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UNDERSTANDING PROPERTY TABLES AND CHARTS IN
SI UNITS: A COMPREHENSIVE GUIDE

In  the  world  of  engineering,  thermodynamics,  and  material
science, accurate data is the foundation of reliable design and
analysis. Among the most essential tools for professionals and
students alike are property tables and charts  that present
thermodynamic  and  physical  properties  of  substances.  When
these tables and charts are expressed in SI units (International
System  of  Units),  they  offer  a  universal,  coherent,  and  globally
accepted  framework  for  calculation  and  communication.  This
article provides a thorough exploration of property tables and
charts in SI units—what they are, why they matter, how to use
them, and where they are applied in real-world scenarios.

WHAT ARE PROPERTY TABLES AND CHARTS?

Property tables and charts are organized compilations of data
that describe the physical and thermodynamic characteristics of
substances under various conditions. Typical properties include
temperature,  pressure,  specific  volume,  internal  energy,
enthalpy, entropy, and quality (for mixtures). These tables are

indispensable in fields such as mechanical engineering, chemical
engineering,  HVAC (heating,  ventilation,  and air  conditioning),
power generation, and refrigeration.
Property tables are usually printed in reference books or digital
databases.  They present  numerical  values for  a  substance at
discrete  intervals  of  temperature  or  pressure.  For  example,
steam tables  list  the  properties  of  water  and  steam at  different
saturation  temperatures  and  pressures.  Charts,  on  the  other
hand, provide graphical  representations of these relationships.
Common examples include the Mollier diagram (enthalpy-entropy
chart) and the psychrometric chart, which is used for air-water
vapor mixtures.
When these resources use SI units, all quantities are expressed
in  a  consistent  metric  system:  temperature  in  Kelvin  (K)  or
degrees Celsius (°C), pressure in kilopascals (kPa) or pascals (Pa),
specific volume in cubic meters per kilogram (m³/kg), enthalpy in
kilojoules  per  kilogram  (kJ/kg),  and  entropy  in  kilojoules  per
kilogram  per  Kelvin  (kJ/(kg·K)).  This  consistency  eliminates
conversion  errors  and  simplifies  calculations  across  disciplines.

WHY SI UNITS ARE PREFERRED IN PROPERTY TABLES
AND CHARTS
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The use of SI units in property tables and charts brings several
key advantages:

Global Standardization: SI units are the international
standard for scientific and engineering work. Engineers and
scientists worldwide can share data without ambiguity.
Coherence and Simplicity: SI units are derived from base
units (meter, kilogram, second, ampere, kelvin, mole,
candela) and are interconnected without conversion
factors. For example, 1 joule equals 1 newton-meter, which
equals 1 kg·m²/s².
Ease of Calculation: When working with thermodynamic
formulas, using SI units reduces the risk of unit mismatch
and simplifies dimensional analysis.
Educational Consistency: Most modern engineering
curricula emphasize SI units, making property tables in SI
units the natural choice for students.
Industry Adoption: Many global industries—including
automotive, aerospace, energy, and manufacturing—have
adopted SI units for design, testing, and reporting.

TYPES OF PROPERTY TABLES IN SI UNITS

Several  categories  of  property  tables  are  commonly  used  in
engineering  and  science.  Each  serves  a  specific  purpose  and
covers  different  ranges  of  conditions.

Steam Tables (Water
Properties)
Perhaps the most famous set of property tables, steam tables
provide data for  water  and steam (H₂O) under saturated and
superheated conditions. They are divided into:

Saturation tables (temperature and pressure tables)
listing properties at the liquid-vapor equilibrium line—such
as saturation temperature, saturation pressure, specific
volume of saturated liquid (vf), specific volume of saturated
vapor (vg), enthalpy of evaporation (hfg), and entropy
values.
Superheated steam tables give properties at
temperatures above saturation for a given pressure. These
include specific volume, internal energy, enthalpy, and
entropy.
Compressed liquid tables (less common) provide data
for water at pressures higher than saturation pressure but
below the critical point.

All  values in  modern steam tables are expressed in  SI  units:
pressure in kPa or MPa, temperature in °C or K, enthalpy in kJ/kg,
etc.
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Refrigerant Property Tables
Refrigerants  such  as  R-134a,  R-410A,  and  R-32  also  have
dedicated  property  tables.  These  are  essential  for  designing
refrigeration cycles, heat pumps, and air conditioning systems.
They include saturation properties and superheated vapor data,
typically in SI units (temperature in °C, pressure in kPa, enthalpy
and  entropy  in  kJ/kg·K).  Many  modern  tables  also  include
additional  properties  like  specific  heat  capacity  and  thermal
conductivity.

Ideal Gas Property Tables
For gases that approximate ideal behavior (e.g.,  air,  nitrogen,
oxygen),  ideal  gas  property  tables  are  used.  They  list  specific
internal  energy,  enthalpy,  and  entropy  as  functions  of
temperature.  These  are  especially  useful  in  thermodynamics
coursework and in analyzing gas turbine cycles,  compressors,
and nozzles.

Chemical Species Tables
For  reaction  engineering  and  combustion  analysis,  property
tables  for  common  chemical  species  (e.g.,  methane,  carbon
dioxide, water vapor) include standard enthalpies of formation,
Gibbs  free  energy,  and  absolute  entropy  values  at  standard
reference states (usually 25°C and 1 atm in SI units).

