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Review of Last Class 
 Pure Substances

 Phase-Change Process of Pure 
Substances 

 Specific Volume

 Saturation Temperature (࢚ࢇ࢙ࢀ)
 Saturation Pressure (࢚ࢇ࢙ࡼ)
 Vapor Pressure 

 Property Tables 
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Review of Last Class 

 T-v diagram for the heating process of water at
constant pressure
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Review of Last Class 

 T-v diagram of constant pressure phase-change process of
water at various pressures
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Review of Last Class 
 T-v diagram of a pure substance
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Review of Last Class 
 P-v diagram of a pure substance
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Review of Last Class 
 Finding the Temperature of Saturated Vapor

 A piston-cylinder contains 3 m3 of saturated water vapor at
50 kPa pressure. Determine the temperature of the vapor
and the mass of the vapor inside the cylinder

7

Review of Last Class 
 Solution:
The state of the saturated water vapor is shown on a P-v
diagram in the Fig below. Since the cylinder contains saturated
vapor at 50 kPa, the temperature inside must be the saturation
temperature at this pressure:

ࢀ ൌ ࢇࡼ࢑	૞૙@࢚ࢇ࢙ࢀ ൌ ૡ૚. ૜૛ Ԩ (Table A-5)

The specific volume of the saturation vapor at 50 psig is:

࢜ ൌ ࢍ࢏࢙࢖૞૙@ࢍ࢜ ൌ ૜. ૛૝૙૜	࢓૜/ࢍ࢑ (Table A-5)

Then the mass of water vapor inside the cylinder is determined
to be:

࢓ ൌ
ࢂ
࢜
ൌ

૜	࢓૜

૜. ૛૝૙૜	࢓૜/ࢍ࢑
ൌ 	૙. ૢ૛૞ૡ	ࢍ࢑
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Review of Last Class 

9

Review of Last Class 
 A partial list of Table A-5
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Review of Last Class 
 Enthalpy – A Combination Property

Total Enthalpy
ࡴ ൌ ൅ࢁ ࢂࡼ

Specific Enthalpy (per unit mass):
ࢎ ൌ ࢛ ൅ ࢜ࡼ
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Saturated Liquid-Vapor 
Mixture

 The relative amounts of liquid and vapor phases in a
saturated mixture are specified by the quality ࢞

12
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Saturated Liquid-Vapor 
Mixture

 A two-phase system can be treated as a homogenous
mixture for convenience

13

Saturated Liquid-Vapor 
Mixture

 Quality is related to the horizontal distances on P-v and T-v
diagrams.

14

Saturated Liquid-Vapor 
Mixture

 Consider a tank that contains a saturated liquid-vapor
mixture. The volume occupied by saturated liquid is ,ࢌࢂ and

the volume occupied by saturated vapor is .ࢍࢂ The total
volume V is the sum of these two:

ࢂ ൌ ࢌࢂ ൅ ࢍࢂ
ࢂ ൌ ࢜࢓ ࢜ࢇ࢚࢜࢓ ൌ ࢌࢂࢌ࢓ ൅ࢍࢂࢍ࢓

ࢌ࢓ ൌ ࢚࢓ െࢍ࢓  ࢋ࢜ࢇ࢚࢜࢓ ൌ ሺ࢚࢓െࢍ࢓ሻࢌ࢜ ൅ࢍ࢜ࢍ࢓
Dividing by ࢚࢓, yields: 

࢜ࢇ࢜ ൌ ሺ૚ െ ࢌ࢜ሻ࢞ ൅ ࢍ࢜࢞ where ࢞ ൌ ࢚࢓/ࢍ࢓

࢜ࢇ࢜ ൌ ࢌ࢜ ൅ ࢍࢌ࢜࢞ where ࢍࢌ࢜ ൌ ࢍ࢜ െ ࢌ࢜
Then: 

࢞ ൌ
࢜ࢇ࢜ െ ࢌ࢜
ࢍࢌ࢜

15

Saturated Liquid-Vapor 
Mixture

 The ࢜ value of a saturated liquid-vapor mixture lies between
the ࢌ࢜ and valuesࢍ࢜ at the specific T or P

16

Example 1
 The Pressure and Volume of a Saturated Mixture

A rigid tank contain 10 kg of water of 90Ԩ. If 8 kg of
the water is in the liquid form and the rest is in the
vapor form, determine

(a) the pressure in the tank;

(b) the volume of the tank .

