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ME 201
Thermodynamics

Air Processing Cycles
(Air -Water Vapor Cycles)

Basic Definitions

Dry Bulb Temperature (TDB): This is the temperature of the air/water vapor mixture
that would be measured with a standard thermometer.  It is the temperature that is
provided in weather reports.

Relative Humidity (φ):  This is the parameter that is provided in weather reports that
is indicative of the moisture content of the air/water vapor mixture.  It is actually the
ratio of the partial pressure of water vapor in the mixture to the maximum value of
water vapor partial pressure.  This maximum value is the saturation pressure for water
vapor at the temperature of the mixture.  Hence it is defined by
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Humidity Ratio (ω):  This is the true indication of the moisture content of the
air/water vapor mixture.  It is nearly the percent by mass of water vapor in the
mixture.  It is defined by
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Wet Bulb Temperature (TWB):  This is the measurement that is used to obtain the
moisture content of an air/water vapor mixture.  It involves measuring the temperature
of a wet object that comes to thermal and mass equilibrium with the surrounding air.
It is found that this equilibrium temperature depends on the moisture content of the air
and has been correlated to the humidity ratio.

Dew Point Temperature (TDP):  This is the temperature at which water would begin to
condense out of an air/water vapor mixture.  It corresponds to 100% relative humidity
and can be found as the saturation temperature that corresponds to the partial pressure
of the water vapor in the mixture.
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Mixture Enthalpy (hav):  This is the enthalpy of the air/water vapor mixture and can
be calculated from

 )T(at h + )T(at h = h mixvmixav-a ⋅ω

Mixture Specific Volume (vav):  This is the specific volume of the air/water vapor
mixture.

All of these properties are interrelated, and following the state principle for
thermodynamics, if any two are specified all the others can be determined.  A
convenient way to represent these relationships is graphically, in the psychrometric
chart provided on the web site.

Conservation of Energy

The general form of the conservation of energy equation for an air/water vapor control
volume system assumes

a) No work
b) One inflow of air/water vapor and one outflow of air/water vapor
c) One inflow of water (in any phase) or one outflow (in any phase)

Then we have
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Air Processing Devices

Air processing cycles vary by their components depending on the objective of the
processing.  There are four typical control volume devices used air processing cycles.

Heating Coils: Air-Water Vapor mixture is heated at constant pressure.  The moisture
content (humidity ratio) will stay constant.  The first law is simply written:
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Cooling Coils: Air-Water Vapor mixture is cooled at constant pressure.  The moisture
content will stay constant until saturation is reached at which time further cooling will
produce condensation.  If this point is reached liquid water will leave the system and
the air-water vapor leaving the system will have a relative humidity of 100%.  The
first law is written:
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The exit enthalpy of the liquid water should be taken as the enthalpy of saturated
liquid at the average temperature between the dew point temperature of the entering
air-water vapor mixture and the dry bulb temperature of the exiting air-water vapor
mixture.

Evaporative Spray Cooler:  A spray of liquid droplets is introduced to the air-water
vapor mixture.  The liquid evaporates into the mixture giving rise to cooling.  The first
law is written:
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Steam Humidifier:  Steam is mixed with the inlet air-water vapor mixture, so as to
increase its moisture content (humidity ratio).  The first law is written:
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