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a Pure Substances

0 Phase-Change Process of Pure
Substances

a Specific Volume

0 Saturation Temperature (Tgq:)

0 Saturation Pressure (Pgg;)

a Vapor Pressure

0 Property Tables
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Qo T-v diagram for the heating process of water at

constant pressure _
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a T-v diagram of constant pressure phase-change process of
water at various pressures
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a T-v diagram of a pure substance
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a P-v diagram of a pure substance
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Review of Last Class

0 Finding the Temperature of Saturated Vapor

a A piston-cylinder contains 3 m? of saturated water vapor at
50 kPa pressure. Determine the temperature of the vapor

and the mass of the vapor inside the cylinder

Review of Last Class

0 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:
T = Tsqi@s0 kpa = 81.32 °C (Table A-5)
The specific volume of the saturation vapor at 50 psig is:

v = Vyasopsig = 3-2403 m3/kg (Table A-5)

Then the mass of water vapor inside the cylinder is determined

to be:
v 3m3
= 0.9258 kg

M=~ 3.2403 m? kg
8

Review of Last Class

F. kpa
'

Review of Last Class

a A partial list of Table A-5

TABLE A-5

Mixture

Saturated Liquid-Vapor

Review of Last Class

saturated mixture are specified by the quality x

Por T

Critical poing

Total Enthalpy
H=U+PV

h=u+Pv

o Enthalpy — A Combination Property

Specific Enthalpy (per unit mass):

Sar. vapor

by

Sat. liquid

a The relative amounts of liquid and vapor phases in a

12
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Saturated Liquid-Vvapor
Mixture

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

Saturated vapor
Ve Vavg
— Saturated
v, I.iqui.‘I—\;l[mr
! - mixture
Saturated liguid

Saturated Liquid-Vapor
Mixture

0 Quality is related to the horizontal distances on P-v and T-v
diagrams. J";' T

14

Saturated Liquid-Vapor
Mixture

a Consider a tank that contains a saturated liquid-vapor
mixture. The volume occupied by saturated liquid is V¢, and
the volume occupied by saturated vapor is V4. The total
volume Vis the sum of these two:

V=Vp+V,

V=mv 2 muvg, =mV;+myV,
my=m; —my > MVupe = (M—My)v5 + Myvy
Dividing by m,, yields:

Vay = (1 — x)vf + xv5 Where x = my/m,

Vay = V5 + X055 Where vey = v, — vy

Saturated Liquid-Vapor
Mixture

0 The v value of a saturated liquid-vapor mixture lies between
the vy and vgvalues at the specific T or P

Par T
N

Sal. ligquid

San. ligquad

16

Then:
x= Vay — vf
Vrg 5
Example 1

0 The Pressure and Volume of a Saturated Mixture
A rigid tank contain 10 kg of water of 90°C. 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 .

Example 1
0 Solution:
A rigid tank contains a saturated .
mixture of water. The pressure and t
the volume of the tank are to be
determined. T =90°C

m,=2kg

(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. |

Pa@soec = 70.183 kPa (Table A-4) = 0001036 v, = 23593 v m¥kg

iy =8 kg

18




ENGR 292

Mar.07,2017

Example 1
(b) At 90°C, we have vy = 0.001036m3/kg and v, = 2.3593m3/kg
(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:
V =Vr+V; =mpop + myu,
= (8kg)(0.001036m>/kg) + (2kg)(2.3593m>/kg)
=4.73m3

Example 1
(b) At 90°C, we have vy = 0.001036m3/kg and v, = 2.3593m3/kg
(Table A-4)
Method 2:

Another way is to first determine the quality x, then the average
specific volume v, and finally the total volume:
Mo 2kg
m, 10kg
v =vr+ X0,
=0.001036m3/kg + (0.2)(2.3593m3/kg)
=0.00473m3/kg
V =mv = (10kg)(0.00473m3/kg ) = 4.73m?

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

Qa A partial list of Table A-4

TABLE A-4

22

Example 2

0 An 80-L vessel contains 4 kg of refrigenat-134a at
a pressure 160 kPa.

0 Determine

(a) the temperature

(b) the quality

(c) the enthalpy of the refrigerant

(d) the volume occupied by the vapor phase.

