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Rejinpaul.com Unique Important Questions – 3rd Semester BE/BTECH 
ME6301 – ENGINEERING THERMODYNAMICS 

Important Note : Study Similar Problem Also 
                                             Unit I – V 

1. Derive the general steady flow energy equation and deduce SFEE for (i) Boiler (ii) Condenser 
and evaporator (iii) Nozzle (iv) Turbine and compressor 

2. Three grams of nitrogen gas at 6 atm. and 160○C in a frictionless piston cylinder device is 
expanded adiabatically to double its initial volume, then compressed at constant pressure to 
its initial volume and then compressed again at constant volume to its initial state. Calculate 
the net work done on the gas. Draw the P-V diagram for the processes. 

3. A turbine operating under steady flow conditions receives steam at the following state: 
pressure 13.8 bar, specific volume 0.143 m3 /kg, internal energy 2590 KJ/Kg, velocity 30 m/s. 
The state of the stream leaving turbine is turbine is; pressure 0.35 bar, specific volume 4.37m3 
/Kg, internal energy 2360 KJ/Kg, velocity 90 m/s. Heat is lost to the surroundings at the rate of 
0.25 KJ/s. If the rate of steam flow is 0.38 Kg/s, what is the power developed by the turbine? 

4. A thermodynamic system operates under steady flow conditions, the fluid entering at 2 bar 
and leaving at 10 bar. The entry velocity is 30 m/s and the exit velocity is 10m/s. During the 
process 25MJ/hr of heat from an external source is supplied and the increase in enthalpy is 
5kJ/kg. The exit point is 20m above the entry point. Estimate flow work from the system if the 
fluid flow rate is 15 Kg/min. 

5. A vessel of constant volume 0.3m3 contains air at 1.5 bar and is connected via a valve to a 
large main carrying air at a temperature of 38○C and high pressure. The valve is opened 
allowing air to enter the vessel and raising the pressure therein to 7.5 bar. Assuming the 
vessel and valve to be thermally insulated, predict the mass of the air entering the vessel. 

6. In a gas turbine installation air is heated inside the heat exchanger up to 750○C from the 
ambient temperature of 27○C. hot air then enters into the gas turbine with a velocity of 50 
m/s and leaves at 600○C. Air leaving the turbine enters a nozzle at 60m/s velocity and leaves 
the nozzle at the temperature of 500○C. for unit mass of the flow rate of air, Examine the 
following assuming the adiabatic expansion in the turbine and nozzle. 
(A) Heat transfer to air in heat exchanger (B) Power output from turbine (C)Velocity at the exit 
of the nozzle. Take Cp of air as 1.005kJ/Kg K 

7. Air flows steadily at the rate of 0.5Kg/s through an air compressor, entering at 7 m/s velocity, 
100 KPa pressure and 0.95 m3 /Kg volume and leaning at 5m/s, 700 KPa and 0.19m3 /Kg. the 
internal energy of the air leaving is 90 KJ/Kg greater than that of the air entering. Cooling 
water in the compressor jackets absorbs heat from the air at the rate of 58 KW (i) compute 
the rate of shaft work input to the air in KW.(ii) Find the ratio of the inlet pipe diameter to the 
outlet pipe diameter. 

8. A fluid is confined in a cylinder by a spring-loaded, frictionless piston so that the pressure in 
the fluid is a linear function of the volume (p = a + bV). The internal energy of the fluid is given 
by the following equation U = 34 + 3.15pV where, U is in KJ, p in KPa, and V in cubic meter. If 
the fluid changes from an initial state of 170KPa,0.03m3 to a final state of 400KPa,0.06m3 
,with no work other than that done on the piston, find the direction and magnitude of the 
work and heat transfer 

9. A rigid tank containing 0.4m3 of air at 400 kPa and 30oC is connected by a valve to a piston 
cylinder device with zero clearance. The mass of the piston is such that a pressure of 200 kPa 



 
is required to raise the piston. The valve is opened slightly and air is allowed to flow into the 
cylinder until the pressure of the tank drops to 200 kPa. During this process, heat is exchanged 
with the surrounding such that the entire air remains at 30oC at all times. Determine the heat 
transfer for this process 

