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1.a)  
Write the first law of thermodynamics, and derive an expression for Internal

            Energy.                                                                                              
   b)  
What are thermodynamic state functions and define them with units?    
2.
Gas leaving a fermenter at close to atmospheric pressure and 25oC has the  following composition 

               Nitrogen  :  78.2%
Oxygen :  19.2%     Carbon dioxide  :  2.6%

Calculate: (a)  the mass composition of fermenter off gases. (b) the mass of carbon dioxide in each cubic meter of the gas leaving the fermenter using van der Wall’s equation with the following coefficients. a  = 363.077 kNm4/kmole 

b  = 0.043 m3/kmole.              

3.a)  
Write fundamental property relationships for U, H, A (Helmholtz energy) and G.                                                                                                

   b)  
Write the Maxwell’s equations.                                                      

4.
Develop the property relations appropriate to incompressible fluid, characterized by the behavior that both ( and ( are zero.

5.a) 
Describe the criteria for phase equilibrium.                                           

   b) 
What is an azeotrope? How azeotropes can be separated.           

6.a)  
Describe  the effect of temperature on reaction equilibrium constant. 

   b)  
Is the following reaction promising as a method of manufacture for sodium

formate.
                                            NaOH(s) + CO(g)     
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7.a) 
Describe the inter – relationship amongst the metabolism, energy and redox

            processes.                                                                                          

   b) 
Explain the concept that “ATP is the energy shuttle” in the cell.          

8.a) 
The growth of the yeast, Saccharomyces cerevisiae can be given by the following overall stoichiometry equation
         
[image: image4.png]CoH1206 (ac) +0.188 NH; —> 0590 CHy Mo zOps1 + 0.432 CHyH,O; + 1.54 COs(aq)
+1.30 C;H,0H (ag) + 0.036 Hy0 (1)



  

                                                                                       Go = -167.9 MJ/kmol. 

       
Give a schematic representation of the fermentation process.                         

   b)
Humid air enriched with oxygen is prepared for gluconic acid fermentation. The air is prepared in a special humidifying chamber.        1.5 lit/h liquid water enters the chamber at the same time as dry air, and 15 g-moles/min dry oxygen gas. All the water is evaporated. The out flowing gas is found to contain 1 % (w / w ) of water. Draw and label the flow sheet for the process.          
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1.a)  
What do you mean by chemical equilibrium process?                            

   b)  
Write the “Phase Rule” and its significance in finding the degrees of freedom.                                                                                                

2.a)  
Describe Rankine’s power cycle with a T-S diagram and its distinguishing

            features over Carnot’s cycle.                                                    

   b)  
How is refrigeration accomplished, and what is meant by a “ton of  refrigeration”?                                                                 

3.
Describe the sequential procedure for estimating thermodynamic properties, viz.,

     
H and S using a cubic equation of state.                                                        

4.a)
Write Clapeyron equation.

   b)
Assume that the vapour phase is an ideal gas and that the molar volume of liquid is negligible in comparison with that of the vapor and simplify the Clapeyron equation. Mention the limitations of the resulting Clausius/ Clapeyron equation.

5.a)  
Explain the V-L-E concept with a T-x-y diagram                                 

   b)  
How the VLE data of a binary mixture can be calculated using equation of state.                                                                                                      

6.a) 
Describe the thermodynamic criteria for a reaction to proceed in a homogenius system.                                                                         

   b)  
Derive the relationship between the equilibrium constant and the standard Gibb’s free energy change.                                                              

7.a)  
Explain the Gaden classification from stoichiometric point of view the product formation in fermentation processes.                                  

  b)  
The following stoichiometric equation describes penicillin systhesis :

1.5 Glucose  +  H2SO4  + 2NH3 + phenyl acetate ( Penicillium G + CO2 + 8H2O

The theoretical yield of penicillium is 1.2 g \ (gram of glucose ).  Find out the molecular weight of penicillium G.

8.
Some microorganisms exhibit growth inhibition in the presence of excess

       
oxygen. Assuming that the growth dependence on oxygen can be represented by
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            Where  KO2 is oxygen saturation constant  KI is inhibition constant CO2, L is the dissolved oxygen concentration Show that the specific growth rate (() reaches a maximum value (
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 (m ) at a dissolved oxygen concentration of                    CO2,L = [K02.KI]1/2         
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1.a)  
Explain the PVT relationships with a neat diagrams. Indicate the triple point.

   b) 
Write the Virial equation of state, and define the compressibility factor.

