Chapter 3
Properties of Pure Substances
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3.1 Pure Substance (* )

= A substance that has a fixed chemical composition
throughout is called a Pure Substance.

= Pure Substance:
- N2, Oz, gaseous Air

- A mixture of liquid and gaseous water is a pure
substance, but a mixture of liquid and gaseous Air is not.
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3.2 Phases of a Pure Substance

(¥ Fendp)

= Solid:
-The molecules in a solid are kept at their positions by the
large spring like intermolecular forces.

-The attractive and repulsive forces between the molecules
tend to maintain them at relatively constant distances
from each other.

= Liquid: Groups of molecules move about each other.
= Gas: Molecules move about at random.
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Phase Rule (no chemical reaction)

- F=C-P+2

- F : # of intensive (internal) properties need to fix the
state of the system

- C: # of components

- P: # of phases
For pure liquid or gas (vapor) F =2 (C=1, P=1)
For un-saturated water F =1 (C=1, P=2)
For triple line (points) F =0 (C=1, P=3)

3.3 Phase-Change Processes of Pure Substance

(4 JF 4 8 1 6 42)
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3.3 Phase-Change Processes of Pure Substance
- Terminologies (& F® #* 3%)

= Compressed liquid (lﬁﬁﬁ;‘&) or a subcooled liquid (g4
7&) : Aliquid that is not about to vaporize.

= Saturated liquid (4 f=:%) : A liquid that is about to
vaporize.

« Saturated vapor (4 4=7<) : A vapor that is about to
condense.

= Saturated liquid-vapor mixture (& fei ;1R & ) : the
liquid and vapor phases coexist in equilibrium.

= Superheated vapor (#&#:;%) : A vapor that is not about
to condense

3.3 Phase-Change Processes of Pure Substance I

« Saturated temperature (4¢3 A& ), Tsat: At a given
pressure, the temperature at which a pure substance
changes phase.

« Saturated pressure (4 §=/& 4 ), Psat: Ata given
temperature, the pressure at which a pure substance
changes phase.

= Latent heat (##4): the amount of energy absorbed or
released during a phase-change process.

= Latent heat of fusion (i3 #&#%): the amount of energy
absorbed during melting.

= Latent heat of vaporization (& #t): the amount of
energy absorbed during vaporization.
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3.4 Property Diagrams ({£% W) for Phase-
Change Processes

» The T-v diagram:
- Critical point: the point at which the saturated liquid
and saturated vapor states are identical.

- Saturated liquid line:
- Saturated vapor line:
- Compressed liquid region:
- Superheated vapor region:

- Saturated liquid-vapor mixture region:
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3.5 Property Tables (1% %)

= Table A-4:
Saturated water - Temperature table
« Table A-5:
Saturated water - Pressure table
= Table A-6:
Superheated water
« Enthalpy, H
H=U+PV (kJ)
h=u+Pv (kJ/kg)

= Entropy, S
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Example 3-3
i P kPa
afa mkg
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woow Liquid-vapor equilibrium
T°C| m¥kg kl/kg klkg

P =0.1 MPa (99.63°C) |
fafa | 1.6940 2506.1 26755
100 | 1.6958 2506.7 2676.2
l?() I,93§4 25!:’_,)@ 2776;4

1300 | 7.260 46835 54095

P =0.5 MPa (151.86°C)

fifo | 03749 25612 27487 |
200 | 04249 26429 28554
250 | 0.4744 27235 2960.7
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V =Vi +Vy, m =mg +m,

My =MV +MyVg

(m¢ +mg)v=mfvf +(mgv, —mgvf)+mgvg
=myy +mg (Vg —V¢)

VEVE+ XV, Vig =Vg ~ Vs Note : V=V¢ + XV # V¢ +Vg

V=Vt XV, V =V +Vy, mp=mg+m,
MV =MV +MyVy
v=(m¢/m)ve +(mg/mdv,

V=(1-X)V¢ +XV4

Similar to U (u), H (h), S (s)

U=Us +XUyg = (1-X)Us +XUq
h=h; +xhg = (1-x)h; + xh, Ag> Ay

or Aq,>0
S=5; + XS = (1-X)S; + X3, fo
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h=hter +Vt@T(P—Par@r)

Example 3-8
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~ 0.34% deviation

3.6 The Ideal-Gas Equation of State
(2185 HR G A2:)

= Equation of state:
Any equation that relates the pressure, temperature, and
specific volume of a substance.

