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• Assignment 4 is due this coming Thursday

• Midterm is currently scheduled for October 10: 
q Should we change the date? 
q How should you get ready for the exam?
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• We always look at the property diagrams in this course



Recap
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• The saturated liquid states can be connected by a line called 
saturated liquid line and similarly the saturated vapor line



Recap
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• The P-v diagram of a pure substance is very much like the 
T-v diagram but T = constant lines on this diagram have a 
downward trend 
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• P-T diagram is known as the phase diagram
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See the references folder on Blackboard
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See the references folder on Blackboard
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• Table A-4 and Table A-5
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• Table A-4 and Table A-5
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• Table A-6 for superheated



Recap
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• Table A-7 for compressed liquid
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• A mass of 200 g of saturated liquid water is completely 
vaporized at a constant pressure of 100 kPa. Determine (a) 
the volume change and (b) the amount of energy transferred 
to the water.



Class Activity
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• Solution:



Class Activity
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• Solution:

𝑣!" = 𝑣" − 𝑣! = 1.6941 − 0.001043 = 1.6931	𝑚#/𝑘𝑔

Δ𝑉 = 𝑚𝑣!" = 0.2	𝑘𝑔 1.6931
𝑚#

𝑘𝑔 = 0.3386	𝑚#

𝑚ℎ!" = 0.2	𝑘𝑔 22575.5
𝑘𝐽
𝑘𝑔 = 451.5	𝑘𝐽
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Saturated Liquid-Vapor Mixture
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• During a vaporization process, a substance exists as part 
liquid and part vapor



Saturated Liquid-Vapor Mixture

21

• For the saturated liquid-vapor mixture, we need to define a 
new property named “quality”

𝑥 =
𝑚$%&'(

𝑚)')%*

𝑚)')%* = 𝑚*+,-+. +𝑚$%&'( = 𝑚! +𝑚"



Saturated Liquid-Vapor Mixture
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• We can write:

𝑉 = 𝑉! + 𝑉"

𝑚) = 𝑚! +𝑚"

𝑣%$" = 𝑣! + 𝑥𝑣!"

𝑥 =
𝑣%$" − 𝑣!
𝑣!"



Saturated Liquid-Vapor Mixture
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• How can we derive this equation for 𝑣:;<? 



Saturated Liquid-Vapor Mixture
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• We can write:

𝑣:;< = 𝑣= + 𝑥𝑣=<

𝑢:;< = 𝑢= + 𝑢𝑣=<

ℎ:;< = ℎ= + ℎ𝑣=<
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• A rigid tank contains 10 kg of water at 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 and (b) the volume of 
the tank.
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• Solution:
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• Solution:
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• Part (b) – Solution 1

𝑉 = 𝑉! + 𝑉" = 𝑚!𝑣! +𝑚"𝑣"

𝑉 = 8	𝑘𝑔 0.001036
𝑚#

𝑘𝑔
+ 2	𝑘𝑔 2.3593

𝑚#

𝑘𝑔
= 4.73	𝑚#

𝑉 = 4.73	𝑚#
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• Part (b) – Solution 2:

𝑥 =
𝑚"

𝑚)
=

2
2 + 8 = 0.2

𝑣 = 𝑣! + 𝑥𝑣!" = 0.001036
𝑚#

𝑘𝑔 + 0.2 2.3593 − 0.001036
𝑚#

𝑘𝑔 = 0.473
𝑚#

𝑘𝑔

𝑉 = 𝑚𝑣 = 10	𝑘𝑔 0.473
𝑚#

𝑘𝑔 = 4.73	𝑚#
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• One pound-mass of water fills a 2.29 ft3 rigid container at an 
initial pressure of 250 psia. The container is then cooled to 
100 °F. Determine the initial temperature and final pressure 
of the water.



Class Activity
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• Solution: 

𝑣+ =
𝑉
𝑚 =

2.29	𝑓𝑡#

1	𝑙𝑏𝑚 = 2.29
𝑓𝑡#

𝑙𝑏𝑚

𝑣+ > 𝑣"
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• Solution: 

C
𝑃/ = 250	𝑝𝑠𝑖𝑎 

𝑣/ = 2.29	𝑓𝑡#/𝑙𝑏𝑚
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• Solution: 

𝑇0 = 100	°𝐹

𝑣0 = 𝑣/ = 2.29	𝑓𝑡#/𝑙𝑏𝑚

𝑃0 = 𝑃1%)	@	/44	5 = 20.9505	𝑝𝑠𝑖𝑎
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• Determine temperature of water at a state of P = 0.5 MPa 
and h = 2,890 kJ/kg.
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• Solution:
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• Solution:

𝑇 = 216.3	°𝐶



COMPRESSED LIQUID
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Compressed Liquid
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• Compressed liquid tables are not as commonly available 
(Table A-7) 

• In the absence of compressed liquid data, a general 
approximation is to treat compressed liquid as saturated 
liquid at the given temperature



Compressed Liquid
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• At low to moderate pressures and temperatures, we can say:

ℎ~ℎ=	@	N + 𝑣=	@	N(𝑃 − 𝑃O:P	@	N)



Compressed Liquid
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• In general, a compressed liquid is characterized by:
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44



