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TM@ papa? ~riooa ● Oaprohomdvo -
nriaal *1 thct mproooato * Opray~
lee, Ylasd flau, Opoala traaoport, d%so&
awaol -tioM, 09d •~ylq hoot ro-
lCaao tbt -r A8aida thr eyliadar ad m la-
toraoa OoJaUoth own. Tho adol do abod-
M h the UVA ~tor oado. W ooda oo1-
au14ta both tw-dhowioaal (20) d throo-
dlanaioaal (30) attuatiamo. It 10 m oat-
srouthof tha earlier tD COUUAS-8YRAY ~t-
●r pr9sv~80 -Lo ~rlaal aalaoiotloaoare
prooo8todto sadiootct- 1o-1 of detail that
10 avollobla from thaoo slmlotioao. Zhaoo
oalaalathaa ●re for 9 &tratttnjaetim 8trat-
U1OA ohor@ oa@na utth auirl. Doth ● 20 end
● 30 ,Slo ●m dwUB.

?0? m yoara * how boos dovolopt~
wrohosalvo wnriud *1o to dmlato tha
la-aylhdor dyaardaa of advanood istoraal oo8-
hmtion oa@9ac* p rirot of ttwm WC the
2D RICE ~ (1,2) , @iioh troatd tlw pro-
tirad aakwtl- ad ~- faolJ in m os-
01-4 bcbc nlis Ooda -O ably Utomdod w
Braaoo 49A ~rhora iato tho RSC soda (3),
Wah troate

r
●MD dymo8tes by %aaludin,

*k ●ffoota platoa 9otha. MU *O mpor-
oodod by ~ (4), aiab qaio treotod W-
00U0 oo@bwtioa ~m 2B but vlth oa ●rbltrary-
eaa@oa-Wlorioa (AM) mch (5) that par-
mittod tha ?htao Ohayo ad Qtioa to ba 19-
ahdad aaturally ia tho daslatlou. m.
Oodt we follod by OM@lLU-$YMY (6), ~eh
troatd fuel apraya in the a@aa tyli~r aa-
iw tb Oprq adol 4ovolopod by woo (7)
6A Ww ataadod * O’EOurkoand Drcoao (0)

a-bare in pamthom refer to rofmatmo ●t
d of popar.

d O’8oarho (9). This paper ~rfma tha
KIVA 0040 (10), mob troatathe iynodco in
cithar 20 or 30 ulth fuel •pr~ys te ●b%trary
-two

Thawrpoooo ofthfspporaroto dao-
erdha tti overall aapabllltiao of KtVA, to
bdofly ahotab rho ruarlcal proaaduroo that
oro aood to aooapltsh tha oolutlom, iathdlnc
wra datall a tbooo foaturac that ●ro ●lmi f -
laant improvaaa tm Owr coac2A8-sPRAY, Omdto
llluotroto the m d tbQ oodawith mmarkol
OaoRplao. PO? specific datdlo of the flaita
Ufforoato oq-ti~ & their aoluttoa, the
Iatorootod raodor la roforrod to Raf. 10 end
tho rofora8am @tad thoro;n.

11. = lUMRICAL IDDW

A. SUtWAM W WUALL CAPABILITIES -
RXVA io s aompatu prosra which MY ho mod
to .oaorato wrld aolutioaa to mlticoO-
pmmt tthaholly roaotivo fluid flat prob-
10U. W ~fom ho kn davolopod wl gh
oppliasttoma to latoroal 809buotion ●nstaoc
Opocifieally la timdo Oad it Cootoiao ● Wabor
d footuroato faallltat~ ●uch ●ppllmtlom.
&vorol o@n ooaocpt o of amront iat~roat,
la psrthular tha dlwol ●d direct-iajaction
●trMf iod-eho?~ (DXBC) O@aOO, ●ra of tb
fuel-lajatttoa typo, 00 the oopabillty to
~~: 00 ovsporatiw fuel opray hoe boon