= Gas: The vapor phase of a substance
= Vapor: A gas that is not far from a state of condensation

Fluids and gases

Aliquid will take the
shape of its container
but exhibits a free
surface.
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Agas will fill its container
completely and does not
exhibit a free surface.




3.6 The Ideal-Gas Equation of State

PV =NR,T,
PV =mRT

Pv=RT,v=V/m
PU=R,T,V=V/N

This implies:

(1) very little molecular interaction (p = 0),

(2) molecules are point masses, i.e.,
molecules occupy zero volume.

3.6 The Ideal-Gas Equation of State

The universal gas constant

R, =8.314 kJ / kmol - K
=1545 ft-Ibf / lomol -R

The gas constants, R=R, /M

WE R, kl/kg-K
A 0.2870
£ 2.0769
A 0.2081
f, 0.2968

M, molar mass, the mass of 1 mole
of substance in grams, or 1 kmol in

kilograms. [in Sl
6.023x10%2molecules / mole]-

For Air

M = 28 kg/kmol = 28 g/mole
= 28 Ibm/Ibmol (definition)

The ideal gas state surface — a 3 dimensional surface

p ldeal Gas State Surface
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Example 3-10 P = 100 kPa

T=25°C

m="?

PV =mRT
_PV _ (100kPa )(4-5-6)m?®
RT (0.287kJ /(kg- K )(25+273)K

(100-10° N )(4-5.6)m?
m

" (0.287-10°-N -m /(kg- K )(25+273)K

[¥13-48 4 ] 3-10 177 & B °

=140.3kg

The ideal gas Pv _
RT

The perfectgas  p,
RT
¢, =constant
cp—C, =R

3.7 Compressibility Factor- A Measure of
Derivation from Ideal-Gas Behavior
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3.7 Compressibility Factor- A Measure of
Derivation from ldeal-Gas Behavior

- Compressibility Factor (B % 4 #) , Z
Z =Pv/IRT
Z = VactualVideal
= ldealgas: Z2=1
= Real gases:
Z>1
Z=1
Z<1
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Real Gases

z

pPv
R,T
Pv

RT Ideal Gas

1l

3.7 Compressibility Factor- A Measure of
Derivation from Ideal-Gas Behavior

= The normalization:
- Reduced pressure, Pg
Pr =P/ Py,
- Reduced temperature, T
TR=T/Tg

= The principle of corresponding states:

The Z factor for all gases is approximately the same at
the same reduced pressure and temperature.

Reduced pressure and temperature

Generalized Compressibility Chart
Z

Tro

PR = P/Pcritical TR = T/Tcritical

Generalized Compressibility Chart

Reduced pressure and temperature
P T Corresponding State (Pg, Tg)
cr cr
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Example 3-11 Use of Generalized Charts — determine v

Errors ; ideal gas ~ 20%
charts ~ 2%

3.8 H w4 ey i AN

P
I:’R = P pseudo — reduced specific volume
cr
T Vg = Vactural , Vactural
TR = Tf RT,, / Per Ver
cr

‘ Example 3-12 Use of Generalized Charts — determine P I

(Fig. A-15)

-k, T =350C, v=0.035262 m3/kg,

p=2

Sol. Exact 7.0 MPa, Z chart 6.84 MPa,
Ideal gas 8.15 MPa

Bl 352 7 7 o Py fovg ik 27 @Eﬁﬁ@ﬂ&ﬁm% - (A-15 figure)

van der Waals
Bertheler
Redlich-Kwang
Beattie-Bridgeman
Benedict-Webb-Rubin
Strobridge
Virial

B 3-55 fr ¢ b i ik endic
P T
Pages 141-144

van der Waals equation of state
a
(P+=)(v-b)=RT
Y

alvZ: intermolecular force
b: volume occupied by the molecular
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T=T,

for van der Waals equation of state

2+2
_2R*TE | _RTy
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11, 26, 35, 44, 56, 68, 77, 84, 93, 103, 112, 123
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