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1.
The turbines in a hydroelectric plant are fed by water falling from a height of 100 ft. Assuming 95 percent efficiency foe converting the potential to electrical energy, and a 10 percent loss of resulting power in transmission, how many tons of water per hour are needed to keep a 100- watt light bulb burning?

2.
Draw the air-standard Otto cycle and diesel cycle on the T-S and the p-H planes.

3.
The equation of state of a certain substance is given by the expression        V=RT/P ( C/T3, and the specific heat is given by the relation Cp=A+BT where A,B and C are constants. Derive expressions for changes in internal energy, enthalpy and entropy for a) An isothermal process b) An isobaric process?

4.
For H2​O at a temperature of 3000 C and for pressure up to 10,000 k Pa (100 bar) plot values of fi  and (i calculate from data in the steam tables Vs P.

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: image1.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 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.                                                              
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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

             
[image: image2.png]B - Con
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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 (
[image: image3.png]


 (m ) at a

         dissolved oxygen concentration of

                                                      CO2,L  = [K02.KI]1/2         
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1.
It has been suggested that the kitchen in your house is cooled in the summer by closing the kitchen from the rest of the house and opening the door to the electric refrigerator. Comment on this. State clearly and concisely the basis for your conclusions.

2.
A refrigeration machine requires 1 kw of power per ton of refrigeration.


(a)
What is the co-efficient of performance?


(b)
How much heat is rejected to the condenser?

            (c)
If the condenser operates at 60 oF,  what is the lowest temperature the refrigerator could possibly maintain, assuming that the heat load is always 200 Btu/min?

3.
Calculate the internal energy, enthalpy, entropy and free energy for one mole of nitrogen at 773 K and 100 bar assuming that nitrogen behaves as an ideal gas. The molal heat capacity of nitrogen at 1 bar is given as Cp=27.3+4.2*10-3T, where T is in K and Cp is in J/mol K. Enthalpy of nitrogen is zero at 273 K and 1 bar. The entropy of nitrogen is 192.4 J/mol K at 298 K and l bar?


4.
Estimate the fugacity of the Cyclopentane  at 1100C and 275 bar. At  1100c the vapor pressure of cyclopentane is 5.267 bar.

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.                                                                                                       
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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)     
[image: image4.png]


      HCOONa (s).

The following are the data on  
[image: image5.png]


Fo

[image: image6.png]Component = F°, keallg mole

co -32.808
NaOH (5) -90.60

HCOONa(s) -147.0





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)
The growth of the yeast, Saccharomyces cerevisiae can be given by the following overall stoichiometry equation

 
[image: image7.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) 
How much difference in elevation will result in the change of potential energy  

equivalent to 1 Btu/lbm of the substance considered.

   b)
A fluid has a velocity of 100 ft/sec when entering a piece of apparatus. With 

what velocity must the fluid leave the apparatus so that the difference in entering and leaving kinetic energies is equivalent to 1 Btu/lbm of the fluid?

   c) 
What conclusions are indicated by these examples?

2.
A vapor-compression refrigeration machine is to be used in an oil refinery to cool a solvent stream to 40 oF.  The cycle will be conventional expect that a counter-current heat exchanger will be installed to sub cool the liquid from the condenser with the vapor stream from the refrigerator coils.  Ammonia is to be the refrigerant, and the heat load in the refrigerator coils is 200,000 Btu/min.  The refrigerant is to evaporate at 32 oF and liquefy in the condenser at 90 oF.  The compressor will be adiabatic in its operation and be 80 percent efficient compared with isentropic operation.  The minimum temperature difference that can be attained in the exchanger is 10 oF.

What is the power requirement of the compressor?  How does this result compare with the power of a conventional vapor-compression machine without the exchanger?  Also compare the circulation rates for the two cases.

3.
With help of  Maxweel’s equation prove that the specific heats of ideal gases are functions of temperature only.

4.
At 3000 K and 1 bar, the volumetric data for a liquid mixture of benzene and cyclohexane are represented by V=109.4 x 10-6 -16.8 x 10-6 X -2.64 x 10-6X2, where X is the mole fraction of benzene and V has the units of m3/mol.  Find expressions for the partial molar volumes of benzene and cyclohexane.

5.a) 
Describe the criteria for phase equilibrium.                                          


   b) 
What is an azeotrope? How azeotropes can be separated.           
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6.a)  
Describe  the effect of temperature on reaction equilibrium constant. (8).

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

    
formate.

                                            NaOH(s) + CO(g)     
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      HCOONa (s).

The following are the data on  
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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) 
Define the “ Yeild Coeffecienct “ and explain its significance in the growth

                of cells by substrate utilization.                                                                   

   b)
The following is the stoichiometric 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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1.
You wish to calculate ∆ E and ∆ H for an ideal gas which is changed in some process from an initial condition of 40 (F and 10 atm abs to 140 (F and 1 atm abs. Devise a reversible nonflow process ( any number of steps) for accomplishing this change, and calculate (in Btu) ∆ E and ∆ H for the process, taking 1 lb mole of the gas as your basis Cp = 7 and C υ = 5 Btu/ (lb mole) ( (F).

2.
Write about analysis of the steam-power plant cycle.

3.a)
Write the general equations relating the internal energy, entropy of homogeneous fluids of constant composition to temperature and volume.

   b)     Develop property relations appropriate to the incompressible fluid; a model fluid for which ( and K are zero. This is an idealization often employed in fluid mechanics.

4.
For the ethanol (1) chloroform (2) system at 500C, the activity coefficients show interior extreme with respect to composition:


a)  Prove that the Van Laar equation cannot represent such behavior.


b)  The two parameter Margules equation can represent this behavior, but only for

     particular ranges of the ratio A21/A12.  What are they?

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.                                                              
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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.

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

(e) What minimum amount of ethanol is required?

(f) What minimum amount of water must be used to dilute the ethanol to avoid acid inhibition.

(g) 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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