UNIVERSITY OF PERADENIYA

Faculty of Engineering

END SEMESTER EXAMINATION - June 2004

CH303  REACTION ENGINEERING 

(2 hours)

Answer all questions.

Simplifying assumptions used in developing solutions should be stated. In case of any uncertainty about the meaning of the question, the assumed meaning should be clearly stated.

 (1)
(a) Consider the elementary, gas-phase reaction 
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 taking place in an ideal plug flow reactor operated at steady-state under isothermal conditions at constant pressure. The feed stream to the reactor contains 2 kmols/m3 of A and 2 kmols/m3 of an inert gas. The feed flow rate is 0.001 m3/s, and the specific reaction rate is given by k = 0.1 s-1.  Determine the volume the reactor required to achieve 90% conversion of A.

  




   [20%]


(b) If two identical plug flow reactors are used in series to carry out the reaction described in part (a) to achieve the same 90% conversion of A, instead of one reactor as in part (a), determine the volume of each reactor. 








   [10%]

(2)
(a) Consider the elementary, liquid-phase reactions, 
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    and    
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taking place in an ideal CSTR operated at steady-state under isothermal conditions. Determine the concentrations of B in the exit streams in terms of the specific reaction rates, space-time of the reactor, and CA0 (which is the concentration of A in the feed stream). Feed stream contains none of the components B, C or P.








   [10%]





(b) Under the condition k1 = k2 = k3 = k (say), determine the space-time of the CSTR required to maximize the concentration of B in the exit stream. At this space-time, determine the concentrations of A, B, C and P in the exit stream.

  
   



   [20%]

(3) 
(a) A batch rector is used to carry out the following elementary, liquid-phase, reversible reaction 
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 under isothermal condition. The forward and backward specific reaction rates are kf = 0.80 min-1 and kb = 1.20 min-1, respectively. Initially, the reactor contains 2.00 mols/m3 of A and 0.50 mols/m3 of B. Show that the conversion of A (which is denoted by XA ) at time t is given by 
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where t  is in min.

   [20%]


(b) Sketch the XA  versus t plot, and hence or otherwise, determine the equilibrium conversion of A for the given reaction. And, calculate the time required to achieve 95% of the equilibrium conversion of A in the batch reactor.   






   [10%]

(c) If the reaction described in part (a) is carried out in an ideal plug flow reactor operated at steady-state under isothermal conditions, with a feed stream containing 2.00 mols/m3 of A and 0.50 mols/m3 of B, determine the equilibrium conversion of A for the given reaction. And, calculate the space-time required to achieve 95% of the equilibrium conversion of A in the PFR. 
   [10%]
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