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Tutorial 9

Two liquid phase mixtures of water and ammonia are combined, as shown in the attached diagram.  Stream #1 contains 10 wt% NH3 and has a temperature of 155(F and a flow rate of 100 kg/h.  Stream #2 contains 52 wt% NH3 and has a temperature of 20(F and a flow rate of 100 kg/h.  The combined stream #3 flows through a heat exchanger.  The heat exchanger increases the enthalpy of Stream #3 by 500 Btu / (lbM of mixture).  Stream #3 enters a separator to form a vapour (Stream #4) and a liquid (Stream #5).  

(a)What is the mass fraction of ammonia in Stream #3 immediately after the two streams are combined?

(b)What is the temperature of Stream #3 immediately after the two streams are combined?

(c)What is the temperature of Stream #3 at the heat exchanger exit?

(d)What is the composition of Stream #4?
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Mass balance - feed

100

kg/h Stream1

100

kg/h Stream 2

200

kg/h total

Stream 1

0.1

mass fraction NH3

0.9

mass fraction H2O

Stream 2

0.52

mass fraction NH3

0.48

mass fraction H2O

Stream 3 - mass fraction NH3

This is the mid-point of a line between the point for Stream 1 and

0.31

mass fraction NH3

Stream 2 on fig 8.5-2.  Both streams have the same flow rate

0.69

mass fraction H2O

therefore it is the mid-point.

Stream 3 - Temperature after initial mixing

80

deg F - intersection of (a) line from 0.1 mass fraction NH3 to 0.52 mass fraction NH3 and 

(b) 0.31 mass fraction NH3 on Fig 8.5-2

Stream 3 - Enthalpy after initial mixing

-25

Btu/lb(m) - intersection of (a) line from 0.1 mass fraction NH3 to 0.52 mass fraction NH3 and 

(b) 0.31 mass fraction NH3

Add 500 Btu/lb(m).  New point 475 Btu/(lb)m and 0.31 mass fraction NH3 on Fig 8.5-2

Stream 3 - Enthalpy at exchanger exit

500

Btu/lb(m) - amount of enthalpy added by exchanger

475

Btu/lb(m) - enthalpy at exit = amount of enthalpy added by exchanger - enthalpy entering exchanger

Stream 4 - Vapour composition

0.6

mass fraction NH3 - from Fig 8.5-2 Felder and Rousseau

0.4

mass fraction H2O

Stream 5 - Liquid composition

0.08

mass fraction NH3 - from Fig 8.5-2 Felder and Rousseau

0.92

mass fraction H2O

(e)What is the composition of Stream #5?
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