
Engineering 115:  Engineering Thermodynamics 
 

Second Midterm Exam 
 
INSTRUCTIONS:  You are allowed one side of a standard piece of paper with relevant 
equations.  Answer all questions and show the steps in your work to maximize credit. 
 
1. In the P-T phase diagram of CO2 the triple point and critical point are at the following 

temperatures and pressures: 
 

Triple Point: Ttr = -56.4oC Ptr = 5.11 atm 
Critical Point: Tc  =  31.1oC Pc = 73 atm 

 
The volume change on melting for CO2 is positive (i.e., the solid has a lower molar 
volume than liquid). 

 
a. (15 points) Sketch the P-T phase diagram for CO2.  On your sketch label the 

following: (i) stability regions for solid, liquid and gas, (ii) melting, vaporization and 
sublimation lines, and (iii) values of the triple point and critical point temperatures 
and pressures. 

 
b. (10 points) Sketch the Gibbs free energy as a function of temperature at atmospheric 

pressure (P=1 atm) for the solid, liquid and gas phases.  On the sketch, label all 
transformation temperatures and specify which are stable and which metastable. 

 
c. (15 points)  Assume that the dependence of the liquid vapor pressure ( Plg ) on 

temperature is given by the following equation: 
 

lnPlg  
a

T
 b 

 
where a and b are constants, Plg  is in units of atm, and T is in units of K.  Compute 
(i) the equilibrium vapor pressure at room temperature, and (ii) the transformation 
enthalpy Hlg . 

 
d.  (15 points) A fire extinguisher contains 75 moles of compressed CO2 at T=298 K and 

in a volume of V’=0.03 m3.  Assuming that CO2 behaves as a van der Waals fluid, 
what is the pressure in the fire extinguisher?  Is the CO2 in a liquid or gas state under 
these conditions? 
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2. An ideal Rankine cycle operates with water between the pressure limits of 30 MPa in the 
boiler and 30 kPa in the condenser.  The turbine inlet temperature is 1200oC.  The boiler 
is sized to provide a steam flow of 50 kg/s.  The cycle is illustrated in the figure below, 
and the relevant parts of the steam tables can be found on the next 3 pages. 
 
a. (15 points) Plot the cycle on a T-s diagram paying attention to the location of the 

critical point relative to your path.  Label the values of s and T for each state. 
 
b. (15 points) Plot the path of the water in the boiler (from state 2 to 3) on T-V diagram 

and compute the change in the specific volume (in units of m3/kg) along this path. 
 
b. (15 points) Compute the power supplied to the boiler and delivered in the turbine 

(both in units of Watts). 
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