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1. (10 pts) This problem deals with the definition and 1st law of thermodynamics 

From what you have learned, what is the best definition of thermodynamics? Write down an expression for 

the first law of thermodynamics which relates the change in internal energy of a system to the energy 

changes arising from transfers of heat q and work w. Explain in words what this expression tells us.  

2. (15 pts) This problem deals with P-V diagram for pure substances 

Suppose a constant volume vessel is initially filled with a small quantity of saturated liquid and the 

remaining volume is filled with saturated vapor at a given temperature and pressure. Sketch in P-V diagram 

where the state of the system explained above (give X sign). The system is then heated at constant volume. 

Draw the path of the process on P-V diagram. Could the system be changed into subcooled liquid? Please 

explain for your Yes and No answer. 

3. This problem deals with 1st law thermodynamics for semi-batch system 

A compressed-air tank is to be repressurized to 40 bar by being connected to a high-pressure line containing 

air at 50 bar and 20 °C. The repressurization of the tank occurs so quickly that the process can be assumed 

to be adiabatic; also, there is no heat transfer from the air to the tank. For this illustration, assume air to be 

an ideal gas with Cv = 21 J/(mol.K). 

a. (10 pts) Derive mass and energy balance for that illustration 

b. (15 pts) If the tank initially contains air at 1 bar and 20 °C, what will be the temperature of the air in the 

tank at the end of the filling process?  

4. (20 pts) This problem deals with the application of 1st law thermodynamics for open system 

Water is to be heated from its pipeline temperature at 20 °C to 90 °C using superheated steam at 450 °C 

and 2.5 MPa in a steady-state process to produce 10 kg/s of heated water. A heat exchanger will be used in 

which the water to be heated will flow inside tube and the steam will partially condense on the outside of 

tubes. In this case heat will flow from the steam to the water, but the two flow streams are not mixed. 

Calculate the steam flow rate if the steam leaves the heat exchanger at 50 percent quality at 100 °C. 

 



5. (30 pts) This problem deals with the application of cubic EoS calculation 

The van der Waals equation of state with a = 0.1386 Pa m3/mol2 and b = 3.864 x 10-5 m3/mol can be used 

to describe nitrogen. One mole of nitrogen is to be isothermally compressed from 100 kPa to 10 MPa at 

300 K. 

a. Determine the molar volume at the initial and final conditions 

b. Determine the amount of work necessary to carry out the isothermal compression. For isothermal 

compression process you may use this following equation 

𝑊 = −𝑛𝑅𝑇 ln
𝑉𝑓

𝑉𝑖
 

 

 

 


