
AFRL-AFOSR-VA-TR-2019-0183

Diagnostics of strongly turbulent premixed flames based on direct numerical simulations

Tianfeng Lu
UNIVERSITY OF CONNECTICUT

Final Report
05/31/2019

DISTRIBUTION A: Distribution approved for public release.

AF Office Of Scientific Research (AFOSR)/ RTA1
Arlington, Virginia 22203

Air Force Research Laboratory

Air Force Materiel Command



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and 
completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to Department of Defense, 
Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any 
other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO 
THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 
29-03-2019 

2. REPORT TYPE 
Final Report 

3. DATES COVERED (From - To) 
30-09-2018 - 29-03-2019 

4. TITLE AND SUBTITLE 
Diagnostics of Strongly Turbulent Premixed Flames based on Direct Numerical Simulations 

Sa. CONTRACT NUMBER 

Sb. GRANT NUMBER 
FA9550-15-1-0496 
Sc. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 
Tianfeng Lu, Xinyu Zhao, Hemanth Kolla, Jacqueline H. Chen 

Sd. PROJECT NUMBER 

Se. TASK NUMBER 

Sf. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 
Center for Clean Energy Engineering, 
University of Connecticut, Storrs, CT 06269-3139 

Combustion Research Facility, 
Sandia National Laboratories, Livermore, CA 94550 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
AFOSR/JA (703) 696-9500 
875 NORTH RANDOLPH STREET 
SUITE 325, ROOM 3112 
ARLINGTON VA 22203 

10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION / AVAILABILITY STATEMENT 
 
Approved for public release; distribution is unlimited 
13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
The objective of the proposed research is to understand the structure and propagation mechanisms of strongly turbulent premixed 
flames relevant to high speed propulsion applications. The objective is achieved through computational diagnostics of limit flame 
phenomena, including local ignition and extinction, and other critical flame features, such as premixed reaction fronts and the 
associated propagation speed, by using the chemical explosive mode analysis (CEMA) on turbulent flames simulated with direct 
numerical simulations (DNS). Progress has been made in the following tasks during the reporting period (no cost extension): 1) 
Developed and validated the deeply reduced kinetic model for JP10 specific to extinction problems based on HyChem, 2) 
Systematic generation and solution of reactor network models (RNM) based on computational fluid dynamics (CFD) results, 
and 3) Investigation of chemical kinetic uncertainties propagating in turbulent flames based on 2-D DNS. 

1S. SUBJECT TERMS 
chemical explosive mode analysis; computational diagnostics; direct numerical simulation; fuel cracking; reduced mechanism; jet fuels 
16. SECURITY CLASSIFICATION OF: 17. LIMITATION 

OF ABSTRACT 

UL 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 

a. REPORT 
Unclassified 

b. ABSTRACT 
Unclassified 

c. THIS PAGE 
Unclassified 

19b. TELEPHONE NUMBER (include area 
code) 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 





φ

2.1 RNM generation and solvation for Sandia Flame D 







φ




	DTIC Title Page - 
	FA9550-15-1-0496_SF298
	FA9550-15-1-0496_Final_Report