KIVA 10 ooooatldly ● throo41maotonal
ooroioa d tln ●a?licr tuo-di90mioaal procrsm
CWCMAS-WMT. datd~ fm the dtaonolonolit y,
tha DOla dtf fcromaa in foatmroo batuaon the
tUO ~OCU ●?O thO fOikUiTJ.I (a) RXVA uSOC
a ●oouotiaaboyclt~ Otthod(U) for aaaput-
●r cffloioacy ●t tow ~ch mmbor$ inotod of
tha pramro ttorct ha uooa in COmw-ww I
(b) tha dopl. ou~td omlo turbuloaro mdoi
uood in COOCWA8-8PMY Iw boon maordlaed to
laal* ● trmaport quattoa for the turbulent
Mootle ●aorBY●modstod with the .ub#rld
00010 -that \ (e) the aproy @*i uad in

A. A. tidon, ●t d,
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1.
mwrcppcd -b roprOomtatta d - -n ~
Liodcruttb vdvoofo-imms.s.

c. lmDDMau--zk-2aoco
9odcLoood18u2vAAo*oub@tdoCdot~
~ *I *@l 20● mtorol pro2Aootloa
aftbocrA@ti *beolcoobgrM - adcl.
- by maoky (17), wrdorff (1Q,19),
ad Otbcro. m mrdlootia -sots 18
ti90 A8trodactica of ● - dopOodc8t urisb20 q
t~t ~- * ~-t~c -w m -t
moooftbo tarba2mt 2088th oc02ao thtoro
toou22to rooelm28tkcmh* mvor20-
blo q Cotlsfioo ● tronport Oqootioo web
-W** Prodoctt- d w toru cod -
roprooo8tios tho coovoctta ad nlf-dlffwioa
of tlm tar~. luc OqootiooCAoo *
form

+ v. (@q) - -ipL-’q=fz + 4, ,
. (1)

uhrro o 10 tbo fluid dcncit~og 1s tbc turbu-

2ont gtroco tonoor,@ ic tbo turbuhnt d@coo-
lty, D 18 ● Coootcot of O?dO? acity, L to ●

choractoriatic 2c8gth ca the ordor of tuLco
tho msh 0POC20S, cd tit AC ● oourco tom rc-

prosastiw tho Production of turbulcoco by the
wtica of tho fool ●prey droplots tlwugh tho
8-• n= twbuloot Vlocoo:ty to @vca 1s

1/2, &r. A - 0.0S, dt9mcofqbyw-Apt4
~ is rolct~d to P by tho aoucl ~~ootm

stroos 30U*
2’bcphyoicol wcoiw of tbc vartouc C*?W

ia 00 follow. Itbc t~m ~*(~u) 81OP1Y ropro-
ooott coovoctloo of tho turbulooco by the ro-
●olwcd volociw field. The tero -<2/3 )Pq~*g
i. ● c~rocolbillty tam thct ropromm tho
turhloot WIW of PM uork. 2ttc torn gtgy
roproooats tti produatioa of twbulooco by
●botr to tho rwolvod wloclty field, Orld
V* (@vq) ropromoto the Oolf-diffutm of the

&rGloooo with ● dfiffuolvlty cd PIP. tho

tmo -“mL-1q”2 roprocomto tho doccy of tur-
bulent●oorgy into tborul ooorty. ?hic tam
●ppoatc u2tb tho cppooito sir co ● murco
tam in tho thorml intorul tmorw qaction,
in plac@ of * toro gl~uo Tho taro #tvJ my
●h kc lookod Spon M tho roto ●t Wch M-
ootio CMrU 0! the rcoolvod mtioao lo Uool-
potod by tbo turbuhamo If q wro not ro-
tchod co ● vori~blo thla onarcy UCUM two to
kc aoaoldord ao tilw ecwcrtcd 41rootly to
thomol onorsyo d tho twm o t~u uould tbcn
●ppear in tk chord ●oorgy oquctlm. 8crc,
howvor, tho dlooipotodkioctic onorcy to
Co$otdod u M? OooVOrtod.firot l“to q, co
thct tb tor9gl* so --d froo tho thorool
Ooorsy cqac9109 cd put imto tho q quotioo
Sntood. * rate of fiool eoovormioo to

