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1. a)
Explain the concept of continuum and under what circumstances it is invalid.

    b)
Differentiate between Homogeneous and Heterogeneous systems.


2.a)
State and explain the first law of thermodynamics for a cyclic process. With the help of Joules experiment.

  b)
In a system 80 kJ of heat is supplied from state 1 to 2 by constant volume process. The internal energy at state 1 is 90 kJ. The system rejects 95 kJ of heat from state 2 to state 3 by constant pressure process and 30 kJ of work is done on it. The system is brought back from state 3 to state 1 by a reversible adiabatic process. Calculate the adiabatic work.

3.a)
A Carnot refrigerator gives  a C.O.P =5 when it extracts 8350 kJ/min from a heat source. Find out the heat rejected to the surroundings and the power required to run the compressor.







b)
One kg of ice at -5(C is exposed to the atmosphere which, is at 25(C. the ice melts and comes into thermal equilibrium with the atmosphere. Determine the entropy increase of the universe. Cp for ice is 2.039 kJ/kg K and the enthalpy of fusion of ice is 333.3 kJ/kg.
      


4.a)
Explain : partial molal properties






b)
Define chemical potential and express the same in terms of partial molal Helmholtz function.

5.a)
Define (i)
Compressibility factor Z.



(ii)
Isothermal compressibility






b) What is the value of the compressibility  factor at the critical point for a Vander Waal’s gas?










c) There are two regions in the compressibility chart. They are Z<1 and Z>1. Name the factors which play a dominant role in each of the two regions for expressing the deviations from ideal gas behaviour.






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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The gravimetric composition of  a liquid fuel is 0.86 kg carbon, 0.163 kg hydrogen and 0.01 kg ash. What is the mass ratio of air to liquid fuel required?

The fuel is burnt with air and the products of combustion are sampled to determine the volumetric composition of carbon monoxide and carbon dioxide present, the result being 1 % CO and 10% CO2. assume that the hydrogen has burned completely and the remaining undetermined products are water vapour, excess oxygen and nitrogen. Calculate the actual air fuel mass ratio. Also find the mean isobaric specific heat capacity of the product.

8.a)
Derive the Air standard efficiency and mean effective pressure of a Diesel cycle and draw p-v and T-s diagrams?





b) What is the basic operating cycle for a CI engine? And why is the compression ratio of a C I Engine is more than the S I engine?
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1.a)
Explain with a neat sketch the working of constant volume gas thermometer.

   b)
The properties of a certain fluid are related as follows.


u = 196 + 0.178t 
&
pv = 0.287(t+273)


Where u is specific internal energy (kJ/kg), t is in 0C, p is pressure (KN/m2) and v specific volume. For this fluid find Cv andCp.

2.
One kg of fluid enters a nozzle with a velocity of 300m/min and enthalpy of 2990 kJ/kg. The enthalpy of the fluid at exit is 2760 kJ/kg. The nozzle is placed horizontally and neglects the heat loss from the nozzle. Determine  

(a) The velocity of the fluid at the exit  (b) The mass flow rate, if the inlet area of the nozzle is 0.095 m2 and the specific volume at inlet is 0.19m3/kg.  (c) The exit area of the nozzle if the specific volume at exit is 0.5 m3/kg.

3.
Ten grammes of water at 20(C is converted to ice at -10(C at constant atmospheric pressure. Assuming the specific heat of liquid water to remain constant at 4.2 J/g(C and that of ice to be half of this value, and taking the latent heat of fusion of ice at 0(C to be 335J/g, calculate the total entropy change of the system.




4.a)
Define : Helmholtz function and Gibbs function  and hence deduce the two Maxwell’s relations.









  b)
Prove that the partial molal Gibbs function is equal to the chemical potential

5.a)
One Kg – mole of Oxygen undergoes a reversible non – flow isothermal compression and the volume decreases from 0.15 m3/Kg to 0.06 m3 /Kg and the initial temperature is 500 C. The gas obeys VanderWaal’s equation during the compression Find:



(i)
The work done during the process



(ii)
The Final pressure.







   b)
Determine the pressure of air at 2050 C having a specific volume of 0.00315 m3/Kg by means of:



(i)
Ideal gas equation



(ii)
Vander Waal’s equation.






6.a)
A rigid vessel contains a mixture of air and dry saturated steam at 30ºC. If the ratio of the mass of air to that of steam is 0.1 determine the pressure in the vessel.     

  b)
A rigid tank contains 6kmol of O2 and 4 kmol of CO2 at 200kPa and 300K. Determine the volume of the tank.
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One kmol of ethane gas is burnt completely with 10% excess air in a constant volume container. Before combustion, both methane and air are at 25ºC and 

1atm. The combustion product is at 150ºC at the end of combustion. Determine the heat transfer during the process.

8.
A vapour compression refrigeration system uses R-12 and operates between pressure limits of 0.745 and 0.15 Mpa. The vapour enters the compressor has a temperature of –100C and liquid leaving the condenser is at 280C. If the cooling load is 2 kW, calculate COP and mass flow rate of refrigerant.
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1.a)
What is irreversible process and explain what causes irreversibility.

   b)
Explain the concept of system boundary and surroundings.

