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TEAMPLAYTEAMPLAY

Complete the table below as a team.  
The substance is water.  Make sure 
everybody understands how to do it!

3000.50
0.650.15

1.0300
x (if appl.)v(m3/kg)T(°C)P (MPa)

8.581 0,02167

111,37
0,5226

0,56



Exercise 3Exercise 3--1111
A bucket containing 2 liters of water at 100oC is heated at a 

constant pressure of 101 kPa by an electric resistance.

a) Identify the energy interactions if the system boundary 
is i) the water, ii) the electric coil

b) Use the 1st law and determine how much heat is 
required to boil  the water content. Use the steam table 
to determine the latent heat of vap

c) If heat is supplied at 1 KW, then how much time is 
needed to boil all the water to steam? 

d) If the water is at 25oC, how long will take to boil off all 
the water. Estimate the water specific heat at constant 
pressure.



Solution Solution -- page 1page 1
Part a) 

If the water is the system then Q > 0 and W = 0. 
There is a temperature difference between the 
electric coil and the water.

If the electric coil is the system then   Q < 0 and W 
< 0. It converts 100% of the electric work to heat!



Solution Solution -- page 2page 2

The mass of water is of 2 kg. It comes from  2liters 
times the specific volume of 0.001 m3/kg

To boil off all the water is necessary to supply all 
the vaporization energy:

Evap = 2257*2=4514 KJ

The power is the energy rate. The time necessary to 
supply 4514 KJ at 1KJ/sec is therefore:

Time = 4514/1 = 4514 seconds or 1.25 hour

Part b)



Solution Solution -- page 3page 3
The heat to boil off all the water initially at 25oC is 
the sum of : (1) the sensible heat to increase the 
temperature from 25oC to 100oC, (2) the vap. heat 
of part (b)

The sensible heat to increase from 25oC to 100oC is 
determined using the specific heat (CP = 4.18 
kJ/kgoC check ∆u/∆T from table A1) 

Heat = 4.18*2*(100-25)=627 KJ

The time necessary to supply (4570+627)KJ at 
1KJ/sec is :

Time = 5197/1 = 5197 seconds or 1.44 hour

Part c)



Exercise 3Exercise 3--1717
A rigid tank contains saturated steam (x = 1) at 0.1 
MPa. Heat is added to the steam to increase the 
pressure to 0.3 MPa. 

a) What is the final temperature?

b) Using the first law determine the amount of heat 
added.

uu22--uu11 = 3662,9= 3662,9--2506,1 = 1157 kJ/kg2506,1 = 1157 kJ/kg

800800ooCC



Solution Solution -- page 1page 1
PP

0.10.1MPaMPa

vv

99.6399.63ooCC

TcrTcr = 374= 374ooCC

0.30.3MPaMPa
133.55133.55ooCC

superheatedsuperheated

• Process at constant volume, 
• Search at the superheated steam table for a 

temperature corresponding to the 0.3 MPa and 
v = 1.690 m3/kg -> nearly 820oC.



Exercise 3Exercise 3--2121
A boiler produces steam at 600oC & 1MPa.

1) Determine the steam specific volume.

2) Using the ideal gas law with estimate the 
steam specific volume. Use Rwater = 461 
J/kgK)

3) Determine o fator de compressibilidade, Z

0,4011 m0,4011 m33/kg/kg

0,4025 m0,4025 m33/kg/kg

Z = Z = 0,99650,9965



Exercise 3Exercise 3--3030
Air is compressed in a reversible and adiabatic 

process from 0,1MPa @ 20oC to 1,0MPa. 
Determine:

a) The air temperature after compression,

b) What is the density ratio (final/initial)

c) How much work is necessary to compress 
2kg of air

d) Evaluate the entropy change for the air.

TT22/T/T11 = 1,93= 1,93
see pg 56see pg 56
ρρ22//ρρ11 = 5,18= 5,18

ss22--ss11 = 0= 0
IsoentropicIsoentropic
ProcessProcess
see pg 85. see pg 85. 

--391 kJ391 kJ
see pg 57see pg 57