*- -W ~ “*L-1,W2, * ~, mm *

p- gtV~ S* tb tbo- 090rgy qaotioo.
Sbmo tbc pbyolco2 pictoro is tbot tbc Nootic
090* d tbo roool- Velocity flold 20 8ot
dioolpotodAiroctlrto kot * * Octloo d
a, bot 20 ftrot oouortod ioto oo~d ocoLe
~ ooc~ Q* Wbia io 02tsmtoly m-

vortod to hoot by @o &coy to?, “~L-1q3/2 .
n 20 of iatorwt to - tbcth tho

qmooi~toody oitmotioo*ro tbc productmo
ooddcc8y tom bOLacco, tboakovo *lro-
doCoc to tko or@lao2 *br41c otIb@idOccle
Wdcl* Eqqtlw prodoctlott cod decoy, w ob-
tain, with D - 1,

(2)

hotmtog l~rooalblo flcu for siRPliclt y,

* tivo thct g - ~V_u + (VVu)r], *r. cupor-
ocript T dcmotcotko troacpooo. ?urthcroor*,

3 W tbcroby obtainq=f2 - (P/APL) .

or

(3)

(4)

Uhcro p - vu + VUT. This is of ●xcct ly tho

CON foro ~ tM-ori@cl clccbraic ●ub@d
●caLo eddy vfiocwtty (19), ●od providee ●

?ol~tion tituccn tho ocofficlant A ●nd the
ori@tcl dmbraic wcb@d SCC1O eocf f iclont
C (19). Woim L - 2AX, thio rclsttott is found

tO bO # - 4A=f2, or C . 2A3f4. It 18
K (19) thct C - 0.2, ~ich igplics tho ‘
volw A - 0.0S tirttiti ●bovc. mm the
promot oubgrid ●OLO tr~tupwt aodd includes
tho ocrliar ●l@matc d~l u ● special tom.

D. 2U2CVCLIWJ, PU8W2B ORAOI~ W
~, ~ ~IC ~1~ o ~fical COICU-

Lattom of cooproooiblo fluid flou ha- ● DO-
toricw tocdottcy to be ittofficiant ●t lW ltoch
mmbcro bocoaoc of the uido dicparity botwon
tho tioo ●tolot aorociatcd tith cottvwtion ●nd
the propcgatica of mtttd twos. 18 ●plieit
●choac, thio iao!f i~imcy occurs bcauco tho
tim ot~ ooodod to ●attafy tho oound-opood
●tsbility ocadittoa ●rc mch MU.? then
thOoo ocdod to ●atiofy tho coavoctivo otabil-
ity Ooeditica ●lono. In i9plicit Ochooco tho
iaofficioocy ~nifcoto its~lf in the cddition-
d qtatioocl Labor ncodcd to 00Ivo tha h-
Plicit ●yota of quotiooc on ●ach ti- ,t@p*
Ihio colutioola wuolly porforood * itor*-
t 1- toohoiquos .

