Universal Industrial Gases Psychrometric
Chart 1

Universal Industrial
Gases Psychrometric

Chart

Downloaded
from
remodelicious.com
by Amy &
Fitzpatrick

Universal
Industrial
Gases
Psychrometric
Chart

UNDERSTANDING
THE UNIVERSAL
INDUSTRIAL GASES
PSYCHROMETRIC
CHART: A
COMPREHENSIVE
GUIDE

In the world of
industrial gas
management,

environmental control,
and process
engineering, few tools
are as indispensable as
the psychrometric
chart. While many
engineers are familiar

with standard
psychrometric charts
for atmospheric air, the
Universal Industrial
Gases Psychrometric
Chart represents a
specialized and
powerful adaptation
designed to address
the unique behaviors
of various industrial
gases under different
temperature and
pressure conditions.
This article delves
deep into this essential
tool, explaining what it
is, how it works, and
why it is critical for
professionals in
industries ranging from
cryogenics to
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compressed air

systems.

Whether you are a
plant manager, a HVAC
engineer, or a quality
control specialist,
understanding the
nuances of this chart

can significantly
improve operational
efficiency, equipment

longevity, and product
quality. We will explore
the fundamental
principles, practical
applications, and
advanced
interpretations that
make the Universal
Industrial Gases
Psychrometric Chart a
cornerstone of modern
industrial practice.

What is a
Psychrom

etric
Chart? A
Brief
Foundatio
n

At its core, a
psychrometric chart is
a graphical

representation of the
thermodynamic

properties of a gas-
vapor mixture. For
standard atmospheric
air, it plots properties
like dry-bulb
temperature, wet-bulb
temperature, relative
humidity, humidity
ratio, specific enthalpy,
and specific volume.
However, the
Universal Industrial
Gases Psychrometric
Chart extends this
concept beyond simple
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air to encompass gases
such as nitrogen,
oxygen, argon, carbon
dioxide, hydrogen, and
various hydrocarbon
mixtures.

The key distinction lies
in the gas constant and
the specific heat
capacities of the
carrier gas. Unlike air,
which has a well-
defined composition,
industrial gases can
vary dramatically in
their physical and
thermal properties. A
chart designed for air
is simply not accurate
for systems using pure
nitrogen or a
specialized gas blend.
This is where the
Universal Industrial
Gases Psychrometric
Chart becomes
invaluable—it allows
engineers to make
precise calculations for
virtually any gas
mixture by adjusting
the underlying

thermodynamic
parameters.

The
Significan
ce of the
Universal
Industrial
Gases
Psychrom
etric
Chart

Why does this
specialized chart
matter? In industries
where gas purity,
moisture control, and
thermal management
are critical, using a
generic chart can lead



to significant errors.
For example, in a
compressed nitrogen
system wused in
electronics

manufacturing, even
trace amounts of
moisture can cause
catastrophic failures.
The Universal
Industrial Gases
Psychrometric Chart
enables engineers to
accurately predict dew
points, condensation
risks, and energy

requirements for
drying or cooling
processes.

Moreover, this chart
helps in optimizing the
performance of heat
exchangers, dryers,
and vaporizers. By
understanding how a
specific industrial gas
behaves under varying
conditions, engineers
can design systems
that are not only more
efficient but also safer.
The chart also plays a

vital role in cryogenic
applications, where
gases are stored and
transported at
extremely low
temperatures, and
even minor
miscalculations can
lead to material
embrittlement or
pressure build-up.

Key
Compone
nts of the
Universal
Industrial
Gases
Psychrom
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To effectively use this
chart, one must
understand its key
components and how
they differ from
standard

psychrometric charts.
Below are the primary
elements you will
encounter:

e Dry-Bulb
Temperature
(DBT): This is
the temperature
of the gas as
measured by a
standard
thermometer. It
is typically
plotted on the x-
axis and
represents the
sensible heat
content of the
gas.

e Humidity Ratio

or Moisture
Content: This
represents the
mass of water
vapor per unit
mass of dry
carrier gas. On
the Universal
Industrial Gases
Psychrometric
Chart, this is
often expressed
in grains per
pound or grams
per kilogram of
the specific gas.
Dew Point
Temperature:
This is the
temperature at
which the water
vapor in the gas
begins to
condense. Itis a
critical
parameter for
preventing
corrosion, icing,
and product
contamination in
industrial
systems.