17

Example 1
 Solution:
A rigid tank contains a saturated
mixture of water. The pressure and
the volume of the tank are to be
determined.

(a) The state of the saturated liquid-
vapor mixture is shown in Fig. on the
right side. Since the two phases
coexist in equilibrium, we have a
saturated mixture, and the pressure
must be the saturation pressure at
the given temperature.

૙Ԩૢ@ܜ܉ܛ۾ ൌ ૠ૙. ૚ૡ૜	܉۾ܓ (Table A-4)

18
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Example 1
(b) At 90Ԩ, we have ν௙ ൌ 0.001036݉ଷ/݇݃ and ν௚ ൌ 2.3593݉ଷ/݇݃
(Table A-4)

Method 1:

One way of finding the volume of the tank is to determine the
volume occupied by each phase and then add them:

ܸ ൌ ௙ܸ ൅ ௚ܸ ൌ ݉௙ݒ௙ ൅ ݉௚ݒ௚
ൌ 8݇݃ ሺ0.001036݉ଷ/݇݃ሻ ൅ ሺ2݇݃ሻሺ2.3593݉ଷ/݇݃ሻ

ൌ 4.73݉ଷ

19

Example 1
(b) At 90Ԩ, we have ν௙ ൌ 0.001036݉ଷ/݇݃ and ν௚ ൌ 2.3593݉ଷ/݇݃
(Table A-4)

Method 2:

Another way is to first determine the quality ,࢞ then the average
specific volume ,࢜ and finally the total volume:

x ൌ
݉௚

݉௧
ൌ

2݇݃
10݇݃

ൌ 0.2

ݒ ൌ ௙ݒ ൅ ௚ݒݔ
ൌ 0.001036݉ଷ/݇݃ ൅ ሺ0.2ሻሺ2.3593݉ଷ/݇݃ሻ

ൌ 0.00473݉ଷ/݇݃
ܸ ൌ ݒ݉ ൌ 10݇݃ 0.00473݉ଷ/݇݃ ൌ 4.73݉ଷ

20

Example 1
Discussion:

The first method appears to be easier in this case since the
masses of each phase are given. In most cases, the masses of
each phase not available, and the second method becomes
more convenient. Also note that we have dropped the “avg”
subscript for convenience.

21

Example 1
 A partial list of Table A-4

22

Example 2
 An 80-L vessel contains 4 kg of refrigenat-134a at

a pressure 160 kPa.

 Determine

(a) the temperature

(b) the quality

(c) the enthalpy of the refrigerant

(d) the volume occupied by the vapor phase.

23

Example 2
 Solution:
 A vessel is filled with refrigerant-134a at a pressure of 160

kPa.
ܸ ൌ ܮ	80 ൌ 0.080	݉ଷ

݉ ൌ 4	݇݃
 Some properties of the refrigerant are to be determined.

24
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Example 2
(a) The state of the saturated liquid-vapor mixture is shown in
Figure below:

25

Example 2
 A partial list of Table A-15 b

26

Example 2
At this point, we do not know whether the refrigerant is in the
compressed liquid, Superheated vapor, or saturated mixture
region. This can be determined by comparing a suitable
property to the saturated liquid and saturated vapor values.

From the information given, we determine the specific volume:

ݒ ൌ
ܸ
݉
ൌ
0.080	݉ଷ

4	݇݃
ൌ 0.02݉ଷ/݇݃

At pressure 160 kPa, we read from Table A-15 b

௙ݒ ൌ 0.0007435݉ଷ/݇݃
௚ݒ ൌ 0.1229݉ଷ/݇݃

27

Example 2
Obviously ௙ݒ ൏ ݒ ൏ ,௚ݒ and therefore, the refrigerant is in the
saturated mixture region. Thus, the temperature must be the
saturation temperature at the specific pressure.

