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What is RIOT?
• RIOT = “Range Identification & Optimization Tool”
• Software for constructing reduced chemical 

kinetic models.
• Helps put large chemical mechanisms into 

reacting-flow simulations.
• Unique feature - identifies “valid range”

– reaction conditions over which the reduced model is 
guaranteed to match the full model within a tolerance. 

• Made available on the Web through the CMCS 
Portal http://www.cmcs.org.

• Who built RIOT: Luwi Oluwole, Binita Bhattacharjee, and 
Karen Schuchardt
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Tools like RIOT are not enough to make 
Combustion Science “Cyber-Based”

• RIOT is a nice tool:
– used in HCCI engine simulations, laminar flame 

simulations
– Free, easy to access, nice interface, automated

• But…RIOT demands a lot from user:
– An accurate large “full” reaction mechanism for fuel of 

interest.
– Access to suitable reacting-flow software

• that can solve the problem of interest in reasonable time 
• that can use RIOT’s reduced models with valid ranges

– Consistent uncertainty/error analysis throughout 
• otherwise, what rationale for RIOT error tolerance?

User needs access to full capability: then combustion 
science can really become “cyber-based”.
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What an Engineer Really Wants

The Engineer 
doesn’t want to 
sponsor a team 
of PhD’s for many 
months to build
and solve each 
model! 



Which Species & Rxns Belong in Model?
Rate-Based Model Construction
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Iteratively add reactions/species until all the 
reactions leading to new species are negligible:
all minor species rates < ε·||major species rates||

See Susnow et al., J. Phys.Chem. A (1997)

Note: model structure depends on reaction conditions & rate estimates



The Model-Construction Algorithm 
Requires the Computer to…

• Identify Every Way Reactant X can react with 
other species in the model {A,B,C…}

• Estimate rate constants k(T,P) for all those 
reactions.

• Estimate the reverse rate constants, i.e. 
estimate ∆Gf(T) for every important species.

• Can look up some of the reactions, rate 
constants, and thermo, but many reactions, 
rates, thermo have never been measured.
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• Quick search
• Human-Readable 
• Easy to update
• Easy to extend (new leafs)
• ~700 current tree leafs for        
thermo group values, from 
quantum calcs & expt.

Documenting the Chemistry Details
in an Unambiguous, Extensible Way

Functional Group Tree



Functional Group Tree Database for Thermo



Functional Group Trees for Rate Estimates
Reacting group A with different kind of group B, different trees. Sometimes group C… 



0

5

10

15

20

25

30

35

0 5 10 15 20 25 30 35

Experimentally Observed Product Yield (wt %)

S
im

ul
at

ed
 P

ro
du

ct
 Y

ie
ld

 (
w

t %
)

Methane

Propylene

Ethylene

Does this really work? Are computer-generated models
accurate? Don’t you need a human touch (or tweak)?
RMG-Generated Model for n-Hexane Pyrolysis

Steam-cracking conditions
(T ~ 1000 K, P ~ 2 bar)

K. van Geem, et al. (AIChE J 2005)
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How to Solve Multidimensional Reacting Flows 
with large computer-generated chemistry models?

• The Adaptive Chemistry concept
– Chemistry depends on conditions, so…use several 

reduced chemistry models, each where it is locally-valid.

ü Method shown to speed up 
simulations (~4x in test 
cases)

ü Automated method 
developed for obtaining 
reduced models

– Appropriate reduced chemistry models selected 
from a pre-constructed library.

Challenge:
Guarantee accuracy of Adaptive 
Chemistry solution without ever 
running full chemistry problem

Often cannot solve the full set of equations on full mesh…



The Valid Range of a 
Reduced Chemistry Model

Most reduced models are only known to be valid at individual points (C,T)

CFD calculation assumes each reduced model valid over a continuous
range of conditions Φ. But just because model works at certain points
φ=(C,T) in Φ does not guarantee it works
at every point in range: non-convex!

RIOT gives reduced models
with guaranteed-valid ranges: just
right for Adaptive Chemistry!

Oluwole et al. Combust. Flame (2006)
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Sample points

Estimated valid range
includes invalid region

Model is “valid” at (C,T) where |Sreduced(C,T)-Sfull(C,T)| < tol



Controlling the reduced-model 
error in steady-state CFD

• Conservation equations:

• Want to solve full model problem to steady-state       such that 
steady state residuals                         ...but we can’t afford it

• Instead, solve Adaptive Chemistry problem (using reduced 
models) to steady-state      such that

• If we craftily set model reduction error tolerances so we are sure

|Sreduced(C,T)-Sfull(C,T)| < tol at and set δred < δfull - tol
We can guarantee that we’ll solve the full problem:
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Error Control Works As Promised
Predicted Temperature Fields for Partially Premixed CH4 Flame

Adaptive
Chemistry
With 
Error Control

Ordinary
Full-Chemistry
Solution

No need to solve
the full chemistry
equations….



A vision for Cyber-Based 
Combustion Science
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