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Code No: RR-222102

II-B.Tech. II-Semester Regular Examinations, April/May-2004

ENGINEERING THERMODYNAMICS

(Aeronautical Engineering)

Time: 3 Hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

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 cylinder fitted with a piston has an initial volume of 0.1m3 and contains nitrogen at 150kpa, 25 oC. The piston is moved to compress the nitrogen until the pressure is 1 Mpa and the temperature is 150 0C. The work done on the nitrogen is 20kJ. Determine the amount of heat transfer from the nitrogen.

3.a)
Explain the need for heat engines and refrigerators considering the limitations of the first law of thermodynamics.






b)
2 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  (i) the maximum work, and (ii) the change in availability.
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4.a)
Using Maxwell’s relations deduce the two Tds equations.

   b)
Derive the equation
5. 
A quantity of steam at a pressure of 3 MN/m2 has a dryness fraction of 0.72.  The steam occupies a volume of 0.4 m3.  Heat is transferred with the steam while the pressure remains constant at 3 MN/m2, until the steam becomes dry saturated.  The steam in then cooled at constant volume until the pressure becomes 1.8 MN/m2.  Determine the (a) heat transferred during the constant pressure process, (b) the percentage of heat transfer which appears as work transfer, (c) the heat transferred during the constant volume process, and (d) plot the process on p-v phase diagram and Mollier diagram.

6.a)
Calculate the constant volume and constant pressure specific heats of a gas 

      mixture consisting of 1 kg of Oxygen and 2 kg of nitrogen at a pressure of 1.5 

      bar   and temperature 20 oC.






  b)
Also determine the change in internal energy, enthalpy and entropy of the mixture when it is heated under constant volume to a temperature of 100 (C.
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7.a) 
Derive an expression for enthalpy  of moist air.




b) 
Without using psychometric chart find the following for moist air at DBT            25 ºC and dew just appears when cooled to 10 ºC. 

i. Partial pressure of water vapour in the air 

ii. Specific humidity

iii. Relative humidity

iv.
Specific enthalpy. 
8.a) 
Show that the efficiency of an Otto cycle depends only on compression ratio? 
And also derive the equation for mean effective pressure?




b)
Calculate the air standard efficiency of an Otto cycle with compression ratio 7, and compression begins at 35 0C and 0.1 Mpa. The max temperature of the cycle is 1100 0C.
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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.
Nitrogen(Cp=1.0kJ/kg0k  (=1.4) expands through a nozzle at a steady flow rate of 1000 kg/hour from 6 bar to 3.5 bar velocity and temperature at inlet to the nozzle are 100m/s and 900C respectively. Find the exit area of the nozzle.

3.
An iron block of unknown mass at 85(C is dropped into an insulated tank that contains 100 L of water at 20(C. At the same time, a paddle wheel driven by a 200 W motor is activated to stir the water. It is observed that thermal equilibrium is established after 20 min with a final temperature of 24(C. Determine the mass of the iron block and the entropy generated during this process. Specific heats of iron and liquid water are 0.45 kJ/kg.(C  and 4.184 kJ/kg.(C respectively.


4.a)
Prove that irreversibility is created (entropy generated) whenever heat transfer with finite temperature difference occurs.





b)
Explain the significance of entropy.

5.a)
It is desired to design a tank to store 10 kmol methane at 6.0 MPa.  Determine the size of the tank using the ideal gas law, Van der Walls equation of state the Generalized compressed chart.  Van der Walls constant are a = 228.5 KPa      (m3/k mol)2 and b=0.0427 m3/k.






b)
A 10 m3 rigid container is filled with wet steam at 100KPa pressure so that upon heating it passes through the critical point.  Determine (i) the amount of steam to be filled, (ii) ratio of the vapor volume to the liquid volume.  The critical volume of water is 0.003155 m3/kg.


6.
Determine the combustion equation for one mole of ash – free coal, the analysis of which on mass basis gives90% carbon 4% hydrogen 4% oxygen, 1% nitrogen, and 1% sulphur. Compute the Air-fuel ratio by mass when 25% excess air is used during the combustion of the fuel.
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7.a) 

Write short notes on temperature of adiabatic saturation.


         
   b)      Define wet bulb depression.






         
   c)
2kg of O2 are mixed with 8 kg of N2 both gases being at 50 oC and 100 kpa to form an ideal mixture at the same temperature and pressure. Find:

a) Cp of the mixture 

ii. Cv of the mixture.

iii. Gas constant of the mixture

iv. Specific internal energy of the mixture

v.
Specific enthalpy of the mixture.

