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UNDERSTANDING THE MOLLIER
DIAGRAM IN SI UNITS: A
COMPREHENSIVE GUIDE

The Mollier diagram, a cornerstone of
thermodynamics and engineering, is a
graphical representation of the
properties of steam and other working
fluids. For professionals in power
generation, HVAC, and chemical
engineering, mastering this chart is
essential for system design,
performance analysis, and optimization.
When combined with modern SI units,
the Mollier diagram becomes an even
more powerful and universally applicable
tool. This article provides a detailed
exploration of the Mollier diagram in Sl
units, covering its structure, key
features, practical applications, and the
advantages it offers to engineers and
technicians worldwide.

What is the
Mollier Diagram?
A Historical
Perspective

Named after the German engineer
Richard Mollier (1863-1935), this
diagram was first introduced in the early
20th century as a way to simplify
complex thermodynamic calculations.

Mollier recognized that engineers
needed a visual method to quickly
determine the properties of steam
without performing tedious
mathematical iterations. His work laid
the foundation for what is now known as
the enthalpy-entropy chart, or simply the
Mollier chart.

The diagram plots specific enthalpy
(h) on the vertical axis against specific
entropy (s) on the horizontal axis. This
unigue combination provides immediate
insight into the energy changes and
irreversibilities within a thermodynamic
process, making it indispensable for
analyzing steam turbines, compressors,
and refrigeration cycles.

Why Sl Units
Matter in the
Mollier Diagram

The adoption of the International System
of Units (SI) has brought consistency and
clarity to engineering disciplines
worldwide. The Mollier diagram in SI
units uses standardized measurements
such as kilojoules per kilogram (k)/kg) for
enthalpy and kilojoules per kilogram-
kelvin (kJ/kg-K) for entropy. This
uniformity eliminates the confusion of
converting between different unit
systems—such as British thermal units
(BTU) or calories—and allows for
seamless collaboration across
international teams.

Key SI units featured on the Mollier
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diagram include:

* Enthalpy (h): kJ/kg

e Entropy (s): kJ/kg-K

e Pressure (P): bar or kPa
(kilopascals)

e Temperature (T): °CorK

e Specific volume (v): m3/kg

These units align perfectly with modern
engineering practice, making the Mollier
diagram in Sl units an essential
reference for calculating steam
properties, determining cycle
efficiencies, and diagnosing system
performance.

Anatomy of the
Mollier Diagram
in SI Units

At first glance, the Mollier diagram
appears as a collection of curved lines,
boundaries, and labels. However, each
element conveys specific
thermodynamic information:

THE SATURATION DOME

The most prominent feature is the bell-
shaped curve known as the saturation
dome. The left-hand boundary
represents the saturated liquid line,
while the right-hand boundary is the
saturated vapor line. Inside the dome,
the fluid exists as a mixture of liquid and
vapor phases. The top of the dome,
where the two boundaries meet, is the
critical point. For water in Sl units, this
point occurs at approximately 374°C and
22.12 MPa. Understanding this region is
crucial for designing boilers and
condensers.

CONSTANT PRESSURE LINES

Within the diagram, lines of constant
pressure (isobars) rise from the
saturated vapor region into the
superheated steam region. In the Mollier
diagram in Sl units, these isobars curve
upward and to the right, indicating that
as superheat increases, both enthalpy
and entropy increase. Engineers use
these lines to determine the energy
content of steam at various operating
pressures.

CONSTANT TEMPERATURE LINES

Isotherms appear as lines that run
roughly horizontally in the superheated
region but become steeper near the
saturation dome. In the two-phase
region inside the dome, temperature and
pressure are directly related (saturation
conditions), so isotherms coincide with
isobars. Reading these lines on the
Mollier diagram in SI units allows
engineers to quickly assess steam
quality and superheat.

