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INTRODUCTION TO ENGINEERING EQUATION SOLVER (EES) SOFTWARE

In the world of engineering, solving complex mathematical problems is a daily reality. Whether you
are designing a thermodynamic cycle, analyzing heat transfer in a heat exchanger, or modeling fluid
flow  in  a  piping  network,  the  equations  can  quickly  become  cumbersome  and  time-consuming  to
solve by hand. This is where specialized computational tools step in to save time and reduce errors.
Among the most respected and widely used tools in academic and professional engineering settings
is  the  Engineering  Equation  Solver  EES  Software.  Developed  by  F-Chart  Software,  EES
(pronounced "ease") is a powerful numerical equation-solving platform that combines a high-level
programming language with extensive property databases. It is particularly renowned in the fields of
mechanical,  chemical,  and aerospace engineering for handling systems of  linear and nonlinear
equations  with  remarkable  efficiency.  This  article  explores  the  core  capabilities,  practical
applications,  and  distinct  advantages  of  using  EES,  offering  a  comprehensive  guide  for  both
newcomers  and  experienced  users.

WHAT IS ENGINEERING EQUATION SOLVER EES SOFTWARE?

At its heart, Engineering Equation Solver EES Software is a numerical equation-solving program
designed  to  solve  systems  of  equations,  including  those  involving  differential  and  integral  terms.
Unlike  general-purpose  mathematical  software,  EES  comes  pre-loaded  with  high-accuracy
thermophysical  property data for hundreds of substances, such as water,  refrigerants,  air,  and
various gases. This built-in database is one of its most valuable features, as it allows engineers to
call properties like enthalpy, entropy, density, and viscosity directly within their equations using
simple function calls.
The software uses an iterative numerical method, typically Newton's method, to solve a set of
equations simultaneously. Users do not need to rearrange equations into a specific form; they can
simply type the equations in any order, and the software will solve them. This flexibility makes EES
particularly  user-friendly  for  complex  engineering  problems  where  the  relationships  between
variables  are  interdependent.  The interface is  straightforward,  featuring a  "Equations Window"
where the user inputs the problem, a "Solution Window" that displays results, and a "Plot Window"
for generating graphs. This intuitive layout allows engineers to focus on the physics of the problem
rather than the mechanics of the software.

KEY FEATURES OF EES SOFTWARE

Built-In Thermophysical Properties
The most distinguishing feature of Engineering Equation Solver EES Software  is its built-in
library of thermodynamic and transport properties. For example, to calculate the enthalpy of steam
at a given pressure and temperature, a user simply types h = Enthalpy(Steam, P=P1, T=T1).
This eliminates the need to manually look up values in steam tables or write complex property
correlation equations. The database covers a wide range of fluids including water, R-134a, R-410A,
ammonia, methane, and many common refrigerants and cryogenic fluids. This feature is invaluable
for courses in thermodynamics and for practicing engineers working on power plants, refrigeration
systems, and HVAC design.

Simultaneous Equation Solving
EES excels at solving systems of equations that are nonlinear, coupled, and highly interdependent.
The software automatically detects the number of equations and unknown variables. If the system is
underdetermined  (too  few  equations),  it  will  flag  the  user.  If  it  is  overdetermined  (too  many
equations), it will attempt to find a best fit or flag a conflict. This logical checking helps users debug
their models quickly. The solver is robust and can handle hundreds of equations without significant
slowdown, making it suitable for detailed parametric studies and optimization tasks.

Parametric Studies and Optimization
Engineers often need to see how a system performs under varying conditions. EES includes a built-in
"Parametric Table" feature that allows users to vary one or more parameters over a range and
automatically record the resulting values of other variables. This is extremely useful for sensitivity
analysis. Furthermore, the software includes an optimization tool that can minimize or maximize a
specific  variable  (such  as  efficiency  or  cost)  by  manipulating  a  set  of  decision  variables,  all  while
respecting the underlying engineering constraints defined by the equations.

Plotting and Visualization
Visualizing  data  is  crucial  for  interpreting  engineering  results.  EES  offers  comprehensive  plotting
capabilities,  allowing users to create X-Y plots,  bar charts,  and contour plots.  Users can plot
variables from the parametric table or from array-based calculations. The plotting engine is fully
customizable, with options for axis labels, legends, and regression curve fitting. This makes it easy
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to generate publication-quality graphs directly from the equation solver.

Unit Checking and Conversion
One common source of error in engineering calculations is unit inconsistency. EES includes a built-in
unit system that allows users to assign units to variables. The software will then perform a unit
check on all equations to ensure consistency. It also includes a powerful unit conversion function, so
users can input data in imperial units (e.g., psi, °F, lbm) and convert to SI units seamlessly. This
feature saves time and reduces the risk of costly mistakes.

PRACTICAL APPLICATIONS IN ENGINEERING

Thermodynamics and Power Cycles
One of the most common applications of Engineering Equation Solver EES Software is in the
analysis of thermodynamic cycles, such as Rankine cycles, Brayton cycles, and refrigeration cycles.
For example, a student or engineer can model a steam power plant by writing equations for each
component: boiler, turbine, condenser, and pump. By calling the steam property functions, the
model  can  calculate  thermal  efficiency,  work  output,  and  heat  rejection  rates.  Parametric  studies
can  then  examine  how  efficiency  changes  with  boiler  pressure  or  condenser  temperature.  Many
textbooks on thermodynamics now include EES examples, demonstrating its integration into the
curriculum.