ܶ ൌ ௦ܶ௔௧@ଵ଺଴	௞௉௔ ൌ െ15.62 Ԩ

(b) Quality can be determined from following equation we
talked about above:

ݔ ൌ
௔௩ݒ െ ௙ݒ
௙௚ݒ

ൌ
0.02 െ 0.0007435
0.1229 െ 0.0007435

ൌ 0.158

28

Example 2
(c) At pressure 160 kPa, we also read from Table A-15b that

݄௙ ൌ ;݃݇/ܬ݇	29.78 ݄௙௚ ൌ ݃݇/ܬ݇	208.18

Then:
݄ ൌ ݄௙ ൅ ௙௚݄ݔ ൌ ൅ ݃݇/ܬ݇	29.78 ሺ0.158ሻሺ208.18	݇ܬ/݇݃ሻ

ൌ ݃݇/ܬ݇	62.7
(d) The mass of the vapor can be determined by

݉௚ ൌ ௧݉ݔ ൌ 0.158 4݇݃ ൌ 0.632	݇݃

and the volume occupied by the vapor phase is :

௚ܸ ൌ ݉௚ݒ௚ ൌ 0.632	݇݃ 0.1229݉ଷ/݇݃ ൌ 0.0777݉ଷ

ൌ ܮ	77.7
The rest of the volume 	ܮ80 െ ܮ	77.7 ൌ is ܮ2.3 occupied by the
liquid.

29

Superheated Vapor
 In the region to the right of the saturated vapor line and at

temperatures above the critical point temperature, a
substance exists as superheated vapor.

 Since the superheated region is a single-phase region,
temperature and pressure are no longer dependent
properties and they can conveniently be used as the two
independent properties in the tables.

30
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Superheated Vapor
 A partial list of Table A-6

31

Example 3
 Finding the Internal Energy of Superheated Vapor

Determine the internal energy of water at 1 Mpa, and
400Ԩ

32

Example 3
 A partial list of Table A-6

33

Example 3
 Solution:

At 1 Mpa, the saturation temperature	࢚ࢇ࢙ࢀ@૚ࢇ࢖ࡹ is

179.88Ԩ. Since ܶ ൌ 400Ԩ ൐	࢚ࢇ࢙ࢀ@૚ࢇ࢖ࡹ, the water is in
the superheated vapor region. Then the internal
energy is determined from the superheated vapor
table (Table A-6) to be:

ݑ ൌ ݃݇/ܬ2957.9݇ At the given temperature and
pressure.

34

Example 4
Finding the temperature of Superheated Vapor

 Determine the temperature of water at a state of
P=0.5 Mpa, and h=2890 kJ/kg

35

Example 4
 Solution:

At 0.5 Mpa, the enthalpy of
saturated water vapor is

݄௚ ൌ ݃݇/ܬ݇	2748.7
Since

	݄ ൌ ݃݇/ܬ݇	2890 ൐ ݄௚
As shown in Fig on the right side,
we again have superheated vapor.

36
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Example 4
 A partial list of Table A-6

37

 Under 0.5 Mpa in Table A-6

We read:
݄@ଶ଴଴Ԩ ൌ ݃݇/ܬ݇	2855.4
݄@ଶହ଴Ԩ ൌ ݃݇/ܬ݇	2961.0

Obviously, the temperature is
between 200Ԩ and 250Ԩ . By
linear interpolation it is determined

to be:

ܶ ൌ 200 ൅ ሺ2890 െ 2855.8ሻሺ
250 െ 200 

2961.0 െ 2855.8
ሻ

ൌ 216.4Ԩ

Example 5
 Determine the internal energy of compressed

liquid water at T=80Ԩ and P=5 Mpa.

 Using

 (a) data from the compressed liquid table

 (b) using saturated liquid data

What is the error involved in the second case?

38

Example 5
 Solution:

At 80 Ԩ , the saturation
pressure of water is
ૡ૙Ԩ@࢚ࢇ࢙ࡼ ൌ47.416 kPa.

Since P=5 Mpa ,ૡ૙Ԩ@࢚ࢇ࢙ࡼ< We
obviously have compressed
liquid, as shown in Fig on the
right side.

