
1Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/

Larry A. Rahn
rahn@sandia.gov

Combustion Research Facility, Sandia National Laboratories

Overview of Collaboratory for Multi-scale 
Chemical Science (CMCS)

National Collaboratory Program

CMCS Partner Institutions

10th 
International 
Workshop
on Premixed 
Turbulent 
Flames
August 12- 13, 2006
Hotel Mainzer Hof
Mainz,Germany



2Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/

Collaboratory for Multi-scale 
Chemical Science

A collaboration of 9 national labs and 
universities initiated in 2001

Chemical scientists spanning the scales from 
electronic structure of molecules to 
simulations of reacting flow
Computer and information scientists expert in 
emerging web-based technologies

Funded by DOE/SC MICS office
Part of the National Collaboratory Program
Pilot project in DOE combustion research
Three year project, renewed in 2004 to 2006

Target Chemical Science Community 
and BES SciDAC projects
Broader, longer term goal to pilot 
concepts, software for Knowledge Grids
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Multi-disciplinary CMCS Team

SAM
National Collaboratory Program

SNL - Larry Rahn*, Christine Yang, Carmen Pancerella, 
Wendy Doyle, Michael Chen, Jan Nobel

LANL- David Montoya*, Lili Xu
MIT - William H. Green, Jr.*, Luwi Oluwole, Jing Song
UCB - Michael Frenklach*, Zoran Djurisic
LLNL- William Pitz*
ANL - Branko Ruscic*, Al Wagner, Reinhardt Pinzon,

Gregor von Laszewski, Deepti Kodeboyian
NCSA- James D. Myers*
NIST- Thomas C. Allison*
PNL - Brett Didier*, Karen Schuchardt, Todd 

Elsethagen, Jun Li, Lisong Sun, Vidhya
Gurumoorthi, Jared Chase

*denotes Institutional Point of Contact

CMCS Development Partnerships
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Challenge:  Multi-scale science 
takes too long
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Challenge:  Multi-scale science 
sometimes does not happen
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Data and meta-data are not 
easily available

Incompatible data formats 
thwart information exchange

Data is validated and 
annotated in post-

publication processes

Multi-scale 
information is 
complex and 
its pedigree 

matters

Propagation of data pedigree 
across scales is difficult - error 
bars, methods, dependencies,…
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Applications like RIOT are enabled 
by CMCS infrastructure

Shared Data Repository

Grid Fabric

SAM

application-
code 

wrapping 
web service

RIOT 
mechanism 
reduction 

application
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API
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Browser

Translation-
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Java 
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Services
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RIOT  @mit.edu

CMCS Portal 
@cmcs.org

@ca.sandia.gov
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CMCS integrates infrastructure and 
science in a systems approach
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Shared repository & tools enable 
timely & new multiscale science
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Enabling rapid formation of collaborations 
sharing validated data across scales to 
speed and improve science…

Integrates collaboration and data sharing 
tools into a Web-based Data Portal
Enables interoperability with new XML, 
annotation, and metadata standards and 
technology

Facilitating new science with ‘systems 
approach’ to developing and using multi-
scale data…

Enables direct interaction with Web-store, 
Portal-based GUI’s, pedigree tracking
Data accessibility and ‘Weak links’ in 
systems approach drive new science

Pilot communities are exploring ‘systems 
approach’ to multi-scale science, curating
data for publication, and testing new ideas.

CMCS-Enabled Science Demonstrates 
that a ‘New Paradigm’ is Within Reach
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CMCS Production Data Portal is 
Serving Pilot Groups

CMCS Data Portal 
Capabilities
Collaboration
Data/metadata 
management
Annotation
Translation
Visualization
Notification
Application 
integration via 
web services & 
API 
Search
Security

The data portal user inter-face as it appears in a web browser.  The 
lower box shows the pop-up visualization of the pedigree and other 
data relationships for a particular data object resulting from a search.
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CMCS & ATcT are already changing the 
way thermochemical science is done

