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II B.Tech. I-Semester Regular Examinations, November-2004

THERMODYNAMICS 

(Mechanical Engineering)

Time: 3 hours






    Max Marks: 80

Answer any FIVE Questions

All Questions carry equal marks

- - -

1. a)
Explain the terms state, path, process and cyclic process.

    b)
Discuss the macroscopic and microscopic point of view of thermodynamics.

2.
In a vessel 10 kg of oxygen is heated in a reversible, non flow, constant volume process so that the pressure of oxygen is increased two times that of the initial value.  The initial temperature is 20oC. Calculate:                                                                                                                                                                                                                                                                                                                                        a) 
the final temperature,

b)
the change in internal energy, 

c) 
the change in enthalpy and 

d)
the heat transfer.  

Take R = 0.259 kj / kg K and Cv = 0.652 kj / kg K for oxygen.

3.a) 
Prove that  Kelvin-Planck statement and Clausius statement of Second law of 

thermodynamics are equivalent.




 

b) 
Two reversible heat engines A and B are arranged in series with A rejecting heat directly to B through an intermediate reservoir. Engine A receives 200 kJ of heat from a reservoir at 421(C, and engine B is in thermal communication with a sink at  4.4(C.  If the work out put of A is twice that of B find

i) 
the intermediate temperature between A and B, 

ii)
the efficiency of each engine and 

iii) 
the heat rejected to the cold sink.



4.a)
Using Maxwell’s relations deduce the two Tds equations.

   b)
Derive the equation[image: image2.wmf]1

1

)

/

(

)

/

(

-

=

¶

¶

¶

¶

g

p

s

T

V

T

V

:









5.a)
If a certain amount of steam is produced at a pressure of 8 bar and dryness fraction 0.8, calculate:

i)
external work done during evaporation, and 

ii)
internal latent heat of steam.








  

  b)
Find the specific volume, enthalpy and internal energy of wet steam at 18 bar, dryness fraction 0.85.









  c)
Using steam tables, determine the mean specific heat for superheated steam at     i) 
0.5 bar,  between 300oC and 400oC, 

ii) 
at 0.75 bar, between 100oC and 150oC.
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6. a)
An air tank of volume 10m3 is at 70kPa and 100ºC. Now water is injected into the tank keeping the temperature at 80ºC. Determine the mass of water required to be injected so that the tank is just filled with saturated vapour.

b)
If the water injection continues up to 30% more than what is required for saturated vapour calculate the total pressure in the tank.





7. a)
Derive an expression for air standard efficiency for an engine working on the Otto cycle.

    b)
An air standard diesel cycle operator with a compression ratio of 14.8 and a cut off ratio of 2. At the beginning of compression the air pressure and temperature are 37.80C and 1 bar respectively.  Calculate:

i) 
The maximum temperature in the cycle and the heat input per cycle.

8.
Explain clearly Rankine cycle and derive on expression for thermal efficiency of the cycle.
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1. a)
Show that work is a path function and not a state function.

b)  Justify the statement that work and heat are not properties.

2.
A reciprocating air compressor installed in a fertilizer factory takes in air at 1 bar and 20oC and delivers at 6 bar.  Calculate the work done, heat transfer and change in internal energy per kg of air compressed if the compression follows: 

a) isothermal 

b) reversible adiabatic 

c) polytrophic with index as 1.25.  

The changes in potential and kinetic energies may be neglected.

3. a) 
State and prove Clausius inequality and hence deduce that the property entropy exist.










 b) 
A cylinder contains 0.5 m3 of a gas at 0.1 MPa and 90( C. The gas is compressed to a volume of 0.125 m3.  The final pressure is 800 kPa. Determine the heat transferred and the change in entropy of the gas during the process. Assume R = 0.287 kJ/kgK and Cv = 0.713 kJ/kgK.




4.
Starting from first law and using second law derive the Gibb’s equations and hence deduce the Maxwell’s relations.      




5. a)
What is compressibility factor?  Explain the basic construction of generalized compressibility chart.









   b)
Derive the equations used for computing the entropy change of an ideal gas. 

6.
An ideal gas mixture of CO (30%), CO2 (50%)and O2(20%) by volume enters a steady state compressor at 30ºC and 60m/s and leaves at 100ºC and 150m/s. Determine the shaft work input required to run the compressor if a heat loss of


9.5 kJ/kg occurs during the process. If the volume flow rate at entropy is 12m3/min and pressure is 101 kPa, determine the power input to the compressor in kilowatts.

7. a)
Represent the Otto cycle by P-V and T-S  diagram and describe the different processes with the help of above diagrams.

    b)
In an Otto cycle, the pressure limits are 100 kN/m2 and 2000 kN/m2. The compression ratio is 4. Calculate:  

i)
The thermal efficiency.  

ii)
Mean effective pressure.
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8.
A steam power plant has the range of operation from 40 bar dry saturated to   0.05 bar.  Determine:

a) The cycle efficiency and 

b) work ratio and specific fuel consumption for (a) car not cycle (b) Rankine cycle.
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1.
Define a new temperature scale, say o M. At ice and steam point the temperatures are 80o M and 300o M respectively. Correlate this with centigrade scale. The oN reading on this scale is a certain number of degrees on a corresponding absolute temperature scale.  Find this absolute temperature at oN.