23

Example 2

0 Solution:
0 A vessel is filled with refrigerant-134a at a pressure of 160
kPa.
V =80L=0.080m3
m=4kg
o 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: PP

R-134a
P =160 kPa
m=d kg

I=—|560°C

= 00007437 v =128 v mikg
121 he=24001 kg

25
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0 Anpartial list of Table A-15b

TABLE A-150
Saturated refrigerant-13a- Pressure tabie

" sic o Internal
pecific volume energy Enthal
kg kajkg wajkg Y

Sat. . Sat
iiquid  vapor liquid Evap.
3 by

22638

Entro,
xJi(kg k)

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:

vV _0080m® 5
U_Z_W_O'Ozm kg
At pressure 160 kPa, we read from Table A-15 b
vr = 0.0007435m>/kg

vy = 0.1229m3/kg

27

Example 2

Obviously vy <v <y, and therefore, the refrigerant is in the
saturated mixture region. Thus, the temperature must be the
saturation temperature at the specific pressure.

T = Tsat@160 kpa = —15.62 °C

(b) Quality can be determined from following equation we
talked about above:
Vay — Uy 0.02 — 0.0007435

= =0.158
v,  0.1229 - 0.0007435

X =

28

Example 2

(c) At pressure 160 kPa, we also read from Table A-15b that
hy = 29.78 k] /kg; hyy = 208.18 k] /kg
Then:
h = hs + xheg = (29.78 kj /kg ) + (0.158)(208.18 kj /kg)
=627k /kg

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

mg = xm; = (0.158)(4kg) = 0.632 kg
and the volume occupied by the vapor phaseis :
V, = mgyu, = (0.632 kg)(0.1229m3/kg ) = 0.0777m?

=777L

The rest of the volume 80L — 77.7 L = 2.3L is occupied by the
liquid.

29

Superheated Vapor

0 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.

0 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

Q0 Apartial list of Table A-6

v " h
T°C| m'kg  kikg  klikg
[P =01 MPa99.61°C)
Sm. 1L.6941 2505.6

100 | 1.6959 2506,
150| 1.9367 25829

1300 7.2605 4687.2

P

Sat. | 0.37483 25

Example 3

0 Finding the Internal Energy of Superheated Vapor

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

32

200 | 0.42503 2
250 | 0,.47443 2723,
31
Example 3

Q A partial list of Table A-6

TABLE A-§

33

Example 3

a Solution:

At 1 Mpa, the saturation temperature Tsg@1mpa 1S
179.88°C. Since T = 400°C > T4 1@1mpar the water is in
the superheated vapor region. Then the internal
energy is determined from the superheated vapor
table (Table A-6) to be:

u=29579kJ/kg At the given temperature and
pressure. E v h

34

Example 4

Finding the temperature of Superheated Vapor
0 Determine the temperature of water at a state of
P=0.5 Mpa, and h=2890 kJ/kg

35

Example 4

0 Solution:
At 0.5 Mpa, the enthalpy of 1
saturated water vapor is
hy =2748.7 k] [kg

Since

h=2890Fk]/kg > hg
As shown in Fig on the right side,
we again have superheated vapor.

36
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Example 4
0 Under 0.5Mpain Table A-6 0 A partial list of Table A-6
We read: 7 . i h 5
h@zoﬂ"c = 2855.4 k]/kg C m/kg kikg kikg  kikg-K

hazso:c = 2961.0 kJ /kg
Obviously, the temperature is
between 200°C and 250°C. By
linear interpolation it is determined
to be:

T = 200 + (2890 — 2855.8) (el — 2020
- 8 85610~ 20558

Example 5

0 Determine the internal energy of compressed
liquid water at T=80°C and P=5 Mpa.

0 Using

0 (a) data from the compressed liquid table

0 (b) using saturated liquid data

What is the error involved in the second case?

38

=216.4°C
v:mn?!
1300 9.7797
37
Example 5
a Solution: T, °C
At 80 °C , the saturation 1
pressure  of  water is A

F=5MPa

Paosocc =47.416 kPa.

Since P=5 Mpa >Pg4@g0°c, We
obviously have compressed
liquid, as shown in Fig on the g
right side.

