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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 nondimen.sionalization 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 "synth_se": 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)
2)
3)

4)

5)

6)

Progress reports from 1991-1995

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

Combustion and Flame article "On the Influence of..." by I.S. Wichman, C&F. 97, 393-

417 (1994).

Manuscript "Asymptotic Calculations for ...'" by I.S. Wichman and A. Ray submitted July,

1996 to Combustion Science and Technolo_.

Manuscript "Influence of a Simple..." by A. Ray and I.S. Wichman submitted to

Combustion & Flame on July 29, 1996.

Proceedings of the Central States (1996) entitled "The lnfluence of Soot Radiation

on..." by A. Ray and I.S. Wichman.

*P.S.: Dr. Ray secured a faculty position at liT-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 I do not have

copies of these extended abstracts.
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NASA PROVISIONS FOR RESEARCH GRANTS AND

COOPERATIVE AGK EESf'FNTS :

APPLICABILITY OF pROVISIONS

(AUGUST 1990)

(a) Whenever the words "grant" or "G:antec" appear in

these provisions, they shall be deemed to include, as
aparopria:e, the words "cooperative agr*:mcnt" aa_

"recipient of coopcra:ive agreemc=:" rcspcctlvcly.

(b) The Provisions set forth by th= NASA Form (NF) 1463A

apply to this award as those Provisions existed at the

time of award, unless a revised NF 1_63 is Jn==rporated by

a bilateral modification, exe:pt as not:_ in (c)(1), Any

Sp=ci:I Conditions incorporated in an award or subseque=:

supplement take prc,':dcnc: ovc: the NF 1463A, cxccpt as

noted in (c)(2).

Co) (1) Th e grange:, a: i:s op:icn "nd at any tim=. m._y

¢le:: to prospe:tiv:!y apply th: P:ovizi=n,. in tl:.:i:

entire:y, of any newly revised NF ]-''-A to all NASA

rcsoar=h gran:s and coo_::at/ve a _ :e:mc:',:s wi:h th:

gran:ee institutio:.. Th- election is ir:cvo=ablc for th:

dcsignat:" vcrsior, of the NF I_:53A to which it a_plics,

bur _.."y b: rep!a:=-d by a new ¢I=ctlcn, dc:ignatlng the

most rector version of th-" form. In no cvczt does the

clot:ion apply to any award which contains a NF 1463A

dared later than the dcsigzated vcrslcn.

(2) A g:zn:::'s oleo:ion, p=: s:. to adcp: a revised

NF l-_53A sh".!l h=v: n._ effect on a=y Spr.:_=',ConditicT.s

includ:d in the r...c:< r:=:n: award ins:rum:n:. However. if

a new p:ovlslon, added to a specific a',,.'ard ins:rument as a

Sa,'cial Condhlcn, was also add:d to all grants and

coop:rative agre:men:s p=nding it._ ;,",el uslon(e h?'.: :

verbatim or in subs:ante) in a future NF 1-_53A revision,

slmi!:r and/or d_plicativ: provisions of a n c'-,'l y

desi_=atcd NF 1463A taP::= p::a:dcnc: oyez any such Special

Ccndltion:.

(3) The ¢!c::ion shall b: mad: by seT.cling an

"Ete:tlon to Accept Ne_.' P:ovixlcn'. Cc:'ifieatio=" to NASA,

Proc'.'rem:nt Poli:.y Divlsi=n (Cod'-. H?), Washlng:cn, DC

205_6. Th.c err:if lea:ion, to t: vaild, must indicate an

effective dart. be :igned hy an individual au:horlzcd to

commit the grantee; ar,_ con:aln th= folio'wing statement"

"Pursuant to th: provisicn enti:::_ "Applleability of

Provisions" in th e NASA P.cs:.arch Grant and Coop=rative

Agreement Provision:. thc_.[ins::: the n:me of the

octopus, institution or system to which IW- certification

applics]...h:zcby elcc:s to apply the provisions of NASA

Form 1463A...[dcsignatr. current version by inserting date

prlntcd on bottom of the form]...prospcctiv¢ly to all

research grants and coopcratlv¢ agreements.

TECHNICAL REPORTS

AND PUBLICATIONS

(APRIL 1990)

". (a) Publication to ",::om_li_,h wid::: prac:icaMc and

appro_rla ::. dissemination of research results is

cnco_:ag:d a: any time during the co-re: of the

invcs:ig',tion. Examples cf aporop:ia:e mcd_: for such

disscmin:tion arc the learned journ:Is, the procc:dings of

pro(csslonal grou.-',s, conference pr:::n:-:;ons, a.-._ NASA

scicntlfic "nd te:hni.":! pu_!ic'_tion=. NASA Or=n.'ces m=y

x'.:_:r,i: _h: rc:uits of thc{r work for pu_!ica:ion by

whJchcv:: media th-y fe:! raps: approT.ri:::. Pubtiea:ions

and rcporU prepa::_ under a gran: shah con':in a

s:ate=:zt which ackno',.,.'lcdgcs NASA". support and Jd-ntifie':

the tra:t by -um_::. Submissloo_ for NASA scientific and

teeh',ical publications shall bc accompanied by manusc:i:_:s

provld=d iahially in dr,re. Upon agent;.' review and :

:ppro,,_[. a reprodu:'ibtc copy shall bc submlt'cd in th:

style and format spcclficd by NASA.

