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Tutorial problems on two-phase systems(2 numbers)
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A closed rigid vessel contains 1 m* of steam at 7 bar and 500 °C. R
The steam is now cooled to a state where pressure is 0.5 bar. Ll
Determine

a) the temperature at which condensation may first occur

b) the fraction of the total mass that will condense
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Figure 2.

Solution of the problem in Fig. 1:

V, =1m3,p; =7 bar = 0.7 MPa, T, = 500°C = 773 K,p, = 0.5 bar = 0.05 MPa

Since the steam is going to condense, it must be in superheated zone initially.



3
At 0.7 MPa and T; = 500°C, v, = 0'51765% (it is average of values at 0.6 MPa and 0.8
MPa)

The initial state (state 1) is shown on a T-v diagram in Fig. 1. The isobar of 0.7 MPa is also

shown.

Now, m, = 2 = 1.93 kg.

U1

Since the vessel is rigid, the cooling is a constant volume process. The condensation will start
at the state where vertical line through the state 1 intersects the saturated vapor line. It is

shown in Fig. 1. From steam tables, we need to find the state on the saturated vapor line

3
where the specific volume is v; = v; = 0.51765 T:—g.

vy = 0.5176':—g3 lies between vy values at 130 °C and 140 °C in the tables provided.

Interpolating, we get the temperature as T=139.4 °C. This is the temperature at which the
condensation starts. The corresponding saturation pressure for T=139.4 °C is around 0.36
MPa. But, the cooling continues till the pressure reaches p, = 0.05 MPa. It means the final
state (state 2) is inside the liquid-vapor dome. We need to calculate the quality for p,=0.05
MPa and v, = 0.5176 m%/kg.

x = 2 = v — 1536 and mygp = My = 1.93 kg.

Vg—Vf  Mgotal
The mass of vapor at state 2 is m,,q;, = 0.1536 x 1.93 = 0.296 kg
Hence, the mass of liquid (condensate) at the state 2, m; = 1.93-0.296=1.63 kg.
Hence, the fraction of the total mass that condenses = 1.63/1.93 = 0.84

Volume occupied by the saturated liquid at the final state, V; = m;vy = 1.67 x 1073 m? (v

is the specific volume of saturated liquid at 0.05 MPa).

The T-v diagram drawn in Fig. 1 is corrected in Fig. 2 as the quality at the final state is low,
but it is shown quite high in Fig. 1.

A large mass of liquid (1.63 kg) occupies a tiny volume (1.67 x 1073 m3) and a small mass
of vapor (0.296 kg) occupies a large volume (1-0.00167 =0.998 m>).
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Determine the specific volume of water at 20 MPa and -
400 °C in m3/kg using
(a) Steam tables heaomh  T4eoC
¥ = 00095 n\'"’ Tk 37
(b) Ideal gas equation of state Ho
= RT = RT = B3 x 673
P\_l; RT o # _P_ __?, ;:“. ’5
= pot wlly

(c) Generalized compressibility charts
het . 2t =T o ARt =i
3 ;;,. % 373954213
b = 0%t F
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Solution of the problem in Fig. 3:
(a) Steam tables

At 20 MPa, the saturation temperature, T, is 365 °C. Since, 400°C > Ty, the state is in the

superheated zone. From the tables for the superheated steam, v = 0.00995 m®/kg.

(b) Ideal gas equation

R
RT _ ( /MHZO)T _ (831%5/,5)673

m3
pv=RT - v = > > Soxs = 001762 P



This value quite far from the actual value calculated using the tables.
(c) Generalized compressibility chart

p 20 _0906T_T_ 400 + 273
pR_pc_ 20.064 R T, 373954273

1.04

The corresponding Z value for the above pr and Tr values is around Z=0.5.

Now, v = Z%T = 0.5 x 0.01762 = 0.0088 m*/kg

This value is closer to the actual value compared to the one obtained using the ideal gas

equation. If the tables are available, we should always prefer tables to get the property values.
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Source: Thermodvnamscs: Concopts and Applicatons by Stephen Turns

Figure 4.