Providod that tho Wch oumbor 10 ttot too
10U, thoro it ● third dtmnotiwc which ●f-
foctlvoly mbiwc tho odvmtagcs of ●xpllcit
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2Adoo d e - Oaputmtl-1 portlclos u,
Cwtd . - ~uro k pro- profaroblo
to ● mm ●troi@cfomrd Sltomotioo *roby
th eollloia froqnucy is d to dotarn.in
tb9prehble *rd4mpoio •tim~rtl-

do W till h- ellfilm with d- in
ettir portlclo; e or m. nu ~rtlcl.s
ore t- c-cod krdu * ~rtl- d the
d.ropa raeltiu fra th CAILO1OCU. % Crld
tb Lottor proedao omdfodttutwwty
H W -9 mtotlaal wrtlcloo in ● t~
-cd ~liatia tb could M U~COd

h qtor ●tor~. h ttn fomor ~ocodmrs
* mobbillty Uotriktloo of atcoa9 to
rc~md * ~lo mragi~ mr nay e
ti~tatla.o.or, la ● study cute CAlculstiarl,
h q - 8woro@os.

?articb m latrodumd ioto tbo capm-
-tioesl -oh in ach ● my that ● Cyaclflad
Uotrikttm of drq ●ioa 10 obuimd. The
ackod w Mm ** for thto onplao tMo
portiua cd C?M spoclflod drop-oin di8trlbu-
tim -t f~wwly -ro the uc drop mom
are. nils is mtfratod by tb ●omtiti
tht tkm drops uill wuolly achonBo the
2.or~ot ~ts of U-S, mnttm, ●nd ●orgy
with ttn W. This procodura M proron mry
kmoficial, ●spatially in ~ ●ppllcatlooo, by
limltl~ tht -r of Co9putstioasl wrtlclaa
r~ulrod to uhiow ●tatiotial lndopon40nca
of tht er of *rtlcloo in the spray.

* dlotrtbtl- ●rc asooclatd with th
imjoctlonColculstloo. &curroncc of the drop
rodlttt r ●c in~ctlm ia ~mrmrd by ttm prob-
●bility distribution f(r). W doflna arbothor
diotrlbuclam ~(r) 10 mch ● woy that #(r)dr 10
the probability that ● pmrclcla hm drop. with
radii tn th rao~ (r, r + dr). Ttm number of
dro~ -r prticla 10 ttws proportional to tho
ratio f(r)/8(r). toot rooolutlon of th drop
61s6 diocrihtiaa 10 obcalrmd whom the voluoo
of s(r) ●re lar~st, ●d to obtain tho boat
?uolutloa of thr .1s. dinttlbutlon +oro tho
-t drm us ic loatod, ~(r) should be pro-

portlaa.sl to the MM dlotribtlon r’f(r), os-
wd~ ttut ●ll liquid ho the SCM m,. don-
City. ~a, ttm nusbor of dropo per Porciula

is proportional to l/r’. Pra thlo lt follaw
thot the total droplot mao oocociatcd with
UCYI portlcla 10 commtc. Thio constmt 10
dttamlnod by dividing the total @pray UOa to
h imjoctod by tho total oubbor of psrtfcloo
to h lc~ctad . 2Q lYM total rmmbtr of portl -
alem to raprmont tk opray ●mnc 10 ~twon ~

U&E!”

111. mmxlxl 2XAHYLM



-Cll Cb SCia -t. m SD, i@tla 1-
rra m 2.ocotl- i= th Cyli- tit-d d
m -ri@ ig,itia, web is Wa9saq is 2D
@ ropt’e—’a df - na.lt-. m ~
tichatlinofasomlq ,9b U
w BTm, e * Ca2edacia bogiu. m
-im~ofmalbtimly *24
calls ociatMllr by 22 Colu Uidly. mo 20
mh w * - rad.iA2 d Uiol m901utia
- lCO s mtorprt. AC this tin. tb cy-
Lidor camtsioo ody pm air im risid bdy
wirl, with ● *rl rotio of 3. TM ea@m is
op9ratiag ●t 16M m.

