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ABS'l'AACT 

Title : Establishment of suitable technoloqies for the use of 

methanol 1n two .3~roke S .! • and in C .I. engines. 
Pro)ect: DP/IND/82/001 

Ob jec c.1.ve: 

Object of this six we~ks experts activity mainly consisted in 

l) provide guidance ln the definition and assistance in the .real-

1z.~t.1on of fundamental combustion studies aiming at the under

st2nding of the parametric dependency of typical combustion 

;>hP.nomena .related to the use of methanol in I .c. engines. 

More specifically s (a)ignition characteristics of h~neous 

methanol/air mi.xtu.res by hot gases. this problem beinq n!lated 

to tile combustion in t,.o stroke engines under p.art load col'l

ditions, (b) spark assisted ignition of meth.?.nol droplet spray, 

th1:1 pht-nor_.non bt 111c' ~le1U'td to C .1. •·nQinc:11 u:sin<J 4lconol 

inject.ion. An expcL1.mE-nta.l rig toi- tt.ese studies hds ~en d.tss

cribed and discussed ..,i th the research group of IIr' s Engine 

Le'.->oratory in Deh4a ~n.construction of the hardwa~ has 

bP"·n started. Guidanc.:~ for assembly and operation has been 

pr~ided. A pdldlnetric tridl5 pcogrcunme haa been OUtliaed. 

2J Ttaining in fundamental canbustion aspect~. mostly related to 

e11gi:le canbustion. 27 hours has been lS?ent ia lecturing ta 

re= search staff of bot:h the EngiMs and Industrial Ccmt:Qstion 

labOratori.~s on tt~.f'ory and experimental diagnostics of canbus

tion ~inet1es. self ignition. st~ady state and tran3!ent flame 

propagation r~gimes. polluta:it fom.at1on and solid fuel. c:cm
~sti~n chemistry. 

Main conclusions and rec~ndations: 

1) !he construction of the e:cpericental rig s.1011ld be implE!lllented 

Stcsrt.lng the tri4~s .should p.n!sent no SEJGCial problems.Other 

fundamental studi1·s related to ~thanol combustion rnay be rier

formed usinq this .rig as a basic equipnent. 

2) Training in the field of bOth f1.indamental and applied canbus

t1:>n probl~ms may usefully be updatttd at other occasions. 
3) SCimP n-lativeiy 8imp.le but intP.resting in situ visuc1lizcation 

te.chniques should be scheduled in the very next futune,, di· 

rectly in the eng1f1C!,,, using already existin9 equi?nent. 
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~ Indian cauntry inteoc.! to develop alternatives to petm

leum products. Taki.:l<; into c:onsider.1tion the possible utemA-

tive .fuels fo.r each of the m.ajoc petroleum consuming sectors. 

the most effici.~nt wo'f to sol·.1~ the problem seems to be to find 

replacement fuels in the transport sector. This means finding 

sultGbl.- alt~mdtlvt!s toe use 45 pdctidl o~ total re~l.coment 

of ga.solioo in two stroke enqi~es anli dit! sel fuels in compression 

igni tl .JC• eagines. 

The choice of methanol is very attractive as an alternative 

fuel if th@ technological problems of its utilisation a.re over

come. For the ?.lrpose ot tut~~ 4ppl1c~tion, the I~dian !nsti

tute ~f ~troleum (II.P), therefore, proposes to conct>ntra.te 

on using methanol in diesel engines and in t·"'~ strake engines. 

At II P work on two stroke engi!les using methanol-9asol.ine 

blends or neat methanol, as well as on the use of methanol in 

four stroke C .r. engines has been initia~d. Th.i.s work is pri

marily conccr!led 'tlith engine perfoonance without major modifi

cations of the exis~i~g engines. 

It is the aim .:>f the project ~~'!.!.u; to carry out detailed 

rP&edCCh and devPlopnent work on autanotive and stationary 

C .i .~thJlne s dlld smcSll two-st tok.~ engines. cal lo'-ing "'1der 4.lJpl!c

ation of alcohol fuels i~ the country. 

such a study should cuv~r optirnizat.lon of various engine 

d~s1qn parameters. design of ocw fu~ls introduction systems, etc. 
Ther~fore 1nv~st1qations in the follo~inq a%9as must be under-

taken: fuel injectio~, :gnition, engine combustion, engine 

exhaust emissions. lubrication, lillear and engi:ie design, includi~g 

f ielC. studies. 

