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Saturated steam/water tables: 
 
1. KJ05-Q5-1  At what pressure (in kPa) does water boil if T = 170oC? 
 
2. KJ05-Q5-2  What is the specific volume of saturated water vapor at 600 kPa? 
 
3. KJ05-Q5-3  What is the temperature of saturated water vapor with v = 0.3468 m3/kg? 
 

 4.  En behållare med volymen 85 m3 innehåller 10 kg vatten som vätska  

      och ånga vid termiskt jämviktstillstånd vid trycket 0.01 MPa.  

     Ge temperaturen och beräkna massan och volymen för både gas- och    

     vätskefasen.  
 

 A container with volume 85 m3 contains 10 kg water as liquid and steam 
in thermal equilibrium at a pressure of 0.01 MPa. 

Give the temperature and calculate the mass and volume for both the gas and the liquid 
phase  

Old PTG exam question (4 points of 30) = T06 Q2-109. 

 
5. SEHB06-Q3-20  2 kg of steam at a pressure of 1 bar are contained  
in a rigid sealed tank whose volume is 3.97 m3. The steam begins to cool 
off as heat is transferred to the atmosphere. When the internal pressure 
reaches 10 kPa, the tank walls will collapse. 
a) Sketch a p-V diagram of the process; be sure to include the vapor dome on the diagram. 
b) What is the initial temperature of the steam in the tank (°C)? 
c) What will the temperature be in the tank when the walls collapse (°C)? 
d) At the instant of collapse, how many kg of water are in the liquid state? 
e) What is the total change in internal energy (kJ) for the process? Does U increase or decrease? 
Find properties of H2O from steam tables. 
 
6. KJ05- Q7-10 In a proposed ocean thermal power plant, warm water near the surface 
is used to provide heat input to a power cycle. The cycle rejects heat to cold water at the ocean 
floor. If the temperatures of the water at the surface and at the ocean floor are 24oC and 3oC, 
respectively, what is the maximum possible efficiency of this cycle? 
 
Sources:  Kaminski, Jensen ”Introduction to Thermal and Fluids Engineering”, Wiley, 2005 
  Schmidt, Ezekoye, Howell & Baker “Thermodynamics” Wiley, 2006 



7. En ångpanna ska alstra 55 kg/s ånga vid 475°C och 10,0 MPa.  

a. Beräkna hur stor värmeström Q  (i MW) måste överföras i ångpannan för att alstra denna 

ångström, ifall pannvattnet inkommer vid temperaturen 110°C.  
b. Ångan ska ledas till en ångturbin. Beräkna vilken effekt turbinen kan leverera i idealfallet 

där ångan expanderar till mättningstillstånd (vapour) vid konstant entropi. Vilken 
temperatur (i °C) har den utkommande ångan?  

c. Denna ångström får sedan passera genom en trycksänkningsventil (strypventil) så att dess 
tryck sjunker till 140 kPa. Vad blir temperaturen (i °C) och specifika entalpin (i kJ/kg) 
efter denna ventil?  

d. Hur stor vattenström (i kg/s) vid 100°C borde vid detta tryck 140 kPa insprutas i denna 
ångström så att ångan uppnår ett mättningstillstånd igen?  

 
Använd tabellen för vatten/vattenånga eller diagrammet.  

 

 
  
A steam boiler shall produce 55 kg/s steam of 475°C and 10,0 MPa. 

a. Calculate what heat stream Q  (in MW) must be transferred to the boiler so that this amount 

of steam is generated, for the case where the boiler feed water enters at 110°C.      
b. The steam is fed to a steam turbine. Calculate how much power (in MW) the turbine can 

generate in the ideal case where the steam expands isentropically to a saturated (vapour) 
state. What is the temperature (in °C) of the steam from the turbine?  

c. The steam is sent through a pressure reduction (throttling) valve so that its pressure drops 
to 140 kPa. What will be the temperature (in °C) and specific enthalpy (in kJ/kg)?  

d. How much water (in kg/s) at 100°C should at this pressure of 140 kPa be injected in the 
steam so that the steam reaches a saturation state again?  

 
Use tables for water / steam or the diagram given above. 

 
Old PTG exam question (4×2 = 8 points of 30) 
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8.  Betrakta kondenskraftverket i figuren, och den medföljande datatabellen. Pumpeffekt 
är 4 kJ/kg. Bestäm värdena (i kW/(kg/s) = kJ/kg ånga eller vatten) för: 

 
a.  Värmeöverföringen mellan ångpanna och turbin, 
b. Effekt från turbinen,  
c. Värmeöverföringen från kondensorn,  
d.  Värmeöverföringen till ångpannan (värme somkommer från en ugn), och  
e.  Den termiska verkningsgradenför anläggningen (i %). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 

