GENERAL

mollier diagram in si units

Published: September 3, 2026 | Index ID: #-

Introduction: Why the Mollier Diagram in Sl Units Matters

When engineers, HVAC designers, and thermodynamics students dive into the world of air conditioning,
refrigeration, or any process that involves heat and moisture transfer, they inevitably encounter the Mollier diagram.
This powerful graphical tool condenses complex relationships between temperature, enthalpy, humidity, and
pressure into a single, intuitive plot. While most traditional texts present the Mollier chart in Imperial units (BTU, °F,
psia), the modern, globally integrated engineering landscape demands Sl units (kJ/kg, °C, kPa). Using a Mollier
diagram in SI units not only aligns with international standards but also enhances interoperability across
disciplines, facilitates data sharing, and simplifies the integration of simulation software.

In this comprehensive guide, we’ll explore what a Mollier diagram is, how it's constructed in Sl units, the key
variables it displays, and practical applications in real-world projects. We'll also cover common pitfalls, tips for
interpreting the chart, and how to transition from legacy charts to modern, digital tools that support Sl units.

1.The Foundations of the Mollier Diagram

1.1 What Is a Mollier Diagram?

The Mollier diagram, also known as the enthalpy—humidity ratio chart or psychrometric chart, visualizes the
thermodynamic properties of moist air. It plots specific enthalpy (h) on the vertical axis against specific humidity (<’e
on the horizontal axis, while isotherms, isobars, and lines of constant relative humidity are overlaid. The result is a
map that lets users instantly read the state of air and predict how it will change when heated, cooled, humidified, or
dehumidified.

1.2 Historical Context and Evolution

Developed in the early 20th century by Swiss engineer Rudolf Mollier, the chart originally used Imperial units. Over
time, as the HVAC industry expanded globally, the need for a universal, Sl-based representation became evident.
Today, most professional societies—ASHRAE, ISO, and the International Electrotechnical Commission—
recommend S| units for consistency and compliance with international regulations.

2. Key Thermodynamic Variables on the Sl Mollier Chart

2.1 Specific Enthalpy (h)

Specific enthalpy, measured in kilojoules per kilogram (kJ/kg) of dry air, represents the total heat content of the air—
water mixture. On the chart, it appears as the vertical axis. High enthalpy values indicate warm, moist air, while low
values correspond to cold, dry conditions.

2.2 Specific Humidity (<’e
Specific humidity, expressed in kilograms of water vapor per kilogram of dry air (kg/kg), is plotted horizontally. It
quantifies the moisture content of the air. A higher < OV ¢2 O+&R O6—7GW&P, and a lower <’ —&eF-6 FW2 G ier air.

2.3 Dry-Bulb Temperature (Tdb)

Dry-bulb temperature is the actual air temperature measured with a standard thermometer. In the Sl chart,



isotherms (lines of constant Tdb) are typically labeled in degrees Celsius (°C). These lines help users translate the
chart’s enthalpy—humidity ratio coordinates back into familiar temperature values.

2.4 Wet-Bulb Temperature (Twb)

Wet-bulb temperature, the lowest temperature achievable by evaporative cooling, is also represented by curves on
the chart. These lines are crucial for assessing cooling potential and for designing evaporative cooling systems.

2.5 Relative Humidity (RH)

Relative humidity is displayed as a series of curves that run roughly parallel to the diagonal of the chart. RH values
are shown as percentages (e.g., 30 %, 50 %, 70 %). Knowing RH is essential for comfort assessment and for
controlling condensation risks in buildings.

2.6 Saturation Lines and Pressure Isobars

The saturation line, where the air is fully saturated with water vapor (RH = 100 %), forms the upper boundary of the
chart. Pressure isobars, typically in kilopascals (kPa), are overlaid to indicate the effect of altitude or system
pressure on the thermodynamic properties.

3. Constructing a Mollier Diagram in Sl Units

3.1 Data Sources and Software Tools

Creating a Mollier chart from scratch requires accurate thermodynamic data for moist air. Two primary approaches
exist:

e Empirical Formulas: Use established equations of state (e.g., the International Association for the Properties
of Water and Steam, IAPWS) to compute h and <’ “or a range of temperatures and pressures.

¢ Commercial Software: Tools like CoolProp, ANSYS Fluent, and MATLAB provide built-in functions to generate
Mollier plots in Sl units quickly.

3.2 Plotting the Axes

Start by defining the vertical axis (h) from 0 to approximately 1000 kJ/kg, depending on the expected temperature
range. The horizontal axis (<’ typically spans from 0 to 0.030 kg/kg for most HVAC applications. Scale the axes
logarithmically if you need to capture a broader range of humidity ratios.

3.3 Drawing Isotherms and Isobars

For each desired dry-bulb temperature, calculate the corresponding enthalpy and humidity ratio at a reference
pressure (often 101.325 kPa). Plot these as smooth curves. Repeat for multiple pressures to generate isobars. Use
color coding or line styles to differentiate between isotherms and isobars.

