Final Exam (closed book)
Time allowed 120 min

Answer all questions (there are four questions). State all assumptions and units  

1.   Fresh orange juice is concentrated prior to freezing by the process illustrated in the flow chart below.  Ninety percent of the water entering the evaporator in stream 2 is evaporated.  Assume that only water evaporates and that none of the volatile components of the orange juice evaporate.  Calculate the total mass flow rates of streams 2, 3, 4, and 5.  






(10 marks)
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2. A solution containing 10.00% NaCl, 3.00% KCl and the remainder water is fed to the separation process shown below.  The feed rate is 18400 kg/hr.  The evaporator product (P) stream composition is 16.8% NaCl, 21.6% KCl, and the balance water.  The recycle (R) stream contains 18.9% NaCl, some KCl, and the balance water.  For simplicity the bottom products of the evaporator and the crystallizer are presumed to be pure and dry compounds.  All compositions are given in weight percentages. Calculate the total flow rate and the weight percentage composition of all streams indicated on the flow chart.





(10 marks)
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3) An adiabatic countercurrent heat exchanger has 10,000 kg/hr of hot oil entering at 210 °C that must be cooled to 40 °C.  Cooling water is available at 20 °C and may not be heated hotter than 90 °C.  Draw and label the process flow diagram. What is the minimum cooling water rate in kg/hr.  The heat capacities are 0.4 cal/g °C for the oil (i.e. Cp for oil) and 1.0 cal/g °C for the water (i.e. Cp for water). 
(10 marks)






4. Methanol at 675 oC and 1 bar is fed to an adiabatic reactor where 25% of it is dehydrogenated to formaldehyde according to the reaction 
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Calculate the temperature of the gas leaving the reactor, assuming that constant average heat capacities of 17, 12, and 7 cal/gmol.oC, for CH3OH, HCHO, and H2, respectively, are acceptable over the entire temperature range.

The standard heat of formation 
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      (10 marks) 











Good luck 
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