HOW TO READ AND USE PROPERTY TABLES IN SI
UNITS

Reading property tables correctly is a skill that every engineering
student  must  master.  The  first  step  is  to  identify  the  substance
and the state. For example, in a steam table, you may have two
known properties (e.g., pressure and temperature, or pressure
and quality). You then locate the appropriate table:

Saturation tables: use if the substance is at saturation1.
(liquid-vapor mixture or just at saturation). Look up the
saturation pressure or temperature.
Superheated tables: use if the temperature is higher2.
than the saturation temperature at the given pressure.
Compressed liquid tables: use if the pressure is higher3.
than the saturation pressure at the given temperature.

Interpolation is often required because tables list discrete values.
For  instance,  if  you  need  specific  enthalpy  at  a  pressure  of  500
kPa and a temperature of 350°C, and the table only provides
values at 300°C and 400°C, linear interpolation between the two
entries (both at 500 kPa) yields the needed value.
In SI units, interpolation is straightforward because the intervals
are typically regular (e.g., every 50 kPa or every 10°C). Always
ensure you are using the correct units—enthalpy in kJ/kg, not
J/kg—and that you convert temperatures to Kelvin if required by
formulas that involve ratios.
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COMMON PROPERTY CHARTS IN SI UNITS

In  addition  to  tables,  property  charts  offer  a  visual  way  to
understand  thermodynamic  processes.  The  most  widely  used
charts are:

Mollier (h-s) Diagram
This chart  plots enthalpy (h)  against  entropy (s),  typically  for
water/steam.  Engineers  use  it  to  visualize  expansion  and
compression processes in turbines and compressors. In SI units,
the axes are labeled in kJ/kg and kJ/(kg·K). The chart includes
constant  pressure  lines,  constant  temperature  lines,  and  the
saturation domain. Reading the chart requires careful practice,
but it provides immediate insight into energy changes.

Psychrometric Chart
Used extensively in HVAC and meteorology, the psychrometric
chart describes the properties of moist air (dry-bulb temperature,
wet-bulb  temperature,  relative  humidity,  humidity  ratio,  specific
enthalpy, and specific volume). Modern psychrometric charts are
drawn in SI units with temperatures in °C, enthalpy in kJ/kg of dry
air, and humidity ratio in kg water vapor per kg dry air. They are
invaluable for designing air-conditioning systems, cooling towers,
and drying processes.

Pressure-Enthalpy (P-h)
Diagrams
These are common for refrigerants. The diagram shows the vapor
compression cycle: compression, condensation, expansion, and
evaporation. SI units use pressure in kPa or MPa and enthalpy in
kJ/kg. The chart clearly displays the subcooled liquid region, two-
phase  region,  and  superheated  vapor  region,  aiding  in  the
analysis of cycle efficiency and capacity.

PRACTICAL APPLICATIONS OF PROPERTY TABLES AND
CHARTS IN SI UNITS

The real-world utility of these tools cannot be overstated. Here
are a few examples:

Power Plant Design: Steam tables in SI units are used to
calculate the efficiency of Rankine cycles. Engineers
determine the enthalpy drop across a turbine to estimate
work output and design condensers operating at specific
vacuum pressures.
Refrigeration and Heat Pump Analysis: Using
refrigerant property tables and P-h diagrams, engineers
optimize compressor sizing, choose appropriate
refrigerants, and evaluate coefficient of performance (COP).
HVAC System Sizing: Psychrometric charts help in
determining the required cooling or heating load,
dehumidification capacity, and airflow rates to maintain
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indoor comfort.
Chemical Process Engineering: Property tables for
various chemicals are used to design reactors, heat
exchangers, and distillation columns. Accurate enthalpy
data in SI units ensures energy balance calculations are
correct.
Research and Development: When testing new
materials or fluids, researchers refer to standard property
tables to validate experimental results and to develop new
correlations.

BEST PRACTICES FOR USING PROPERTY TABLES AND
CHARTS IN SI UNITS

To get the most out of these resources, keep the following in
mind:

Always verify the reference state. For example, many
steam tables set enthalpy of saturated liquid at 0°C to 0
kJ/kg, but some tables use different references. Consistency
is critical.
Use recent editions of tables—older tables may have
slightly different values due to updated standards (e.g.,

IAPWS-IF97 for water).
When interpreting charts, note the units on each axis and
the scale. Interpolation on charts is done by reading
between constant property lines.
For digital property lookup, many online tools and software
packages (like EES, REFPROP, or CoolProp) provide
accurate data in SI units and avoid manual interpolation.

CONCLUSION

Property tables and charts in SI units are fundamental tools that
bridge  theoretical  thermodynamics  with  practical  engineering
applications. They provide reliable, standardized data that enable
accurate analysis of energy systems, from power plants to air
conditioners.  Mastering  how  to  read  and  interpret  these
tables—whether  for  steam,  refrigerants,  ideal  gases,  or  moist
air—is an essential skill for any engineer or scientist working in
fields  involving  heat,  work,  and  material  properties.  By  using  SI
units, the global engineering community ensures clarity, reduces
errors, and fosters collaboration. As you continue your studies or
professional  work,  keep  these  property  resources  close  at
hand—they are your trusted guide to the physical world of energy
and matter.