CoONSTANT QUALITY LINES

Within the saturation dome, lines of
constant dryness fraction (quality, x)
indicate the proportion of vapor in the
mixture. A quality of 0 corresponds to
saturated liquid, while 1 represents
saturated vapor. These lines are
essential for analyzing wet steam in
turbines and heat exchangers.

Practical
Applications of
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the Mollier

Diagram in Sl

Units

The real value of the Mollier diagram lies
in its practical utility. Here are the most
common engineering applications:

STEAM TURBINE PERFORMANCE
ANALYSIS

When steam expands through a turbine,
its pressure drops, and its entropy may
increase due to irreversibilities. By
plotting the inlet and outlet conditions
on the Mollier diagram in SI units,
engineers can calculate the isentropic
efficiency of the turbine. For example, if
steam enters at 100 bar and 500°C and
exits at 0.1 bar, the actual expansion
path can be compared with the ideal
reversible path to determine energy
losses. This analysis guides maintenance
decisions and design improvements.

RANKINE CYCLE OPTIMIZATION

The Rankine cycle, which forms the basis
of most thermal power plants, can be
visualized on the Mollier diagram. Key
processes—pump work, boiler heat
addition, turbine expansion, and
condenser heat rejection—are all
represented. Using the Mollier diagram
in Sl units, engineers can identify
opportunities to improve cycle efficiency,
such as by increasing boiler pressure,
adding reheat, or introducing
regenerative feedwater heating.

REFRIGERATION AND HEAT PuMmP
SYSTEMS

While the Mollier diagram is most often

associated with steam, it is equally
useful for analyzing refrigerants. By
replacing water with common
refrigerants like R-134a or R-410A,
engineers construct similar enthalpy-
entropy charts. The Mollier diagram in SI
units for refrigerants helps designers
determine compressor work, cooling
capacity, and coefficient of performance
(COP). This applies directly to HVAC
systems, industrial chillers, and heat
pumps.

COMPRESSOR AND EXPANDER
ANALYSIS

In gas compression and expansion
processes, the Mollier diagram provides
a quick method to calculate discharge
temperature, work input, and volumetric
efficiency. For example, a centrifugal
compressor handling steam or a
refrigerant can be evaluated by tracing
the compression path on the diagram.
The Mollier diagram in Sl units makes it
straightforward to compare different
operating scenarios and select the most
efficient equipment.

How to Read the
Mollier Diagram
in Sl Units: A
Step-by-Step
Example

Let's walk through a typical problem to
demonstrate how to use the Mollier
diagram in Sl units:

Problem: Saturated steam at 10 bar
enters a turbine and expands to 1 bar.



The turbine has an isentropic efficiency
of 85%. Determine the actual enthalpy
at the turbine outlet.

1. Locate the inlet condition: On
the Mollier diagram, find the
saturated vapor line at 10 bar. This
corresponds to a specific entropy
(s) of approximately 6.58 kj/kg-K
and an enthalpy (h) of about 2778
kJ/kg (SI units).

2. Determine the ideal outlet:
From the inlet point, move
vertically downward (constant
entropy) until you reach the 1 bar
isobar. This is the isentropic
expansion. Read the enthalpy at
this point—approximately 2485
kJ/kg.

3. Apply the efficiency formula:
Isentropic efficiency = (h_in -
h_actual) / (h_in - h_isentropic).
Rearranging: h_actual = h_in -
efficiency * (h_in - h_isentropic).

4. Calculate: h_actual = 2778 - 0.85
* (2778 - 2485) = 2778 -0.85 *
293 = 2778 - 249 = 2529 kJ/kg.

5. Verify on the diagram: The
actual outlet enthalpy of 2529
kJ/kg at 1 bar corresponds to a wet
steam quality of roughly 0.96,
indicating the turbine is operating
under reasonable conditions.

This step-by-step approach shows how
the Mollier diagram in SI units
transforms abstract numbers into
actionable engineering insights.

