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CEA2: current version of legacy code (released in 2002)

• robust chemical equilibrium solver with numerous applications
• Turbojet engines, rocket engines, shock wave and detonation problems
• Used widely in government, industry, and academia

• Culmination of 50+ years of development at NASA GRC

What is CEA?

CEA2022: modernized CEA, releasing this year*
• backwards-compatible, consistent re-write

Chemical Equilibrium with Applications
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What can CEA do?
Chemical equilibrium solver Rocket solver

Shock solver

• Need two fixed states: temperature & pressure (tp), 
enthalpy & pressure (hp), entropy & pressure (sp), 
temperature & volume (tv), energy & volume (uv), 
entropy & volume (sv)

• Supports over 2000 possible products, and 62 
additional reactants

• Assumes ideal gas behavior; supports condensed 
species, but assumes they take negligible volume

• Option to include ionic products
• Transport properties optionally computed
• Negative reactants*
• Inert reactants* (approximation for incomplete 

combustion)
• Derivatives for optimization*

• Infinite-area combustor (IAC) or finite-area combustor 
(FAC)

• Solves properties in chamber, throat, and exit
• Exit conditions specified by pressure or area ratios
• Computes pressure ratio/area ratio, Mach, coefficient 

of thrust, specific impulse, and vacuum specific impulse

• Solves Chapman-Jouguet detonation parameters
*new feature
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Detonation solver

• Solves conditions in a shock tube for reflected and 
incident shocks

• Uses initial Mach number or incident shock velocity



Why are we doing this update?

Code Modernization Feature Enhancement Interface Improvements

• Modern programming 
language (Fortran 2008, 
object-oriented)

• Version-control using git
• Software development 

using continuous testing
• Cross-platform build 

support (CMake)

• Run cases in parallel (thread safe solves)
• Thermodynamic and transport database 

updates
• Allow for negative reactants (e.g. water 

precipitating from the flow)
• Analytic derivatives to enable gradient-based 

optimization

• Make CEA a reusable library: 
add APIs for multiple 
programming languages

• Python, Matlab, Excel, 
Fortran, C, C++ 

• Support flow-solver 
integration (CFD)
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• Modernization: Rewrite CEA in a modern language using modern software development practices
• Enhancements: Add capability to the tool based on feedback solicited from the CEA user-community 
• Legacy: Develop new NASA engineers as experts in CEA to retain extensive knowledge at GRC



Outline

• Methodology: how CEA works, and how to use it well
• Interfaces: how to interact with CEA
• Validation examples: comparison of CEA2022 results against CEA2
• Conclusion
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Equilibrium Problem
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Equilibrium Problem
Compute equilibrium 

chemical composition, 
thermodynamic state

Results
• Temperature, 𝑇
• Total moles, 𝑛
• Species 

concentrations, 𝑛!



Equilibrium Problem
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Problem Type
HP, TP, SP, UV, TV, or SV

Reactants
• List of reactant names
• Optional (but useful): 

reactant temperatures

Reactant Weights
• Array of weight fractions
• Or: mole fractions, oxidant-to-fuel ratio, 

equivalence ratio (weight-ratio or valence), 
fuel-to-air ratio, or % fuel by weight

State Values
• Value of H, T, S, or U
• Value of pressure or 

specific volume (or density) 

Products (Optional)
• If not provided, CEA will find the set of 

possible products from the reactants
• The user may “omit” species

Equilibrium Problem
Compute equilibrium 
chemical composition, 
thermodynamic state

Results
• Temperature, 𝑇
• Total moles, 𝑛
• Species 

concentrations, 𝑛!



