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ME470 Gas- Vapor Mixtures HW Solutions     Inst:  Shoeleh Di Julio

Chapter 14, Solution 27.

A house contains air at a specified temperature and relative humidity. It is to be determined whether any moisture will condense on the inner surfaces of the windows when the temperature of the window drops to a specified value.
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Assumptions The air and the water vapor are ideal gases.

Analysis The vapor pressure Pv is uniform throughout the house, and its value can be determined from
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The dew-point temperature of the air in the house is
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That is, the moisture in the house air will start condensing when the temperature drops below 18.0(C. Since the windows are at a lower temperature than the dew-point temperature, some moisture will condense on the window surfaces.
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Chapter 14, Solution 28.

A person wearing glasses enters a warm room at a specified temperature and relative humidity from the cold outdoors. It is to be determined whether the glasses will get fogged.

Assumptions The air and the water vapor are ideal gases.

[image: image58.bmp]Analysis The vapor pressure Pv of the air in the house is uniform throughout, and its value can be determined from
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The dew-point temperature of the air in the house is
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  (from EES)

That is, the moisture in the house air will start condensing when the air temperature drops below 10.5(C. Since the glasses are at a lower temperature than the dew-point temperature, some moisture will condense on the glasses, and thus they will get fogged.
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Chapter 14, Solution 34E.

The dry- and wet-bulb temperatures of air in room at a specified pressure are given. The specific humidity, the relative humidity, and the dew-point temperature are to be determined.

Assumptions The air and the water vapor are ideal gases.

[image: image59.bmp]Analysis (a)  The specific humidity (1 is determined from
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where T2 is the wet-bulb temperature, and (2 is determined from
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Thus,
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(b)  The relative humidity (1  is determined from
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(c)  The vapor pressure at the inlet conditions is
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Thus the dew-point temperature of the air is
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(from EES)
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Chapter 14, Solution 42.

The pressure, temperature, and relative humidity of air in a room are specified. Using the psychrometric chart, the specific humidity, the enthalpy, the wet-bulb temperature, the dew-point temperature, and the specific volume of the air are to be determined.

Analysis From the psychrometric chart (Fig. A-31) we read
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(b)  
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Chapter 14, Solution 68.

Air enters a heating section at a specified state and relative humidity. The rate of heat transfer in the heating section and the relative humidity of the air at the exit are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire process. 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are negligible.
Analysis (a) The amount of moisture in the air remains constant ((1 = (2) as it flows through the heating section since the process involves no humidification or dehumidification. The inlet state of the air is completely specified, and the total pressure is 95 kPa. The properties of the air are determined to be
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and
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Also,
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Then the rate of heat transfer to the air in the heating section is determined from an energy balance on air in the heating section to be



[image: image22.wmf]kJ/min

 

91.1

=

-

=

-

=

kJ/kg

 

)

04

.

19

.17

kg/min)(32

 

938

.

6

(

)

(

1

2

in

h

h

m

Q

a

&

&


(b)  Noting that the vapor pressure of air remains constant (Pv2 = Pv1) during a simple heating process, the relative humidity of the air at leaving the heating section becomes
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Chapter 14, Solution 69E.

Air enters a heating section at a specified pressure, temperature, velocity, and relative humidity. The exit temperature of air, the exit relative humidity, and the exit velocity are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire process 
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. 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are negligible.
Analysis (a) The amount of moisture in the air remains constant (( 1 = ( 2) as it flows through the heating section since the process involves no humidification or dehumidification. The inlet state of the air is completely specified, and the total pressure is 1 atm. The properties of the air at the inlet state are determined from the psychrometric chart (Figure A-31E) to be 
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The mass flow rate of dry air through the heating section is
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From the energy balance on air in the heating section,
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The exit state of the air is fixed now since we know both h2 and (2.  From the psychrometric chart at this state we read
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(c)  The exit velocity is determined from the conservation of mass of dry air,
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Thus,



[image: image31.wmf]ft/s

 

25.4

=

=

=

ft/s)

 

25

(

9

.

12

1

.

13

1

1

2

2

V

V

v

v


Chapter 14, Solution 73.