Sub-~tivJ.ty; The optL11ization of methanol fueled tl!IO-stroke 

spar~ ignition and four stroke compression ignition engir.~s. and 

especially the improvement of specific technologies devel~pped 

for t:ff1c:1ent use of mP.ttaanolneeds t.M understanding of the 

2!.!~.!1.<'~.pende~ of some typical a.;.cohol combu$t1on pheno
mena sue~ 11.Jce: spar~ or glo~plug assis~d spray ignition, iqnit

ion bv. hot residual gasas, mixing patterns of fresh mixture witn 

hot ~esidual gases, aldehy~es formation. 

To obt~in that kinu of iofODtlotions, the use ot expe~inentdl 

~.rig~· operated ·outside the engi.nes si very su.1ta.blf!, sinc:e 
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th.a effects of different factors (pressura and tenaperatum his

toiy. m1xt1Jl•.! etr.nqht. dropl4=-t ~izP distributlon. P.tc.J may be 

Stud:.f!'Q the rein 1n 40 inde~l'll.!ent ._G'f U5i.U<j 3.lfll]ll! 1:_)4C•OOtf" C 

!c:ariiltion. a> ntrarily as in thf- case of the engine. wheat lt is 

prac~ically impossible to change only one parameter at once. 

A fu:ther advantage ..Jf such experimental test rigs ls,, that they 

allo,. ~ much better diagnoslli of the phenanena, e.g. by optical 

visualization. 

Although indispensable to understand the combustion phenanena 

related to the use of methanol. the results of these fundamental 

studiP.s cannot be simelx extrapolated to what happens in the 

engine. Therefore. they should be canpleted by !ll!:L~l,~zatlo11 

studilf·s cipplit>d din•ctly to !~~qine to check their appearance 

under real operation condition~. 

Finally, the adequate int~rpretation of the findings gained 

' 

in bo~h the fundamental rig studies and direct engine visualizat~ 

i~n scudiP.s. su~pose the research crew ~o ~ well troined in the 
funcamental knowled9! of the basic combustion aspects 

In 1984, the Minstitut Pran~ais du ~troleM (at Rueil-HaL~ai

son, near Paris) has been approac~d by IIP and asked to provide 

assistanr.e for the realization of this sub-project. It was 

d~ca..]_,d by nautual aoae•n-c that or.G. de soete, head ot the 

Department of Fundamental Combustion, would act as a consultant 
in -:hat matter. 

Cn JunP 1984 Or~B.P.PUndir f rorn IIP spent several ~eks at 

the.· Yrench ~t z:ol~um !nstltu~ • to tdk.~ 1n.torma~ions concerning 

tht· pidCtic.sl mod.slltics dtld to outllne th~ gP.nc-ral form that 

activity might tak~. ~ring t~ discussions bet~en or.i:1undir 

and Cr .de Soete the following was decided on s 

a) The con:struction at IIP of a genera.'. purpose test rig. su1t

ablfl to be used for a large numbf.r of parametric: studies 

conce minQ mPth41nol \or methanol-hydrocaroon blends) ignit..lon 

and canbustior,,,. at different pressures and tc:m~ratures'" 

having total optlcal access for sha1 .owgraPhy or Schlie :en 
photoqraphy. 

Construction of the experimental rig should be s'l:arted 

~d re.,iintd optical parts (laser, windows. len•s ••• > order.O 
. ' 

so •• t.o 1::11!! able to start the first trial.s at t!°W' a: rival of 
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Or .de soete in Dl!hra Dun .Actually• due to diffe!1!nt i:ea.son.s. 

the research crew of IIP' s Engire Laboratory has not been 

abl~ to start this pre?arative work befoD! the arc.val of 
the expert. 

b) II? should contact UNIDO in order to obtain the mission of 

Dr. cit! ~tr- to IL~ a:s a consultant tor 4i period of sJ.x ti.eek•• 

at the end of 1986. The consultants task shoul~ con3i.st in 

( l) giving guidance for the projected experimental trials. 

(2; training of the research people in fundamental aspects of 

f""l'1'it'lP ~latPri cnmh11!":tlnn an.1 (1} 1JUidanr.P ln selE"ctinq 

appropriate methods for in-situ visualizat~on inside the 

engine. 