(t) Cooi:s or preprints or manuscripts of ca,'h
p'abticatlo', shall be provided to NASA foe i=forz'..a:io= a:

the tim¢ of submission for publication. Prior a._ro,,al

for publlcatio_ is no: rcqulred unlc:s s::'a:i:y

classification is involved o: iS: grant c:.",::ir.: s;:zia!

conditioos pertinent to publication of results.

(c) Brief, iofor=.al Semiannual Sta:'.:u Re=o:'._'._ '--hich
shall include concise statcmen:s of the r::zar:h

accom_llsh:d during the r:port period, ln,,u._n;".,a. fuli
bibliogr-':_hlc rcfcrcnc:s to, o: a_."'t:=::: or'.

publica:ion,.., shall b: submiued. Th;s i: a minimum

.rc_cm:::, and Or'n:::s at: ur_:e :e ,..-x'=_-.
sz_e:_m, report: to publi:.'-, in the op:n li:::,.;=:: or to

pre=:=[ Co_eren¢: pap:::, ',,-'he n : v : : th: re::arch ha:

reached a ._Qi_::: ]; _s log:c21 to sum::-.,::i:: tr.:

results, a re:ca::h pha:: ha'- b::n c3.-:'..pi: : : :'.

s_gni:_ea=t new findings arc mad'...

or

(d) A fi=:l t¢:hzicaI report will bc submiued ==on

t:rminatJon of support under a s=¢.=_fic grxn:, who:hcf Cr

-or support is con:inued under another grz:: n:--,b::. 7he

fioal repot: may b: a comT._:.hcns:v: r:por: o.e all re::'_:ch
finding:, suitabi: for prin:ing a: a _: :--=.-.:z :

contrib::ien to knowtedg:._'J it may be a h:.__:f s'_:...m:rv of
the _,'_ti: : pr o)::.L it':. ehhc: c:::. c=m'_i:::d

bibliog:aphi: rcfcr:nc:s to. c: a ,':u::ac:s c.", a!t

la'abllcati_n_ issued during the course cf th: r:search
shall b: inc!udcd.

(¢) Sta'u: and final tc=hnlcaI re,pets sh:H hay: a th;e

Fag: that displays th: ti:l: 05 the gra.-.:, th: ty=: cf

r-per:, th: name of the Principal lnv:::_g::o: th: p:rlo"

cov¢::d by the r:por:, th: n:me a:'.g ad./r=ts cf t.".e

Grange:%" in,*titution, and the grant number.

(f) Five copies of all prcprin:s, rcp:in:s, manu;c:i=us,
s:atus _,nd interim reports, and th: final tcchni:_l r:p_rt

shall b: su_.bmi{:tcd to NASA. Three of th:._: copies shall
b: sen: to the NASA Technical O."fic:: d::ign=:=_ on the

cover page of the grant. The remaining two co;i::, on: cf

which shall b= of a _uallty suit=tic for

microrcproduct;o,,, shall be sent to:

NASA Scientific & Technical Informa:ion Facili:y
P.O. Box 1757

Baltimore/Washington International Air_ort

blaryland 212_0

EXTENSIONS

(APRIL 1990)

(a) h i: NASA policy to provide ma=imum pc::ih'_e

continuit), in funding grant-supoortcd resc"rch, and gr:n:s

may be extended for addi:ional periods :f tiw.c Any

cxtcnslon requiring additional funding mu:t t: supported

by a propc,..:l submi::cd z: least 4 month= in adv,,nee of

the expiration dat: of the or'-7.:.

,_ .... r',...,:','.: ;-:_3.:'.:[7E.".;?; ALG 92 ?::',it'..:: :_E:[:':: ::: cS:o[:::



DEPARTMENT OF MECHANICAL ENGINEERING

COLLEGE OF ENGINEERING

MICHIGAN STATE UNIVERSITY

November 12, 1991

A2.31 Englneeflng Su'Jdlng

Ea_ LansEng. M_h_gan 48824-1226

(517) 355-,.5131

(,517) 353-1 750 Fox No

Dr. Kurt Saksteder

Microgravity Combustion Research

Mail Stop 506-217

NASA Lewis Research Center

Cleveland, OH 44135

Dear Kurt:

°

Here is our "progress report""

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
"t_ermal 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 e - _./pc , which is accomplished with small pc. We are

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

solid.

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

mcerely,

Indrek S. Wichman

k


