OPEN SYSTEMS
Mixing Chambers and Heat Exchangers
SOLUTIONS

Exercise 1:
A hot-water stream at 80C enters a mixing chamber with a mass flow rate of 0.5 kg/s where it is mixed with a stream cold water at 20C. If it is desired that the mixture leave the chamber at 42C, determine the mass flow rate of the cold-water stream. Assume all the streams are at a pressure of 250 kPa.

 = 80C
 = 0.5 kg/s


 = 42C

H2O
(P = 250 kPa)



 = 20C





Notes: 
· This is a steady-flow process since there is no change with time. 
· The mixing chamber is well-insulated so that heat loss to the surrounding is negligible.
· Changes in KE and PE of fluid streams are negligible.
· There are no work interactions.
· , the water in all 3 streams exists as a compressed liquid, which can be approximated as a saturated liquid at the given temperature. Table A-4.

SOLUTION:
· Mass Balance:



· Energy Balance:





· Combining the Mass and Energy Balances and solving for   gives :









· According to Table A-4:


· Therefore:




Exercise 2:
A saturated stream of refrigerant-134a at 1 MPa and 12C is mixed with another superheated stream at 1 MPa and 60C. If the mass flow rate of the cold stream is twice that of the hot one, determine the temperature and the quality of the exit stream. 


 = 12C
 = 2 


 

R-134a
(P = 1 MPa)



 = 60C





Notes: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· The device is adiabatic and thus heat transfer is negligible.
· Tables A-11 through A-13.
· In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and is expressed as:

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no meaning in the compressed liquid or superheated vapour regions. In the saturated mixture region, the average value of any intensive property y is determined from:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.
SOLUTION:
· Mass Balance:





· Energy Balance:





· Combining the Mass and Energy Balances and solving for   gives :









· According to Table A-11:


· According to Table A-13:


· Therefore:




· According to Table A-12, at 1MPa:



First we can conclude that the exit stream is a saturated mixture since  .

Therefore,







Exercise 3:
In a steam heating system, air is heated by being passed over some tubes through which steam flows steadily. Steam enters the heat exchanger at 200 kPa and 200C at a rate of 7 kg/min and leaves at 175 kPa and 100C. Air enters at 100 kPa and 27C and leaves at 55C. Determine the volume flow rate of air at the inlet. 1


Air
T1 = 27C
P1 = 100 kPa









T3 = 200C
P3 = 200 kPa
 kg/min

3

 [image: ]P4 = 175 kPa
T4 = 100C



4




Air
T2 = 55C





2


Notes: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· Heat loss from the device to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid.
· Air is an ideal gas with constant specific heats at room temperature.
· The water enters the condenser as a superheated vapour at 200C and leaves as a compressed liquid at 100C.
· You will approximate the compressed liquid as a saturated liquid at the given temperatures.
· You will need to use Tables A-2, A-5 and A-6.
SOLUTION:
· Mass Balance:



· Energy Balance for the entire system:





· Combining the Mass and Energy Balances and solving for   gives :







· Air is an Ideal Gas, therefore:








· According to Table A-6:


· According to Table A-5:


· Hence:






· Air is an Ideal Gas, therefore:






· Hence:






Exercise 4:
Steam enters the condenser of a steam power plant at 20 kPa and a quality of 95 percent with a mass flow rate of 20,000 kg/h. It is to be cooled by water from a nearby river by circulating the water through the tubes within the condenser. To prevent thermal pollution, the river water is not allowed to experience a temperature rise above 10C. If the steam is to leave the condenser as saturated liquid at 20 kPa, determine the mass flow rate of the cooling water required.
3

Steam
 kg/h
P3 = 20 kPa
x3 = 0.95






[image: ]2
Water
T2 = T1 + 10C

1
Water
T1 

4
P4 = 20 kPa
Sat. liquid





Notes: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· Heat loss from the device to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid.
· Liquid water is an incompressible substance with constant specific heat c at room temperature.
· The cooling water exists as compressed liquid at both states, and its specific heat at room temperature is c = 4.18 kJ/kg.C
· For an incompressible substance and constant-pressure process: 
· You will need to use Tables A-5.
· In a saturated liquid-vapour mixture, the mass fraction of vapour is called the quality and is expressed as:

Quality may have values between 0 (saturated liquid) and 1 (saturated vapour). It has no meaning in the compressed liquid or superheated vapour regions. In the saturated mixture region, the average value of any intensive property y is determined from:

where f stands for saturated liquid, g for saturated vapour and y stands for v, u or h.


SOLUTION:
· Mass Balance:



· Energy Balance for the entire condenser:





· Combining the Mass and Energy Balances and solving for   gives :






· Water is an incompressible liquid + constant-pressure process, therefore:








· According to Table A-5:

Therefore,






· According to Table A-5:


· Hence:







Exercise 5:
A thin-walled double-pipe counter-flow heat exchanger is used to cool oil from 150C to 40C at a rate of 2 kg/s by water that enters at 22C at a rate of 1.5 kg/s. Determine the rate of heat transfer in the heat exchanger and the exit temperature of the water.1

[image: ]2
4
3

Notes: 
· This is a steady-flow process since there is no change with time.
· KE and PE changes are negligible.
· There are no work interactions.
· Heat loss from the device to the surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid.
· Fluid properties are constant.
· Water and oil are incompressible substances.
· The specific heats of water and oil are given to be 4.18 and 2.20 kJ/kg.C, respectively.
· For an incompressible substance and constant-pressure process: 

SOLUTION:
· Mass Balance:



· Energy Balance for the entire heat-exchanger:





· Combining the Mass and Energy Balances and solving for   gives :





· Water and oil are incompressible substances + constant-pressure process, therefore:


· Hence:













· If we take the oil tubes as the system, the Energy Balance for this system is:














[bookmark: _GoBack]Therefore the rate of heat transfer from the oil to the water is 484 kW.
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