As to the •ttainment o: these thLee original objectives of the 

expert's act1·~ity: (lj he has written a detailed description 

of the experimental test rig. of the measuring methods and of 
the research progranune to be followed related to two practi~al 
proble:ns occu ring in the onset of combust lon of methanol in 

the engines. indicating also further use of the rig for the 
study of other related phenomena; he h~s discussed tne experi-

mPntal mrthod and ttv- con~truction of tt..- riq with tht.• research 

scientists and the head.s of t:~ ditterent 1mrolved worshops. 
l 

The manufactur1ag of -:he experimental rig has been started 

and could be o;:ierationa.l within sr:m~ months from now. (2) Atnut 

27 hours lectull!s have been disr,>ensed to train the mseart:h cl.-ew 

in tund~ntal combustion aspects. (lj Discussions ~1th the 

resear=h scientist have been held on fundamentdl combustion 

phenom~na a~ occuring in engines and on pr~~tlcal needs of 

in sit1.& visualization metri0ds of combustion 'iilithin engines. 
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r.ECOMMENDA TIOC.JS 

l. For t."le benefit of optimization of typical techlloloqies 

~lated to the US@ of methanol a.s an alternative fuel for 

two-stroke sp.ark ignition and four stroke canpression ignit

ion engines. it 1$ rec0111nended to the din!ction of the Engine 

LabOratory of IIP to continue its effort for making approP

r1ate fundamental .research in the form of parametric stud1e3 

effectuated in an experimental rig. under conditions ap~roa.c:h

ing as c-lose as possible t<:' the ones prevailing in the en-

q1 ne, but st 111 aJ.lowin•J for sin•Jle 1Jctrameter var1.'.'ltion. 

in order to yield good understanding of the dependency ~f 

the combustion phenomena \1111 th respect to the im~rtant 

factors. 

Mote particularly, the p.arametric investigations on (a) 

conditions of hot qas ignition of homogen~ous methanol-air 

mixtures. and (b) spark assist~d methanol spray i·1nition, 

as outlined in annexe 3 of this report, should be started 

and implemented as soon as possible. Const.ruction and equiP

ment of the ex;:ieri~ntal rig, Jiscussed ~n detail· with the 

research scientists during the expert.' s stay. have alteady 

been started by now and should normally enable the first 

series .,,f trials to be started in two months or so from now. 

2. The execution of this parametric st1.1dy as defined hiqher, 
does not seem to present diff icul t1es other yhan tho~ 

which rn>•. EnqiMS Laboratory is abh• to decal ~i th. Ho"

!!Vec, in case ot emeryent dnd untore3een ~eds. further 

assistance, e.g. from the F~nch Pet.r:uleum Institute, ~ight 

be recommended. 

3. Althou;h the experimental rig described in this report has 

hi·cn pl .. mned µcimdr.i.ly to caL'Y out the stud.Lt:·s n111:nt.1onn~d 

in recommendation 1 , it constitutes a basic equii;:ment which. 

~ith only minor transfot1'1ations,may be utilized later on 

fc.r other investigations ~lative to typical methanol com

bustion pr.:>blems, e.g. t.he effects of gasdynami~s lturb-Jlent 
f lcw, s~irl. fl~ gradi~nts; on th~ ignitioa and canbus~ion 

ot methanol-air rni.xture-s and ~ thanol dro9let !pr1ys,, t~ 
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lc;in1 tion and fl~ charact.e t·i.~tics of methanol-9asoline 

em•..1l~ions. C<it.alyt:ic •ssl.sted me t.hanol ignition on catal1st 

cov~ red hot '-falls. ti:rae/space resol1.1t1on of mixinc; pattem 

be t.W('en f lcilmlahle mixtu.re and re sl.dual combustion product.s. 

4. Th~ effort of training of the xesearch cr~"s in both IIP1 a 

Engine and Industrial Canbustion Branches should be contin

ued occasionally. e .. g. wh<.Hlever an ui:;dating of fundamental 

or technological k.nowledge .\s required, or if young scien

tist need to gain spe-cialised kno~ho~. Many possibiliti~s 

dCF o~n in t.hot. !P~pect. ; ler.tun-s on speci.al tO?i.cs by 

O<.:< .ssiondl oc 1.nv;. t.t:-d incHon or to1P i.·;n :::~c i.dlist.s. •xchctn

ges of research st:i.entists bet-...e~n II.P and other n!search 

:~stitut~s. e.g. tr.e French Petroleum In5titute, training 

of graduates at the latter• s "Ecolf' SUt:erieure du fl6trole 

et. des Moteurs'• (E.N.s.P.M.). etc. 

