Thermodynamics
Professor. Anand TN C
Department of Mechanical Engineering
Indian Institute of Technology, Madras
Lecture 47
Tutorial Problems (2 numbers)

Let’s look at few tutorial problems on steam and water mixtures. It is recommended to have a

hardcopy of steam tables.
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Determine the phase or phases in a system consisting of water at the

following conditions, and sketch p-v or T-v diagrams showing the

location of each state with respect to the saturation lines. (a) 5 bar,

151.9 °C (b) 5 bar, 200 “C (c) 2.5 MPa, 200 °C (d) 4.8 bar, 160 °C

Figure 1.
Solution of the problem in Fig. 1:
(@) 5 bar, 151.9 °C

Let’s go to the steam tables listed by pressure. We don’t have a value of 5 bar or 0.5 MPa in
the tables. We will find the properties by linear interpolation. The properties at 0.5 MPa are
the average of those at 0.4 MPa and 0.6 MPa. After taking average, saturation temperature at
5 bar is 151.2 °C. Since the given temperature, 151.9 °C, is greater than 151.2 °C, the state at 5
bar and 151.9 °C lies in the superheated zone. The intersection of the isotherm T=151.9 °C
and the isobar p=5 bar represents the state asked in the problem on a p-v diagram as well as

on the T-v diagram. Figure 2 shows the state (point a) on a p-v and T-v diagram.



(b) 5 bar, 200 °C

At 5 bar, the saturation temperature is Ts = 151.2 °C. The given temperature is greater than
Tsat. Hence, the state corresponding to 5 bar and 200 °C lies in the superheated zone. Figure 3
shows the state (point b) on a p-v and T-v diagram. The degree of superheat is more in the
case b than a. Degree of superheat equals the difference between the saturation temperature

and the actual temperature of the superheated vapour.
(c) 2.5 MPa, 200 °C
The pressure 2.5 MPa is not listed in the pressure table. Let’s look at a temperature table.

At 200 °C, the saturation pressure is psa: = 1.55 MPa. The given pressure is higher than pga.
Hence, the state lies in the compressed liquid region. Figure 3 shows the state (point c) on a

p-v and T-v diagram.

(d) 4.8 bar, 160 °C

Let’s look at the table listed by temperature.

At 160 °C, the saturation pressure is psit = 0.6182 MPa = 6.182 bar. The given pressure, 4.8
bar, is less than ps;. Hence, the point lies in the superheated region. Figure 3 shows the state

(point d) on a p-v and T-v diagram.

Within the liquid-vapour dome, the pressure and temperature are not independent. Hence, to
locate the state on a p-v or T-v diagram within the liquid-vapor dome, along with pressure or
temperature some other property such as internal energy, specific volume, specific enthalpy

or specific entropy needs to be given.



(Refer Slide Time: 01:15)

B AL B e B e B B U

B8 0w Aws 1m0
- 5

NPTEL

WA 00 s

ni|
3 Wl o
oy,
i
e
3 |

4
AVY
™y Wi

Was, 2| 20| e 0
WA IR0, 1 AN AT
EET

WA 1Y
TR T
/Y )

a7l
mral T

(Refer Slide Time: 02:59)

NPTEL

Determine the phase or phases in a system consisting of water at the
following conditions, and sketch p-v or T-v diagrams showing the
location of each state with respect to the saturation lines. (a) 5 bar,
151.9 °C (b) 5 bar, 200 °C (c) 2.5 MPa, 200 °C (d) 4.8 bar, 160 °C.
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NPTEL

Determine the phase or phases in a system consisting of water at the
following conditions, and sketch p-v or T-v diagrams showing the
location of each state with respect to the saturation lines. (a) 5 bar,
151.9 °C (b) 5 bar, 200 °C (c) 2.5 MPa, 200 °C (d) 4.8 bar, 160 °C.
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NPTEL

4 kg of saturated water-steam mixture is enclosed in a rigid container
at an initial pressure of 2 bar. When the mixture is heated, it finally
attains the critical state. Find the initial quality of the mixture and the
heat transferred to the system during the process.
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Figure 4.
Solution of the problem given in Fig. 4:
Mpmix = 4 kg,p1 = 2 bar, p, = p.=pressure at the critical point
The system is the mixture inside the container.
Since it is a rigid container, the work done W = 0.
The first law in the integrated form, AU = Q (there are no changes in kinetic and potential

energy).



The process is shown on a T-v diagram in Fig. 4. It is a constant volume process. The initial
state is the point of intersection of 2 bar isobar and a vertical line passing through the critical

point on a T-v diagram.

Since the mass is fixed and it is a constant volume process, v; = v, = v, = specific volume
at the critical point = 0.003106 m*/kg.

Now, v; = [Uf + x(vg - 17f)]at2bar

V1—Vf _ 0.003106—0.001061

Hence, x =
vg—vy  0.8857-0.001061

=0.0023 (the values of the specific volumes are

obtained from the steam tables)

Now, Q= AU=mAu=m(u,—u,;)=m [uc — {uf + x(ug — uf)} ] = 4[2015.7 +

2bar

0.0023(2529.1 — 504.5)] = 6026.2 k] (u, = u.=specific internal energy at the critical
point)

Since Q is positive, the heat is transferred to the system.
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NPTEL

4 kg of saturated water-steam mixture is enclosed in a rigid container
at an initial pressure of 2 bar. When the mixture is heated, it finally
attains the critical state. Find the initial quality of the mixture and the
heat transferred to the system during the process.
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