KMU 501 Advanced Chemical Engineering Thermodynamics

Fall Semester, Homework IV
Instructor: Selis Önel, PhD

Question 1:
Determine the equation of state parameters (virial coefficients) a and b for the van der Waals equation given by [image: image2.png]


 .    Show all your work.

Hint: Use the critical point and the Tc isotherm for the P-V graph
Question 2:
Consider two tanks each having a volume of 1 dm3. One of the tanks is filled with saturated liquid water and the other is filled with saturated vapor (steam), both at a pressure of 10 bar. If both tanks explode, which will do the greater damage?
Hints:  
- Assume that the tanks expand rapidly to a pressure of 1 bar in an adiabatic process. Damage will be proportional to the work done by the system. 

- As the answer to the question is comparative, assume the adiabatic expansion is reversible, i.e. it has constant entropy, and produces the maximum possible work or damage.

- Use the Steam Tables for saturated liquid and saturated vapor data 

  (Sandler Appendix III p.584; Smith, van Ness and Abbott, Table F.1, p.716; or other source) 

- Show the calculations for both cases

Question 3:

For an ideal gas with constant heat capacities (Cv and Cp)  [image: image4.png]dS = Cy -+ R



  and [image: image6.png]dS = Cp =R



  integrate to give [image: image8.png]5 = CyInT+RinV + 5,



   and [image: image10.png]S = CpInT —RInP + 55’



  , where [image: image12.png]


   and [image: image14.png]


  are integration c[image: image16.png]


onstants. 
Show that a third equation of this kind is  [image: image18.png]S = CylnP + CplnV + 55"



  .
Question 4:

Derive equations relating T and V, T and P, and P and V for the reversible, adiabatic compression or expansion of an ideal gas with constant heat capacities.

Hint: For a reversible process  [image: image20.png]


  and for an adiabatic process  [image: image22.png]5Q=0



. 
Question 5:

Show that for an ideal gas with constant heat capacities, the slope of a PV curve for a reversible, adiabatic process is negative and that it has a larger absolute value than the slope of a PV curve for an isotherm at the same values of P and V.

Hint: You may use the relations between P and V for a reversible and adiabatic process.  