Heat Transfer
EES is also widely used for heat transfer analysis. It can solve conduction problems in composite
walls,  fins,  and  transient  systems.  For  convective  heat  transfer,  users  can  incorporate  empirical
correlations  for  Nusselt  number  and  heat  transfer  coefficients.  The  software  is  particularly
useful  for  designing  heat  exchangers,  where  the  effectiveness-NTU  method  can  be  implemented
directly. The ability to model temperature-dependent properties is a major advantage, as the solver
can iterate until convergence is achieved.

Fluid Mechanics and Pipe Flow
In fluid mechanics, EES can solve pipe network problems involving pumps, valves, and fittings. The
Darcy-Weisbach equation,  along with  the Colebrook equation for  friction factor,  can be coded
directly. Since the Colebrook equation is implicit, solving it manually is tedious, but EES handles it
easily.  Users  can  also  model  compressible  flow  in  nozzles  and  diffusers,  including  the  effects  of
shock  waves  and  choking.  The  built-in  property  tables  for  air  and  other  gases  make  these
calculations straightforward.

HVAC and Refrigeration
For HVAC engineers, EES is an indispensable tool. It can model vapor-compression refrigeration
cycles, heat pumps, and air conditioning systems. The software's extensive refrigerant database
includes  all  common  working  fluids  used  in  modern  systems.  Engineers  can  analyze  the  effect  of
superheat,  subcooling,  and  compressor  efficiency  on  the  coefficient  of  performance  (COP).  The
parametric  table  feature  allows  for  rapid  comparison  of  different  refrigerants  under  identical
operating  conditions,  aiding  in  the  selection  of  environmentally  friendly  alternatives.

ADVANTAGES OVER GENERAL-PURPOSE SOFTWARE

While tools like MATLAB, Python (with SciPy), and Excel can also solve equations, Engineering
Equation  Solver  EES  Software  offers  several  distinct  advantages  for  engineering-specific
problems. First, the built-in property database eliminates the need to import or manually code fluid
property correlations, which can be complex and error-prone. Second, the equation-solving process
is more transparent; users can simply type equations in a natural mathematical format, such as x +
y = 5 and 2*x - y = 1, without needing to set up matrix algebra. Third, EES performs automatic
unit checking, which is a feature often lacking in general-purpose programming languages. Finally,
the  software  is  designed  with  the  engineer's  workflow  in  mind,  offering  integrated  plotting  and
parametric  analysis  in  a  single  environment.
However, it is worth noting that EES is not a replacement for more versatile programming languages
when it comes to complex data processing, machine learning, or building large-scale simulations. Its
strength lies in solving engineering equations quickly and accurately, making it an excellent tool for
design, analysis, and education.

GETTING STARTED WITH EES

Installation and Interface
To begin using Engineering Equation Solver EES Software, users can download a trial version
from the F-Chart Software website or obtain a license through their institution. The installation
process is straightforward and runs on Windows operating systems. Upon launching, the interface
presents a clean workspace with a menu bar, a tool palette, and the main equation window. The
learning curve is relatively gentle, especially for users who are familiar with basic thermodynamics
and  algebra.  Comprehensive  help  files  and  example  problem sets  are  included,  making  self-study
feasible.
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Writing Your First Script
A simple example to get started is calculating the properties of water at a given state. In the
Equations Window, you would type:

T = 100 [C]
P = 101.325 [kPa]
h = Enthalpy(Water, T=T, P=P)
s = Entropy(Water, T=T, P=P)

After  clicking  the  "Solve"  button,  the  software  quickly  returns  the  specific  enthalpy  and  entropy.
From this simple start,  users can methodically build up to complex systems of  equations that
represent entire engineering systems. The key is to remember that the order of equations does not
matter, and the solver automatically handles the iterative calculation process.

TIPS FOR EFFECTIVE USE

To  maximize  productivity  with  Engineering  Equation  Solver  EES  Software,  consider  the
following best practices:

Use comments: Precede explanatory text with a quotation mark (") to document your
calculations. This makes your work easier to review and debug.
Assign initial guesses: For nonlinear problems, providing reasonable initial guesses for key

variables can speed up convergence and prevent the solver from finding a nonsensical
solution.
Leverage the lookup tables: For data that is not in the built-in database, such as
experimental data, you can create your own lookup tables within EES.
Validate your models: Always compare EES results with known analytical solutions or
experimental data to ensure your equations are correctly formulated.
Use arrays for repetitive calculations: If you need to perform the same calculation for
multiple conditions, use array variables to keep your code clean and efficient.

CONCLUSION

Engineering Equation Solver EES Software is a specialized yet incredibly versatile tool that
bridges the gap between theoretical engineering principles and practical numerical analysis. Its
intuitive  equation-based  interface,  combined  with  comprehensive  thermophysical  property
databases and powerful solving algorithms, makes it an essential resource for students, educators,
and practicing engineers alike. Whether you are analyzing a simple Rankine cycle, designing a
complex heat exchanger network, or teaching the fundamentals of thermodynamics, EES provides
the  accuracy,  speed,  and  ease  of  use  required  to  tackle  challenging  problems  efficiently.  While  it
does not replace general-purpose programming for all computational tasks, its focused functionality
for  engineering  applications  ensures  it  will  remain  a  standard  in  the  field  for  years  to  come.  For
anyone  engaged  in  thermal  systems,  fluid  mechanics,  or  energy  conversion,  mastering  EES  is  a
worthwhile  investment  that  pays  dividends  in  productivity  and  insight.