39

Example 5
 (a) From the Compressed Liquid Table (Table A-7)

ૡ૙Ԩ	&	ࢇ࢖ࡹ૞@࢛ ൌ ૜૜૜. ૡ૛	ࢍ࢑/ࡶ࢑

40

Example 5
 (b) From the Saturation Table (Table A-4)

ૡ૙Ԩ	@ࢌ࢛
ൌ ૜૜૝. ૢૠ	ࢍ࢑/ࡶ࢑

41

Example 5
 From Above, we have:
ૡ૙Ԩ	&	ࢇ࢖ࡹ૞@࢛ ≅ ૡ૙Ԩ	@ࢌ࢛

The error involved is:
334.92 െ 333.82

333.72
ൌ 0.34%

which is less than 1 %

42
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Example 6
Determine the missing properties and the phase descriptions
in the following table for water:

43

T(Ԩ) P(kPa) u (kJ/kg) x Phase decription

(a) 200 0.6

(b) 125 1600

(c) 1000 2950

(d) 75 500

(e) 850 0

Example 6
Solution:

(a) The quality is given to be ࢞ ൌ ૙. ૟, which implies that 60% of mass
is in the vapor phase and the remain 40 percent is in the liquid
phase. Therefore, we have saturated liquid-vapor mixture at a
pressure of 200 kPa. Then the temperature must be the saturation
temperature at the given pressure:

ࢀ ൌ ࢇࡼ࢑૛૙૙@࢚ࢇ࢙ࢀ ൌ ૚૛૙. ૛૚Ԩ (Table A-5)

At 200 kPa, we also read from Table A-5
ࢌ࢛ ൌ ૞૙૝. ૞	ࢍࡶ/ࡶ࢑

ࢍ࢛ ൌ ૛૙૛૝. ૟ࢍࡶ/ࡶ࢑
࢛ ൌ ࢌ࢛ ൅ ࢍ࢛࢞ ൌ ૞૙૝. ૞	ࢍࡶ/ࡶ࢑ ൅ ሺ૙. ૟ሻሺ૛૙૛૝. ૟ࢍࡶ/ࡶ࢑ሻ

ൌ ૚ૠ૚ૢ. ૛૟ࢍࡶ/ࡶ࢑

44

Example 6
 A partial list of Table A-5

45

Example 6
Solution:

(b) This time the temperature and the internal energy are given, but
we do not know which table to use to determine the missing
properties because we have no clue as to whether we have a
saturated mixture, compressed liquid, or superheated vapor. To
determine the region we are in, we first go to the saturation table
(Table A-4) and determine the ࢌ࢛ and ࢍ࢛ at given temperature.

At 125 Ԩ, we read ࢌ࢛ ൌ ૞૛૝. ૡ૜	ࢍࡶ/ࡶ࢑; ࢍ࢛ ൌ ૛૞૜૝. ૜ࢍ࢑/ࡶ࢑; since ࢛ ൌ
૚૟૙૙	ࢍ࢑/ࡶ࢑ ; which is falls between ࢌ࢛ and ࢍ࢛ values at 125 Ԩ .
Therefore, we have a saturated liquid-vapor mixture, then the
pressure must be the saturated pressure at the given temperature

ࡼ ൌ ૚૞૙Ԩ@࢚ࢇ࢙ࡼ ൌ ૛૜૛. ૛૜	ࢇࡼ࢑ (Table A-4)

46

Example 6
 A partial list of Table A-4

47

Example 6
Solution:

(b) The quality is determined from

࢞ ൌ
࢛ െ ࢌ࢛
ࢍࢌ࢛

ൌ
૚૟૙૙ െ ૞૛૝. ૜ૡ

૛૙૙ૢ. ૞
ൌ ૙. ૞૜૞

48



ENGR 292 Mar.07,2017

9

Example 6
Solution:

(c) This is similar to case (b), except pressure is given instead of
temperature. Following the argument given above we read the ࢌ࢛
and ࢍ࢛ at given pressure (1Mpa). At 1 Mpa, we have ࢌ࢛ ൌ ૠ૟૚. ૜ૢࡶ࢑/
;ࢍࡶ ࢍ࢛ ൌ ૛૞૛ૡ. ૡࢍ࢑/ࡶ࢑; The given ࢛ ൌ ૛ૢ૞૙ࢍ࢑/ࡶ࢑, which is greater

than atࢍ࢛ 1 Mpa. Therefore, we have a superheated vapor, and the
temperature at, this state is determined from the superheated vapor
table by interpolation to be:

