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1. ma.hWMR -1M 8 7-0 8 39

now perfomce of rinjets buiimng slurzy fuels (leading to caniuws aride aerosols ad liquid film
desit).pa turbine W) onginms in dusty atuuopbemzw. or whn using fuels from inw-traditional

sres(mg. ale-. or coal-derived). dapais upon the foustim and tronsport of smal partic les
PcrosM 61111imathzl comtion Was boudary layers OU). Norswver. evan ajibrootbing eririon burning

'deed' hydrocarbon fuels can experionce soot formation/deposition problems (eg., comustor liner
,mat accelerated turbine blade erosion and 'hote corroion)I. Accordingly. ouw research in directed

toward providing chemical propulsion systins R & D engineae with new tecliiques ad quantitative
inf~itica n important particle ad vapor ms;trwaport aachmnim and retes.

11w purpose of this report is to briefly memosrize our research wetbods and accmplibets unader
AM Grant 8A-0W4 Crecnical Monitor- JAI TisliwWf &zrig the amir-w period. 12/i/Sf4 - 11/30/8.
hImnr interested in grester detail than contained in Section 2 we advised to cmdout the pj1ihe
papers cited in Sections 2, 5. Chpia of awv of those psblished papers or prqirints cmn be obtained by
writiig, the PB. Prof. Domiel L Romer at the Dertmet of Chmaical ftkoirarr Yale Unversity, Rm
2159 Yale Station. Hot Hyavas Cr 062. U.SA Omets on, or exmles of. the applicability of our
resesrch resul to will 1he eupeil lywlcm.

Am interactive experiaental/tbaoretical approach is being used to gain an understanding of
perorc- imting chical-, mid sma/onergy tr nfer-piwaomn at or raw interfaces. This includes

the developmnt wAd exploitation of seeded lartory flat flow burners mid cooled deposition targta
(see. eg.. Fig. 1). f low-reactors CLFig. 8). and new optical diagnostic/ spectroscopic tecimique.
Resulting ucprizental rate data, together with the predictions of comransuive asrqtotic theoris, ane
then used as the basis for proposing and verifying simple viewpoints and effective engineering
correlations for future dmioi/ptluization studies.

2. mumu W0.I NDPRJ

Most of the results we hove obtained uider Grant AIM 81-0I can he m~iivided into the 3 ub
sections below.-

-L Sede Flw Roei t Z!Vo iad ftmcrai Particulate Tkmm rte
Using 9eeded atmosheric pressure flat flam burner tecimiqiues (1%01Wce with the 1m

optical probinag of chomically inert, reflective targets 6&g. Pt ribbons; se Fig. 1) we hove studied
the rates of chesical vapor deposition (14), subuicron particle, deposition (1) and the rates of
condensate evaporation (eg.. 5203(t); see Fig. 2 and Section 3). In umaeeded but fuel-rich
hydrocarbon/aMyg fiame we hae decio raad that cafbusceaus aom particle truwsport to inersaid
theinouple probes occurs - "ri, to the law of Ihsmqa--is 04). 2Mm. straigbi-lum tv-plot.
of theacwuple diameter vs. tim dotsa m possible, V* 3) and the slpes 4W) at thome particular
plots. presmably pzopoutaul to the local sooat volume fwetim fvv r inideed conistent with loser
lijt artinction uiwnto scrm, theme flames N&i 4). Awading to the sme, theory, It should

4 also be possible to simultaneously determine local M! temeratures - a acbome which we call
"thermaphoretic theootif. Ons varliot. 1 u 7yw dr i estiatlwm, is hatchod in 7i4 5. wht
the notation in that of Ref. 4 mdK Mii=dnk5 /d -I-aT. where kjis the comustion pa thermal
cenductivity. Lirnically. in this schseme the presence at soot is emrafted to dotaa To, and 2& not
tle obstacle which greatly comlicates its accurate Iiference (4)
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22.. Trwr Thor l7 e ticaillY Modified Umey ae Convective Mm Tmaprt
We are artending am previous solutio and correlations of tbeuru hotically modified micuron

particle - trmspor aIss lminr 0.7.8) aid turbult ELa (6,8) into the domin of high particle
a-s losding (16). a situation encountered in muerums mterials proceig applictions. m, locally.
in am-pme (4 dzoplet/gm) f lam of chical pnrulaim interest. ALso became of ia.mzmg
interes in the Sae diffusion of larW. highly naIqiecal solecules .. d the A prui trumqort
of nonqiuuical perticles (. lcog soot satr m) we have receanly preicted their thmnl diffusion
factors, 4 Mig, 6. bf. 15) md hope to mperfimtally test sam of thm predictiom nd tbeir Kr

SmsquI e in the fute Sk have also begm mplod-J tm scavening effects of omicron mticulate
mat ( sn i r ic mist or fum) an vapor diffusion P s Ks (12). usin a nhmeticai mdal
in wbhch the dqimtuzu from local vapor/liquid e ibrim. is dictated primarily by the penat a a
Dobler ' -e (CD mid particle loading paramter 4.) (o.. Nig 7). 7hus. 11,tlx/rewidta. along with
am prvia malysis of dm-driven viscou deaosits (17). could be used to predict tm behavior of
mtion product Vaosf layers an tubine blades md/or about nmles, ma ell a tim belsvior o

gi ss-fomwr refractory solids in higbhm corrosive uultiptms mlrcrits.