Equilibrium Problem Example
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Problem Type

HP

Reactants

H2, O2 @ 2,000 K

Reactant Weights

o/f ratio = 15.87336

State Values

H0 from reactants
P = 1 atm

Products (Optional)

H, H2, H2O, H2O2, HO2, O, O2, 
O3, OH, H2O(L), H2O(cr)

Equilibrium Problem

Results
• 𝑻 = 𝟑𝟏𝟖𝟏. 𝟐𝟑	𝑲
• 𝒏 =	0.0531 kg-mol/kg

• 𝒏𝒋 =

𝑯: 𝟑. 𝟓	×	𝟏𝟎#𝟑
𝑯𝟐: 𝟑. 𝟐	×	𝟏𝟎#𝟑

𝑯𝟐𝑶: 𝟐. 𝟎	×	𝟏𝟎#𝟐

𝑯𝟐𝑶𝟐: 𝟐. 𝟐	×	𝟏𝟎#𝟕

𝑯𝑶𝟐: 𝟔. 𝟔𝟒	×	𝟏𝟎#𝟔

𝑶: 𝟓. 𝟐	×	𝟏𝟎#𝟑
𝑶𝟐: 𝟏. 𝟐𝟒	×	𝟏𝟎#𝟐

𝑶𝟑: 𝟏. 𝟐𝟏	×	𝟏𝟎#𝟖

𝑶𝑯: 𝟖. 𝟕𝟓	×	𝟏𝟎#𝟑
𝑯𝟐𝑶 𝑳 : 𝟎. 𝟎
𝑯𝟐𝑶 𝒄𝒓 : 𝟎. 𝟎



How do we solve the equilibrium problem?
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<latexit sha1_base64="ncenpesJhFO8Pian1pbKiNsrArU=">AAACB3icbVDLSgMxFM34rPVVdSlIsAiuyoxIdSMU3biSivYBnbFk0rSNTTJDHkIZZufGX3HjQhG3/oI7/8ZM24W2Hkg4Oedebu4JY0aVdt1vZ25+YXFpObeSX11b39gsbG3XVWQkJjUcsUg2Q6QIo4LUNNWMNGNJEA8ZaYSDi8xvPBCpaCRu9TAmAUc9QbsUI22ldmGvB8+grwxvJ/fpXXJ1k0Kfm+whsqtdKLoldwQ4S7wJKYIJqu3Cl9+JsOFEaMyQUi3PjXWQIKkpZiTN+0aRGOEB6pGWpQJxooJktEcKD6zSgd1I2iM0HKm/OxLElRry0FZypPtq2svE/7yW0d3TIKEiNpoIPB7UNQzqCGahwA6VBGs2tARhSe1fIe4jibC20eVtCN70yrOkflTyyqXy9XGxcj6JIwd2wT44BB44ARVwCaqgBjB4BM/gFbw5T86L8+58jEvnnEnPDvgD5/MHE/GZfQ==</latexit>

g =
NSX

j

µjnj

<latexit sha1_base64="MntWVA7icBQ4SnnAz67hesCGkbk="></latexit>

NSX

j

aijnj � b�i = 0, i = 1, . . . , NE

Equilibrium is based on minimization of Gibbs’ energy: 

But, the equilibrium solution has to end with the same amount of each 
element that we stated with:

Basic assumption: 
<latexit sha1_base64="eFlNW9KVpWMEn+wvO7FIZ9QH9ts=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHKHlhsoTZySQZMju7zPQKYclfePGgiFf/xpt/4yTZg0YLGoqqbrq7glgKg6775eRWVtfWN/Kbha3tnd294v5B00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn5rUeujYhUHScx90M6VGIgGEUrPdSaV6qXDqf39V6x5JbdOchf4mWkBBlqveJntx+xJOQKmaTGdDw3Rj+lGgWTfFroJobHlI3pkHcsVTTkxk/nF0/JiVX6ZBBpWwrJXP05kdLQmEkY2M6Q4sgsezPxP6+T4ODST4WKE+SKLRYNEkkwIrP3SV9ozlBOLKFMC3srYSOqKUMbUsGG4C2//Jc0z8pepVy5Oy9Vr7M48nAEx3AKHlxAFW6hBg1goOAJXuDVMc6z8+a8L1pzTjZzCL/gfHwDLvuQng==</latexit>