¢ Relative

Humidity (RH):
While less
commonly used
in industrial gas
contexts, relative
humidity
indicates the
saturation level
of the gas with
respect to water
vapor. It is still a
valuable metric
for many
processes.
Specific
Enthalpy: This is
the total heat
content of the
gas-vapor
mixture,
including both
sensible and
latent heat. It is
essential for
designing
heating, cooling,
and drying
systems.
Specific
Volume: This
indicates the

volume occupied
by a unit mass of
the gas mixture.
It is crucial for
sizing fans,
compressors,
and ductwork.

What makes the
Universal Industrial
Gases Psychrometric
Chart unique is that
these properties are
scaled and calibrated
for different carrier
gases. For instance,
the specific heat of
nitrogen is different
from that of oxygen,
which affects the slope
of the constant
enthalpy lines. The
chart accounts for

these differences
through adjustable
parameters.

How to
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Read the

Universal
Industrial
Gases

Psychrom

etric

Chart

Reading this chart
requires a systematic
approach. Here is a
step-by-step guide to
help you interpret the
data accurately:

1. Identify Your
Carrier Gas:
Determine the
specific industrial
gas you are
working with.
This could be
pure nitrogen,
oxygen, argon,

carbon dioxide,
or a custom
blend. The chart
may have
different scales
or overlays for
different gases.

. Locate the Dry-

Bulb
Temperature:
Find the dry-bulb
temperature on
the x-axis. This is
usually the
starting point for
most readings.

. Follow the

Constant
Temperature
Line: From the
dry-bulb
temperature
point, move
vertically along
the constant
temperature line
to intersect with
the appropriate
curve or data set
for your gas.

. Determine the

Dew Point: To



find the dew
point, locate the
point on the
chart that
corresponds to
your current
moisture content
and then move
horizontally to
the left until you
intersect the
saturation curve.
The temperature
at that
intersection is
the dew point for
your specific gas.
. Read the
Humidity Ratio:
From your
intersection
point, move
horizontally to
the y-axis to read
the humidity
ratio or moisture
content.

. Calculate
Enthalpy: Use
the constant
enthalpy lines,
which are

typically
diagonal, to
determine the
total heat
content of the
gas mixture.

It is important to note
that the Universal
Industrial Gases
Psychrometric Chart
may come in both
digital and printed
formats. Digital tools
often allow you to
dynamically change
the gas type and see
the chart update in
real-time, which is a
significant advantage
for complex
calculations.

Applicatio
ns ACross
Industries

The versatility of the
Universal Industrial
Gases Psychrometric

Universal Industrial Gases

2024-01-31

Psychrometric Chart



Universal Industrial Gases Psychrometric
Chart 9

Chart makes it
applicable in a wide
range of sectors. Below
are some key
industries and specific
use cases where this
tool is indispensable:

COMPRESSED AIR
AND GAS SYSTEMS

In compressed air
systems, moisture is a
primary enemy. It
causes corrosion in
pipes, damage to
pneumatic tools, and
contamination  of
products. The chart
helps engineers
determine the required
dew point for drying
systems, such as
refrigerated or
desiccant dryers. By
analyzing the
psychrometric

properties of the
compressed gas,
operators can optimize
dryer settings to
achieve the desired
purity while minimizing

energy consumption.

CRrRYOGENIC GAS
PROCESSING

In cryogenic
applications, gases like
liquid nitrogen (LN2)
and liquid oxygen
(LOX) are stored at
temperatures far below
their boiling points. The
chart is used to model
the behavior of the gas
phase above the liquid,
predicting boil-off
rates, condensation
risks, and pressure
changes. This is critical
for safe storage and
efficient transportation.

CHEMICAL AND
PETROCHEMICAL
INDUSTRIES

In chemical plants,
process gases often
contain water vapor or
other condensable
components. The
Universal Industrial
Gases Psychrometric



Chart helps engineers

design separation
processes, distillation
columns, and heat

recovery systems. It is
also used to monitor
and control the
atmosphere in reactors
to ensure optimal
reaction conditions.

PHARMACEUTICAL
AND
BIOTECHNOLOGY
MANUFACTURING

The pharmaceutical
industry requires
extremely tight control
over environmental
conditions.

Cleanrooms,

incubators, and
lyophilizers (freeze
dryers) all rely on
precise gas properties.
The chart enables
engineers to maintain
specific humidity and
temperature levels for

10

stability and sterility.