Consider the condensing power plant in the figure, and the enclosed tabelised data. 
The pump power is 4 kJ/kg. Determine the values (in kW/(kg/s) = kJ/kg steam or 
water) for: 

 
 a. The heat transfer between boiler and turbine, 
 b. The turbine work output,  
 c. The heat transfer from the condensor, 
 d. The heat transfer in the boiler (heat coming from a furnace), and 

e. The thermal efficiency of the plant (in %) 
  
 

Old PTG exam question April 2014 (8 points of 30) 

Location /  
punkt 

Pressure / 
tryck  

Temperature / 
temperatur 

Steam quality / 
ångkvalitet  

1 2.0 MPa 300 °C  
2 1.9 MPa 290 °C  
3 15 kPa  90 % 
4 14 kPa 45 °C  

kondensor 

turbin 

ångpanna 
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5-27      A mixture of steam and water is contained in a rigid tank of volume 3050 cm3.  The mixture has a quality 
of 0.55 and a temperature of 120°C. Heat is added until the temperature is 140°C.  Find 

a. the final quality 
b. the amount of heat added 
 

Approach:   
Since the tank is rigid and mass is constant, the 
specific volume is constant. Find the specific volume 
at the initial state from property tables and set it equal 
to the final specific volume. To find heat, use the first 
law. 

 
Assumptions: 

1. The tank is rigid. 
2. There are no kinetic energy changes. 
3. There are no potential energy changes. 

 

 
Solution:  

a)  Because the tank is rigid, volume is constant. Since the mass, m, is also constant, the specific 
volume,  is constant and  The initial state is in the two-phase region, therefore / ,v V m= 1 2.v v=

  ( )1 1f gv v x v v= + − f

With values from water/steam tables at 120ºC 
 ( )1 0.00106 0.55 0.8919 0.00106v = + − 30.491m kg=  
To find x2, use  
  ( )2 2f gv v x v v= + − f

 2 1
2

f f

g f g f

v v v v
x

v v v v
− −

= =
− −

0.491 0.00108
0.5089 0.00108

−
=

−
0.965=      Answer 

where specific volumes of the saturated liquid and vapor were taken from water/steam tables at 140ºC.  
 
b)   The first law for a closed system is 
     (here defining work FROM the system with sign +)U Q W∆ = −
No work is done, therefore 
  ( )2 1Q U m u u=∆ = −
The mass may be found from 

3
3

3
1

1m3050cm
100cm
m0.491
kg

Vm
v

⎛ ⎞
⎜ ⎟
⎝ ⎠= = 0.00621 kg=  

The internal energy of the two states, again using data in water/steam tables, is 
 ( )1 1f g f ( )u u x u u= + − ( )503.5 0.55 2529.3 503.5= + − 1618 kJ kg=  

 ( )2 2f g fu u x u u= + − ( )588.74 0.965 2550 588.7= + − 2481 kJ kg=  

 ( ) ( ) kJ0.00621 kg 2481 1618
kg

Q= −  

     5.36 kJ=      Answer 
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5-29 A two-phase mixture of steam and water at 800 kPa, x = 0.85, is contained in a rigid well-insulated tank.  
An electric resistance heater supplies 50 W to the mixture, which has a total mass of 1.3 kg.  How long 
must the heater operate to reach a final temperature of 190oC?  

 
Approach:   

Since the tank is rigid and mass is constant, the 
specific volume is constant. Find the specific volume 
at the initial state from property tables and set it equal 
to the final specific volume. Interpolate in the steam 
tables to find the final state. To compute time, use the 
first law. 

 
Assumptions: 

1. The tank is rigid. 
2. There are no kinetic energy changes. 
3. There are no potential energy changes. 
4. The system is adiabatic. 

 

 
Solution:  

Because the tank is rigid, volume is constant. Since the mass, m, is also constant, the specific volume, / ,v V m=  is 
constant. From thw water/steam tables, the specific volume at the initial state is 

( )1 1 1 1 1f g fv v x v v= + − ( )0.001115 0.85 0.2404 0.001115= + − 30.2045m / kg=  
The first law, assuming no kinetic or potential energy changes, is 

Q U W= ∆ +  
Since the tank is insulated, the first law becomes 

2 10 U W U U W= ∆ + = − +  
We need the internal energy at the final state, where and  It is not clear from 
the problem statement whether the final state is in the two-phase region or the superheated vapor region. To 
answer this question, consult water/steam data for saturated steam. Note that the specific volume of saturated vapor at 
190

3
2 1 0.2045m / kgv v= = o

2 190 C.T =

oC is 0.15654 m3/kg. Since v2 is greater than this, the final state must be superheated vapor, as shown in the 
figure above. To find the internal energy at the final state, we need to double interpolate in the water/steam tables. The table 
below reproduces selected values from Table A-12 in KJ05 at 0.8 and 1.0 MPa.  Interpolated values are highlighted in 
bold. 