2.3. Heterogeneous Kinetics
lb sake W rpid-mqxcme S/solid reation rate msuuat, over a larp aemerture rg. =d

(ii) surface mas belmices necessary for mechanistic understanding of high t meratura sm/solid
eta iamr lwve Tcently be wploitiS o emssion spectrncopic technique. In this twehniqu. a

low presmue micrcmve-induce plam OW) macite I -9Pteristic amision fim the sto in the mU
prdua-t specie of a gm/solid retion in a low pumre flaw reactor.

We lay a -odified version of our trnmic. vacum flow resctm ig 8) developed earlier udo
AOSR-support for the study of gas reactions with silicon- ad bor a re factoxy solid
coapunds (18). Hlowwer. no the reaction pd vapor specim a disociated md electrodc wmesim
frcm thm emsulting sam is produced in a micr ve discl e plin P) befor lewv the rator.
Evaporation and gasification reactions are studied by measuring mission intensity. 1. from this
dicmcue. vi . a 0.5 JArrel 1-Mh -mohr= or.

Mide from stmdy-state rewion rate meam ets, flash evolution mparlowts ca be carried am
to mmwum thmiKua of condnsed produc material fomd an a muf acei rusetim provided, of
course. that the &ection prowrt (a&. B203) has a higtr volatility than that a the mbstrate. *g.

' NB(). In such xperim ts the filment is expoed to the gaseous reagent for same reaction time
6omally only a for minuama). 1s. tim gmeaw repmt flow into the r tor is stoped and the
filamnt coole. fally. the 1(t) is doemined wbon the filamt is heted rapidly. du r mnd
the inner co-ial tube shmm in Fig, 8 wer irm al led so that the systes detects only prducts frM the
central, un - 1 t -- r"in of the filament.

we we "M perfoms prel Wrm I e an the applicati at this -i-ynme-4ush ed pla-
wissior opwtrmeopy O teahuique to the mdtion of bm, a systas of cansmle inteest to
tw propulsion cmaizy. hut an udin poorly - der-toad kkntics we gi , ly influmed by the

IV of d nectioI pa 1-it " f e P lmy alts hwe bem dol d for the hig
twe polfficmim h~matics of buto by O (&). and WhJmi will be reaported at the mt zwern

States Comustion titute GOfem hi th Mma, we will itite mmw utas of the o ridtian
kinetics at bsm by Ag0 3hJ %Lbo MM30)) mid explait do v r spone ductistca of our KMF
ttoim tmmme the bdmvicr at Such surfaces in , ..,at/ d m tmctt stim o-th things,
such studies could sbed valuable light a tim response of solid fuel surfaces in a trurbulent

.~t
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Thi1l 3.1 uinzizin the peracal tvI bov. cantbute to this ihpzpm &zring te psuio&
12/1/84. - 11/3)/. a1r with the obtject intter of each iuivsutistoi zusinr.h cantdbutia.

M*3 3.1

SUHHW OF PMm AND 7HE 'r (IOf TG

Name Statiu 0 Yale hiw m.tiam

huumr. D.E. Pis, COf 0,sz P,~p Dizsictimwy

Uime. A.D. PEA (tima 6/7/U5) Soot dqmoitie m fim e-
Guimim A. Pw~ (Starting 9/U5) aq~edints datnctixm of wrDp
Gmtcalra,Ns.?1M 1..-hrska p ima of nchRplrirai

LLU..& I. (PIb (87) Vqeor md/or pmrtic2 dinpouticm iofftersoti
HmempJan. L GPA (86) yniuof C.V.D. ccmdenmete layszu 17

P**. GMH ~ (87) 7iaoq of Wa.m-lasds sszvso tzumport
ft. L GPAGI. OW .. y III of namdssl candmat. e xti
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4. aOmGtmm NS

In the 00 inuozud modc briefly described ban w love dam tImt new iin-bnsed experimenital
tecIniques for rapidly smming vapor- wA paticleinm transfer mum W1,14), co~ind with recent
advances ini *ta *a& be called 'tbammapKKwtic badmu iqiar tboorief 0,3,6-9,19), an providirg
useful sme to incorporate thoe. phummene in mny propulsion angimeriag design/optimization
calculatiau. ra the future w hop to artaid this wmk to Iicludea otbar tbbg. the poentially

iimportant effects of higb local purticle swas 1 (16). rxi-migible particle e ad hi~~ly
nm -11 ical particles (or moille) (15). To dad U&~ an particle, iWtiw. '%tad amhrtioa a

mxtinctlm. cur Oam t remeb an the kinetics of bsI -,- maficatim uduis 3W will be m IndI to
ammii tim U2r()Is mcion and the rapa of such surface to sudenap in temwuzv ad
rectant partial preue&

44
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