PV = ngRT



How do we solve the equilibrium problem?
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<latexit sha1_base64="fZzfV+xbXaGOO7bCFhEih+kSvTY=">AAACY3icfZHLSgMxFIYzo9baqh2rOxGCRaigZUakuhGqblxWsRdoS8mkmTY0cyHJiHWYl3Tnzo3vYaY3tVUPBL7855zk5I8dMCqkab5p+srqWmo9vZHJbm5t54ydfF34Icekhn3m86aNBGHUIzVJJSPNgBPk2ow07OFtkm88ES6o7z3KUUA6Lup71KEYSSV1jZe2i+TAdqKHuDjD5/gEzjiMj+HVfHf9Z9EXwtO57vx3ptk1CmbJHAdcBmsKBTCNatd4bfd8HLrEk5ghIVqWGchOhLikmJE40w4FCRAeoj5pKfSQS0QnGnsUwyOl9KDjc7U8Ccfq944IuUKMXFtVJmOKxVwi/pZrhdK57ETUC0JJPDy5yAkZlD5MDIc9ygmWbKQAYU7VrBAPEEdYqm/JKBOsxScvQ/2sZJVL5fvzQuVmakca7INDUAQWuAAVcAeqoAYweNdSWk4ztA89q+f1vUmprk17dsGP0A8+AScZt+A=</latexit>

R(x,u) = A(x,u)u� f(x,u) = 0

<latexit sha1_base64="etIsmhAZDWkVIlHChkDIstgTBn4="></latexit>

L = g +
NSX

i

�i (bi � b�i )

�L = 0

Constrained minimization problem → form a Lagrangian:

Expand the previous equation to form a nonlinear matrix system of equations:

Use a Newton-method solver with a damped update to converge the solution



How do we solve the equilibrium problem?
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<latexit sha1_base64="GLmi+ed3EWnG9M9rGz7bifMkOh4="></latexit>

n = [n1, . . . , nj ]
T

n

T

An initial guess is required the the iterative solution procedure:

Solution variables:

• Species concentrations:

• Total mixture moles:

• Mixture temperature: 

<latexit sha1_base64="kMuJHkWIxJzLrfwxao9PfQ+yZlc="></latexit>

n =


0.1

NS
, . . . ,

0.1

NS

�T
kg-mol/kg

n = 0.1 kg-mol/kg

T = 3800 K



Iteration Procedure
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Use a Newton-method solver with a damped update to converge the solution

Solution update variables:
<latexit sha1_base64="lSFLR60RRL0iF248Yx7Cq3oIAcw="></latexit>

� ln(nj), j = 1, . . . , NG

�nj , j = NG+ 1, . . . , NS

� ln(n)

� ln(T )

1) Change in log of gas species concentrations

2) Change in condensed species concentrations

3) Change in log-moles

4) Change in log-temperature

Example update:
<latexit sha1_base64="cezJJlVQJffBll4kt2Fi3b/Dahw="></latexit>

ln(nj)
k+1 = ln(nj)

k + �(� ln(nj)), j = 1, . . . , NG

Damped update factor

Typically: Damped update 
factor 𝜆 is initially < 1 for early 
iterations, and equal to 1 when 
the solution is close to 
convergence



Iteration Procedure
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Note: internally, ln(𝑛") and 𝑛" are stored separately
• Seems redundant, but:
• Threshold is applied for species with ln 𝑛" < ln 10#$  → 𝑛" = 0
• ln 𝑛"  is continually updated, so that 𝑛" can come in and out of the 

solution without loss of information from previous
• Default threshold of ln 10#$ = −18.420681 can be controlled using the 

