
 ) : نسبت مولي بخار در مخلوط به نسبت مولي بخار در مخلوطي كه در همان دما و فشار در حالت اشباع است. φرطوبت نسبي (

ϕ = نسبت فشار بخار به فشار بخار اشباع درهمان دما.                        = 𝑃𝑃1
𝑃𝑃4

 

 ): نسبت جرم بخار به  جرم هواي خشك ωرطوبت نسبي (

ω = 𝑚𝑚𝑣𝑣
𝑚𝑚𝑎𝑎

= 𝑃𝑃𝑣𝑣𝑉𝑉 𝑅𝑅𝑣𝑣𝑇𝑇⁄
𝑃𝑃𝑎𝑎𝑉𝑉 𝑅𝑅𝑎𝑎𝑇𝑇⁄ = 𝑃𝑃𝑣𝑣 𝑅𝑅𝑣𝑣⁄

𝑃𝑃𝑎𝑎 𝑅𝑅𝑎𝑎⁄ = 0.622 𝑃𝑃𝑣𝑣
𝑃𝑃𝑎𝑎
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1 atm, either other charts for that pressure or the relations developed earlier
should be used. In our case, the choice is clear:

since v2 � v1. Then the rate of heat transfer to air in the heating section
becomes

(b) The mass balance for water in the humidifying section can be expressed as

or

where

Thus,

Discussion The result 0.539 kg/min corresponds to a water requirement of
close to one ton a day, which is significant.

Cooling with Dehumidification
The specific humidity of air remains constant during a simple cooling
process, but its relative humidity increases. If the relative humidity reaches
undesirably high levels, it may be necessary to remove some moisture from
the air, that is, to dehumidify it. This requires cooling the air below its dew-
point temperature.

 � 0.539 kg/min

 m
#

w � 155.2 kg>min 2 10.01206 � 0.0023 2

 � 0.01206 kg H2O>kg dry air

 v3 �
0.622f3Pg3

P3 � f3Pg3

�
0.622 10.60 2 13.1698 kPa 2

3100 � 10.60 2 13.1698 2 4  kPa

m
#

w � m
#

a 1v3 � v2 2

m
#

a2
v2 � m

#
w � m

#
a3
v3

 � 673 kJ/min

 Q
#

in � m
#

a 1h2 � h1 2 � 155.2 kg>min 2 3 128.0 � 15.8 2  kJ>kg 4

 � 28.0 kJ>kg dry air

 h2 � cpT2 � v2hg2
� 11.005 kJ>kg # °C 2 122°C 2 � 10.0023 2 12541.0 kJ>kg 2

 � 15.8 kJ>kg dry air

 h1 � cpT1 � v1hg1
� 11.005 kJ>kg # °C 2 110°C 2 � 10.0023 2 12519.2 kJ>kg 2

 v1 �
0.622Pv1

P1 � Pv1

�
0.622 10.368 kPa 2

1100 � 0.368 2  kPa
� 0.0023 kg H2O>kg dry air

 m
#

a �
V
#
1

v1
�

45 m3>min

0.815 m3>kg
� 55.2 kg>min

 v1 �
RaT1

Pa

�
10.287 kPa # m3>kg # K 2 1283 K 2

99.632 kPa
� 0.815 m3>kg dry air

 Pa1
� P1 � Pv1

� 1100 � 0.368 2  kPa � 99.632 kPa

 Pv1
� f1Pg1

� fPsat @ 10°C � 10.3 2 11.2281 kPa 2 � 0.368 kPa
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EXAMPLE E12-9 A swamp cooler takes outdoor air at 100 kPa, 30oC, 10% R. H. at a steady rate of 20 
m3/min. At the exit the relative humidity is 90%. Determine (a) the exit temperature, and (b) the rate of 
water consumption. (c) What-if-Scenario: What would the exit temperature and rate of water 
consumption be if the outdoor air had a R.H. of 50%? [Manual Solution] [TEST Solution] 
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EXAMPLE E12-11 Warm water leaving the condenser of a power plant enters a wet cooling tower at 
35oC with a mass flow rate of 120 kg/s. The water is cooled to 20oC by the counter-flow air which enters 
at 15oC, 50% R.H, and leaves at 30oC, 90% R.H. Neglecting the power input to the fan, determine the 
volume flow rate of air at the (a) inlet and (b) exit, and (c) mass flow rate of the makeup water. (d) 
What-if-Scenario:

 

 What would the mass flow rate be if the air left the cooling tower at saturated 
condition? 

 

 

 

 

 

 

 

 



EXAMPLE E12-10 A saturated stream of air at 30oC with a volume flow rate of 50 m3/min mixes with 
a stream of cooled air consisting of a flow rate of 25 m3/min at 15oC and 30% R.H. Assuming the total 
pressure to remain constant at 1 atm, determine (a) the exit temperature, and (b) relative humidity. (c) 
How would the volume flow rate of the cooler stream change if the desired relative humidity at the exit 
were 65 %? [Manual Solution] [TEST Solution] 
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