Advantages of
Using the Mollier

Diagram in S|
Units

Why do engineers still rely on this
century-old tool in an era of powerful
simulation software? The reasons are
compelling:

e Visual intuition: The human
brain processes graphical
information faster than tables or
equations. The Mollier diagram in
Sl units allows engineers to see
relationships instantly—how
changing pressure affects
enthalpy, or how entropy
generation impacts work output.

e Rapid calculations: For quick
estimates and sanity checks,
nothing beats a diagram. An
experienced engineer can read a
Mollier chart in seconds, whereas
entering data into software takes
minutes.

e Error detection: Complex
thermodynamic models can
produce unrealistic results.
Plotting key points on the Mollier
diagram in Sl units reveals
inconsistencies immediately, such
as entropy decreases that violate
the second law of
thermodynamics.

e Educational value: For students
and junior engineers, the Mollier
diagram builds an intuitive
understanding of thermodynamic
principles. It bridges the gap
between theory and practice.

e Universal standard: With SI
units, the diagram is accessible
globally. A design team in
Germany, a power plant in Brazil,
and a university in Japan all use
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the same reference system.

Digital Mollier
Diagrams and
Modern Tools

While traditional printed charts remain
popular, digital versions of the Mollier
diagram in Sl units have become widely
available. These interactive tools allow
users to click on any point and instantly
retrieve pressure, temperature,
enthalpy, entropy, and quality. Many
engineering software packages, such as
EES (Engineering Equation Solver),
MATLAB, and specialized
thermodynamics programs, incorporate
Mollier diagram functions.

Digital diagrams
advantages:

offer several

e Zoom and pan: Focus on specific
regions with high precision.

e Data export: Extract coordinates
for use in reports and models.

e Overlay processes: Plot multiple
cycles or operating conditions on
the same chart.

* Update properties: Access the
latest steam tables and refrigerant
data directly.

Despite these advances, the
fundamental skill of reading a Mollier
diagram in Sl units by hand remains a
valuable competency for any mechanical
or chemical engineer.

Limitations and

Considerations

No tool is perfect, and the Mollier
diagram has its limitations:

e Scale and accuracy: Printed
charts may have limited
resolution, making precise
readings difficult at extreme
pressures or temperatures. Digital
tools mitigate this issue but
require access to software.

e Single fluid: Each diagram is
specific to one fluid. Water/steam
diagrams are most common, but
separate charts are needed for
refrigerants or other working
fluids.

¢ Not for transient analysis: The
Mollier diagram assumes steady-
state conditions. It is not suitable
for dynamic simulations where
properties change rapidly over
time.

e Two-phase region complexity:
Inside the saturation dome, the
relationship between variables is
nonlinear, and interpolation may
be required for precise work.

Understanding these limitations helps
engineers use the Mollier diagram in Sl
units appropriately, complementing it
with other methods when necessary.

Best Practices for
Engineers Using
the Mollier



Diagram in Sl
Units

To maximize the effectiveness of this
tool, consider the following guidelines:

1. Always verify units: Confirm
that the chart uses Sl units
consistently. Some older charts
may mix systems, leading to costly
errors.

2. Use a sharp pencil or digital
precision: When working with
printed charts, mark points clearly
and read values carefully. Small
misalignments can produce
significant errors in final
calculations.

3. Cross-check with steam tables:
For critical applications, validate
diagram readings against standard
steam table data. The Mollier
diagram in Sl units is a map, but

steam tables provide the
surveyor's exact measurements.

. Practice regularly: Familiarity

breeds speed and accuracy. Spend
time tracing various cycles and
processes on the diagram to
develop an intuitive feel for
thermodynamic behavior.

. Combine with other charts: Use

the pressure-enthalpy (P-h)
diagram for refrigeration cycles
and the temperature-entropy (T-s)
diagram for heat transfer analysis.
Each chart offers unique
advantages.

The Future of the
Mollier Diagram
In S| Units

As engineering education evolves and
digital tools become more sophisticated
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