”trace” variable

default



Convergence Criteria
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Converge is based on the relative size of the update variables
• If updates are sufficiently small for all variables, we have reached an 

equilibrium point, and the residual equation is satisfied
• Test for each of:
• Gas species concentrations: 𝑛9, 	𝑗 = 1,… ,𝑁𝐺
• Condensed species concentrations: 𝑛9, 	𝑗 = 𝑁𝐺 + 1,… ,𝑁𝑆
• Total moles: 𝑛
• Temperature: 𝑇
• Element balance: 𝑏:, 	𝑖 = 1,… ,𝑁𝐸
• Entropy: 𝑠
• Modified Lagrange multipliers: 𝜋:, 	 𝑖, … , 𝑁𝐸	



Next: special cases
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• Condensed species
• Ionized species
• Negative reactant amounts
• Inert species



Condensed Species
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Inclusion of condensed species violates the ideal gas assumption
* This assumption is okay as long as condensed species only take up a negligible volume

Solution procedure:
1. Start with no condensed species in the initial guess
2. Compute equilibrium with only gas phase species
3. After convergence, test if adding any condensed species lowers the Gibbs energy
4. If any meet the criteria, add the species that lowers the Gibbs energy the most, and 

converge the system again
5. Repeat 3 and 4 until final convergence

+ Additional considerations for handling phase change, or multiple phases of the same species



Ionized Species
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<latexit sha1_base64="IVsNZdXZ20SDUwLvI2gLWdVa+vE=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBYhV2RaBMIWmglEcwDknWZnUySSWZml5lZISxb2vgrNhaK2PoJdv6Nk2QLTTxw4XDOvdx7TxAxqrTjfFsLi0vLK6u5tfz6xubWtr2zW1dhLDGp4ZCFshkgRRgVpKapZqQZSYJ4wEgjGF6O/cYDkYqG4k6PIuJx1BO0SzHSRvLtg7aKuZ8Mym56n9xcpRD5CRmkwkgpLEPHtwtO0ZkAzhM3IwWQoerbX+1OiGNOhMYMKdVynUh7CZKaYkbSfDtWJEJ4iHqkZahAnCgvmTySwiOjdGA3lKaEhhP190SCuFIjHphOjnRfzXpj8T+vFevuuZdQEcWaCDxd1I0Z1CEcpwI7VBKs2cgQhCU1t0LcRxJhbbLLmxDc2ZfnSf2k6JaKpdvTQuUiiyMH9sEhOAYuOAMVcA2qoAYweATP4BW8WU/Wi/VufUxbF6xsZg/8gfX5A9nhmTo=</latexit>

NGX

j=1

aejnj = 0

CEA supports the use of ionized species

This adds an additional constraint to the problem, such that the charge-
balance equation is satisfied:

Charge-balance for species 𝑗



Negative Reactant Amounts
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CEA2022 allows reactants to be specified with negative amounts

* This is a non-equilibrium analysis, so be extra careful interpreting results 
when using this feature

This affects:
1.  The element-balance constraint
2. The fixed-value of 𝐻∘, 𝑆∘, or 𝑈∘ (in cases where the reactant mixture is used 

to compute those values)

Example: water precipitating from a flow



Inert Species
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CEA2022 allows reactants to be specified as inert

• This allows the user to specify a fixed-
quantity of a species to persist in the 
product mixture 
• Example: retain some amount of fuel 

to model incomplete combustion
• Only supported for certain 

hydrocarbons

InertC10H8,naph InertCH4 

InertO2 InertH2(L) 

InertJP-5 InertJet-A(g) 

InertC2H4 InertH 

InertAir InertJP-10(L) 

InertJet-A(L) InertO2(L) 

InertH2 InertRP-1

InertJP-10(g) InertO

InertJP-4 

* This is a non-equilibrium analysis, so be extra careful interpreting results 
when using this feature



Thermodynamic Properties
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<latexit sha1_base64="mKzWiX6r37uofQgRm2hkFQF58AY="></latexit>

Cp

R
= a1T

�2 + a2T
�1 + a3 + a4T + a5T

2 + a6T
3 + a7T

4

Compute 
<!
= , >=?, and @= using piecewise polynomial curve fit data

• 2,012 product species currently supported, with an additional 62 reactants
• For gaseous species, curve fits are done in the intervals: 
• [200, 600] K
• [600, 1000] K
• [1000, 6000] K
• [6000, 20000] K

