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Objective:Objective:

After completion of this chapter we should be 
able to do the following:

1. Understand
o Sensible heat
o Cv(T): Heat capacity at constant volume 
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o Cv(T): Heat capacity at constant volume 
o Cp(T): Heat capacity at constant 

pressure
o Phase change operations (latent heats)
o ΔHm= Heat of fusion or heat of melting
o ΔHv= Heat of vaporization
o Mixing and ΔHs= Heat of solution



Objective:Objective:

2. Understand
o Dry-bulb temperature
o Wet-bulb temperature
o Humid volume of humid air
o Psychometric chart (dry-bulb and wet-o Psychometric chart (dry-bulb and wet-

bulb temperature, absolute and 
relative humidity, dew point, humid 
volume) 
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Objectives:Objectives:

3. Reference and state properties

4. Calculate ΔU, ΔH for the following changes 
(using tabulated values of H, U, CP, ΔHm, ΔHv
ΔHs and specific gravities)
� Isothermal changes in pressure
� Isobaric changes in temperature� Isobaric changes in temperature
� Isothermal isobaric phase changes and 
� Isothermal isobaric mixing of two of more 

species

~~ Finally Energy  balance calculations ~~
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Reference StatesReference States

� As we already learned that the absolute values of U
and H for species at a given state we never be
know.

� Fortunately, we never need to know the absolute
values of U and H at specific states: we only need to
know ΔU and ΔH for specific change of state, and
we can determine these quantities experimentally.we can determine these quantities experimentally.

� We may therefore arbitrarily choose a reference
state for a species to determine ΔU= U-Uref. If we
set Uref equal to zero, then U = (ΔU) for a specified
state is the specific internal energy at the state
relative to the reference state. Similarly, we can find
H using H = U + PV formula.
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Hypothetical process paths
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Enthalpy Versus Temperature for a Pure Enthalpy Versus Temperature for a Pure 
ComponentComponent
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Calculating Enthalpy ChangesCalculating Enthalpy Changes

� The enthalpy changes associated with phase 
changes are called changes in latent heat.

� From the previous figure, it is clear that latent 
heat changes have a significant effect on the 
overall enthalpy change of a system.

� The heat of fusion indicates the heat required 
that must be remove from a liquid to freeze it or that must be remove from a liquid to freeze it or 
the heat added to a solid to melt it.

� The heat of vaporization is equal to the heat 
required to vaporize a liquid or the heat removed 
from a vapor to condense it.

� The heat of sublimation is the heat required to go 
from a solid directly to a vapor.
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Calculating Enthalpy Changes for Sensible Calculating Enthalpy Changes for Sensible 
Heat ChangesHeat Changes

� Enthalpy changes for a single phase involve 
temperature changes and are called changes 
in the sensible heat.

� The enthalpy for sensible heat changes can be 
determined by usingdetermined by using

◦ Enthalpy tables

◦ Integrating heat capacities

◦ Computer data bases
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The properties that do not depend on the how the species reached its state, 
i.e., the path chosen to reach a state from an initial state is immaterial.

Example:

(s, 25 ºC, 1  atm)

Example 

C6H6OH 
(v, 300 ºC, 3 atm, Hf)

Construct Hypothetical process path?

Ph: Phenol (C6H6OH)
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The properties that do not depend on the how the species reached its state, 
i.e., the path chosen to reach a state from an initial state is immaterial.

Example:

Ph: Phenol (C6H6OH)

ΔH=Hf -Hi

ΔH= ΔH1+ΔH2+ΔH3+ΔH4+ΔH5+ΔH6

Example 

Ph (s, 25 ºC, 1  atm, Hi)

Ph (s, 42.5 ºC, 1 atm)

Ph (l, 42.5 ºC, 1 atm)

Ph (l, 181.4 ºC, 1 atm)

ΔH1

ΔH2

ΔH3

ΔH

ΔH4

ΔH5 Ph (v, 181.4 ºC, 1 atm)

Ph (v, 300 ºC, 1 atm)

ΔH6

Ph (v, 300 ºC, 3 atm, 
Hf)

(True path)
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ExerciseExercise
Construct a path that utilizes as many known enthalpy changes as possible:
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8.2 Changes in Pressure at constant T8.2 Changes in Pressure at constant T
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8.3 Changes in Temperature 8.3 Changes in Temperature 

� 8.3a Sensible Heat and Heat capacity:

Enthalpy changes for a single phase involve temperature changes and 
are called changes in the sensible heat
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Equation 8.3-6: 

• exact for ideal gases 
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• exact for ideal gases 
• an excellent approximation for liquids and solids, even if volume and pressure 

change.
• For non-ideal gas: valid only if V is constant.

