PSYCHROMETRICS

Psychrometrics
Level 1: Introduction

Technical Development Programs (TDP) are modules of technical training on HVAC theory,
system design, equipment selection and application topics. They are targeted at engineers and
designers who wish to develop their knowledge in this field to effectively design, specify, sell or
apply HVAC equipment in commercial applications.
Although TDP topics have been developed as stand-alone modules, there are logical groupings of topics. The modules within each group begin at an introductory level and progress to
advanced levels. The breadth of this offering allows for customization into a complete HVAC
curriculum – from a complete HVAC design course at an introductory-level or to an advancedlevel design course. Advanced-level modules assume prerequisite knowledge and do not review
basic concepts.

Psychrometrics is the study of the air and water vapor mixture. Proficiency in the use of the
psychrometric chart is an important tool for designers of air conditioning systems. Psychrometrics is required to properly calculate heating and cooling loads, select equipment, and design air
distribution systems. While the topic is not complicated, it involves a number of formulas and
their application; the psychrometric chart is useful in simplifying the calculations. This module is
the first of four on the topic of psychrometrics. This module introduces the air-vapor mixture and
how the psychrometric chart can be used to determine the mixture’s properties. This module also
explains how to plot the eight basic air conditioning processes on the chart. Other modules build
on the information from this module to explain the psychrometrics of various air conditioning
systems, analysis of part load and control methods, computerized psychrometrics, and the theory
used to develop the chart.
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Introduction
Why does an air-conditioning design course begin with psychrometrics? In the computeraided design world of today, is psychrometrics a necessary and practical topic to understand? The
answer is that the principles of psychrometrics provide the key to understanding why the air conditioning industry exists and will help explain many of the processes and steps used in system
design. It is so important, we have four TDP modules devoted to psychrometrics. This first module has four sections: properties of air and vapor, building the psychrometric chart, state points,
and air conditioning processes. Other modules describe using psychrometrics to analyze processes and determine loads or airflows, using psychrometrics to evaluate performance of
compound systems with the psychrometric chart or computer tools, and psychrometric formula
and the theory used to construct the chart.
Many of the terms and concepts are used in daily conversation, yet we may not recognize
them as psychrometrics. What does relative humidity really mean? How does a cooling coil remove water vapor? What causes air conditioning ducts to sweat? The answers to questions such
as these depend upon the properties of air and water vapor and how they act together. Being able
to analyze air conditioning systems with an understanding of these properties means better operating systems and lower costs.
The history of psychrometrics started on a foggy evening in 1902 on a train platform in Pittsburgh. A young engineer for Buffalo Forge Company was working on an air conditioning design
problem involving a Brooklyn printer who was having a problem with color registration between
printing press runs. Color printing
was done at that time by running
the paper through the presses for
each primary color. The concentration of the various color dots
gave the pictures their color.
Since paper changes dimensionally with changes in the humidity,
on some days, the colors were not
lining up, leading to poor quality
and wasted materials. On this
foggy night, the young engineer
observed the fog condensing on
cold surfaces and determined that
there was a relationship between
temperature and humidity. As
temperature dropped, the air
could hold less moisture. It fol- Figure 1
lowed that a temperature could be
reached where the air could hold Dr. Carrier and the Brooklyn Printing Plant
no more moisture and a concept called dew point control was born. This understanding of dew
point allowed him to solve the printer’s problem. The young engineer, Willis Carrier, went on to
mathematically describe the phenomena he observed that night and the science of psychrometrics
was born.
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The formulas that were developed were plotted on a chart that is the psychrometric chart.
This chart is one of the most useful tools a system designer has to describe air conditioning processes.

What is Psychrometrics?
Psychrometrics is the study of the thermodynamic properties of moist air. In other words,
if the air is to be conditioned, how can the
amount of heat that must be added or removed
and the amount of moisture that must be added
or removed be determined? This is what we can
learn from our study of psychrometrics.

Five uses for psychrometrics:
Determine the temperature at which
condensation will occur in walls or on a
duct.
Find all the properties of moist air by
knowing any two conditions.
Calculate the required airflow to the space
and the equipment to satisfy the loads.
Determine the sensible and total cooling
load the unit needs to provide
Determine the coil depth and temperature
to meet the design load conditions.

Properties of Air and Vapor
We will start at the beginning with air itself. Atmospheric air is a mixture of a number of
gases. The two primary gases are nitrogen and oxygen. Nitrogen accounts for 77 percent of air’s
weight by volume and oxygen accounts 21 percent. The remaining 1
percent is trace amounts of other
gases, but these do not appear in volumes significant enough to be a factor
in psychrometric calculations.

Figure 2
Composition of Dry Atmospheric Air
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Atmospheric air has one other
element in this mixture of gases
commonly called air: water vapor.
Water vapor is not present in large
quantities in the atmosphere; however, it is a significant factor to those
concerned with the field of psychrometrics and air conditioning.

Figure 3
Atmospheric air is a mixture of dry air and water vapor.

How Air and Water Vapor are Measured
Air conditioning is the simultaneous control of temperature, humidity, cleanliness, and distribution. So, the first order of business in order to control temperature and humidity, is how they
can be measured. Once temperature
and humidity are determined, then the
amount of each to be removed or
added can be calculated.
Convention for the industry is to
base calculations of air properties on
pounds. Since air is a mixture, and not
a compound, the amount of moisture
in the mixture can change. Therefore,
to have a common measuring point,
moisture content is defined by comparing the moisture content at any
Figure 4
point to dry air.
The amount of actual water vapor Psychrometric calculations are based on a pound of dry air.
present in a quantity of air is so small
that it is measured in grains. It takes 7000 grains to make up one pound. Since one pound of air at
100º F, with all the water it can hold, contains 302.45 grains (about ½ ounce), this water does not
have much bearing on the actual weight of the air. The actual final weight of a volume of air will
be the sum of the air’s dry weight and the
The unit of measurement
weight of the water vapor it contains.
for moisture content is pounds of
moisture per pound of dry air (lb / lbda).
Note: to convert from pounds of moisture
per pound of dry air to grains is:
lb / lbda ∗ 7000 = Grains
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Humidity and Its Sources
The common term for the water vapor that is in the air is humidity. Humidity has many
sources. Evaporation from oceans, lakes, and rivers puts water into the air and forms clouds. Inside buildings, cooking, showers,
people, open sources of water, and
process work can add water vapor.
How can the exact amount of
evaporated moisture be measured?
Formulas are available that allow us
to calculate the amount. However, the
psychrometric chart makes it easy and
provides a good way to visualize the
process.
Figure 5
Water vapor in the air comes from many sources.

How the Air-Vapor Mixture Reacts
Two basic laws apply to the air and vapor mixture that make our calculations possible. First,
within the range of comfort air conditioning, the mixture follows the ideal gas laws. Put simply, if
two properties of either pressure, temperature, or volume, are known, the
other one may be calculated. Second,
the gases follow Dalton’s law of partial pressures. This means that air and
the water vapor in the air occupy the
same volume and are at the same
pressure as if one alone were in the
space, and the total pressure is the
sum of the air and vapor pressures.

Figure 6
The ideal gas law and Dalton’s Law control psychrometric
calculations.
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