• Condensed species are unique to each species

Example:



Thermodynamic Properties
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New species added for CEA2022:
• Ammonium DiNitramide (ADN) 
• LMP-103S 
• HydroxylAmmonium Nitrate (HAN) 
• AF-M315E, a.k.a., ASCENT 
• n-Butanol 
• Biodiesel 

Sustainable Aviation Fuel (SAF)

Green propellants



Thermodynamic Properties
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𝑐A ≔
𝜕ℎ
𝜕𝑇 B

ℎ =6𝑛9ℎ9

𝜕ℎ
𝜕𝑇 B

	= 6 𝑛9
𝜕ℎ9
𝜕𝑇

+
𝜕𝑛9
𝜕𝑇

ℎ9

”frozen” heat capacity ”reaction” heat capacity

= 𝑛! 𝑐",!
This comes from 

CEA curve fit data

This term is 
included in the 

Jacobian matrix



Transport Properties
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<latexit sha1_base64="BFsI02knsb4WlHT7moLr05QVNrw="></latexit>(
ln ⌘

ln�
= A lnT +

B

T
+

C

T 2
+D

CEA can optionally compute mixture transport properties

Uses curve fits with least-squares coefficients to compute:

• Viscosity, 𝜂

• Thermal conductivity, 𝜆

• Transport properties are only computed for gaseous species
• A binary interaction parameter 𝜂("  is included for some pairs of species
• Prandtl number is also computed 



The frozen (“fr”) and reaction (“re”) terms sum to equilibrium (“eq”) value:

Frozen vs. Equilibrium Transport Properties
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<latexit sha1_base64="yNdpzdY2mJJKaQTOANWxXYg6nZE=">AAACKHicbZDJSgNBEIZ74hbjFvXopTEIghBmRKIXMejFYwSzQBJCT6cmadKz2F0jhmEex4uv4kVEkVx9EjvLQRN/aPj5qorq+t1ICo22PbIyS8srq2vZ9dzG5tb2Tn53r6bDWHGo8lCGquEyDVIEUEWBEhqRAua7Euru4GZcrz+C0iIM7nEYQdtnvUB4gjM0qJO/aknT3GWdpIXwhAk8pCm9pHPUU4aezFMFadrJF+yiPRFdNM7MFMhMlU7+vdUNeexDgFwyrZuOHWE7YQoFl5DmWrGGiPEB60HT2ID5oNvJ5NCUHhnSpV6ozAuQTujviYT5Wg9913T6DPt6vjaG/9WaMXoX7UQEUYwQ8OkiL5YUQzpOjXaFAo5yaAzjSpi/Ut5ninE02eZMCM78yYumdlp0SsXS3VmhfD2LI0sOyCE5Jg45J2VySyqkSjh5Jq/kg3xaL9ab9WWNpq0ZazazT/7I+v4BgXmoIA==</latexit>

�eq = �fr + �re

Thermal conductivity, specific heat, and Prandtl number each have “frozen” and 
“reaction” contributions



Rocket Analysis
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CEA can analyze rocket performance 
• Can assume either an infinite-area combustor (IAC) or a finite-area combustor (FAC)

Inputs:
• Reactants
• Chamber pressure
• Exit parameters: 

• Chamber pressure to exit pressure ratio, 
𝑃$/𝑃%

• Or, exit area to throat area ratio, 𝐴%/𝐴&
• FAC:

• Contraction ratio, 𝐴$/𝐴&
• Or, mass flow rate per chamber area, 

𝑚̇/𝐴$

• Converge each station in order of: 
combustor, throat, and exit

• Equilibrium module is called at each 
station by default, unless “frozen” mode 
is used

• Frozen analysis: compute equilibrium 
mixture up until the frozen station; after 
that, the composition is fixed