39

Example 5

a (a) From the Compressed Liquid Table (Table A-7)
TABLE A-7

UsMpa & 80°C = 333.82 kJ/kg Cfnmpve.ﬁwu \Wm:.mev

1 h s
C mkg kikg  kikg klikg-K

40

Example 5

a (b) From the Saturation Table (Table A-4)

TABLE A-4

Saturated water—Temperature table

Us@ 8o°C

liquid,

=334.97 kj /kg e

41

Example 5

a From Above, we have:
U@sMpa & 80°C = Uf@ 80°C

The error involved is:
334.92 — 333.82

333.72
which is less than 1 %

= 0.34%

42
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Example 6

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

[ __L1(0) [ P(kPa) Lu(ky/kg) [x | Phase decription |
200 0.6

(@)

Mar.07,2017

Example 6

Solution:
(a) The quality is given to be x = 0.6, 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:

T = Tyqi200kpa = 120.21°C (Table A-5)

At 200 kPa, we also read from Table A-5
u; =504.5k//]g
u, = 2024.6kJ/]g
u=us +xuy; =504.5kJ/]g + (0.6)(2024.6k] /] g)
=1719.26k]/]g

(b) 125 1600
(©) 1000 2950
d) 75 500
(e) 850 0
43
Example 6

Q A partial list of Table A-5

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 uy and u, at given temperature.

At 125 °C, we read uy = 524.83 kJ/Jg; u, = 2534.3kJ/kg; since u =
1600 kJ/kg; which is falls between usand ugzvalues at 125 °C.
Therefore, we have a saturated liquid-vapor mixture, then the
pressure must be the saturated pressure at the given temperature

P = Pyq@150c = 232.23 kPa (Table A-4)

46

Example 6

Qa A partial list of Table A-4
TABLE A-4

Saturated water

a7

Example 6

Solution:
(b) The quality is determined from

u-u; 1600 — 524.38

x= kit
up, 2009.5

=0.535

48
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Example 6 Example 6
Solutit.:)n:. . o ) Q Apartial list of Table A-5
(c) This is similar to case (b), except pressure is given instead of

temperature. Following the argument given above we read the uy ISLEAS
and uy at given pressure (1Mpa). At 1 Mpa, we have u; = 761.39kJ/ sturate
Jg; ug =2528.8kJ/kg; The given u = 2950kJ/kg, which is greater
than ugat 1 Mpa. Therefore, we have a superheated vapor, and the P N T m e e TG B e Wkl B
temperature at, this state is determined from the superheated vapor - : :
table by interpolation to be:

400 — 350 ) 0 108 0ooiiz? oisdss + Couga) masi ias zr771

T =350 + (2950 ~ 2875.7) (35055727
=395.2°C

49 50

Example 6 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 uy
and u, at given pressure (1Mpa). At 1 Mpa, we have u; = 761.39kJ/
Jg: u, =2528.8kJ/kg; The given u = 2950kJ/kg, which is greater
than ugat 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:

Q A partial list of Table A-6

400 — 350
T =350 + (2950 — 2875.7)(m
=3952°C '
51 52
Example 6 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 T4 @s00kpa = 151.83°C; then we
compare the given T value to this Ts4@s00kPa;

In our case, the given T = 75°C; T < Tsq@s00kpa; Therefore

a A partial list of Table A-5
TABLE A-5

53 54
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Solution: T. %
(d) In our case, the given T = 75°C;

T < Tsqt@s00kpa; Therefore

We have a compressed liquid.

And normally, we would determine the
internal energy value from the il
compressed liquid table. But in this case, 7
the given pressure is much lower than

the lowest pressure value in the
compressed liquid table (which is 5 Mpa), ym
and therefore, we are justified to treat the
compressed liquid as saturated liquid at

the given temperature (not pressure):

U@s00kPa & 75°C = Uf@75°c = 313.99k]/kg

(Table A-4) 5

Mar.07,2017

Example 6

Solution:
(d) We would leave the quality r
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:

T = Tsqt@ssokpa = 179.94°C

U = Usegsokra = 731.00k] /kg
(Table A-5)

57

Example 6

a A partial list of Table A-5

TABLE A-5

Saturated waterPressure table {Conciuded.

58

What is next?

0 Any Questions?
a Assignment 3 will be posted soon

o Continue on with Thermodynamics

59

10



