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• Assignment 3 is due tonight 

• Assignment 4 is posted, and it is due next Thursday

• Midterm is currently scheduled for October 10. Should we 
change the date? 
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• Pure substance: A substance that has a fix chemical 
composition throughout (e.g., water, nitrogen, carbon 
dioxide):
qDoes not have to be a single chemical element or compound

qA mixture of various chemical elements or compounds qualifies as 
a pure substance as long as the mixture is homogenous

qA mixture of oil and water is not a pure substance
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• A mixture of two or more phases or a pure substance is still 
a pure substance as long as the chemical composition of all 
phases is the same:
qA mixture of ice and liquid water for example is a pure substance

qA mixture of liquid and gaseous air is not a pure substance



Recap

7

• We have three phases
qSolid
q Liquid
qGas
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• A material has several phases:
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• Phases of a pure substance 
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• Phases of a pure substance 

qCompressed liquid (subcooled liquid)
 
qSaturated liquid

qMixture (saturated liquid + saturated vapor)

qSaturated vapor

qSuperheated vapor
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• Now let’s create the the T-v process diagram:



SATURATION TEMPERATURE AND 
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• Water boils at 100 °C

Is this statement correct? 
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• The temperature at which water starts boiling depends on 
the pressure and therefore pressure is fixed, so the boiling 
temperature

• At a given pressure, the temperature at which a pure 
substance changes phase is called the saturation 
temperature (Tsat) (e.g., at a pressure of 101.325 kPa, Tsat is 
99.97 °C

What’s the saturation pressure at a temperature of 99.7 °C?
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• For water, the liquid-vapor saturation vapor of a pure 
substance: 
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• Let’s think the previous table:



Saturation Temperature and Pressure
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• It takes a large amount of energy to melt a solid or vaporize 
a liquid. The amount of energy absorbed or released during 
a phase-change process is called the latent heat

qThe amount of energy absorbed during melting is called the latent 
heat of fusion is equivalent to the amount of energy released 
during freezing 

qThe amount of energy absorbed during vaporization is called the 
latent heat of vaporization is equivalent to the amount of energy 
released during condensation



Saturation Temperature and Pressure
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• Variation of the standard atmospheric pressure and the 
boiling (saturation) temperature of water with altitude
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• We always look at the property diagrams in this course



Property Diagrams For Phase-Change Processes
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• Critical point is the point at which the saturated liquid and 
saturated vapor states are identical 

qCritical pressure (Pcr)

qCritical temperature (Tcr)

qCritical specific volume (vcr)
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• At pressure above the critical pressure there is not a distinct 
phase-change process 
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• For the following materials

Material Pcr (MPa) Tcr (C) vcr (m3/kg)

Water 22.06 373.95 0.003106

Helium 0.23 -267.85 0.01444
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• Table A-1 (see Blackboard the ”Resources” folder):
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• The saturated liquid states can be connected by a line called 
saturated liquid line and similarly the saturated vapor line
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• Repeat the experiment to get the P-v diagram
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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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• Extending the diagram to include solid phase:
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• The states on the triple line of a substance have the same 
pressure and temperature but different specific volumes   
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• Triple point temperatures and pressures of various 
substances:
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• There are two ways a substance can pass from the solid to 
the vapor phase:

q It melts first into a liquid and subsequently evaporates

q It evaporates directly without melting first known as sublimation 
(occurs below at the triple-point value since a pure substance 
cannot exist in the liquid phase at those pressure) 
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• P-T diagram is known as the phase diagram



Property Diagrams For Phase-Change Processes
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• P-v-T diagram
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• What’s the common phase change in the atmospheric 
pressure for CO2? 
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• Another example for Nitrogen:
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• Similarly for Nitrogen:



PROPERTY TABLES
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• For most substances, the relationships among 
thermodynamics properties are too complex to be expressed 
by simple equations

• We usually use a combination of measurable properties

• We rely on tables and a lot times we separate table for each 
region 



Property Tables
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See the references folder on Blackboard
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See the references folder on Blackboard



Property Tables

42

• For certain processes (e.g., power generation and 
refrigeration), a property is defined named enthalpy which is 
a combination of 

ℎ = 𝑢 + 𝑃𝑣

𝐻 = 𝑈 + 𝑃𝑉
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• Table A-4 and Table A-5

𝑣!" = 𝑣" − 𝑣!

ℎ!" = ℎ" − ℎ!
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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
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• Table A-7 for compressed liquid
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• Let’s look at at T-v diagram
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• A rigid tank contains 50 kg of saturated liquid water at 90 °C. 
Determine the pressure in the tank and the volume of the 
tank.
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• Solution:
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• Solution:

𝑃 = 𝑃#$%	$%	'(	°* = 79.183	𝑘𝑃𝑎

𝑣 = 𝑣!	$%	'(	°* = 0.001036
𝑚+

𝑘𝑔

𝑉 = 50𝑘𝑔 0.001036
𝑚+

𝑘𝑔 = 0.0518	𝑚+
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• A piston-cylinder device contains 2 ft3 of saturated water 
vapor at 50-psia pressure. Determine the temperature and 
the mass of the vapor inside the cylinder
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• Solution:
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• Solution:

𝑇 = 𝑇#$%	$%	,(	-#.$ = 280.99	°𝐹

𝑣 = 𝑣"	$%	,(	-#.$ = 8.5175
𝑓𝑡+

𝑙𝑏𝑚

𝑚 =
𝑉
𝑣 =

2	𝑓𝑡+

8.5175 𝑓𝑡
+

𝑙𝑏𝑚

= 0.235	𝑙𝑏𝑚
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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

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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• Solution:
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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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• During a vaporization process, a substance exists as part 
liquid and part vapor

𝑥 =
𝑚/$-01

𝑚%0%$2

𝑚%0%$2 = 𝑚2.34.5 +𝑚/$-01 = 𝑚! +𝑚"



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
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• Quality is



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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• We can write:

𝑣FGH = 𝑣I + 𝑥𝑣IH

𝑢FGH = 𝑢I + 𝑢𝑣IH

ℎFGH = ℎI + ℎ𝑣IH
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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



Class Activity
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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 150 psia. The container is then cooled to 
100 °F. Determine the initial temperature and final pressure 
of the water.
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• Solution: 

𝑣. =
𝑉
𝑚 =

2.29	𝑓𝑡+

1	𝑙𝑏𝑚 = 2.29
𝑓𝑡+

𝑙𝑏𝑚

𝑣. > 𝑣"
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• Solution: 

K
𝑃6 = 250	𝑝𝑠𝑖𝑎 

𝑣6 = 2.29	𝑓𝑡+/𝑙𝑏𝑚
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• Solution: 

𝑇7 = 100	°𝐹

𝑣7 = 𝑣6 = 2.29	𝑓𝑡+/𝑙𝑏𝑚

𝑃7 = 𝑃#$%	@	6((	9 = 20.9505	𝑝𝑠𝑖𝑎