The recent revision of the enthalpy 
of formation of hydroxyl (OH) has 
been confirmed and its uncertainty 
reduced by a factor of ~6.5.
B. Ruscic, A. F. Wagner, L. B. Harding, R. L. Asher, D. Feller, D. A. Dixon, K. 
A. Peterson, Y. Song, X. Qian, C.-Y. Ng, J. Liu, W. Chen, and D. W. 
Schwenke, J. Phys. Chem. A. 106, 2727 (2002)
B. Ruscic, R. E. Pinzon, M. L. Morton, G. von Laszevski, S. Bittner, S. G. 
Nijsure, K. A. Amin, M. Minkoff, and A. F. Wagner,  J. Phys. Chem. A. 108, 
9979 (2004).

ATcT systems approach motivated 
new experiments by C.-Y. Ng, UC 
Davis that are improving N atom 
thermochemistry by >10.

ATcT currently includes >2500 
annotated scientific results. CMCS 
will facilitate publication and 
enable community participation in 
this database.

The Core (Argonne) Thermochemical Network, 
(C(A)TN) is the primary TN that enables ATcT. It 
includes >2500 results relating >500 species.
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HCCI Engine Simulation:
Example of Multi-scale Science

Detailed kinetics
Bill Pitz, LLNL

application integration - Karen Schuchardt, PNNL

HCCI CFD simulations
Magnus Sjoberg, SNL

RIOT model reduction
Luwi Oluwole, MIT

The HCCI group is a cross-disciplinary team that is bringing detailed chemical 
kinetic models into improved simulations of ignition and pollutant formation in a 
Homogeneous Charge Ignition (HCCI) engine.

Sharing of detailed kinetic models for fuels led by Bill Pitz using CMCS

Range Identification and Optimization Tool (RIOT) for automates reduction of 
kinetic mechanisms to accurate sub-models needed to speed-up multi-zone 
calculation of combustion in HCCI engines. 

B. Bhattacharjee, P. Lemonidis, W.H. Green, and P.I. Barton, “Global Solution of Semi-Infinite Programs”, Math. Program. Ser. A (2005, in press). 

O.O. Oluwole and W.H. Green, “Rigorous Error Control in Reacting Flow Simulations Using Reduced Chemistry Models”, Computational Fluid and 
Solid Mechanics: Proceedings of the Third MIT Conference on Computational Fluid and Solid Mechanics, ed. by K.J. Bathe (Elsevier, 2005, in 
press).
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Other CMCS Chemical Science 
Communities 

Feature Tracking for CRF-led direct numerical simulations of 
combustion

Wendy Koegler collaborating with Habib Najm, Jackie Chen, Dave Leahy

Premixed combustion community data – with Robert Cheng, LBNL
Process Informatics Model (PrIMe) establishing the NIST/PrIMe Data 
Warehouse and building tools for dynamic model provision

Led by Michael Frenklach, UC Berkeley
Data Warehouse will launch with GRI-Mech Methane Mechanism, NIST 
Kinetics Database, and Leeds Methane Oxidation Mechanism

Real Fuels research at NIST
Publish data from low-pressure flame at ALS – Nils Hansen, CRF
Publish quantum chemistry basis function data – led by PNNL
CMCS collaborations with four NSF proposed chemical science 
cyberinfrastructure facilities – Purdue, Penn State, PrIMe, U. Wiscon.
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Feature Tracking in Direct 
Numerical Simulations

Accomplishments
FDTOOLs modular framework

Auto generation of feature graphs 

Feature XML Schema (v0.1)

Autoignition feature data on CMCS DAV

Issues
Found that further development required 
direct integration with simulation code 
framework

Wendy moved to a new position

Future
Integrated with Ultra-scale computing 
vision in SciDAC2 proposals-

Parallelize framework

Mobile code for very large data

Integration with collaborative viz and 
steering of DNS simulations‘Feature Graph’ of feature history and feature interactions. 

Evolution of hydroperoxy, HO2 , features at
differentfractions of autoignition induction time. 