Class Activity

45

• Determine the internal energy of compressed liquid water at 
80 °C and 5 MPa, using (a) data from compressed liquid 
table and (b) saturated liquid data. What is the error involved 
in the second case. 
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• Solution:
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• Solution:
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48

• Solution:
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• Solution:

𝐸𝑟𝑟𝑜𝑟 =
334.94 − 333.82

333.82 ×100 = 0.34	%
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• Property tables provide very accurate information about the 
properties, but they are

qBulky
qVulnerable to typographical errors

• It would be nice to have a simple relationship 



The Ideal-Gas Equation of State
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• Any equation that relates the pressure, temperature, and 
specific volume of a substance is called an equation of state 
(there simple and complex ones)

• We used vapor and gas often interchangeably in the first 
three chapters 



The Ideal-Gas Equation of State
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• The simplest and best-known equation of state for 
substances in the gas phase is the ideal-gas equation of 
state

𝑃 = 𝑅(
𝑇
𝑣)

𝑃𝑣 = 𝑅𝑇

Ideal—gas equation of state



The Ideal-Gas Equation of State
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• We can define gas constant for each gas:

𝑅 =
𝑅!
𝑀

Ru is the universal gas constant

( !"
!#.%

	𝑜𝑟 !&'.(!

!#.%
)
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• Examples of gas constant for a few known gases:



The Ideal-Gas Equation of State
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• M is the molar mass

qThe mass of one mole of a substance in grams or the mas of kmol 
in kilograms

qOr, the mass of 1 lbmol in lbm

(e.g., for Nitrogen we have N = 28 kg/kmol = 28 lbm/lbmol)



The Ideal-Gas Equation of State
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• Several variations of the ideal-gas equation of state

𝑁 =
𝑚
𝑀



The Ideal-Gas Equation of State
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• Several variations of the ideal-gas equation of state

𝑣 =
𝑉
𝑚

𝑃
𝑉
𝑚 = 𝑅𝑇	 → 𝑃𝑉 = 𝑚𝑅𝑇



The Ideal-Gas Equation of State
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• Several variations of the ideal-gas equation of state

𝑁 =
𝑚
𝑀

𝑃𝑉 = (𝑁𝑀)𝑅𝑇

𝑃𝑉 = 𝑁𝑅-𝑇

𝑃
𝑉
𝑁

= 𝑅-𝑇	 → 𝑃 \𝑉 = 𝑅-𝑇
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• Properties per unit mole are:

𝑃0 = 𝑃1%)	@	/44	5 = 20.9505	𝑝𝑠𝑖𝑎
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• By writing the equation twice for a fixed mass and simplifying 
we can write: 

]! !̂
N!

= ]" "̂
N"
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• The gage pressure of an automobile tire is measure to be 
210 kPa before a trip and 220 kPa after the trip at a location 
where the atmospheric pressure is 95 kPa. Assuming the 
volume of the tire remains constant and the air temperature 
before the trip is 25 °C, determine air temperature after the 
trip.
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• Solution:

𝑃/ = 𝑃"%"6,/ + 𝑃%)8 = 210 + 95 = 305	𝑘𝑃𝑎

𝑃0 = 𝑃"%"6,0 + 𝑃%)8 = 220 + 95 = 315	𝑘𝑃𝑎

𝑃/𝑉/
𝑇/

=
𝑃0𝑉0
𝑇0

=
315	𝑘𝑃𝑎
305	𝑘𝑃𝑎 25 + 273.15	𝐾 = 307.8	𝐾 = 34.8	°𝐶



Is Water an Ideal Gas?

65



COMPRESSIBILITY FACTOR – A MEASURE 
OF OF DEVIATION FROM IDEAL-GAS 
BEHAVIOR
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𝑃9 =
𝑃
𝑃:(

𝑇9 =
𝑇
𝑇;(

• Z factor for all gases is approximately the same at the same 
reduced temperature and pressure due to the principle of 
corresponding states



Compressibility Factor
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• Generalized compressibility chart



Compressibility Factor
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• A few observations:
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• Determine specific volume of refrigeratnt-134a at 1 MPa and 
50 °C using (a) the ideal-gas equation of state and (b) the 
generalized compressibility chart. Compare the values 
obtained to the actual value of 0.021796 m3/kg and 
determine the error involved in each case. 
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• Solution (a):

𝑣 =
𝑅𝑇
𝑃 =

0.0815 𝑘𝐽
𝑘𝑔. 𝐾 50 + 273.15	𝐾

1000	𝑘𝑃𝑎 = 0.026325
𝑚#

𝑘𝑔

𝐸𝑟𝑟𝑜𝑟 =
0.026325 − 0.021796

0.021796 = 0.208
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• Solution (b):

𝑃9 =
𝑃
𝑃:(

=
1	𝑀𝑃𝑎

4.059	𝑀𝑃𝑎 = 0.246

𝑇9 =
𝑇
𝑇:(

=
323	𝐾
374.2	𝐾 = 0.863

𝑍 = 0.84

𝑣%:)-%* = 𝑍𝑣+.6%* = 0.84 0.026325
𝑚#

𝑘𝑔 = 0.022113
𝑚#

𝑘𝑔

𝐸𝑟𝑟𝑜𝑟 =
0.022113 − 0.021796

0.021796 ~0.02