2.a)  
Write the van der Wall’s equation of state, and explain how it takes care of the nonideal behaviour of gas as compared to ideal gas law.             

   b)  
Define residual Gibb’s free energy and residual volume.          

3.a)  
Write a generalized “law of conservation of mass” and “law of conservation of energy” for a closed system.                                                      

   b)  
Give the energy balances for a steady state flow processes.                     

4.
By means of schematic thermodynamic diagrams, briefly describe the solid/ liquid/ vapor states of matter and the phase boundaries.

5.
For a mixture of 20% propane, 45% n-butane and 35% n-propane (mole percent)

       
at a pressure of 1 MN/m2, calculate (a) the bubble point and (b) the due point.

       
The following are the data on vaporization constant (K) at different temperatures


[image: image7.png]Component K

38°C 65°C 93oc | 97°C
propane 12 19 28 29
n-butane 0.43 0.8 13 135
n-pentane 0.14 031 0.55 0.6





6.a)  
Describe  the effect of temperature on reaction equilibrium constant. 

   b)  
Is the following reaction promising as a method of manufacture for sodium

formate.
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                                            NaOH(s) + CO(g)     
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7.
Acetobacter aceti bacteria converts ethanol to acetic acid under aerobic conditions. A continuous fermentation process for vinegar production is proposed using a non-viable A.aceti cells immobilized on the surface of gelatin beads.  The production target is 2kg/h of acetic acid, however, a maximum acetic acid concentration tolerated by the cells is 12 %. Air is pumped into the fermenter at a rate of 200 g-moles/h.

a) Draw a flow sheet  (diagram ) for continuous acetic acid fermentation.

b) What minimum amount of ethanol is required?

c) What minimum amount of water must be used to dilute the ethanol to avoid acid inhibition? What is the composition of the fermentation off – gases?           
8.  
Assuming that cells can convert two – thirds (wt / wt ) of the substrate carbon

       
(alkane) to biomass, calculate the “ stoichiometric “ coefficients for hexadecane

       
utilization

           C16H34 + (1O2 + (2 NH3  (  (1 (C4.4H7.3N0.86O1.2)  +  (2 CO2 +  (3 H2O        
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1.a)  
Describe  the 2nd law of thermodynamics and its significance in heat transfer.

   b)  
What is meant by Carnot cycle and describe various steps involved in it.

2.a)  
Write the van der Wall’s equation of state, and explain how it takes care of the nonideal behaviour of gas as compared to ideal gas law.             
   b)  
Define residual Gibb’s free energy and residual volume.          
3.a)  
Write about the fundamental “excess property” relationships.                   

   b)  
Write a relationship for ln ((i) in terms of excess free energy.                    

   c) 
The enthalpy of a binary liquid system of species 1 & 2 at fixed T and P is 

represented by the equation H =  400x1 + 600x2 + x1x2(40x1+20x2) where H is in J/mole. Determine the expressions for H1 and H2 as functions of x1.
4.
Derive expressions for the residual Gibbs energy and residual enthalpy of a fluid described by: (a) two-term virial equation of state, (b) cubic equation of state.

5.a)  
Describe Classius – Clapeyron Equation and its importance in phase transition.                                                                                         

   b)  
Describe P – X – Y  diagram for Liquid – Liquid – equilibrum.     

6.a) 
Describe the thermodynamic criteria for a reaction to proceed in a homogenius system.                                                                         

   b)  
Derive the relationship between the equilibrium constant and the standard Gibb’s free energy change.                                                              

7.
Acetobacter aceti bacteria converts ethanol to acetic acid under aerobic conditions. A continuous fermentation process for vinegar production is proposed using a non-viable A.aceti cells immobilized on the surface of gelatin beads.  The production target is 2kg/h of acetic acid, however, a maximum acetic acid concentration tolerated by the cells is 12 %. Air is pumped into the fermenter at a rate of 200 g-moles/h.

   a)
Draw a flow sheet  (diagram ) for continuous acetic acid fermentation.

   b)
What minimum amount of ethanol is required?

   c)
What minimum amount of water must be used to dilute the ethanol to avoid acid inhibition? What is the composition of the fermentation off – gases?           

8.a) 
Define the “ Yield Coefficient “ and explain its significance in the growth of cells by substrate utilization.                                                                   
   b) 
The following is the stochiometric equation for combustion of the cell 
            Pseudomonas fluorescens growing in glucose medium.

            CH1.66N0.2O0.27  + 1.28  O2 (   CO2 + 0.1 N2 + 0.83 H2O

            Assuming the heat of combustion of 104 kcal per mole O2 , calculate the heat

            released by combustion of bacteria in k cal/gram.                                     
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