8.a)
Draw the efficiency of air standard efficiency of an Otto cycle against 
compression ratio from 4 to 16? Explain the salient points from the graph?


b) An engine equipped with a cylinder having a bore of 150 mm and a stroke of 


450 mm operates on Otto cycle. If the clearance volume is 2000X103  mm3, 
calculate the air standard efficiency?
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1.a)
Explain with a neat sketch the working principle of a constant volume gas thermometer.

b) Explain the concept of temperature and equality of temperature.

2.
A small water pump is used in an irrigation system. The pump takes water in from a river at 10 0C, 100 kpa at a rate of 5 kg/s. The exit line enters a pipe that goes up to an elevation 20m above the pump and river, where the water runs into an open channel. Assume the process is adiabatic and that the water stays at 100C. Find the required pump work.

3.a) 
Explain  the significance of Clausius inequality.





   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 600 kPa. Determine the work done and the change in entropy of the gas during the process. Assume R = 0.287 kJ/kgK and Cv = 0.713 kJ/kgK.

4.a)
Explain : “Available energy” and  “Availability” and “Irreversibility.

   b)
Define Melmholtz and Gibbs free energy function.

5.a)
2.5 kg of steam at a pressure of 100 kN/m2 and with a dryness fraction of 0.96 is compressed hyperbolically to a pressure of 8.0 bar.  Determine (i) the final condition of the steam, and (ii) the heat transferred during the compression.  

b)
A throttling Calorimeter is used to determine the quality of steam, which is at a pressure of 2.2 MN/m2.  The pressure and temperature after throttling are 0.12 MN/m2 and 109.6oC respectively.  Determine (i) the dryness fraction of steam at 2.2 MN/m2 and (ii) the least dryness fraction which can be theoretically determined under the given pressure conditions.  Take the specific capacity of superheated steam as 2.1 kJ/kg K.

6.a)   
Define (i)   Mole fraction    (ii)  Partial pressure    (iii) Partial volume.


   b)
A mixture consisting of 40% oxygen and 60% nitrogen by volume is cooled under 

constant volume conditions from 1 bar, 85ºC to a final temperature of 10ºC. Compute the partial pressures of the constituents and the volumetric analysis at the final temperature.
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7.a)
 Define:

(i) Enthalpy of formation. 
(ii)
Enthalpy of combustion.


   b)
Obtain the stoichiometric air fuel ratio of methane (CH4) and butane (C4H10). 

8.a)
Plot the thermal efficiency of Diesel cycle against compression ratio for different 
cut off ratios and explain its importance.






Calculate the thermal efficiency of a Diesel cycle with compression ratio 14 and cut off takes place at 6% of the stroke.
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1.
Define a new temperature scale, say oM. 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.
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) 
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)
Distinguish between available energy and availability.



b)
Air at 1 bar and 30 (C is heated in a reversible manner at constant pressure until its temperature reaches 205 (C. How much of the heat added is available energy (per kg of air heated ) if the lowest sink temperature is 4(C.  Also prove the formula used in this calculation.


5.a)
Steam initially dry saturated, expands isetropically from a pressure of 16 bar to 0.16 bar.  Find the index of isentropic expansion.



  b)
One kg of wet steam at 0.8, 0.1 MPa is contained in a cylinder piston assembly.  Energy is added as heat at constant pressure till the temperature is raised to 400oC.  Determine final state of steam and the energy transferred using steam table.  Plot the relevant Mollier diagram and obtain the same.

6.
A gas mixture in an engine cylinder has 12% CO2 , 11.2 %O2 and 76.5% N2 by volume .The mixture at 1000ºC expands reversibly, according to pV1.2​ =constant to 7 times its initial volume. Determine the work done and heat transfer per unit mass of the mixture. the average cp values for CO2,O2 and N2 are 1.27 kJ/kgK , 

1.11 kJ/kgK and 1.196 kJ/kgK respectively.
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7.
Determine the internal energy of combustion when methane (CH4) reacts 

completely with oxygen (O2) according to the reaction 

CH4 + 2O2  
     CO2 + 2H2O

and when both reactants and products are at 25(C and 1atm.
8.
Obtain an expression for the specific workdone by an engine working on Otto 
cycle interms of the maximum temperature and minimum temperature of the 
cycle and compression ratio. Hence show that the compression ratio for maximum 
specific work output is given by r=(Tmin/Tmax)1/2((-1).
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