NASA-CR=-2021717

FINAL TECHNICAL REPORT
NASA MICROGRAVITY COMBUSTION RESEARCH PROGRAM

NASA LEWIS RESEARCH CENTER

RESEARCH CONTRACT: “An Experimental and Theoretical Study of Radiative Extinction of
Diffusion Flames™.
CONTRACT MONITOR: K. Sacksteder (Technical Officer)

PRINCIPAL INVESTIGATOR(S): A. Atreya
1.S. Wichman*

= This final report details only the work of investigator and his students.

PERIOD COVERED: Duration of contract, 1991-1994.

GRANT NUMBER: NAG3-1271

Indrek S. Wichman
Department of Mechanical Engineering
Michigan State University
East Lansing, M1 48824-1226
wichman@me.msu.edu



The essence of our research on this contract is contained in the attached Ph.D. thesis. Our work
was primarily theoretical and numerical. We investigated firstly the simplified modeling of heat
losses in diffusion flames, then we “ramped up” the level of complexity in each successive study
until the final chapter discussed the general problem of soot/flame interaction.

With regard to the specific objective of studying radiative extinction, we conclude that in the
steady case a self-extinguishing zero-g flame is unlikely to occur. The soot volume fractions are
too small: it seems unlikely that the steady flame will generate sufficiently copious soot or other
particulates to self-extinguish. On the other hand, our work does provide rational means for
assessing the mixture of chemical energy release and radiative heat release. It also provides clues
for suitably “tailoring” this balance. Thus, heat fluxes to surrounding surfaces can be substantially
increased by exploiting and modify its sooting capability.

We believe that this work is the first serious attempt to synthesize soot radiating losses into
combustion calculations. With all due respect to G. Faeth, J. Gore, Moss and colleagues,
Ezekoye et al. and others, our work does not begin in midstream; rather, we work our way in
from the shore, all the while carefully plumbing the limits of each successive step of our
exploratory study. Although much of the work is numerical, we do a significant amount of
theoretical calculation. Our later work-some of which is not included in chapter 6 of the thesis -
involves a detailed nondimensionalization and order-of-magnitude analysis of the full equations.
This is revealing, for it indicates how certain physical processes balance one another in different
segments of the field.

In sum, we have done what most technical investigators seldom do. Instead of “reductio” we
have attempted “synthése”: we have tried to reassemble the separate parts that so many
investigators have been examining over the past quarter-century. Not via brute force, but by
careful examination of each step of the process.-

Herewith a summary of the attached work:

1) Progress reports from 1991-1995

2) Ph.D. thesis of Dr. Anjan Ray (completed July, 1996%)

3) Combustion and Flame article “On the Influence of...” by I.S. Wichman, C&F, 97, 393-
417 (1994).

4) Manuscript “Asymptotic Calculations for ...” by I.S. Wichman and A. Ray submitted July,
1996 to Combustion Science and Technology.

5) Manuscript “Influence of a Simple...” by A. Ray and 1.S. Wichman submitted to
Combustion & Flame on July 29, 1996.

6) Proceedings of the Central States (1996) entitled “The Influence of Soot Radiation
on...” by A. Ray and I.S. Wichman.

*P.S.: Dr. Ray secured a faculty position at IIT-Delhi, India’s most prestigious Technical
University.

NOTE: Chapters 4,5 and 6 of A. Ray’s thesis are also being prepared as publications. We shall
soon complete Chapter 5 as a publication submission. Dr. Ray will submit Chapter 6 from India
this Fall.

NOTE: Presentations were also made at the 1994 and 1995 Eastern States meetings [ do not have
copies of these extended abstracts.
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November 12, 1991

Dr. Kurt Saksteder

Microgravity Combustion Research
Mail Stop 506-217

NASA Lewis Research Center
Cleveland, OH 44135

Dear Kurt:

Here is our "progress repo-rt":

We have begun designing the test apparatus. The main difficulty is the establishment of a
steady state within the drop period, so that extinction can be accurately studied. The

"tnermal inertia® of the potential test materials must be examined. This we have done by
solving the transient conduction equation for our porous ceramic in both slav and spherical

geometries. We require large @ - Afpc , which is accomplished with small pec. We are

finding that approximately 0.25 sec. is required to establish steady conditions in the porous
solid. ‘

[ hope it suffices. We are planning to visit NASA in early December. See you then.

incerely,

Indrek S. Wichman

MSU 13 an Altiumativa Action £qual Opoartunty Inahtution