2.
A gas undergoes a thermodynamic cycle consisting of three processes beginning at an initial state where P1 = 1 bar V1 = 1.5 m3 and U1 = 512kJ. The processes are as follows.

a) Compression with PV = C to P2 = 2 bar , U2 = 690 kJ

b) Process 2-3; W23 = 0, Q23 = -150 kJ and

c) Process 3-1; W31 = 150 kJ Neglecting PE and KE changes, Determine the heat interactions Q12 and Q31.

3.
A heat pump is used to heat a house in winter and then reversed to cool the house in summer. The interior temperature is to be maintained at 20(C. heat transfer through the walls and roof are estimated to be 0.525 kJ/s per (C temperature difference between the inside and outside. (a) If the outside temperature is 5(C in winter, what is the minimum power required to drive the heat pump?.(b) If the power output is same as in part (a) what is the maximum temperature for which the inside temperature can be maintained at 20(C?

4.a)
A pressure vessel has a volume of 1 m3 and contains air at 1.4 MPa, 175 (C. The air is cooled to 25(C by heat transfer to the surroundings at 25(C. Calculate the availability in the initial and final states and the irreversibility for the process. Assume for air Cp= 1.005 kJ/kg.K and R = 0.287kJ/kg.K.

   b)
What is third law of thermodynamics? State its significance.

5.a)
Determine the value of compressibility factor at critical point for the Vander Waal’s  gas.










b)
A spherical shaped balloon of 12m diameter contain H2 at 300 C and 1.21 bar Find the mass of H2   in the balloon using real gas equation.

6.a)
A mixture of nitrogen and methane at 35ºC and a total pressure of 17MPa has a mole fraction of nitrogen equal to 0.4. Estimate the volume occupied by 1kg of this mixture using ideal gas behaviour for both components. 



   b)      Define wet bulb temperature and dew point temperature of moist air.
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Liquid butane C4H10  at 25ºC and 1 atm. is burnt with air at the same state in a steady state steady flow combustion chamber. Neglecting the changes in kinetic and potential energies, determine the adiabatic flame temperature for a complete  combustion with 100% theoretical air and for a complete combustion with 200% theoretical air.






                       


8.a)
Prove that, the optimum compression ratio for maximum work by an Otto cycle depends only on the ratio of maximum and minimum cycle temperatures.
   

b) 
The compression ratio of a spark ignition engine is 8 to 1, the indicated engine efficiency is 80%, and the mechanical efficiency is 76% when 20% excess air is used. Determine the brake thermal efficiency.
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1.a)
Distinguish between closed and open systems by giving practical examples.

   b) 
A computer in a closed room of volume 200m3 dissipates energy at a rate of 10kW. The room has 50kg wood, 25kg steel and with all material at 3000k; 100kpa. Assume all the mass heats up uniformly, how long will it take to increase the temperature 100c.

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 heat pump working on the reversed Carnot cycle takes in heat from a reservoir at 5(C and delivers heat to a reservoir at 60(C.  The heat pump is driven by a reversible heat engine which, receives heat from a reservoir at 840(C and rejects heat to a reservoir at 60(C. the reversible heat engine also drives a machine that absorbs 30 kW. If the heat pump extracts 17kJ/s from the 5(C reservoir, determine  (a) the rate of heat supply from 840(C source, and (b) the rate of heat rejection to the 60(C sink.


4.a)
Deduce Clapeyron equation and give its significane.

 

   b)
Discuss : absolute entropy and third law of thermodynamics.

5.a)
If the values for reduced pressure and compressibility factor for ethylene are 20 and 1.25 respectively, compute the temperature.





   b)
Calculate the density of N2 at 260 bar and 150 C by using the compressibility chart.











   c)
What should be the temperature of 1.3Kg of CO2 gas in container at a pressure of 200 bar to behave as an ideal gas.







6.a)  
A gas mixture consists of 5 kmol of hydrogen and 5 kmol  of nitrogen.    

 Determine the mass of each gas and the gas constant of the mixture.

   b)
Air  is considered to be a mixture of 78% nitrogen and 22% oxygen by   volume if the small amounts of argon and carbon oxide present in the mixture are neglected. Treating nitrogen and oxygen in air are to be the ideal gases, find the gas constant  CP and CV   for air at 25ºC.
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7.
A  small gas turbine plant uses C8H18(l) for fuel, and 350% theoretical air. The air and fuel enter at 25ºC and the product of combustion leave at 900K. The output of the engine and the fuel consumption are measured and it is found the specific fuel consumption is 0.25 kg/s of fuel per mega watt of output. Determine the heat transfer from the engine per kilomole of fuel. Assume complete combustion.  

8.a) 
Explain the variation of the thermal efficiency of the Diesel cycle with respect to compression ratio and cut-off ratio. 






b) 
An air standard Diesel cycle as a compression ratio of 16 and a cut-off ratio of 2.  At the beginning of the compression process, air is at 95kPa and 27oC.  Accounting for the variation of specific heats with temperature, determine the temperature after the heat addition process, the thermal efficiency and the mean effective pressure.
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