Air is first heated and then humidified by water vapor. The amount of steam added to the air and the amount of heat transfer to the air are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire process 
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. 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are negligible.
Properties The inlet and the exit states of the air are completely specified, and the total pressure is 1 atm. The properties of the air at various states are determined from the psychrometric chart (Figure A-31) to be





Analysis (a) The amount of moisture in the air remains constant it flows through the heating section ((  1 = (  2), but increases in the humidifying section (( 3 > ( 2). The amount of steam added to the air in the heating section is





(b)  The heat transfer to the air in the heating section per unit mass of air is 
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Chapter 14, Solution 79.

Air is first cooled, then dehumidified, and finally heated. The temperature of air before it enters the heating section, the amount of heat removed in the cooling section, and the amount of heat supplied in the heating section are to be determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during the entire process 
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. 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are negligible.
Analysis (a)  The amount of moisture in the air decreases due to dehumidification (( 3 < ( 1), and remains constant during heating (( 3 = ( 2). The inlet and the exit states of the air are completely specified, and the total pressure is 1 atm.  The intermediate state (state 2) is also known since (2 = 100% and ( 2 = ( 3.  Therefore, we can determined the properties of the air at all three states from the psychrometric chart (Fig. A-31) to be

   


and

   


Also,
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(b) The amount of heat removed in the cooling section is determined from the energy balance equation applied to the cooling section,





or, per unit mass of dry air,
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(c)  The amount of heat supplied in the heating section  per unit mass of dry air is
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Chapter 14, Solution 94E.

Air is cooled by an evaporative cooler. The exit temperature of the air and the required rate of water supply are to be determined.

Analysis (a) From the psychrometric chart (Fig. A-31E) at 90(F and 20% relative humidity we read
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Assuming the liquid water is supplied at a temperature not much different than the exit temperature of the air stream, the evaporative cooling process follows a line of constant wet-bulb temperature.  That is,
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At this wet-bulb temperature and 90% relative humidity we read
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Thus air will be cooled to 64(F in this evaporative cooler.

(b)  The mass flow rate of dry air is
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Then the required rate of water supply to the evaporative cooler is determined from
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Chapter 14, Solution 102.

Two airstreams are mixed steadily. The specific humidity, the relative humidity, the dry-bulb temperature, and the volume flow rate of the mixture are to be determined.

Assumptions 1 Steady operating conditions exist 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are negligible. 4 The mixing section is adiabatic.
Properties Properties of each inlet stream are determined from the psychrometric chart (Fig. A-31) to be
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Analysis The mass flow rate of dry air in each stream is



[image: image45.wmf]kg/min

 

5

.

30

air

dry 

 

kg

/

m

 

819

.

0

min

/

m

 

25

kg/min

 

7

.

22

air

dry 

 

kg

/

m

 

882

.

0

min

/

m

 

20

3

3

2

2

2

3

3

1

1

1

=

=

=

=

=

=

v

V

v

V

&

&

&

&

a

a

m

m


From the conservation of mass,
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The specific humidity and the enthalpy of the mixture can be determined from Eqs. 14-24, which are obtained by combining the conservation of mass and energy equations for the adiabatic mixing of two streams:
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which yields,
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These two properties fix the state of the mixture.  Other properties of the mixture are determined from the psychrometric chart:
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Finally, the volume flow rate of the mixture is determined from
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Chapter 14, Solution 112.

Water is cooled by air in a cooling tower. The volume flow rate of air and the mass flow rate of the required makeup water are to be determined.

Assumptions 1 Steady operating conditions exist and thus mass flow rate of dry air remains constant during the entire process. 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential energy changes are negligible. 4 The cooling tower is adiabatic.
Analysis (a) The mass flow rate of dry air through the tower remains constant 

, but the mass flow rate of liquid water decreases by an amount equal to the amount of water that vaporizes in the tower during the cooling process.  The water lost through evaporation must be made up later in the cycle to maintain steady operation.  Applying the mass  and energy balances yields

Dry Air Mass Balance:

   


Water Mass Balance:
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Energy Balance:
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Solving for 
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From the psychrometric chart (Fig. A-31),
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From Table A-4,
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Substituting,
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Then the volume flow rate of air into the cooling tower becomes
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(b)  The mass flow rate of the required makeup water is determined from
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