Duriq tb ~dm ●troko,liquidoc-
u fnl 1. oprm~ imo tb ey2io&r fra ●

●lqlo-pok lmjoctm a tko mllodar ads.
m im*claa kgim ●t 32” m d ds ●t
39.>’ BTw. mlyiq 11.6 m of e-l 19 tbo
form of s 73° Mllou ~ cprtiy. Tbo mra!l
oqoitalonco ratio is 0.27. ?iguro 7 ●-
●aloctod pbto *t prim to ignition of *
f-l-air dxturo ●t 27” _ for tbt * cam.
A2tMwh - CaqUcatid micko (Ouk
roprosoati~ oem -r ad i&8ti@ physitil
droploto) hsvo boon injoctod, WSWratiOO ond
coolasaoet h- roducd tboir *r to mly
747 ~rticlct ●t this tire. &o oddant in
rig. 7 1. ttm ●ffoct of sproy drq am tho w-
laclty field, - ● -1 rogloe in t~ tqr-
●curo fiald d= to cpr8y ●va~rotim. N
turblont kimtic mrsy conteum ●. quit.
●mtrlc, with th high wlwa coacoatratod
on tho Uio. m f-l c20ud 10 Cmtorod 10
Ch -1 ●d Wll w fra tko W11O. nm
spark lacatim ●ro Mood oo eamsidoration of
tha oqulmlmeo ratio cmtmrt ●c this tin.
Idaally, ipitiom ●hould bt lecatad *r. d -
1 (Pig. 7).

amically, uo roproaonc thto problcm u.o-
in# 12 opociac m hich occur four Umotic
roscciano aod cix quill brium rucflou. Iln
kioctlc reactions arol

o+ ft2:ito+s ,

02+ U: HO+0 ,

Cdi+ll:mo+fl .

~ flrot roactioa 10 c oln@o-otop actmo Om-
iddtioo raaction, sod tho nom throo ro~ctiom
r~prwont CM atodad 2ol ‘dovich -chanlos
for m production.

TM quilibrium reactiom ●o

%:m*
02:20 ,

02+2CO:WD2 .

- W----:-” mm ●t ~.. Teracm atowm
uo&tkra@tm3p2-8wa pMcimcthru9@
* Opotk 2oa4tk, and iodicacothat th
f- rogia a tti &ft is ●lichtly lmgor
tbn * oa a - right. This chroo4i-
●1-1 Odfect moaltm fra tb stochastic M-
tuco d * spray -1. Tfn plot of acts=
mos frutia imdicotoo * toe rosim utwr~
tb MIY 0p?uriu2 f- M- Mm co &
plato Un rich fwl Clod.

?lP 9 ●- wolocity md tup9ratur_
●t o“ (mC), @n tbm t~ PI-O of t~
mpo~ PIW for cmtroot with tb pr~wiouo
f irura. * m ftit havo w nr~d, ad
t~ir t.sparato ●ffocts Mw9 ~m nwopt around
by tlw wirl to each m acme ttut tlw omr-
●ll flm M w@m4 iu circular s~tm es
● m~blo da~oo. W fwl -per, tiich
bt@rl w bum cigoificamtly ●t Shout 20” BTK,
10 hint ~ ●t s rapid race ●t =.

?iguro 10 1. ● m=sry graph of ttw fool
in ttu qiu qlidor ss s hmctiou of crso~
●qla duriq * eyclo. Both tha liquid ●d
mpor P&o.. uo ●hem. - ploto ●. tioon-
tially ttn un for tho 20 and tha 3D simulo-
tl-c -til *C ●fccr i~ition h-n tho 30
aa.w iodicato# M initially faotar buro race.
W Mln moon for thlo difforonco 10 tho in-
araa- turkulcnt kiwtic ●wru inducad by
tk hrni~ fra9 th ~ operk lomtlono in
30. Ihio con b - in ?i#. 11, la which ●ra
plotted mtours of turblmt k.ieotlc otnrn
for thd 20 ●d 20 cu.. ●t 14° BTK. Tha 3D
mluoo sro en ordor of rn~ltudo hishor tfm
for tho ZD oaoo d *r9 loacad -r ttw ●xle.
Tlu Mth wluas for tht 20 com ●ro lecatod
asor ths tap of tho pimtcm bowl 10 tho squioh
ro#lo9. W 30 coato9rs dww ●momlsllr tlu
oon wricmi valu.n m tha 20 cam in thlo
ro~ion, iedic4ti* thsc ho incrmoa ●lon~ ctu
●miB 1s duo to tlm borniq frm t?m wrslnd
flsm brwlc. tib90qwatly, tha bmn rat. in
20 aatctwo ●nd ourp.aosw that in th@ SD caoQ.
Br TM wiws of th4 turbuloat kin9tlc •~rcy
in ttn vialnity of tho fLo_ ●m tiaontially
~u.ol for ttu two oaoos.