2.
A cylinder contains 0.115 m3 of gas at 1 bar and 90oC.  The gas is compressed to a volume 0.0288 m3, the final pressure being 5.67 bar. Calculate:

a)
the mass of the gas 

b)
the value of index of compression

c) 
the increase in internal energy of the gas and 

d)
the heat transfer during the compression.

If, after the above compression, the gas is to be cooled at constant pressure to its original temperature of 90oC, find the further work of compression required.  Assume ( = 1.4 & R = 0.3 kj / kg K.

3. a)
What is absolute temperature scale? Develop this scale from Carnot theorem     

 b)
A reversible engine during a cycle of operation interacts with three thermal reservoirs maintained at 200K, 300K and 400K. It receives 5 MJ of heat from the reservoir at 400K and produces a net positive work of 840 kJ. Find the amount and direction of heat interaction with other reservoirs.



4. a)
Derive  expression for the Gibbs Function of a mixture of inert ideal gases. 

 b)
Show that on a Mollier diagram (h-s diagram) the slope of a constant pressure line increases with temperature in the superheat region.



5.
Find the internal energy and enthalpy of unit mass of steam of a pressure of 7 bar 

a) when its quality is 0.8, 

b) when it is dry and saturated, 

c) superheated, the degree of superheat being 65oC.  

The specific heat of superheated steam at constant pressure is 2.1kJ/kg K.

6.
Dry bulb and wet bulb temperature of moist air are found as 30ºC and 21ºC respectively.  

From the psychometric chart obtain:

a) Relative humidity

b) Humidity ratio

c) Specific enthalpy

d) Dew point temperature 

e) Specific volume of the mixture.
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7.a)
Draw P-V and T-S diagram of a diesel cycle and explain different processes  in the cycle.

   b)
Derive an expression for the efficiency of the ideal cycle for the diesel engine.

8.
In a vapour compression refrigerator, the working fluid is superheated at the end of compression and is under cooled in the condenser before throttling.  Sketch a working cycle of a temperature entropy diagram and show how theoretical coefficient of performance may be calculated from this diagram.
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1. a)
Define and explain the concept of Zeroth law of thermodynamics.

b)   What are the different scales of temperature? Establish a mathematical relation

between the Centigrade scale and the Fahrenheit scale.

2.
2 m3 of hydrogen at a pressure of 1 bar and 200C is compressed isentropically to 4 bar.  The same gas is expanded isothermally to the original volume.  Finally, the gas pressure is restored to the original volume by a constant volume heat rejection process.  Determine:

a) pressure, volume and temperature at each end of operation

b) the heat added during the isothermal process 

c) the heat rejected during constant volume process and 

d) change in internal energy during each process.  

Assume R = 4.206 kj / kg K  & Cp = 14.25 kj / kg K.

3. a) 
What is a heat pump? Define its COP. Compare the COP of a heat pump with that of a refrigerator.

    b)
What are the two statements of 2nd law of thermodynamics? Explain.

    c) 
Show that the violation of Kelvin-Planck statement leads to the violation of Clausius statement.
4.a)
Deduce an expression for the non-flow availability for a system.

b)
A 2-kg piece of iron is heated from room temperature of 25oC to 400oC by a heat source at 600oC. What is the irreversibility in the process? Assume for iron Cp=0.450kJ/kgK.

5.a)
A vessel of volume of 0.04m3 contains a mixture of saturated water and saturated steam at a temperature of 250oC.  The mass of the liquid present is 9 kg.  Find the pressure, the mass, the enthalpy, the entropy and the internal energy.

   b)
A vessel of 0.4m3 capacity contains 2 kg of wet steam at 6 bar pressure.  Calculate 

i)
the volume and mass of water, and 

ii)
volume and mass of steam.   

6.
A rigid tank of volume 1.2 m3 is divided into two equal parts by a partition. One compartment contains neon gas at 20ºC and 110kPa and other contains argon gas at 47ºC and 225kPa.  Now partition is removed and the two gases are allowed to mix. If 10kJ of heat is lost to the surroundings at 20ºC during the mixing process, determine the final temperature and pressure of the mixture.
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7. a)
Derive the expression for mean effective pressure or Otto cycle.

    b)
A diesel engine has a compression ratio of 14 and cut off takes at 6% or the stroke. Find the air standard efficiency.

8 .
Draw the line diagram of the Bell-Coleman refrigeration cycle retrigesetion.  Explain with the help of a P-V diagram, different processes in the cycle.  Explain its advantages and disadvantages.
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