Thermodynamics
Professor Anand TNC
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Lecture 49
Tutorial Problem Part-2

(Refer Slide Time: 0:15)

A pressure cooker (closed tank) contains water at _—
100°C with the liquid volume being 1/20th of the
vapor volume. It is heated until the pressure reaches
2.0 MPa. Find the final temperature. Does the final
state have more or less vapor than the initial state?
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Figure 1.




W= HEt {v’ %)
~onotogy + 0012( Hin-ovoloni)
# = 902 »r"k;.

k
_y, =0-02 m’l ;
e = -00177 77 =003451

P‘: 2Mf "* &
2 4
A i
(S
v (% ) €?
%= 1 », 7}‘J"'} Ut 3 o“"ﬁ = 02
= _ 002!~
I
«r‘;we Ml zaizyC
m, = L xmMm
b T
e}, L M"f £ ey
4 00l 02

)
P

§.

§
¥
Y

"tas,

§
mh

Solution of the problem in Fig .1:

1
Ty = 100 °C,Vy = 55V, p2 = 2 MPa

The insides of the pressure cooker form our system.

Initial state is in the two-phase zone since there is a mixture of water and steam in equilibrium.



Now, V; = VA VEme = ~y,m, where Vi and vg4 can be found from steam tables at 100
f 20 9 f 20 9°°9 g

°C. At 100 °C, v¢ = 0.001044 m*/kg and vq = 1.672 m*/kg. Hence, m; = 80.07 m,,.

Now, x; = —2— = 0.0123
fTitg

The mixture is heated until the pressure reaches p, = 2 MPa at constant volume. Hence, vi = V».

3
Now, v; = [vf + x1 (Vg — Vf)]100c = 0.021 T:—g = v, (at 2 MPa)

3 3
At state 2 (final state), p, = 2 MPa, vy = 0.0011777;—9,179 = 0.09959 T:—g. Now, vy < v, < .

Hence, the state 2 is inside the liquid-vapor dome.

V-V
Now, x, = v;_v; =0.2

The final temperature T, = the saturation temperature at 2 MPa = 212.4 °C.

Now, mass of the vapor at state 1, m,q,, = x;m. Similarly, m,q,, = x,m. Since the mass is

fixed and x, > x;, the mass of the vapor at state 2 is larger than that at state 1.