m aaadltiou for tMo4 •~lat ●rt
typiesl for MIC WIM wration, ht no ●t-
taspt hot boou MA to optlaito tha c~llndar
s9090try or othor ~lat porswtaro for ●ffl -
clont oparatiw.

A. A. wdon, ●t ●l.
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?ig. 3- Tho KIU 3D poaudo-polsr rid fornd from s Csrtodm block of cdl. through the wc of
portodic boulldal.7 Condi tioao .
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?it. 4 - OthotKIVA u8h O@ons inchditi~ both plaum Md cylindrical to8rdinMeg tot 2D ealcula-
tiono, ●d ●n unwmppd 3D phase ~sh.

A. A. Amsden, cc ●l.
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Fl&. 3 - h msppod 30 -oh rapromntstlon of M ●nalrn Vlimdar vlch valwoo in CIW head.

Pig. b - * aomputatioml woh for tha 3D ~mplo aalculatlon ●t 90° BTCC. i

A. A, -clan, ●L ●l.
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Pig. 7 - Coloctod vlowa sc 28° HMO @st prior to Qnition, Mcdlq acrooo, frm top co bCCmI

Tha first plot #how tha 747 ●pray droplotc. ~ ●oo- plot ahom vohclty voctors~ ttn m-i-
●miml oapomnt is 932 m/c. m third plot ●h loothorw. ~ h contour to 600 K, the 1 con-
tour lC 495 K, ●nd tln ooatour Interval 10 23 K. W fourth ?lot ●h- turbulant klnotla oear-

A. A. Wdan, ●t ●l.
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ri~. o - Coloatad wiouo ●t 20” STW, 7“ ●fter ignition. Dppor lcftl mlocity voctoro in cha plana
●oml to th plmo of tho tm •~* lootitimo. TM uxiM axial oo9ponont 10 1120 cm/o. Upper
risht 1 isothoru throu~h tha plarw of CM two -pork loancioao. ~c h @ntour 10 210S K, cho 1 con-
tour io 767 K, ●d ctm oontour lntorml la 100 K. W t- lowr viouo ●ro ovorhoad view throuth
CM i@tloo *laE.o. ti tlw l~ft aro loothrn. W h amtour 10 2306 K, tFw A contour lC 799 K,
.od t’- OMtOW LM@rTSl 10 1$8 K. ~ th rlcht 10 tho ootam moo fraction, w h oontour 10
0.094, ad tha A aootour ●d eaat~r intorwl ●rg 0.M9,
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?is. 10 - Unku?nd fuel In the cyiindor cc ● function of crank ●gl..

m
?18, N. - Turkulcrit khctlo ●ncr~y ● M* BTW. * PiOt 06 thC I.ft i9 fr- thC SD CalCul@tlOn*

l’hc h ooatout $0 3.U u 10’ odh=, the A ooatour to 4.39 X i09 c92/82, cnd the contour interval i8

4.20 M io’ o#18*b Tltc plot oc the rlbht 10 from the 20 ociaulathnt The h contour is 5.23 II 10’

0s2/020 the A contour it 60M x 104 c92/020 ●d the ocntour tntorvcl io S,74 B 104 C82/B2.

A. A. Audan, @t ●l.
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