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1. 
Define and explain the following:                                                                      
 
a) Closed System   
b) Control Volume  
c) Isolated System   
d) Open System.
2.
State and explain the first law of thermodynamics for: 

a) A closed system under going a cycle 

b) A closed system under going process 

c) A steady flow process.

3.a) 
What is equation of state? Discuss the ideal gas equation of state.

      
       

b) 
A room has a dimensions of 3m ( 4m ( 5m. What is the mass of air in this room if the air pressure and temperature are 1 bar and 300 K respectively?

             

c) 
An ideal gas undergoes a reversible adiabatic process. Derive an expression for the changes in internal energy and enthalpy in terms of the pressure ratio.


4.
Ethylene is compressed isothermally from 10 bar and 300 K to 750 bar. Calculate the changes in specific internal energy, specific enthalpy and specific entropy using the compressibility chart.

5.
In thermodynamic cycle the heat and work are as follows:

	Process
	1
	2
	3
	4

	Q
	30
	-10
	-20
	5

	W
	3
	10
	-8
	0


Calculate the thermal efficiency.

6.
A solar heater is used to heat 10 kg of a liquid from 95 (C to 150 (C. What is the availability if surrounding is at 25 (C. The specific heat and boiling point of the are 0.9 kcal/kgK and 200 (C respectively. What is the percentage of absorbed energy that is available? 

(Contd…2)

Code No: NR-220802


:: 2 ::



Set No: 1
7.
Explain the Temperature dependence of the Heat Capacity for Ideal gases 
such as Argon, Nitrogen, Water and Carbon dioxide.

8.
If the heat of combustion of urea, (NH2)2CO(s) at 25 (C is 631,660 J / mol when 
the products are CO2(g), H2O(l) and N2(g). What is (H0f298 for urea at 25(C?
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1. 
A pressure gauge fitted to a steam boiler records a pressure of 34 bar.The

    
vacuum gauge on the condenser indicates 0.94 bar. If the atmospheric pressure

    
is 1 bar , calculate

    
a) Absolute pressure in the boiler in Pa                                                             

    
b) Absolute perssure in the condenser in Pa.

2.
Prove that the work interaction in a steady flow process is given by - ( Pdv. State clearly the assumptions, if any.

3.
Consider isentropic compression of air from 1.01 bar, 35 (C to 5.5 bar. The air is then expanded isobarically to the original volume. Show the processes on the p-v and T-s planes. Also determine the total heat transfer and the total work transfer. Assume the mass of air as 0.75 kg.

4.a)
Discuss briefly the virial expansion.




       
       

   b) 
Explain briefly the law of corresponding states.
5.
Write briefly about the limitations and real process of second law of thermodynamics.

6.
Calculate the difference in entropy of 0.5kg of liquid water at O (C and 1x105 N/m2 pressure and 0.5 kg of water vapor at 100(C and 1(atm) pressure. the latent heat of vaporization at 100 (C is 530 kgal/kg.

7.
A process stream is heated as a gas from 25 (C to 250 (C at constant pressure. A quick estimate of the energy requirement is obtained., with Cp taken as constant and equal to its value at 25 (C. Is the estimate of Q likely to be low or high? Why?

8.
A light fuel oil with an average chemical composition of C10H18 is burning with 
oxygen in a bomb calorimeter. The heat evolved is measured as 43,960 J / gm 
for the reaction at 25 (C. Calculate the standard heat of combustion of the fuel 
oil at 25 (C with H2O(g) and CO2(g) as products. Note that the reaction in the 
bomb occurs at constant volume, produces liquid water as a product and goes 
to completion.
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1. 
The properties of a closed system undergo change following the relation 

     
PV=4 and P is in bar and V in metre cube. Calculate the work done when

     
P increases from 2.5 bar to 8 bar.                                                                      

2.
Prove the following for a closed system 

For constant volume process   Q = m Cv (T2 – T1).

For constant pressure process Q = m Cp (T2 – T1).

