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1. A reversible engine operating between a reservoir at 600 K and the ambient atmosphere at 300 K drives a refrigerator operating between 240 K and the ambient atmosphere. Determine the ratio of energy rejected by both the devices to the ambient atmosphere to the energy absorbed by the engine from the reservoir at 600K.

2.(a)
 A refrigerator transfers energy as heat from a low temperature body to the                                              

       Does it violate the second law of Thermodynamics? Explain.

 

   (b)
 A certain refrigerator requires 200kJ work to extract 800 kJ energy as heat from           

            a cold space. What is the COP of the unit?
3.(a)
By means of Duhem-Margules equation, prove that if Raoult’s Law is applicable to one of the constituents of liquid mixture, at all compositions it must be equally applicable to other constituent.

   (b)
Using Raoult’s Law show that the total vapour pressure varies in a linear manner with the mole fraction of either component in the liquid, phase and further show that it is not a linear function of the mole fraction composition of the vapour. State the assumptions you made.
4.(a)
Discuss the Phase behavior for Vapor / Liquid systems.                              

   (b) 
Discuss about Retrograde Condensation.

5. 
Using Van Laar equations, compute the y-x curve for ethyl alcohol – water mixtures at a total pressure of 760 mm Hg. Base the computations upon the composition of the azeotropic mixture given below :                                                                           


mole percent alcohol = 89.43  ;  t = 78.15 oC ; 

vapor pressure of alcohol at 78.15 oC = 755 mm Hg. ; 

vapor pressure of water at 78.15 oC = 329 mm Hg. ; 

6.(a) 
 What do you understand by equilibrium of a closed system? Whether reversible          exchange of heat and work is possible with surroundings at equilibrium? Discuss   in detail.

(b)
 Show that at constant T and V spontaneous process are accompanied by decrease   in the Helmholtz free energy, which reaches its minimum value at equilibrium.
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7.
At   250 C, the solubility of ethane in n-heptane at a pressure of 1atm is Xe=.0159. Assuming that the activity coefficients in this system can be represented by   ln (E  =((1-Xe )2 Estimate the solubility of ethane in n heptanol at 250 C and 20 atm K values for ethane are as follows:


At 250 C and 1atm KE =27.0   At 250 C and 20 atm KE = 1.62: n-heptanol may be considered as nonvolatile.

8. (a)
Derive Van’tHoff equation from the fundamentals and discuss its applications.
(b)
It is desired to produce industrial methanol from the synthesis gas according to the reaction

CO (g)+ 2H2(g)

CH3OH(g)

Calculate the equilibrium conversion at 1.5 bar and 3000°C if the stoichiometric quantities are used in the above reaction.(K3000°C=1.9x10-2).
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1. It is desired to maintain an auditorium at 25oC throughout the year. For this purpose it is planned to use a reversible device as a refrigerator in summer and as a heat pump in winter. The rate of energy losses as heat from the roof and the walls of the auditorium is estimated at 100 kW per degree Celsius difference between the inside and outside temperature. If the outside temperature is 0oC in winter and 41o C in summer, estimate the power required to operate the device in winter and in summer.

2.(a)
 Why sub-cooling is done after isothermal heat rejection at high temperature in a 

       refrigeration cycle?







   (b)
 “All reversible heat pump cycles operating between the same two reservoirs have 

       the same COP”.  Prove and explain the above statement.
3.
State the criteria for phase equilibrium of a system consisting of two phases e.g. liquid and vapour of a single substance. State all assumption and hence derive Clapeyron equation which gives the variation of the equilibrium pressure with temperature i.e.
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 and show that for a vaporization of liquid it gives the variation of the boiling point of a liquid, T with external pressure P.
4.(a)
Derive the Phase rule and Duhem’s theorem for reacting and non-reacting systems.                                                                                                                            

   (b)
 Draw the P-x,y., T-x,y and y-x diagrams for systems showing                    

(i) Positive deviations from Raoult’s law.

(ii) Negative deviations from Raoult’s law.

(iii) Azeotropism.

5.
Chloroform (1)-Methanol (2) forms an azeotrope at 760 mm Hg and 53.5 oC with 

x1=0.65 . Using the Margules equation, calculate the vapor-liquid equilibrium data (P-x,y) at53.5oCneglecting vapor phasenon-ideality.                                          

                       Chloroform: log10 Psat (mm Hg ) = 6.9546 – 1170.966 / (t/ oC + 226.232)

       

Methanol    : log10 Psat (mm Hg) =  8.0810 – 1582.271 / (t/ oC +239.726)
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6.
Show that following conditions are satisfied for stability for either species in binary mixture:

A. d ln (i /d xi                  >   -1/xi            (constant T, P)
B. d (f i/ d xi                         >   0
(constant T, P)
C. d μi / d xi                         >   0 
(constant T, P)
7.
Consider a binary system of species 1 and 2 which the liquid phase exhibits partial miscibility. In the regions of miscibility, the excess Gibbs energy at a particular temperature is expressed by the equation   GE/RT =   2.25, X1, X2


In addition, the vapor pressures of the pure species are P1sat = 75 kPa and P2sat = 110kPa .Making the usual assumptions for low pressure VLE prepare a Pxy diagram for this system at the given temperature.
8.(a)
Derive the equation from the fundamentals, 

(G° = - RTlnK 
(b) Discuss the importance of equilibrium constant and its effect on equilibrium    conversion 
                                                                             @&@&@
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1. The COP of Car not heat engine can be increased by increasing the source temperature while keeping the sink temperature constant or by decreasing the sink temperature while the source is held constant. Which of the above two alternative for a fixed change in temperature?