Shock Problems
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CEA can solve shock tube problems for both incident and reflected shocks

Inputs:
• Reactants
• Un-shocked pressure and temperature
• Incident shock velocity, or Mach number



Detonation Problems
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CEA can compute parameters for Chapman-Jouguet detonation problems

Inputs:
• Reactants
• Initial temperature and pressure
• Detonation velocity, or Mach number



Software Development Summary
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Version control: 
• Using git distributed version control system
• NASA GitHub for automated testing, collaboration, issue tracking, release management

Language: Fortran 2008 (compatible subset)
• Performance: native execution, performant multi-dimensional arrays, highly optimized compilers
• Legacy CEA Compatibility: simplifies migration, test, modernization of legacy algorithms
• Software Architecture: object-oriented programming, polymorphism
• Widely available: GNU v5+ (2015), Intel 16.0+ (2015), PGI/NVIDIA 19.4+ (2019)

Testing: 
• Concurrent development of unit tests exercising software at subroutine level

• Run every time the code is compiled to make sure no bugs or unexpected behavior is introduced
• Enables rapid verification of builds on new platform/compilers; rapid code refactoring



Software Development Summary
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Thread-safe solves: 
• All solve functions are thread-safe to allow running problems in parallel

Subroutine interface:
• CEA2022 emphasizes the use of a subroutine interface, whereas CEA2 was 

restricted to text file input/output
• Allows CEA2022 to be called more easily by other programs, for example, 

integration within a CFD solver
• Serves as the base API to allow interfaces in other programming languages



Software Interface Approach
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Fortran

C

Python

Matlab

Excel

• Support calling CEA from other software via “subroutine 
interface” or “application programming interface” (API)
• Want this support across a range of low-level 

(Fortran/C/C++) and interpreted (Python, MatLab) 
languages

• Strategy: “Hour Glass” design pattern, where standard C is 
used to define an API accessible in multiple languages.
• Fortran 2003/2008 provides facilities for portable C interop
• All target languages have ability to load/call C libraries

The legacy “.inp” is still an option!



C Interface
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Fortran

C

Python

Matlab

Excel

• Designed C-language API as foundation for multi-
language support
• Supports concurrent multi-solver, multi-solution use 

cases (CFD solvers)
• Supports shared-memory parallel solves

• C API core uses Fortran 2008 interop features
• Demonstrated CEA object allocation / use / 

deallocation from C
• Demonstrated calling CEA library routines from C
• Demonstrated passing character strings, arrays, etc. C 

ó Fortran



Python Interface
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Fortran

C

Python

Matlab

Excel

• Python wraps the C level interface using 
Cython
• Python interface builds using CMake



Python Interface
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Fortran

C

Python

Matlab

Excel



Python Interface
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Matlab Interface
• First: linking with “C” library, but the Matlab 

supported compilers and capability were more 
limited than I expected
• Solution: call the CEA Python library from Matlab 

instead
• Matlab calls Python directly → easier build, and 

only need to support/maintain one interface 
(Python)

• Matlab’s Python interface does not support creating 
object instances using instances of other objects
• This breaks the expected CEA API, down to the Fortran 

level, so we create a separate CEA-Python wrapper just 
for Matlab
• E.g. “import cea_matlab”, not “import cea”

37

Fortran

C

Python

Matlab

Excel
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Equilibrium Problem Validation Example

CEA2 CEA2022 Relative Error (%)
𝑇 2418.5382574474097 2418.5384473019085 7.85	×	10!"

ln(𝑛#): (HCOOH)2 -52.374890133250204 -52.374888695317857 2.75	×	10!$

ln(𝑛#): Ar -8.0940265640663025 -8.0940265628475903 1.51	×	10!"

ln(𝑛#): C -42.957051147438705 -42.957047510708030 8.47	×	10!"

ln(𝑛#): CO -9.7591561204275976 -9.7591554029655168 7.35	×	10!"