ܶ ൌ 350 ൅ ሺ2950 െ 2875.7ሻሺ
400 െ 350 

2957.9 െ 2875.7
ሻ

ൌ 395.2Ԩ

49

Example 6
 A partial list of Table A-5

50

Example 6
 A partial list of Table A-6

51

Example 6
Solution:

(d) In this case the temperature and pressure is given, but again, we
can not tell which table to use to determine the missing properties
because we do not know whether

This is similar to case (b), except pressure is given instead of
temperature. Following the argument given above we read the ࢌ࢛
and ࢍ࢛ at given pressure (1Mpa). At 1 Mpa, we have ࢌ࢛ ൌ ૠ૟૚. ૜ૢࡶ࢑/
;ࢍࡶ ࢍ࢛ ൌ ૛૞૛ૡ. ૡࢍ࢑/ࡶ࢑; The given ࢛ ൌ ૛ૢ૞૙ࢍ࢑/ࡶ࢑, which is greater

than atࢍ࢛ 1 Mpa. Therefore, we have a superheated vapor, and the
temperature at, this state is determined from the superheated vapor
table by interpolation to be:

ܶ ൌ 350 ൅ ሺ2950 െ 2875.7ሻሺ
400 െ 350 

2957.9 െ 2875.7
ሻ

ൌ 395.2Ԩ

52

Example 6
Solution:

(d) In this case the temperature and pressure is given, but again, we
can not tell which table to use to determine the missing properties
because we do not know whether we have a saturated mixture,
compressed liquid, or superheated vapor.

To determine the region we are in, we go to the saturation table
(Table A-5) and determine the saturation temperature value at the
given pressure. At 500 kPa, we have ࢇࡼ࢑૞૙૙@࢚ࢇ࢙ࢀ ൌ ૚૞૚. ૡ૜Ԩ; then we
compare the given T value to this ;ࢇࡼ࢑૞૙૙@࢚ࢇ࢙ࢀ

In our case, the given T = 75Ԩ; ࢀ ൏ ;ࢇࡼ࢑૞૙૙@࢚ࢇ࢙ࢀ Therefore

53

Example 6
 A partial list of Table A-5

54
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Example 6
Solution:

(d) In our case, the given T = 75Ԩ ;
ࢀ ൏ ;ࢇࡼ࢑૞૙૙@࢚ࢇ࢙ࢀ Therefore

We have a compressed liquid.

And normally, we would determine the
internal energy value from the
compressed liquid table. But in this case,
the given pressure is much lower than
the lowest pressure value in the
compressed liquid table (which is 5 Mpa),
and therefore, we are justified to treat the
compressed liquid as saturated liquid at
the given temperature (not pressure):

ૠ૞Ԩ	&	ࢇࡼ࢑૞૙૙@࢛ ≅ ૠ૞Ԩ	@ࢌ࢛ ൌ ૜૚૜. ࢍ࢑/ࡶ࢑ૢૢ
(Table A-4) 55

Example 6
Solution:

(d) We would leave the quality
column blank or write “NA” in this
case since quality has meaning in the
compressed liquid region

56

Example 6
Solution:

(e) The quality is given to be x = 0, thus we have saturated
liquid at the specified pressure of 850 kPa. Then the
temperature must be the saturation temperature at the given
pressure, and the internal energy have the saturated liquid
value:

ࢀ ൌ ࢇࡼ࢑ૡ૞૙@࢚ࢇ࢙ࢀ ൌ ૚ૠૢ. ૢ૝Ԩ
࢛ ൌ ࢇࡼ࢑ૡ૞૙@ࢌ࢛ ൌ ૠ૜૚. ૙૙ࢍ࢑/ࡶ࢑

(Table A-5)

57

Example 6
 A partial list of Table A-5

58

What is next?

 Any Questions? 

 Assignment 3 will be posted soon 

 Continue on with Thermodynamics 
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