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1. Three input streams (A, B, and C) are fed into a condenser to produce 2 output streams of 
liquid water and gas product. The gas product is found to contain 0.5 mole% water. 

A : Humid air 120 mole/h (2 mole )̀/0 water, 19 mole % 02, the balance N2) 
B : Pure 02 50 mole /h 
C : Pure N2, with a molar flow rate 1/3 of the molar flow rate of stream A 

Draw and label a flowchart of the process, and calculate all unknown stream variables. 
(20 marks) 
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2. A labeled flowchart of a continuous steady state two-unit process is shown below. Show the 
detail of calculation for the two streams whose flow rates and compositions are not known as 
labeled (1) and (2). (20 marks) 

120 kgN2/h 	 30 kg/h 

0.45 kg CH4/kg 
0.55 kg N2/kg 

(2)  (1) 250 kg/h 

0.96 kg CH4/kg 
0.04 kg H2O/kg 

Unit 2 Unit 1 

1 
7 kg H20/h 
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3. Reactor is continuously run by the reaction: C4H, + 60, -> 4CO 3  + 4H,0 

The feed contains 20.0 mole% C4H8, 48.0% 02, and balance CO2. Fractional conversion (f) at 
0.65 of the limiting reactant is achieved. Draw the process diagram of this reactor and 
determine: (20 marks) 

a) Which reactant is limiting? 
b) The percentage of the other reactants is in excess? 
c) The molar amounts of all products using extent of reaction or balance on molecular 

species? 
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4. Ethylene (C2H4) is produced from ethane (C2H6) by feeding a gas stream at flow rate of 250 
mole/h. The reactions can be shown as following: 

C,H6  ----> C21-1 4  + H, 	(1 ) 

C,H6  + H, ---> 2CH4 	(2) 

The feed stream contains 70.0 mole% C21-16, 25.0 mole% H2 and balance N2. Fractional 
conversion (f) of C2H6 is 0.55 and CH4 is produced at 30 mole/h. (20 marks) 

a) Draw the process diagram of this reactor. 
b) Flow rate of each gas in the product stream? 
c) What is the percentage yield of C2H4  in this reaction? 
d) What is selectivity of C,H4 to CH4  production? 
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5. Fuel of CH4 and air are continuously fed to combustion chamber at flow rate of 70 mole/h and 
1000 mole/h, respectively. The combustion reaction: CH, +20, -> CO, + 2H10 (20 marks) 

a) What is the theoretical air flow rate required if complete combustion occurs? 
b) What is % excess air supplied to the system? 
c) What is the air flow rate required iff= 0.75 (fractional conversion) of the CH4  reacts? 
d) According to question c), calculate the molar flow rate of the flue gas and gas composition 

on dry basis? 

70 mole CH, /h 

Combustion 	
n, mole CH,/h, n, mole 0/h 

1000 mole Air /h 
	

Chamber 	
n mole CO,/h, n, mole I-1,0/h 

0.21 mole 0/mole 
n, mole N./h 

0.79 mole N./mole 
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C2H60 150 mole/min 

N2 Q1  mole/min 

T = 57°C 
Pg 240 mmHg 

Evaporator ---> Compressor 

6. Liquid ethanol (C2H60) is fed at 150 mole/min into a heater chamber, where ethanol 
evaporates into a N2 stream (T = 57°C and Pgauge= 240 mmHg). The gas leaving the heater is 
compressed to a pressure of P - gauge=  5.0 atm at a temperature of 300°C. The partial pressure of 
ethanol in this stream is pa  = 470 mmHg. Atmospheric pressure is 760 mm Hg. (20 marks) 

a) What is the molar composition of the stream leaving the compressor? 
b) What is the volumetric flow rate of the N2 entering the evaporator? 

Q2mole/min 

'T = 300°C Pg= 5.0 atm 
= 470 mmHg 

Ya mole C4160/mole 
1-y, mole N2/mole 
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