ChE 477 Problem Set on Sizing.

Required Reading. 

Read Chapter 8. Processing Conditions

Read Chapter 9. Heuristic Rules for Equipment Design

Important: For the following problems, you must cite all Rules Used while doing these problems.

Assume 340 days/yr of operation.

Problem 1.  Size the Reactor and Associated Equipment

a.  From HYSYS note the volume of the reactor, note the heat duty and temperature.  Also note the  flow of liquid and gas streams.  Use the heuristic rules to calculate the diameter and height of the reactor vessel.  Should it be horizontal or vertical?  Will liquid entrainment in the hydrogen gas stream be a problem?  (You can check this by calculating the vapor velocity inside the reactor and see if it is below the recommended value.

b.  Reactor will require an agitator.  Estimate the power required using the heuristic rules from chapter 9.  Calculate the cost of the electric utility in $/year.

c.  What kind of heating utility would you recommend for this reactor?

Estimate the heat exchanger area required. For a small area, you can use a heating coil.

Estimate operating cost of steam utility in $/year. See chapter 4 for steam costs.

Problem 2.  Size the A/B separator column and associated units and utilities

a.  Estimate the shell diameter.  You will need to note the maximum vapor flow rate in the column from your HYSYS simulation.  Note the vapor density as well.  Use heuristic rule for vacuum columns to estimate the shell diameter.

b.  Estimate the column height using the heuristic rules.

c.  Estimate the reboiler area.  Choose an appropriate heating utility.  Estimate annual utility cost in $/year.

d.  Estimate the area of the condenser and cooling utility cost in $/year.

e.  Estimate the size of the accumulator drum.

f. Estimate the horsepower required for the reflux pump.  The reflux pump will have to be placed at the base of the column. It will have to pump the liquid to the top of the column.  Neglect frictional losses.  But include the pressure drop for a control valve on the reflux line. (See heuristic rules for piping).  The pump will require a minimum NPSH.  Place the accumulator above ground to provide the minimum pressure at pump inlet.

What should be the pressure at the pump exit?  

What size pipe should be used for the reflux liquid line?  What size pipe should be used for the vapor line?  

Should vapor line be insulated?

What is annual utility costs for pump?

Problem 3. 

Estimate the capital cost requirements for the column above and associated peripherals using CAPCOST. What is the Grass Roots Plant Cost? What is the contribution of building and operating this column to the Cost of Manufacturing on a $/yr and $/lbmole of product basis? How does it compare to selling price of the product? Based on this analysis do you think it is worthwhile to spend more time trying to optimize the design of this unit?

Problem 4. 

Form Chapter 8, Text. Do problem 6 on page 230.

List all equipment in which the processing conditions are of special concern. Justify these conditions.