10. Explain and derive Isothermal process & Isobaric process. 
11. Derive the efficiency of Carnot cycle and Explain with neat the help of p-v and t-s diagram 
12. Derive the expression for change in entropy for the following process (i)Isochoric (ii) Isobaric 

(iii) Isothermal (iv) Isentropic (v) Polytropic 
13. A reversible heat engine operates between two reservoirs a temperature of 600○C and 40○C. 

the engine drives a reversible refrigerator which operates between the reservoirs at 
temperatures of 40○C and -20○C. the heat transfer to the heat engine is 2000 KJ and the 
network output for the combined engine refrigerator is 30 KJ. Evaluate the heat transfer to 
the refrigerant and the net heat transfer to the reservoir at 40○C. 

14. Two heat engines operating in series are giving out equal amount of work. The total work is 50 
KJ/cycle. If the reservoirs are at 100 K and 250 K, find the intermediate temperature and the 
efficiency of each engine. Also Examine the heat extracted from the source. 

15. Three Carnot engines A, B and C working between the temperature of 1000K and 300K are in a 
series combination. The works produced by these engines are in the ratios 5:4:3. Make 
calculations of temperature for the intermediate reservoirs. 

16. A heat pump working on a reversed Carnot cycle takes in energy from a reservoir maintained 
at 3○C and delivers it to the another reservoir where the temperature is 77○C. The heat pump 
drives the power for its operation from a reversible heat engine operating within the higher 
and lower temperature limits of 1077○C and 77○C. For 100KJ/s of energy supplied to the 
reservoir at 77○C, estimate the energy taken from the reservoir at 1077○C. 

17. Helium enters an actual turbine at 300KPa and expands to 100 KPa, 150○C. Heat transfer to 
atmosphere at 101.325KPa, 25○C amounts to 7KJ/Kg. Calculate the entering stream 
availability, leaving stream availability and the maximum work. For helium, Cp=5.2 KJ/Kg and 
molecular weight= 4.003Kg/Kg-mol 

18. Two kg of air at 500 KPa, 80○C expands adiabatically in a closed system until its volume is 
doubled and its temperature becomes equal to that of the surroundings which is at 100 KPa, 
5○C. for this process determine: (A) The maximum work (B) The change in availability (C)The 
irreversibility 

19. Air in a closed vessel of fixed volume of 0.15 m 3, exerts pressure of 12 bar at 250 °c ,if the 
vessel is cooled so that the pressure falls to 3.5 bar, determine the final temperature, heat 
transfer and change of entropy. 

20. A Carnot engine takes heat from an infinite reservoir at 5500C and rejects it to a sink 2750C. 
Half of the work delivered by the engine is used to run generator and the other half is used to 
run heat pump which takes heat at 2750C and rejects it at 4400C. Express the heat rejected at 
4400C by the heat pump as % of heat supplied to the engine at 5500C. If the operation of the 
generator is 500W, Find the heat rejected/hour by the heat pump at 4400C? 

21. Steam at 480○C, 90 bar is supplied to a Rankine cycle. It is reheated to 12 bar and 480○C. the 
minimum pressure is 0.07 bar. Calculate the work output and the cycle efficiency using steam 
tables with and without considering the pump work. 

22. A vessel of volume 0.04 m 3 contains a mixture of saturated water and saturated steam at a 
temperature of 250○C. the mass of the liquid present is 9 Kg. Calculate the pressure, the mass, 
the specific volume, the enthalpy and entropy and internal energy of the mixture. 



 
23. A steam power plant operates on a theoretical reheat cycle. Steam at 25 bar pressure and 

400○C is supplied to a high pressure turbine. After its expansion to dry state the steam is 
reheated to a constant pressure to its original temperature. Subsequent expansion occurs in 
the low pressure turbine to a condenser pressure of 0.04 bar. Considering feed pump work, 
make calculation to determine (i) quality of steam at the entry to the condenser (ii) thermal 
efficiency (iii) specific steam consumption. 