3.4 Adding Relative Humidity Curves

Relative humidity lines are derived from the saturation curve and then shifted horizontally. For example, a 50 % RH
line will lie midway between the saturation line (100 %) and the dry air line (0 % RH). Label each curve clearly to
avoid confusion.

3.5 Finalizing the Chart

Once all curves are plotted, add a legend, axis labels, and a title. Ensure all units are explicitly stated (kJ/kg, kg/kg,
°C, kPa). Verify the chart against known reference points—for instance, at 20 °C dry-bulb, 50 % RH, the enthalpy
should be around 44 /kJ/kg and the humidity ratio about 0.008 /kg/kg.



4. Interpreting the Mollier Diagram in Sl Units

4.1 Reading a State Point

To locate a state point, find the intersection of the measured dry-bulb temperature, relative humidity, and pressure
on the chart. Alternatively, if you know the enthalpy and humidity ratio, simply locate the corresponding coordinates.
The chart then reveals all other properties—wet-bulb temperature, dew point, specific volume, etc.

4.2 Visualizing Process Paths
Process paths illustrate how air changes state during heating, cooling, humidification, or dehumidification. Common
paths include:

« Isenthalpic: Lines of constant enthalpy, often used for throttling processes.
« Isobaric: Horizontal lines at constant pressure, typical for natural ventilation.
¢ Isoenthalpic—Isobaric: Combined paths for heat exchangers.

4.3 Ildentifying Condensation and Freezing Points

The saturation curve marks the boundary where condensation begins. Points lying above this line indicate super-
saturated conditions, leading to moisture accumulation. Similarly, the freezing curve (if plotted) shows where ice
formation may occur, critical for cryogenic applications.

5. Practical Applications of the SI Mollier Diagram

5.1 HVAC System Design

Engineers use the Mollier chart to size chillers, boilers, and air handlers. By mapping desired indoor conditions
onto the chart, they can calculate required heat loads, airflow rates, and moisture control strategies. Sl units ensure
compatibility with international building codes and procurement processes.

5.2 Process Engineering

In chemical plants, the diagram helps design drying towers, steam generators, and evaporative condensers.
Accurate enthalpy calculations in kJ/kg are essential for energy balance and equipment sizing.

5.3 Renewable Energy Integration

Solar-assisted HVAC systems rely on the Mollier chart to assess the benefits of solar thermal collectors. By
comparing the enthalpy before and after solar heating, designers can quantify the energy savings in Sl units.

5.4 Environmental Monitoring

Air quality monitoring stations use the chart to convert raw temperature and humidity sensor data into enthalpy and
humidity ratio, enabling more accurate assessments of heat stress and pollutant dispersion.

6. Common Mistakes and How to Avoid Them

6.1 Mixing Units

One of the most frequent errors is inadvertently mixing Imperial and Sl units. Always double-check that all inputs—
temperature in °C, pressure in kPa, enthalpy in kJ/kg—are consistent.

6.2 Neglecting Pressure Variations

At high altitudes, atmospheric pressure drops, shifting the chart’s isobars. Ignoring this effect can lead to inaccurate
predictions of humidity ratios and enthalpy.



6.3 Overlooking Dew Point Accuracy

When designing dehumidification systems, the dew point is critical. Misreading the dew point curve may result in
insufficient moisture removal and condensation problems.

7. Transitioning from Legacy Charts to Modern Sl-Based Tools

7.1 Digitizing Existing Charts
Many organizations still rely on printed charts. Digitization involves scanning the chart, calibrating the axes, and
overlaying digital layers that allow interactive exploration. Software like Plotly or Matplotlib can facilitate this process.

7.2 Integrating with Building Information Modeling (BIM)

BIM platforms increasingly support parametric models that can import Mollier data in S| units. This integration
enables real-time simulation of HVAC performance during the design phase.

7.3 Training and Documentation

Provide clear documentation that explains the Sl-based chart's layout and how to interpret it. Conduct workshops
for engineers, technicians, and facility managers to build proficiency and reduce errors.

8. Frequently Asked Questions

8.1 What is the difference between a Mollier diagram and a psychrometric chart?

The terms are often used interchangeably. A Mollier diagram specifically refers to the enthalpy—humidity ratio
representation, while a psychrometric chart may include additional properties like specific volume or density. In
practice, most modern charts combine both representations.

8.2 Can | use a Mollier chart for gases other than air?

While the chart is optimized for moist air, it can be adapted for other gas mixtures by recalculating the
thermodynamic properties. However, for gases with significantly different behavior, specialized charts are
recommended.

8.3 How often should | update the Mollier chart for my facility?

If your system operates under varying pressures—such as in high-rise buildings—update the chart annually or
whenever significant changes occur in elevation or system pressure.

Conclusion: Embracing the SI Mollier Diagram for Future-Ready Engineering
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