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IAE 1 Answer key 

Applied Thermodynamics  

PART A 

1. Classify thermodynamic Systems. 

 
2. What is meant by a thermodynamic System? 

A thermodynamic system is defined as a specific quantity of matter or a region in space 

that is separated from its surroundings by a boundary, allowing for the study of energy 

interactions and transformations according to the laws of thermodynamics. The system 

can be composed of matter and/or radiation, and its state is characterized by various 

thermodynamic properties such as temperature, pressure, and volume. 

3. State Kelvin Planck’s statement of Second law of thermodynamics 

It is impossible to construct a device that operates on a cycle and produces no other 

effect than the transfer of heat from a single thermal reservoir to produce an equivalent 

amount of work. 

4. State Clausius statement of Second law of thermodynamics. 

It is impossible to design a device that operates on a cycle and produces no effect other 

than the transfer of heat from a colder body to a hotter body. 
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5. Name the different components of a steam power plant working on a Simple 

Rankine cycle 

 

 
6. Sketch p-v diagram of Simple Rankine Cycle. 

 

 



7. What is thermodynamic definition of work? 

Thermodynamic work is a process in which a thermodynamic system interacts with its 

surroundings to exchange energy, resulting in measurable macroscopic forces. 

8. Enlist the similarities between heat and work 

Both heat and work are fundamental concepts in thermodynamics, representing two 

distinct modes of energy transfer. Despite their differences, they share several 

similarities: 

• Energy Transfer Mechanisms: Both heat and work are forms of energy transfer between 

a system and its surroundings. They are the only ways in which energy can be exchanged 

in thermodynamic processes, as stated in the first law of thermodynamics. 

• Boundary Phenomena: Heat and work are recognized at the boundaries of a system. 

They occur when energy crosses the system's boundary, making them boundary 

phenomena rather than properties of the system itself. 

• Path Functions: Both heat and work are path-dependent; their magnitudes depend on 

the specific process or path taken during the energy transfer. This contrasts with state 

functions, which depend only on the state of the system and not on how that state was 

reached. 

• Not Exact Differentials: Neither heat nor work is described by exact differentials. Instead, 

they are considered inexact differentials, which means that their values cannot be 

determined solely from the initial and final states of a system 

 

9. List the methods to increase efficiency of Rankine cycle. 

• Increase Boiler Pressure: Raising the boiler pressure increases the temperature at which 

heat is added to the working fluid, thereby improving the thermal efficiency of the cycle. 

Higher pressure results in a greater temperature difference between the heat source and 

the working fluid, enhancing efficiency . 

• Superheat the Steam: By superheating the steam before it enters the turbine, more 

energy can be extracted during expansion. This process increases the net work output 

and reduces moisture content at the turbine exit, which can also prevent turbine erosion . 

• Decrease Condenser Pressure: Lowering the condenser pressure allows for greater 

expansion of steam in the turbine, leading to increased work output and improved cycle 

efficiency. However, care must be taken to avoid excessive moisture content in the steam 

 

• Increase Mean Temperature of Heat Addition: Enhancing the average temperature at 

which heat is transferred to the working fluid in the boiler can significantly boost 

efficiency. This can be achieved through various design modifications or operational 

strategies . 

• Use Regenerative Heating: Implementing a regenerative heating system can recover 

some of the waste heat from the exhaust steam to preheat the feedwater entering the 

boiler. This process improves overall thermal efficiency by reducing fuel consumption 

 

 

 



10. Sketch h-s diagram of Simple Rankine cycle. 

 

 

PART B &C 

11.  

 



 

 

 

12 

. 

 
 

 

 

 

 

 

 

 



 

 
 

13.  

 

 

 
 

 

 



 
 

14. A mass of 1.5 kg of air is compressed in an isothermal process from 0.1 MPa to 0.7 MPa. The initial 

density of air is 1.16 kg/m3. Find the work done. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15. Three grams of Nitrogen gas at 6 atm and 1600C in a frictionless piston is expanded adiabatically 

to double its initial volume, then compressed at constant pressure to its initial volume and again 

compressed at constant volume to its initial state. Calculate the net work done on the gas. Sketch 

the process in p-V plane. 

 



 



 
 

16. 90 kJ of heat is supplied to a system at constant volume. The system rejects 95 kJ of heat at constant 

pressure and 18 kJ of work is done on it. The system is brought to its original state by adiabatic process. 

Determine (i) Adiabatic work (ii) Values of Internal energy at all states if initial value is 105 kJ. 

 

 

 



 



 

 

17. 50 kg/min of air enters the control volume in a steady flow system at 2 bar and 1000C and at 

an elevation of 100 m above the datum. The same mass leaves the control volume at 150 m 

elevation with a pressure of 10 bar and the temperature of 3000C. The entrance velocity is 2400 

m/min and exit velocity is 1200 m/min. During the process, 50000 kJ/hr of heat is transferred to 

the control volume and rise in enthalpy is 8 kJ/kg. Calculate power developed. 
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19.  

 

 

 

 

 

 

 

 

 



 

 

 

 



20. A steam boiler generates steam at 30 bar, 3000C and at the rate of 2 kg/s. The steam is expanded 

isentropically to a condenser pressure of 0.05 bar. Calculate (i) Heat Supplied to the boiler per hour (ii) 

Quality of steam after expansion (iii) Power generated by the turbine (iv) Rankine Cycle Efficiency. 

 

 

 

 

 

 

 

 

 

 

 



 

 



 

 

21.  

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22. Find the Efficiency of the Prime mover operating of Rankine cycle between 7 bar and 1 bar for Case (i) 

Inlet steam with x=0.8 Case (ii) Inlet Steam with x=1 Case (iii) Steam is super heated to 3500C. Neglect 

pump work. 

 

 

 



 



 



 

 

 

 