Foob AND
BEVERAGE
PROCESSING

Modified atmosphere
packaging (MAP) uses
gases like carbon
dioxide and nitrogen to
extend the shelf life of
food products. The
chart helps in
determining the
correct gas mixtures
and storage conditions
to prevent spoilage
and maintain
freshness.

ELECTRONICS AND
SEMICONDUCTOR
MANUFACTURING

In the production of
microchips and
electronic components,
ultra-pure gases are
essential. Even the
smallest amount of
moisture can cause
oxidation or short
circuits. The chart is

critical processes,
ensuring product
10
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used to design gas
purification and
monitoring systems
that achieve parts-per-
billion (ppb) levels of

purity.

Advanced
Interpreta
tion and
Best
Practices

To get the most out of
the Universal
Industrial Gases
Psychrometric Chart,
consider the following
advanced tips and best
practices:

e Understand the
Gas Constant:
The specific gas
constant (R) is a
fundamental
parameter that

11

differs for each
gas. Ensure your
chart or software
uses the correct
R value for your
specific carrier
gas. This will
affect all derived
properties.
Account for
Pressure
Variations:
Standard
psychrometric
charts are
typically valid at
a single
pressure, usually
1 atmosphere.
However, in
industrial
systems,
pressures can
vary widely. The
Universal
Industrial Gases
Psychrometric
Chart often
includes
corrections for
pressure
changes, or a
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separate chart
may be needed
for each pressure
condition.

Use Digital
Tools for
Complex
Mixtures: For
gas mixtures,
manual chart
reading becomes
impractical.
Digital
psychrometric
calculators that
incorporate the
principles of the
Universal chart
allow you to
input custom gas
compositions and
get instant,
accurate results.
Calibrate Your
Instruments:
The accuracy of
your chart
reading is only as
good as the data
you input. Ensure
that your
temperature,

pressure, and
humidity sensors
are properly
calibrated and
maintained.
Consider Non-
Ideal Behavior:
At high pressures
or low
temperatures,
industrial gases
may deviate
from ideal gas
behavior.
Advanced
versions of the
chart account for
these non-
idealities using
equations of
state like Peng-
Robinson or
Soave-Redlich-
Kwong.

Common
Mistakes
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and How
to Avoid
Them

Even experienced
professionals can make
errors when using this
chart. Here are some
common pitfalls to
watch out for:

e Using the
Wrong Chart
for the Gas:
Perhaps the most
common mistake
is using a
standard air
psychrometric
chart for a
different gas.
This can lead to
errors in dew
point prediction
by several
degrees, which
can be costly.

e Ignoring
Pressure

13

Effects: As
mentioned
earlier, pressure
has a profound
effect on
psychrometric
properties.
Always use a
chart that
matches your
system pressure,
or apply the
necessary
corrections.
Misreading the
Scales: The
scales on a
Universal chart
can be more
complex than
those on a
standard chart
due to the
inclusion of
multiple gas
parameters. Take
the time to read
the legend and
understand the
units.
Overlooking
Enthalpy



Changes: In
drying and
cooling
processes, both
sensible and
latent heat
changes occur.
Ensure you are
accounting for
the total
enthalpy change,
not just the
temperature
change.

The
Future of
Psychrom
etric
Analysis
In

14

Industrial
Gases

As industries continue
to demand higher
efficiency and purity,
the tools used for
psychrometric analysis
are evolving. The
Universal Industrial
Gases Psychrometric
Chart is increasingly
being integrated into
Building Management
Systems (BMS) and
Industrial Internet of
Things (lloT) platforms.
This allows for real-
time monitoring and
control of gas
conditions, with alerts
when parameters drift

outside acceptable
ranges.
Artificial intelligence

and machine learning
are also being applied
to optimize gas
handling processes. By
training algorithms on

14
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historical

psychrometric data,
systems can predict
future conditions and

adjust controls
proactively. This not
only improves
efficiency but also

reduces downtime and
maintenance costs.

Furthermore, the
development of more
accurate equations of
state for complex gas

15

mixtures is making the
Universal chart more
precise than ever.
Researchers are
working on models that
can handle polar
compounds and high-
pressure conditions
with greater fidelity,
expanding the chart's
applicability to even
more challenging
industrial
environments.



