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General Approach to Chemical
Equilibrium

The following approach 1s used in most computer codes.

Start by minimizing the Gibbs function:

dG = =SdT +VdP + ¥ udN,; =0
J

Since T and P constant, we have

E/,Ldej =0
j
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This minimization 1s subject to the constraint that atoms are
conserved &
P = 2 nIV;

J
where p, 1s the number of k type atoms in the mixture. a
1s the number of types of atoms and »;; 1s the number of k
type atoms in j type molecules.

The equilibrium problem is solved using the method of

undetermined multipliers. Set dp;, to zero, multiply by 4,
and add to dG. Then

E(‘uf — i),knkj)de =0
] 3

For this to be satisfied, each term must be zero, so that
u; — E Ay =0
k

@ University of Colorado Boulder Copyright © 2019 University of Colorado



For a perfect gas

w,(T.P,) = g,(T.P,) = g,(T,P)+ R,T In(P, / P)

Theretore, noting » -p/p .
x; = exp(~(g,(T,P) - E)Lkn,q.) /RT
k

Plugging this into atom conservation, we get

p = Pexp(=(,(T,P)= ¥ Amy)/ RT
k

If we sum these over all species, we get

J

1= exp(~(g,(T.P)- ixknkj) /RT

These provide a+1 equations for the A, s and N,,,,.

@]1 University of Colorado Boulder Copyright © 2019 University of Colorado



In all these programs, thermodynamic data are stored as
polynomials

0
Coe _ +a,T +a,T’ +a,T +a.,T
=y Tyl vdayl, Tdygl, +ds 1,

H, =a, +@Tk +ﬂTk2 +ﬂTk3 +ﬁTk4 +&Tk5
RT, 2 3 4 5 6

i —a InT, +a, T +2c72 ¢ Qs  Ssepa |
RT 1k k 2kT k 2 k 3 k 4 k Tk

k

The polynomials are given over two temperature ranges.
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The Polynomials

species(name='C2H6',
atoms='C:2 H:6',
thermo=(NASA([300.00, 1800.00],

[-2.41778723E-01, 2.53475709E-02, -1.39645112E-05,
4.03257452E-09, -4.87754387E-13, -1.10391121E+04,
2.19572625E+01)),

NASA([1800.00, 3500.00],
[ 4.07959141E+00, 1.57445262E-02, -5.96197393E-06,

1.06867182E-09, -7.61012341E-14, -1.25948053E+04,
-1.43089411E-+001)),

transport=gas_transport(geom='nonlinear’,
diam=4.35,
well depth=247.5,
rot relax=1.5))

This 1s the format for Cantera and includes transport
coefficient information (more on that later)
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Equilibrium Software

 NASA Lewis Code(Free, Now comes with GUI)
— http://www.grc.nasa.gov/WWW/CEAWeb/

* Cantera
— https://cantera.org

« CHEMKIN ($$9)

— WWwWWw.ansys.com
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http://www.grc.nasa.gov/WWW/CEAWeb/

GLENN RESEARCH CENTER +Visit NASA

< Chemica %qnilibﬁnm_,

with Applications

- CHEMICAL EQUILIBRIUM + RELATED TOPICS

OVERVIEW
The NASA Computer program CEA (Chemical Equilibrium with Applications) calculates chemical equilibrium
compositions and properties of complex mixtures. Applications include assigned thermodynamic states,
theoretical rocket performance, Chapman-Jouguet detonations, and shock-tube parameters for incident and
reflected shocks. CEA represents the latest in a number of computer programs that have been developed at
the NASA Lewis (now Glenn) Research Center during the last 45 years. These pregrams have changed over
the years to include additional techniques. Associated with the program are independent databases with
- e transport and thermoedynamic properties of individual species. Cver 2000 species are contained in the

Chemical E(]UIllbl’Ium thermodynamic database. The program is written in ANSI standard FORTRAN by Bonnie J. McBride and
Sanford Gordon. It is in wide use by the aerodynamics and thermodynamics community, with over 2000
copies in distribution

+ ONLINE CEA! WHAT IS CEA 7
CEA is a program which calculates chemical equilibrium product concentrations from any set of reactants and

+ THERMO BUILD determines thermodynamic and transport properties for the product mixture. Built-in applications include
calculation of theoretical rocket performance, Chapman-Jouguet detenation parameters, shock tube

+ WHAT IS CEA ? parameters, and combustion properties. + Read More...
WHAT IS NEW ?

+ REQUEST FORM August 11, 2005 -- Bonnie J. McBride Remembered --
The CEA co-author, Bonnie J. McBride, passed away Thursday, August 11, 2005. She was employed by

+ CEA HISTORY NASA Glenn Research in Cleveland, CH for 48 years. Our condolences, thoughts and memories go with her
family.

March 10, 2005 -- Updated the CEAWeb Web site for OneNASA Web Portal.
OneNASA Web Portal is to unify all NASA Web sites and give them all a commen lock and feel.

May 7, 2004 -- CEAgui is available for download.
CEAgui is a Java Graphical Users Interface Application for the CEA Fortran program.

The downlead package includes the latest CEA Fortran Source code and the CEA related packages CAP,
PAC and MISC. Please complete a Reguest Form to download this package.

CEA HISTORY

In the late 1940's, a small Rocket Branch at the NACA Lewis Flight Propulsion Laberatory had responsibility
for evaluating rocket performance of varicus potential propellants. Two sections of this branch were
concerned with experimental performance while a third section was concerned with theoretical performance.
+ Read More...

/’ﬁs A oV + NASA Privacy Statement, and Accessibility @’ ﬁumtor: chﬁf%‘::;: OA:’h ?f:nMr
Certification ASA Official: :
ROV, Last Updated: 02/04/2016
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Install Tutorials Examples Community Science Documentation B8log

Cantera

L

Cantera is an open-source suite of tools for problems involving chemical
kinetics, thermodynamics, and transport processes.

Automation

Cantera automates the
chemical kinetic,
thermodynamic, and
transport calculations so
that the users can
efficiently incorporate
detailed chemical thermo-
kinetics and transport

Object-Oriented

Canterz utilizes object-
oriented concepts for
robust yet flexible phase
models, and algorithms are
generalized so that users
can explore different
phase models with minimal
changes to their

Multiple Interfaces

Cantera can be used from
Python and Matlab, orin
applications written in
C/C++ and Fortran 90.

Broad Applications

Cantera is currently used
for applications including
combustion, detonations,
electrochemical energy
conversion and storage,
fuel cells, batteries,
aqueous electrolyte
solutions, plasmas, and

models into overzll code. thin film deposition.
their calculations.
Tutorials Open Binder Examples

New? Start here! Try Cantera in your Browser! What can Cantera do?

We have a number of examples
demonstrating the use of
Cantera in some of

our interfaces.

Cantera can be used online in
Jupyter Notebooks via the
Binder service! Try it out now!

The tutorials linked below will
get you started using Cantera on
your own machine.

Python Matlab Convert

Input Files Python Matlab Jupyter
Notebook

Installing & Compiling Science Documentation

Documentation for the classes
and functions that make up
Cantera.

A description of the equations
that Cantera solves, including
equations of state, energy and
mass conservation, and
chemical kinetics.

Instructions to install pre-built
Cantera binaries or to build
Cantera from the source
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# Demo Cantera Equilibrium

import cantera as ct
import numpy as np

# Set the
gasl = ct.Solution('gri3@.xml")

# Set state
gasl.TP = 2500, 101325

# Set initial composition
gasl.X = 'CH4:1, 02:2, N2:7.52"'

# Output equilibrium state

gasl.equilibrate('TP")
gas1()
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