2.(a)
 Why super heating is done after compression stage in a refrigeration cycle. 

   (b)
 The COP of an irreversible heat pump cycle is  always less than the COP of  a 

             reversible heat pump cycle when both exchange energy by heat transfer with the

      
 same two reservoirs. Why?

3.(a)
Show that if Raoult’s Law is applicable to one of the constituents of a liquid mixture, at all compositions, it must be equally applicable to the other constituent.
   (b)
Discuss the deviations of nonideal solutions from ideal behavior (Points ; Raoults Law, nature of constituents, positive and negative deviations, absorption and evolution of heat).


4.(a)
 Explain the different methods to evaluate Van Laar constants.                    

   (b)
 Describe the Vapor/Liquid equilibrium calculation procedure for DEW P. 

         
vapor and liquid phases can be considered as non-ideal.

5.
 Estimate VR , HR  and SR   for 1,3 Butadiene at 500 oK and 21 bar by the generalized correlations for the second virial coefficient.                                                       

    
  Data: 



tc , oK

Pc , bar

(
      
1,3 – Butadiene
425.2

42.77

0.190

6.
Starting with Clausius inequality, show that for a spontaneous process:

A. (U S ,V
≤    0

B. ( S H , P
≥      0

C. ( H S, P
  
≤      0
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7..
A binary liquid system exhibits LLE at 250 C. Determine  form each of the following sets of miscibility data , estimate for  ^12  ^21 in the Margules equation.

A. X1α =0 .10, X1( =0. 90

B. X1α = 0.20, X1( =0. 90

C. X1α = 0.10, X1( = 0. 80

8.
What are the conditions for spontaneous and feasible reactions, in terms of free energies? Explain 

Calculate the equilibrium constant at 2000°C and 0.1 Mpa for the Ammonia synthesis reaction. Assume the standard heat of reaction (H° is constant in the temperature range of 250°C to 2000°C.

(G°f 298K for NH3 = -46.11 KJ, K298 K = 5.8x 105
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Code No: NR-310802

III-B.Tech. I-Semester Supplementary Examinations, May/June, 2004
                                 CHEMICAL ENGINEERING THERMODYNAMICS - II                                              

Time: 3 Hours
                      (Chemical Engineering)
         Max. Mark80

Answer any FIVE questions

All questions carry equal marks

                                                                     ---

1. A Carnot heat engine with an efficiency of 0.4 drives a Car not heat pump with a COP of 4. Determine the energy absorbed by the engine from the high temperature source for each kJ energy rejected by the heat pump.
2.(a)
 Define one ton of refrigeration 







   (b)
 The COP of an irreversible refrigeration cycle is always less than the COP of a 

        
 Reversible refrigeration cycle when both exchange energy by heat transfer with

        
 the same two reservoirs.  Explain in detail.        
3.(a)
Starting with the Duhem – Margules equation, discuss the vapour pressure curves for non-ideal system.     

(b)
Explain the term: Azeotropic mixtures, State at least three examples of azeotropes formed in Chemical Industry 
(c)
What generalizations can be derived concerning relative compositions of liquid and vapour in equilibrium from the Duhem – Margules equation?

4.(a)
Explain Lewis-Randall rule and Henry’s law. For a binary system, show that if 

       
Henry’s law is applicable for one component, Lewis-Randall rule is applicable for 

       
the other component.                                                                                      

(b) Explain Henry’s law as a model for ideal behavior of a solute.
5.
 For the binary vapor mixture of Nitrogen(1) and Isobutene(2), calculate V, HR , SR , GR with y1 = 0.35 and y2 = 0.65, t = 150 oC and P = 60 bar using the Redlich-Kwonge quation of state .                                                                                                                                                                                           


Component

tc , oK

Pc, bar


  Nitrogen

126.2

408.10


  Isobutene

  34.0

  36.48


6.
Consider binary isothermal VLE at pressure low enough that the vapor phase may be considered as ideal gas mixture .what are the implications of the liquid phase stability to the features of isothermal Pxy diagram.
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7.
Consider a binary vapor phase mixture described by the following equation 



Z= PV / RT = 1+ BP/RT


B = Y12   B11 +2 Y1 Y2 B12 +Y2 2 B22
Under what condition would one expect the mixture to split into the immiscible vapor phases?

8.(a)
Explain the standard free energy change for any reaction.

   (b)
Determine the equilibrium constant at 25°C for the reaction

C2H4(g)+H2O(l)→CO(g)+3H2(g)

Data:

Component      (°Gf at 25°C

CO (g)    – 137.8   – 137.8

CH4 (g)   – 50.09      KJ / mol

H2O (l)    – 238         KJ / mol
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