Wendy Koegler, working with Jackie Chen and 
Habib Najm at CRF
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Reacting Flow Data at CRF

International Consortium for Synchrotron 
Photoionization Mass Spectrometry (PIM) for 
Investigation of Combustion Chemistry

International team taking data at chemistry 
beam line at LBL Advanced Light Source
Focus is on converting data to XML, adding 
metadata, sharing data and analysis tools, and 
publishing data and models for others to use.
Embarking on V2 schema, and prototype data 
publication

International Workshop on the Measurement 
and Computation of Turbulent Nonpremixed 
Flames

About 80 scientists meeting bi-annually to 
compare experiments and models
Initial CMCS focus begining with current 
zipped archival data available on web
Plan to move to new, larger and more complex 
data, and include modeling results

International Workshop 
on the Measurement 
and Computation of 
Turbulent Nonpremixed 
Flames
http://www.ca.sandia.go
v/TNF/
Contact – Rob Barlow

Synchrotron Photoionization Mass 
Spectrometry for Investigation of 
Combustion Chemistry     
Contact – Nils Hansen

http://www.ca.sandia.gov/TNF/
http://www.ca.sandia.gov/TNF/
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Burner Scan: 
Mass Spectrum and Concentration Profiles

Ethene flame Φ = 1.9
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PIM Low-Pressure Flame Data
Progress

Java framework for data conversion of 
about 15 flame experiments so far
Entering metadata from lab notebooks
Translations for visualizing data and 
models

Issues
V2 schema required to incorporate add’l
metadata and facilitate publication
Incorporation of models from others, 
analysis tools, maintaining links when 
data is reorganized
Data publication links for all institutions, 
coupling to groups like PrIMe
Support (tools, people, standards) for 
data curation

Future
Enable and document data analysis 
workflow
Annotation of data as more models are 
developed

Rapid Data Conversion and Publishing
Raw Data

(Plain Text)

Formatted XML 
Data

(Offline)

Formatted XML 
Data

(Online)

Graphic 
Data View

Tabular 
Data View

Java
Converters

Upload
to CMCS

Plot XSL
Transform

Plot XSL
Transform

Collaborators

Collaborators

Collaborators

Plot translation allows visualization of 
experimental data and model results
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Evolution of CMCS Project 
Organization
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Infrastructure Working Group

Application Working Group
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Lead
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Lead
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Chief Technology Officer        Chief Integration Officer



20Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/



21Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/



22Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/



23Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/



24Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/



25Aug 12, 2006 Rahn, International Workshop on Premixed Turbulent flames http://cmcs.org/


	Collaboratory for Multi-scale Chemical Science
	Multi-disciplinary CMCS Team
	Challenge:  Multi-scale science takes too long
	Challenge:  Multi-scale science sometimes does not happen
	Applications like RIOT are enabled by CMCS infrastructure
	Shared repository & tools enable timely & new multiscale science
	CMCS & ATcT are already changing the way thermochemical science is done
	HCCI Engine Simulation:�Example of Multi-scale Science
	Other CMCS Chemical Science Communities 	
	Feature Tracking in Direct Numerical Simulations
	Reacting Flow Data at CRF
	Burner Scan: �Mass Spectrum and Concentration Profiles
	PIM Low-Pressure Flame Data
	Evolution of CMCS Project Organization
	Collaboratory for Multi-scale Chemical Science
	Multi-disciplinary CMCS Team
	Challenge:  Multi-scale science takes too long
	Challenge:  Multi-scale science sometimes does not happen
	Applications like RIOT are enabled by CMCS infrastructure
	Shared repository & tools enable timely & new multiscale science
	CMCS & ATcT are already changing the way thermochemical science is done
	HCCI Engine Simulation:�Example of Multi-scale Science
	Other CMCS Chemical Science Communities 	
	Feature Tracking in Direct Numerical Simulations
	Reacting Flow Data at CRF
	Burner Scan: �Mass Spectrum and Concentration Profiles
	PIM Low-Pressure Flame Data
	Evolution of CMCS Project Organization