24. Consider a steam power plant that operates on a reheat Rankine cycle and has a net power 
output of 80MW. Steam enters the high pressure turbine at 10 MPa and 500˚C and the low 
pressure turbine at 1 MPa and 500˚C. Steam leaves the condenser as a saturated liquid at a 
pressure of 10 KPa. The isentropic efficiency of the turbine is 80 percent, and that of the pump 
is 95 percent. Show the cycle on a T-s diagram with respect to saturation lines, and determine, 
(A) The quality (or temperature, if superheated) of the steam at the turbine exit, (B) The 
thermal efficiency of the cycle, and (C) The mass flow rate of the steam. 

25. A 0.5 m3 vessel contains 10 kg refrigerant 134a at -20oC. Determine the pressure, the total 
internal energy and the volume occupied by the liquid phase. b) A rigid tank with a volume of 
2.5 m3 contains 15 kg of saturated liquid vapour mixture of water at 75oC. Now the water is 
slowly heated. Determine the temperature at which the liquid in the tank is completely 
vapourized. Also, show the processes on T-v diagram with respect to saturation lines. 

26. Draw P-V-T surface for any substance that contracts on freezing and get P-T pot out of 
them.(b) 3kg of steam at 18bar occupy a volume of 0.2550m3 . During a constant volume 
process, the heat rejected is 1320KJ.Determine final internal energy. Find dryness fraction and 
pressure, change in entropy and work 

27. Derive Dalton’s law of partial pressure. Define Amagats law of partial volume 
28. Derive Vandar Waals AND Maxwell’s equation 
29. An insulated rigid tank is divided into two compartments by a partition, as shown in Fig. 13–

15. One compartment contains 3 k mol of O2, and the other compartment contains 5 kmol of 
CO2. Both gases are initially at 25°Cand 200 kPa. Now the partition is removed, and the two 
gases are allowed to mix. Assuming the surroundings are at 25°C and both gases behave as 
ideal gases, determine the entropy change and energy destruction associated with this 
process 

30. Air is a mixture of N2, O2, and small amounts of other gases, and it can be approximated as 79 
percent N2 and 21 percent O2 on mole basis. During a steady-flow process, air is cooled from 
220 to 160 K at a constant pressure of 10 MPa (Fig. 13–17). Determine the heat transfer during 
this process per k mol of air, using (a) the ideal-gas approximation, (b) Kay’s rule, and(c) 
Amagat’s law 

31. Determine the specific volume of water vapour at 110 bar and 841 K by (i) the ideal gas 
equation of state, (ii) the principle of corresponding state and (iii) the super heat steam table. 
(iv) Also calculate the % of error in the volume obtained by ideal gas equation and that by the 
principle of corresponding state. Take, pc = 221.2 bar and Tc = 647 C. Use generalized 
compressibility chart 

32. A reversible polytropic process begins with a fluid at p1=10 bar, T1 = 200˚C and ends at P2 = 1 
bar. The exponent n has the value 1.15. Find the final specific volume, the final temperature 
and the heat transferred per kg of fluid if (a) the fluid is air and (b) the fluid is steam. 

33. Nitrogen gas is stored at 175 K and 9500 kPa in a container. Calculate the specific volume of 
the gas if it is considered as (i) ideal gas and (ii) van der Waals gas and (iii) Also calculate the 
compressibility factor. Use the constants: 0.175 kPa. M6 /Kg 2 and 0.00138 m3 /Kg 



 
34. The gas neon has a molecular weight of 20.183 and its critical temperature pressure and 

volume are 44.5 K, 2.73 MPa and 0.0416 m 3 /Kg mol. Reading from a compressibility chart for 
a reduced pressure of 1.3, the compressibility factor Z is 0.7. What are the corresponding 
specific volume, pressure, temperature and reduced volume? 

35. A mass of 0.25 Kg of an ideal gas has a pressure of 300 KPa, a temperature of 80○C and the 
volume of 0.07 m 3 . The gas undergoes an adiabatic process to a final pressure of 300 kPa and 
final volume of 0.10 m 3 , during which the work done on the gas is 25 KJ. Evaluate Cp and Cv 
of the gas the increase in entropy of the gas. 

