Test #1, Fall, 2009
Rules:  one page cheat sheet one side, textbook, ABET calculation allowed; no extra time allowed
1. Mass balance problem (20)
How much water must be continually added to the wet scrubber shown in Figure 2 in order to keep the unit running? Each of the streams is identified by a number located in a diamond symbol. Stream 1 is the recirculation liquid flow stream back to the scrubber and it is 20 gallons per minute (gpm). The liquid being withdrawn for treatment and disposal (stream 4) is 2 gpm. Assume that inlet gas stream (number 2) is completely dry and that the outlet stream (number 6) has 10 lbm/min of moisture evaporated in the scrubber. The water being added to the scrubber is stream number 5.  
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Solve for the flow of makeup water in gallons per minute (X gpm) for steady state operation. Show the control volume and how the equation simplifies. Note that one gallon is 8.34 lbm. Show all work to get credit, if we see only an answer we assume you copied!

Grading: Note: one can do a control volume around the whole system or do it in the two steps below. Much easier to do a control volume around entire system. Control volume (5 pts), simplify equation (5 pts), answer (5 pts)

Step 1. Conduct a material balance around the scrubber.

1.
For Stream 6, convert from pounds per minute to gallons per minute (gpm) to keep units consistent. The conversion factor below applies only to pure water.
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2.
Set up the material balance equation and solve for Stream 3.

 [image: image3.png]INPUt sorster = OULPUL sorutber

Strearm 1 + Stream 2 = Stream 3 + Stream 6
20 gpm +0 =y gpm +1.2 gpm

Stream 3= y gpr = 18.8 g




Step 2. Conduct a material balance around the recirculation tank. Solve for Stream 5.

 [image: image4.png]Input rankc = Output rankc

Stream 3 + Stream 5 = Stream 1 + Stream 4
18.8 gpm + x gom = 20 gpm + 2 gprm
Stream 5 = x gprm = 22 gpm — 18.8 gprm

=32 gpm




(10 pts)
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Grading: picture and control volume (5), answer (5)

2. Energy balance problem (20)
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[image: image8.emf]Note: 8.34 lb/gallon, heat capacity is 1 BTU/lb/F
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Grading: equation: energy input = energy stored, and line below that (10), answer (10)

3.  Chemistry problem (20)
[image: image10.emf] in mg oxygen per liter
Grading: balance equation (7), units correct (7), answer (6), 
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4. Growth problem (20)
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Grading: find r (10), find N (10)

5. Risk problem (20)
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Grading: 10 and 10