 0.8 MPa   1.0 MPa  
T oC v m3/kg u kJ/kg T oC v m3/kg u kJ/kg 
170 0.2402 2577 180 0.194 2584 
190 0.2539 2613 190 0.2000 2603 
200 0.2608 2631 200 0.2060 2622 

 
A second interpolation between v and u gives 

2 2

0.2539 0.2000 2613 2603
0.2000 2603v u
− −

=
− −

 

2
2

0.2539 0.2000 2613 2603 kJ2603
0.2045 0.2000 2603 kg

u
u

− −
= → =

− −
 

Substituting values in the first law, 

( )2 1W m u u= − ( )( ) kJ1.3 kg 2603 2298
kg

= − 397 kJ=  

Time is now found from 

 

1000 J397 kJ
1 kJ 7940 sec

50 W
in

in

Wt
W

⎛ ⎞
⎜ ⎟
⎝ ⎠∆ = = = 2.2 h=      Answer 
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7-13 A power cycle operates between temperature limits of 400°C and 15°C. The cycle requires a heat input of 
10.1 kW and rejects 6 kW to the low temperature reservoir. Is the cycle irreversible, reversible, or 
impossible? Support your answer with calculations. 

 
Approach:   

Compare the efficiency of the cycle to the Carnot efficiency. 
If efficiency is higher, the cycle is impossible. If it is lower, 
the cycle is possible and if it is the same, the cycle is 
reversible. 

 
Assumptions: 

none 

 

 
Solution:   

The Carnot efficiency is 
15 2731 1
400 273

C
c

H

T
T

η +
= − = −

+
0.572=  

The actual efficiency is, 
10.1 6 0.406

10.2
net in out

in in

W Q Q
Q Q

η
− −

= = = =  

The actual efficiency is less than the Carnot efficiency, therefore the cycle is irreversible.      Answer 
 
 
 
 

 
 

 
7-3 A new coal-fired power plant is planned, which will produce 400 MW of power. The efficiency of the 

cycle is 37%.  The average heating value of coal is 28,000,000 kJ per ton and the price of coal is $50 per 
ton. What is the estimated fuel bill for this plant in the first 5 years of operation? 

 
Approach:   

Use efficiency to find the required heat added.  
 
Assumptions: 

none 

 

 
Solution:   

First find the required heat input in kW. 

net
in

WQ
η

=
( )

6

1000 kW400MW
1 MW

1.08 10 kW
0.37

⎛ ⎞
⎜ ⎟
⎝ ⎠= = ×  

( ) ( )6
7

kJ1$50 1ton 3600s 24 h 365dayscost 1.08 10 kW 5 yr
1ton 2.8x10 kJ 1kW 1h 1day 1yr

⎛ ⎞
⎜ ⎟⎛ ⎞⎛ ⎞ ⎛ ⎞⎛ ⎞⎛ ⎞

= × ⎜ ⎟⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎜ ⎟
⎝ ⎠⎝ ⎠ ⎝ ⎠⎝ ⎠⎝ ⎠⎜ ⎟⎜ ⎟

⎝ ⎠

 

$304,100,000=        Answer 
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3066.3kJ/kg

) 2624.6kJ/kg

=

=

PROBLEM 2.13 
 
PROBLEM STATEMENT: Steam enters a turbine at a temperature of 300°C and a 

pressure of 0.4 MPa. At this state, its specific internal energy u is 2804.4 kJ/kg 
and its specific volume v is 0.6548 m3/kg. If it leaves as a vapor at 0.03 MPa,  
where u = 2467.7 kJ/kg and v= 5.2298 m3/kg, what is the change in specific 
enthalpy between the inlet and exit? 

DIAGRAM DEFINING SYSTEM AND PROCESS: 
 

Turbine
T1=300°C 
P1=0.4 MPa 
u1=2804.4 kJ/kg 
v1=0.6548 m3/kg 

1 P2=0.03 MPa 
u2=2467.7 kJ/kg 
v2=5.2298 m3/kg 

2
 

 

 

 
 
GIVEN:  Properties at states 1 and 2 as indicated in diagram 

FIND:  Specific enthalpy change (kJ/kg), ∆h=h1-h2 
GOVERNING RELATIONS: 
 Definition of specific enthalpy: h=u+Pv 
QUANTITATIVE SOLUTION: 

3 2 3
1 1 1 1

3 2 3
2 2 2 2

1 2

h u P v 2804.4kJ/kg (0.4 10 kN/m )(0.6548m /kg)

h u P v 2467.7kJ/kg (0.03 10 kN/m )(5.2298m /kg
h h h 441.7kJ/kg(h decreases from inlet to outlet)

= + = + ×

= + = + ×

∆ = − =

 

DISCUSSION OF RESULTS: 
Specific enthalpy is a defined property, i.e., an algebraic combination of other 
properties (u, P, and v). It is sometimes convenient to 
lump properties together in this way, as they appear together frequently in certain 
types of problems. 

 
Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only 
to students enrolled in courses for which the textbook has been adopted.  Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
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