Remember not valid if there is phase change



constant pressure heat capacity 
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Different Empirical Forms for Different Empirical Forms for 
CCpp for Liquids and Gasesfor Liquids and Gases

2

2 3

2

(  in K, ºC, ºF or ºR)

(  in K, ºC, ºF or ºR)

(  in K, ºC, ºF or ºR)

(  in K, ºC, ºF or ºR)

p

p

p

C a bT cT T

C a bT cT dT T

C a bT cT T

C a bT c T T

−

= + +

= + + +

= + +

= + + (  in K, ºC, ºF or ºR)

The parameters (a, b, c, d) are determined by

selecting the value

pC a bT c T T= + +

s that provide the best fit

between the equation and experimental results.

 Don't extrapolate!

These empirical functions are determined for

a fixed range of temperatures.
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Example 8.3.1Example 8.3.1
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Solution Solution 
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Procedure for energy balance calculation Procedure for energy balance calculation 
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Procedure for energy balance calculation Procedure for energy balance calculation 
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Example 8.1.1
Acetone (Ac) vapor is partially condensed out of a gas stream containing 66.9 mole %
acetone vapor and the balance nitrogen. The process operates at stead-state.
Calculate the require cooling rate.
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1. Perform required material balance calculations

2. Write simplified energy balance



3. Chose reference state for Ac and N2

� The reference states may be chosen for computational convenience,
since the choice has no effect on the calculated value of ∆H.

� Specific enthalpies of N2 available in Table B.8 relative to N2 (g, 25 C, 1
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� Specific enthalpies of N2 available in Table B.8 relative to N2 (g, 25 C, 1
atm)

� There are no tabulated data for acetone in the text, so we will chose
one of the process stream condition, Ac(l, 20 C, 5 atm), as the reference
state for this species, i.e. H = 0

4. Construct an inlet-outlet enthalpy table
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Ac (l, 20 ºC, 5  atm, 
Ref.)

Ac (l, 20 ºC, 1 atm)

Ac (l, 56 ºC, 1 atm)

ΔH1a

ΔH1b
ΔH1c

Ac (v, 56 ºC, 1 atm)

ΔH1d

Ac (v, 65 ºC, 1 atm)

ΔH1= ΔH1a+ΔH1b+ΔH1c+ΔH1d

=0.02 97+4.68+30.2+0.753
Similarly, 
ΔH = 1.16 kJ/mol; =0.02 97+4.68+30.2+0.753

= 35.7 kJ/mol
ΔH2= 1.16 kJ/mol; 
ΔH3= 32.0 kJ/mol
ΔH4= -0.10 kJ/mol       

ΔH1= ΔH1a+ΔH1b+ΔH1c+ΔH1d

=0.02 97+4.68+30.2+0.753
= 35.7 kJ/mol

( ) ( ) ( )∫∫ +∆++∆=
65

56 )(

56

20 )(1
ˆˆˆ dTCHdTCPVH vAcPAcvlAcPAc

molkJH /7.35ˆ
1 =

density 791 kg/m3

MW 58.08 kg/kmole

V specific 7.3426E-05 m3/kmol

delt P 0.00004053 Pa(N/m2)

V*delt P 0.0297 Kj/mol
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1.16 using a only for Cp calculation 
0.0017592        b only
0.000122091    c only  
-1.83744E-06   d only 
1.161879453 using a, b, c, d for Cp calculation 
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Take Home Examples:Take Home Examples:

� Solve Example: 8.3.5 

� Solve Example: 8.4.4 (combined mass & 
energy balance)  

� Look at Example: 8.3.6 (required excel � Look at Example: 8.3.6 (required excel 
sheet) 
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ExampleExample: 8.4.4: 8.4.4
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SolutionSolution
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8.3b Heat Capacity Formulas8.3b Heat Capacity Formulas
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Example 8.3.2: Cooling of an ideal gasExample 8.3.2: Cooling of an ideal gas
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Example 8.3.3:Example 8.3.3:

Dr. Naim M. Faqir 2014 (JU) 41



Dr. Naim M. Faqir 2014 (JU) 42



END Part 1END Part 1
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