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ESO 201A & 202 THERMODYNAMICS 

Mid-Semester Examination, Duration 2 hours 

[Consider air to be an ideal gas with constant specific heat: Cp=1.005 kJ/kgK,  

Cv=0.718 kJ/kgK and R=0.287 kJ/kgK] 

 

1. (A) A conducting piston cylinder 

assembly, containing 0.005 kg air is kept 

in a large temperature reservoir 

maintained at 30°C. Cross sectional area 

of the piston is 0.01 m2. The mass-less 

piston bears 50 kg of mass (2 slabs of 25 

kg each as shown in figure) in addition to 

atmospheric pressure of 100 kPa [state 

1]. System is to be taken to a state 3 

having pressure P3= 100 kPa through two 

different paths I and II described below: 

I. An expansion of gas is carried out by removing first slab suddenly and letting 

the system to attain an intermediate equilibrium (state 2). Subsequently, the 

second slab is removed suddenly. Estimate the net heat transferred to air while 

taking the system from state 1 to state 3 via state 2. 

II. If both the slabs are removed simultaneously and suddenly, estimate heat 

transferred to air while taking the system directly from state 1 to state 3. 

[Acceleration due to gravity to be 10 m/s2] (12 Points) 

 (B) Determine the specific volume of superheated water vapor at 10 MPa and 

400°C, using (i) the ideal-gas equation (2 Points), (ii) the steam tables (2 Points), 

and (iii) the generalized compressibility chart (4 Points). 

 

2.  (A) In a steady state process, the high 

pressure water at 20 MPa and 300°C with 

flow rate 1 m3/min is throttled into an 

evaporator chamber which forms liquid and 

vapor at a lower pressure as shown in the 

figure. Saturated vapor having quality x =1 

comes out of Outlet A, while saturated 

water (x=0) having (exact) specific volume 

0.00103 m3/kg comes out of the outlet B. 

(i). Calculate mass flow rate (kg/s) of 

incoming stream. (ii). Estimate, 

temperature, pressure, and mass flow rate (kg/s) of saturated water stream of 

outlet B. (16 Points)  

Evaporator

Compressed water

20 MPa and 300°C 

1000 lit/min

Outlet A

saturated steam, x=1

Outlet B

saturated water

v=1.03×10–3m3/kg 

Evaporator

Compressed water

20 MPa and 300°C 

1000 lit/min

Outlet A

saturated steam, x=1

Outlet B

saturated water

v=1.03×10–3m3/kg 

Air, 30°C, 5 gm  

Pa=100 kPa

Air, 30°C, 5 gm  

Pa=100 kPa
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 (B) Write down statements of the second law of thermodynamics by Kelvin – 

Plank and by Clasius. (4 Points) 

 

3. (A) A well-insulated piston–cylinder 

assembly is connected by a valve to an air 

supply line at 8 bar (1 bar=100 kPa), as 

shown in adjacent figure. Initially (state 1), 

the air inside the cylinder is at 1 bar, 300 K, 

and the piston is located 0.5 m above the 

bottom of the cylinder. The atmospheric 

pressure is 1 bar, and the diameter of the 

piston face is 0.3 m. The valve is opened and 

air is admitted slowly until the volume of air 

inside the cylinder has doubled (state 2). The 

weight of the piston and the friction between 

the piston and the cylinder wall can be 

ignored. Using the ideal gas model, obtain a 

relationship between final temperature (T2) 

and temperature of air supply line (Ts). Estimate the final temperature, in K, and 

mass, in kg, of the air inside the cylinder for supply temperatures: of Ts =500 K. 

(16 Points) 

 (B) Define (I) A quasistatic (quasiequilibrium) process, and (II) A reversible 

process (4 Points) 

 

4. (A) An adiabatic air compressor is to be 

powered by a direct-coupled adiabatic steam 

turbine that is also driving a generator. Steam 

enters the turbine at 12.5 MPa and 500°C at a 

rate of 25 kg/s and exits at 10 kPa and a 

quality of 0.92. Air enters the compressor at 98 

kPa and 295 K at a rate of 10 kg/s and exits at 

1 MPa and 620 K. Determine the net power 

delivered in MW to the generator by the turbine. (12 Points) 

 (B) A frictionless wheel is rotated in a rigid and insulated closed vessel with 

volume 0.5 m3 that contains 10 gm of air having initial temperature 300 K. The 

wheel is attached to a motor having capacity 0.5 W. If wheel is rotated for 10 

min, obtain final pressure and temperature of the gas. Show the initial and final 

state on a T-V and T-P diagram. (8 Points) 