36. A tank of 0.2m3 capacity contains O2 at 15 bar and 400○C. A second tank 0.5m3 contains N2 
at 20 and 300○C. the two tans are connected together and allowed to mix. The heat lost 
during mixing is 50 KJ. Determine the final pressure, final temperature of the mixture and net 
entropy change due to mixing 

37. Air has a dry bulb temperature of 250C and wet bulb temperature of 150C. If the barometer 
reads 1bar, Calculate (a) Vapour pressure (b) Specific humidity (c) Saturation ratio (d) Relative 
humidity (e) Dew point temperature (f) Vapour density (g) Enthalpy of mixture 

38. Explain sensible heating process, sensible cooling, and humidification process 
39. Atmospheric air with barometric pressure of 1.013 bar has 38°c dry bulb temperature and 28°c 

wet bulb temperature. Determine (a) Humidity ratio (b) Relative humidity (c) dew point 
temperature 

40. Atmospheric air at 1 bar pressure has 2.5°0 DBT and 75% RH using psychometric chart, 
calculate DBT, enthalpy, vapour pressure. 

41. An air conditioning system is to take in outdoor air at 263 K and 30 percent relative humidity 
at a steady rate of 45 m3 /min and to condition it to 298 K and 60 percent relative humidity. 
The outdoor air is first heated to 295 K in the heating section and then humidified by the 
injection of hot steam in the humidifying section. Assuming the entire process takes place at a 
pressure of 100 kPa, determine (i) the rate of heat supply in the heating section and (ii) the 
mass flow rate of the steam required in the humidifying section. 

42. It is required to design an air conditioning system for an industrial process for the following 
hot and wet summer conditions Outdoor conditions : 32○C DBT and 65% RH Required air inlet 
conditions : 25○C DBT and 60% RH Amount of free air circulated : 20 m3 /min Coil dew 
temperature : 13○C The required conditions are achieved by first cooling and dehumidifying 
and then by heating. Calculate the following (use psychometric chart) (A) The cooling capacity 
of the cooling coil and its bypass factor. (B) Heating capacity of the heating coil in kW and 
surface temperature of the heating coil if the bypass factor is 0.3 (C)The mass of the water 
vapour removed per hour. 

Part C 
1. explain the steady flow energy equation concept in our environment science. 
2. An iron cube at a temperature of 400oC is dropped into an insulated bath containing 10 kg 

water at 25oC. The water finally reaches a temperature of 50oC at steady state. Given that the 
specific heat of water is equal to 4186 J/kg K. Find the entropy changes for the iron cube and 
the water. Is the process reversible? If so why? 

3. A steam power plant equipped with regenerative as well as reheat arrangement is supplied 
with steam to the H.P. turbine at 80 bar 470oC. For feed heating, a part of steam is extracted 
at 7 bar and remainder of the steam is reheated to 350oC in a reheaters and then expanded in 
L.P. turbine down to 0.035bar. Determine: 1. Amount of steam bled-off for feed heating. 2. 



 
Amount of steam supplied to L.P. turbine. 3. Heat supplied in the boiler and reheater.4. Cycle 
efficiency and 5. Power developed by the system. the steam supplied by the boiler is 50 kg/s. 

4. Show that slope of the sublimation curve at the triple point is greater than that of 
vaporization curve on P-T diagram, using (i) latent heat and (ii) entropy change. 

5. A small size cooling tower is designed to cool 5.5 liters of water per second, the inlet 
temperature of which is 44oC. The motor driven fan induces 9 m3 /s of air through the tower 
and the power absorbed is 4.75kW. The air entering the tower is at 18oC, and has a relative 
humidity of 60%. The air leaving the tower can be assumed to be saturated and its 
temperature is 26oC. Calculate: 1. the amount of cooling water (make-up) required per 
second. 2. The final temperature of the water. Assume that the pressure remains constant 
throughout the tower at 1.013 bar. 
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