K

m
Py =80 kPa;T; = 27°C = 300 K;V; = 220—; 11 = 25—

kj

A = 400 cm? = 400 * 107 m?; Qe = 18

So, let us apply again energy equation steady flow energy equation

2

. 43 : V;
m h1+7+gzl +an:m h2+7+g22 +W0ut

% V2
25( CTi+ 5 |+ Qu = 25| GpTy + -

2202 V2
2.5( 1005 %300 +~—— ) = 18+ 10> = 2.5( 1005 315  —-

V, =62.04m/s



So, we got this answer from energy conservation equation. We want pressure to be found out
at the exit. We know that

: P,
m= pzAsz - 25 - ﬁA2V2
2

p _25%RxT,  2.5%287 %315
27 AV, T 400 %104+ 62.04

=9.10 * 10* = 91 kPa

So we got second answer of this question based upon the mass conservation equation. So we
have to remember here that how to apply the mass and Energy Conservation equations for the

different components like compressor diffuser or nozzle stators, rotors.

And these are the physical components for gas turbine power plant. We need this understanding
while deriving different performance parameters for that gas turbine components or gas turbine
power plant in general. I hope this will help us for getting those desired equations or the values.

Thank you.