From RP-1311 Example 4 (UV problem)
• 𝜌 = 14.428 kg/m3 
• 𝑢/𝑅 = −45.1343 (kg-mol)(K)/kg
• o/f = 17
• Oxidant: Air @ 700 K
• Fuel: 60% C7H8(L), 40% C8H19(L) @ 298.15 K

39



Rocket Problem Validation Example
From RP-1311 Example 8 (IAC problem)
• Oxidant: O2(L) @ 90.17 K
• Fuel: H2(L) @ 20.27 K
• o/f = 5.55157

Station Variable CEA2 CEA2022 Relative Error (%)
Combustor 𝑇 3383.8446259451043 3383.8446259451043 0.0
Combustor ln(𝑛#): H2 -3.7643107135196541 -3.7643107135196558 4.72	×	10!%&

Throat 𝑇 3185.6731730807096 3185.6335035883212 1.25	×	10!'

Throat ln(𝑛#): H2 -3.7758918668469459 -3.7758938050310880 5.13	×	10!(

Exit (pi/pe) 𝑇 2567.3401804441942 2567.3411236822476 3.67	×	10!(

Exit (pi/pe) ln(𝑛#): H2 -3.7880413204534467 -3.7880413298752891 2.49	×	10!)

40



Shock Problem Validation Example
From RP-1311 Example 7
• 0.05 moles H2 and O2 + 0.9 moles Ar @ 300 K
• P = 0.1 bar
• u1 = 1,400 m/s 

Type Variable CEA2 CEA2022 Relative Error (%)
Incident 𝑇 (K) 2268.1839840465000 2268.4047056277263 9.30	×	10!(

Incident 𝑃 (bar) 1.9235852279853596 1.9237641552369096 9.73	×	10!(

Incident ln(𝑛#): HO2 -17.223079678243373 -17.222396748742256 3.97	×	10!(

Incident ln(𝑛#): OH -9.6259080229365601 -9.6251244117341326 8.14	×	10!(

Reflected 𝑇 (K) 3253.2881222920269 3254.3115063133464 3.15	×	10!&

Reflected 𝑃 (bar) 6.8857588009600743 6.8863847357399406 9.09	×	10!(

Reflected ln(𝑛#): HO2 -15.149034932828400 -15.148447374699135 3.88	×	10!(

Reflected ln(𝑛#): OH -7.6811535944113283 -7.6801166285479265 1.35	×	10!&
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Detonation Problem Validation Example
From RP-1311 Example 6
• Oxidant: O2 @ 298.15 K
• Fuel: H2 @ 298.15 K
• 𝑟 = 1

CEA2 CEA2022 Relative Error (%)
𝑇 (K) 3674.2808311051022 3674.2778635982045 8.08	×	10!)

𝑃 (bar) 18.768446693571065 18.768459579609036 6.87	×	10!)

ln(𝑛#): H2 -4.4936123449492360 -4.4936124180425319 1.63	×	10!$

ln(𝑛#): H2O2 -13.491896007609208 -13.491896098472500 6.73	×	10!*

ln(𝑛#): OH -4.6300836293723897 -4.6300839021590434 5.89	×	10!$
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Conclusion

• Modernization of CEA: replicate existing capability of CEA2, with 
added features and improved interface options
• Added species to thermodynamic database for green propellants and 

sustainable aviation fuels
• Supports thread-safe solves to allow runs in parallel
• Added support for inert, and negative reactants
• Results have been validated against CEA2 for each application type
• Sustain CEA with ongoing improvement and fixes based on user-feedback

• Plan is to release open-source soon, targeting by the end of the 
calendar year
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Future Work

Immediate priorities:
• Finish Excel interface
• Finish analytic derivatives
• Improve testing
• Integration tests
• Add tests for each interface

44

Near term:
• Add useful outputs for non-

equilibrium sanity checks
• Example: % volume occupied by 

condensed species
• Integration with other tools, e.g. 

NPSS
• Algorithm improvements
• Improved initial guess
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Thermodynamic Properties
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