PRINCE OF SONGKLA UNIVERSITY
FACULTY OF ENGINEERING

Midterm Examination : Semester | Academic year : 2016
Date : 13 October, 2016 Time : 09.00 - 12.00 AM
Subject : 231-201 Material and Energy Balances Room : 5102
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1. (10 marks) 2 streams of HCI solution consisting of 120 kg/h (30.0 wt. % HCI) and Q,
kg/h (12.0 wt. % HCI) are fed into a mixing tank. It is desired to produce the final
produict of 18.0% HCI solution.
Defermine 1. Draw the diagram of this process.

2. Calculate the flow rate of all streams.

3. Flow rate of HCI in the final product solution.



2. (20 marks) Scale the product of gas mixer unit as shown in flowchart below to 5,500
kmole/h and draw the new flowcharts of the scaled processes. How much of O,
(kmole/h) containing in the product stream is produced from the scaled process?

500 mole N, |
200 mole H, Mixer Q mole ,
2000 mole air | ximole Oymole
Lol X% mole Ny/mole
.21 mole Oy/mole %3 mole Hy/mole

0.79 mole Ny/mole



3. (20 marks) 2 input streams of 150 kg dry air/h and N, gas stream (flow rate of 1.5 time
of the dry air) are fed into an evaporator. To produce humid gas stream containing 2.5
wi. % water, liquid water is introduced to the evaporator unit.

Detexrmine 1. Draw and label a flowchart of the process.
2. Calculate flow rate of liquid water that requires for humid air.
3. Composition of the humid air product stream.



4. (25 marks) Methane and air are continuously introduced to combustion chamber at the
flow rate of 140 mole/h and 2000 mole/h, respectively. = 0.57 (fractional conversion) of
the limiting reactant reacts in combustion reaction. Flue gas is released out from the unit.

1) Diraw the diagram of this process. (CH, +20, — CO, +2H,0)

2) What is the theoretical air flow rate required if complete combustion occurs?
3) What is % excess air supplied to the system?

4) Molar flow rate of the flue gas using extended of reaction.

5) Composition of the flue gas on dry basis,



5. (25 marks) Methanol, oxygen, and nitrogen at flow rate of 200 kmole/h, 125 kmole/h,
and 50 kmole/h, respectively, are fed to catalytic reactor to form formaldehyde. The
teactor is to be designed for a conversion at 65% of limiting reactant. 75% of remaining
methanol in reactor product is removed and sent out by seperator unit.
(2CH;0H + Q; — 2CH,0 + 2H,0)

[» Draw the diagram of this process

2% What reactant is limiting?

3» The percentage of the other reactants is in excess?

4) Calculate the flow rate of reactor product stream using extend of reaction.

5) Calculate the flow rate of final product from this process and CH;OHin the final

product strear.



6. (20 marks) 800 mole Ny/min (T = 55°C and Pgyyee= 0.5 atm) is continuously fed into an
evaporator. Liquid hexane (CgH,4) is also introduced to evaporate and mix with the N, in
the evaporator unit. Gas leaving the chamber is compressed by compressor to produce
the final product at Pyy= 5.5 atm and 277°C. The percentage of hexane in this final
product is 30% by mole.

1) Draw the flowchart of this process.

2) What is the flow rate of hexane feeding?

3) What is the partial pressure of hexane in the stream leaving the compressor?

4) What is the volumetric flow rate of the N, entering the evaporator?



