
 

1 
Email (abbas.khaleel.ibrahim@uomus.edu.iq) 
 

1 
Al-Mustaqbal University / College of Engineering & Technology 

Department of chemical engineering and petroleum industries 

2nd Class  

Subject: Principles of chemical engineering/ Code: UOMU012041 

Lecturer: Dr. Abbas Khaleel Ibrahim Al-Gburi 

2nd term – Lecture No.5 & Lecture Name: Enthalpy calculations with phase changes 

 

 

 

 

 

 

8.5 Enthalpy calculations with phase changes 

The state of a system can be changed, for example, by increasing its temperature or changing its 

composition. Properties of the system whose change depends only on the initial and final states of 

the system but not on the manner used to realize the change from the initial to the final state are 

referred to as state properties [4].  

Phase changes, such as evaporation and melting, are accompanied by relatively large changes in 

internal energy and enthalpy, as bonds between molecules are broken and reformed. Heat 

transferred to or from a system, causing change of phase at constant temperature and pressure, 

is known as latent heat. The types of latent heats are latent heat of vaporization, which is the heat 

required to vaporize a liquid; latent heat of fusion, which is the heat required to melt a solid; and 

latent heat of sublimation, which is the heat required to directly vaporize a solid. Heat is released 

during condensation, and heat is required to vaporize a liquid or melt a solid. Table A.1 reports 

these two latent heats for substances at their normal melting and boiling points (i.e., at a pressure 

of 1 atm). Sensible heat refers to heat that must be transferred to raise or lower the temperature of 

a substance without change in phase as defined earlier. The quantity of sensible heat required to 

produce a temperature change in a system can be determined from the appropriate form of the first 

law of thermodynamics. The heat capacity at constant pressure, CP, for most incompressible 

liquids and solids is equal; CP ≈ Cν and for ideal gases, CP= Cν+ R. 

 

Example 8.18 Enthalpy of phase change 

Problem 

Steam at a rate of 100 kg/h is used to heat a stream of gas flowing on the tube side of a heat 

exchanger. The steam enters the shell side of the heat exchanger as saturated vapor at 10 bar of 

90% quality, and exits as saturated liquid water at 10 bar. Calculate the rate of heat transfer to the 

gas side. 

Solution 

Known quantities: Inlet (10 bar, 90% quality) and exit (10 bar, saturated water) steam conditions. 

Find: The change in enthalpy transport rate. 

Assumption: No change in potential and kinetic energy, no shaft work. 

Analysis: Use the general energy balance equation for an open system around the heat exchanger. 

The simplified energy balance is obtained as follows. 

Energy balance for an open system is 
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After including the assumptions, the equation is reduced to 

Setting enthalpy transport rate ( ) in terms of specific enthalpy h, 

The change in specific enthalpy of steam is 

The inlet steam specific enthalpy (hs,1) of saturated vapor at 10 bar and 90% quality is 

The exit steam specific enthalpy at 10 bar, saturated water is 

Substituting the values of specific enthalpies of steam, 

The rate of heat transfer from condensed steam to gas stream is 

The sign of Q value is negative; that is, heat is transferred from the condensed steam to gas stream. 

 

8.5.1 Energy balance for open systems with multiple inputs and multiple outputs 

The general energy balance for an open system is 

The change in the rate of enthalpy for multiple streams is 

Setting enthalpy transport rate ( ) in terms of specific enthalpy h,  
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Example 8.19 Enthalpy change of mixtures and phase change 

Problem 

Thousand kilomoles per hour of a liquid mixture of 70 mol% acetone and 30 mol% benzene is 

heated from 10°C to 50°C in a shell-and-tube heat exchanger using steam as the heating medium. 

The steam enters the heat exchanger in the shell as a saturated vapor at 16 bar of 90% quality, 

and exits as saturated liquid water at 16 bar. Calculate the mass flow rate of the inlet steam 

required for this purpose.  

Solution 

Known quantities: Inlet mixture flow rate and composition, inlet and exit temperature, steam inlet 

and outlet conditions. Find: The mass flow rate of inlet steam. 

Assumptions: The boiler is adiabatic, no shaft work, no change in kinetic and potential energy, 

inlet and exit pipe is at the same diameter and level. 

Analysis: Use energy balance for an open system around the heat exchanger. Energy balance for 

an open system is given by 

After including the assumptions, the equation is reduced to  

Since the system is of multiple inputs and multiple outputs, the change in enthalpy around the heat 

exchanger is 

Setting the enthalpy transport rate ( ) in terms of specific enthalpy h, 

In more detail, 

 

Rearranging the earlier equation, 
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Since the mixture contains 70% acetone and 30% benzene, the mixture mass flow rate and 

change of mixture enthalpy can be written as  

The change in mixture specific enthalpy is given by  

The change in the specific enthalpy of steam, Δhs, is given by 

The inlet steam specific enthalpy (hs,1) of saturated vapor at 16 bar and 90% quality is  

The exit steam specific enthalpy at 16 bar, saturated water is 

Substituting the values of the specific enthalpies of steam,  

The change in specific enthalpy of acetone and benzene mixture, Δhmix, is given by 

The specific heat capacity of the mixture is given by 

The heat capacity at constant pressure as a function of temperature: 

Substitute the heat capacities of acetone and benzene: 
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Rearranging, 

Substituting the mixture heat capacity, 

Integrating, 

The change in enthalpy of the acetone-benzene mixture, Δhmix, is given by  

Substituting the values of change in steam enthalpy and mixture enthalpy,  

 

The rounded value of the steam mass flow rate is s =2990 kg/h. 

The amount of steam required for heating the acetone-benzene mixture is 2990 kg/h. 


