
1.  An ideal vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is 
considered. The rate of heat removal from the refrigerated space, the power input to the compressor, the 
rate of heat rejection to the environment, and the COP are to be determined. 
 
Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.  
Analysis (a)  In an ideal vapor-compression refrigeration cycle, the compression process is isentropic, the 
refrigerant enters the compressor as a saturated vapor at the evaporator pressure, and leaves the condenser 
as saturated liquid at the condenser pressure. From the refrigerant tables (Tables A-12 and A-13), 
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Then the rate of heat removal from the refrigerated 
space and the power input to the compressor are 
determined from 

and 
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(b)  The rate of heat rejection to the environment is determined from 
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(c)  The COP of the refrigerator is determined from its definition, 
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2.  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. 
 

Analysis (a) We obtain the properties of water vapor from EES. The specific humidity ω1 is determined 
from 
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where T2 is the wet-bulb temperature, and ω2 is determined from 
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Thus,  
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(b)  The relative humidity φ1 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 
  

 
3.  Atmospheric air flows steadily into an adiabatic saturation device and leaves as a saturated vapor. The 
relative humidity and specific humidity of 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 . 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential 
energy changes are negligible. 
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Analysis The exit state of the air is completely specified, and the total pressure is 98 kPa. The properties of 
the moist air at the exit state may be determined from EES to be  
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An energy balance on the control volume gives 
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Pressure and temperature are known for inlet air. Other properties may be determined from this equation 
using EES. A hand solution would require a trial-error approach. The results are 
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4.  Air is first heated and then humidified by wet steam. The temperature and relative humidity of air at 
the exit of heating section, the rate of heat transfer, and the rate at which water is added 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 . 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential 
energy changes are negligible. 
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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 
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Analysis (a) The amount of moisture in 
the air remains constant it flows through 
the heating section (ω 1 = ω 2), but 
increases in the humidifying section (ω 3 
> ω 2). The mass flow rate of dry air is 
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Noting that Q = W =0, the energy balance on the humidifying section can be expressed as 
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Solving for h2, 
  

Thus at the exit of the heating section we have ω2 = 0.0053 kg H2O dry air and h2 = 33.2 kJ/kg dry air, 
which completely fixes the state.  Then from the psychrometric chart we read 
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(b) The rate of heat transfer to the air in the heating section is 
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(c) The amount of water added to the air in the humidifying section is determined from the conservation of 
mass equation of water in the humidifying section, 
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5.  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 . 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential 
energy changes are negligible. 
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Analysis (a)  The amount of moisture in the air decreases due to dehumidification (ω 3 < ω 1), and remains 
constant during heating (ω 3 = ω 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 φ2 = 100% and ω 2 = ω 3.  
Therefore, we can determine the properties of the air at all three states from the psychrometric chart (Fig. 
A-31) to be 
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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, 
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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 
 − = − =3 2 431 318. . 11.3 kJ / kg dry air  

 
 