3.
Explain briefly the following:








a) Dalton’s law of partial pressures.





       
       

b) Internal energy, enthalpy and specific heat of gas mixtures.

       
       

c) Entropy of gas mixtures.

4.
Explain briefly the p-v-T surface for the following:


a) A substance which expands on freezing.

b) A substance which contracts on freezing.

5.
Explain in detail the carnot cycle of the heat engine and applicability of second law of thermodynamics.

6.
A lump of copper having a mass of 5 kg at a temperature of 540 (C is dropped into a well-insulated bucket containing 50 kg of water at a temperature of 20 (C. If the specific heats of copper and water are 0.418 KJ/kg(C and 4.4 KJ/kg(C respectively, calculate the resulting changes in entropy of the water and copper, and calculate the total entropy change resulting from the process.


7.
One hundred kmole per hour of subcooled liquid at 300 K and 3 bar is superheated to 500K in a steady flow heat exchanger. Estimate the exchanger duty in KW for the following,


a) Methanol, for which Tsat = 368.0 K at 3 bar.


b) Benzene, for which Tsat = 392.3 K at 3 bar.


c) Toluene, for which Tsat = 426.9 K at 3 bar.
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8.
Methane gas is burned completely with 30% excess air at approximately 
atmospheric pressure. Both the methane and air enter the furnace at 30(C 
saturated with water vapor, and the flue gases leave the furnace at 1,500(C. 
The flue gases then pass through a heat exchanger from which they emerge at 
50(C. Per mol of methane, how much heat is lost from the furnace and how 
much heat is transferred in the exchanger?
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1. 
The piston of a piston cylinder device containing a gas has a mass of 75 Kg

       
Diameter of piston is 250 mm. The local atmospheric pressure is 0.97 bar

       
gravitational acceleration is 9.8 m/second square.

       
a) Determine the pressure inside the cylinder.

       
b) If some heat is transferred and its volume doubles, do you expect the 

            pressure inside the cylinder to change ?                                                    
2.
Show that heat transfer during the polytrophic process is ((( - n) / (( - 1)( X polytrophic work done.

3.a) 
It is claimed that oxygen at 150 K and 20 bar can be treated as an ideal gas with an error of less than 15%. Is this claim valid?




       

b) 
Carbon dioxide is treated as an ideal gas at 25 (C and 7.5 bar pressure. Calculate the error in specific volume using virial equation of state.

     


     

4.
Explain briefly the following equations of state:

          
         

a) Ideal gas 

b) Vander waals

c) Virial.

5.
1.5 kg/mt of hot gas enters a heat exchanger at 225 (C and leaves at 125 (C. Water at 0.75 kg/s enters this exchanger at 60 (C counter currently. Comment on the reversibility of the process and calculate the total availability which is lost if       T0 = 25 (C. Specific heat of gas is 1.25 KJ/kg(C.

6.
Two vessels of 1ft=0.3m3 each are connected by a valve and insulated from each other and from the surroundings. One compartment contains saturated steam at 7x105 N/m2, and the other compartment contains steam at the same temperature but at a pressure of 1x105 N/m2. The valve is opened and the pressures allowed to equalize. What is the change in entropy of the system consisting of the two vessels?

7.
Saturated liquid benzene at pressure P1 = 10 bar (T1sat = 451.7 K) is throttled in a steady flow process to a pressure P2 = 1.2 bar (T2sat = 358.7 K), where it is a liquid / vapor mixture. Estimate the molar fraction of the exit stream that is vapor. For the liquid benzene, Cp = 162 J / mol K. Ignore the effect of pressure on the enthalpy of liquid benzene. 
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8.
Ammonia gas enters the reactor of a nitric acid plant mixed with 39% more dry 
air than is required for the complete conversion of the ammonia to nitric oxide 
and water vapor. If the gases enter the reactor at 75(C, if conversion is 80%, if 
no side reactions occurs, and if the reactor operate adiabatically, what is the 
temperature of the gases leaving the reactor? Assume ideal gases.
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