UNIVERSITY OF PERADENIYA

Faculty of Engineering

END OF SEMESTER EXAMINATION – MAY 2010
CP303 REACTION ENGINEERING   

(2 HOURS)

(Answer ALL three Questions)
	Simplifying assumptions used in developing solutions should be specified.  In case of any un- certainty about the meaning of the question, the assumed meaning should be clearly specified.


1.
A gas-phase reaction 
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 is carried out at 6000C and 101 kPa in a plug flow reactor (PFR) operated at steady state. The reaction rate is given by 
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 where the specific rate constant k = 6 m3/mol.h. The inlet molar flow rates of A and B are 23.8 and 47.6 mol/h, respectively. 
a) Show that the volumetric flow rate through the reactor remains a constant.       [05 marks]

b) Determine the volume of the PFR required to achieve 18% conversion of A.     [15 marks]

c) If the product stream leaving the PFR of part (b) is fed to a second PFR of the same volume, determine the overall conversion of A that could be achieved.   
      [10 marks]

Additional data given in the usual notation:
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where 
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2.
The following liquid-phase reactions take place in a continuous stirred tank reactor (CSTR) operating at steady-state under isothermal conditions:  
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The inlet concentration of A is 2.50 kmol/m3. The outlet concentrations of A and B are 0.45 kmol/m3 and 0.20 kmol/m3, respectively. Assume that there is no B, C, or D in the feed, and that the space-time is 1250 s. 

a) Show that 
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 and 
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      [10 marks]

b) Show that k1 and k2 are 2.96x10-3 and 4.89x10-3 m3/kmol.s, respectively.          [15 marks]

c) Determine the outlet concentrations of C and D.


    
      [10 marks]

Please turn over
3.
A liquid-phase reaction 
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 is conducted in a 0.05 m3 batch reactor under adiabatic conditions. The reaction rate is given by 
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. Initial concentrations of A and B are 0.50 kmol/ m3 and 0.75 kmol/m3, respectively. The initial temperature is 400 K, and the heat capacity of the reactor contents is 3.8 kJ/kg.K. The fluid density is 750 kg/m3. The reaction is exothermic with the heat of reaction -145,000 kJ/kmol of A reacted. The specific reaction rate is 1.4x107 exp(-7700/T) m3/kmol.min with T in Kelvin.  

a) Starting from the mass balance, show that the time required to achieve a stipulated conversion of A (xAf) is given by the following expression: 


      [10 marks]
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b) Staring from the energy balance, show that the temperature of the reacting mixture (T) in Kelvin is related to a conversion of A (xA) by the following expression:    
      [10 marks]
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c) Describe in adequate detail, showing all necessary steps, how you would calculate the time required to achieve 90% conversion of A. You need NOT calculate the numerical value of the time required.






      [15 marks]
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