. 
5. Direct visualization studies ins~de Che engines should be 

:-.::=-:omme:-iiad • 

?:r the =~=:~~'!~:. f'...!t.:.?:c ~~~e g!o'b~l ;\:ld rather simple 

o; ti cal 1iaf;:10o ti ~s ins ija cornrnercia:!. e:ig1nes ?!'.a.I" be alr.:a:iy 

:.i::.i.~rto~cn, for tt:c b~ai.~f1 t of the resaarch on engines 
a: t.i.Jally carried o·.lt at IIP. 
T-~., r_nr ~ m.·'rP_ remote ~ ••,,~Q 

'.J C& ....... - ........... -· 

.Ji ~1gno3 tic are envis:iga1. th'-?n alr~:i '!7 :low sho:.ili c-'lre be 
t~ke~ to train research people, specializing them in the 

appropriate t~chniques e.g. by means of long term stays in 

laboratories airea~y specialized in these diagnostic methods. 

~ 11 rec.:>mmend; tions ;_q>re3sedh:re 
1 

a1:ira33 themselva~ more 

..!ir!?ctly t.., t.hJ Jir~ction of the I-idia:i I'.'lstit~te of Petrole:.Jm, 
more in particular to the Engines Branch. 



- 3 -

I. AA.l.N 6JUT..1.~S OF THE J'C'B CES:RI;.TION 

The exex-rt r..as been asite·~ to assist the !ndia.n Institute- of 

t\tt&eileum at Oehr• LAJn. lru1lc\• in th .. · tollowtnq .tre-c1:s • 

1. Consultation and advice on the establishment of facilities 

te s.:. rig {or bdsic 3tu<.H~!: on alcohol combustion. 

i. Guidance on research C:&Ctivitie~ related to ccrnbustion 

studies in the engir.e. includir.g high speed photographie. 

"l • 1' ra ir.inq on fund21l'IP ntal com!:lu!'t ion. e.g. ignition. tu.:-bulent 

flcsnie pcopag~tion. spt<ly cornhustion. t:t.c •• as appit"d to 

~ngine-. 

The ex~rt.s activities in these th.ree fields aa given in the 

follo1o1ing chaptt·r. 

II. TECHNICAL AND TAAI~ING ACTIVITIES 

ks iri.dicate-d on the travel schedule (~ee Annexe l}. the ex;:iert 

joir1ed IIP on Saturday 16 NOV£:mber 198!> and lt-ft it on Wednesday 

8 J "~u.:.ri l 9b6 • .CU ri.~q thf· pe r1oti from 28 NOVt.•n1~ th:..ough 15 

December 1985 he left 11? tor a personnal ousiness visit to 

Ja~dn. 

His contacts in IlP werE more particularly with the count'!rpart 

staff of the Engtr..es Laboratory ' the composition of which 

is given in Annexe 2. The technical part of the activities 

-.as made !.n collaboration .,.it.h Cr B.P.Pundir and Mr. M.Abraham. 

As :already s~ ated in tr.e int roduc~ion. the construction of the 

~xpc-rimental test r~q had not starte-d upon the experts arrival 
at II P. 

In an early 1i~cussicn with Dr.S:Undir and Mr.Abraham. the precise 

Purt:.Oses of tt.e exi:;.t>rimental study wf!re. outlined and the expen. 

•as asKeO to prepare a wr!tt.en proposal describing in detail 
the different parts of the test rig, the diagnostic methods 

to be used and the study parameters to oe varied, in order 

to t:ndblE' the riQ to be manutactui:ed with<lut furt.hf,.l r delay 

in the mechanical ..otxshop of !Ir. This proposal, the full 

tex•. of .-hich is given in Annexe 3,. was finalised •nd handed 
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to Mr Abraham on 26 November. . 
The central part of the test cig consist of a ~ombustion 

reactor with total optical access. allowing shadowgraphic 

ol- sc~lieren cin~matog'C'aphy of the combustion phenoJTena or 

of fl·~"' and mixing patterns. If equi(:ed with appropriate 

facilities it may be used to study a large nur.tber of different 

ignition and combustion ~henornena, amongst "'hich the t..o follo

w1nq have been selecr-pd to start thf: r""~earch proqramme 

a) The ignition of homogeneous methanol-air mixtures by hot 

gases, related to the phenomenon of ignition by residual 

combu~tior. ~rOduc~~ as occuring in t'oWO-st~Jte engines ~hen 

ope catt?d at partiel load. 

bl The characteria~:..cs and optimization parameters of spark 
assisted methanol droplet spray ignition; together with 

glowplug assisted ignition or heterogeneous, ~atalytic 

~thdnol decomposition, thi~ is one of the technologies 

~hich may be utilized to overcome th~ handicap of the low 

c~ tane number of lllf-thanol. 

It has been ag· ed during the discussion to equip the exs:ieri

mectal ~actoc as to meet the requirements of these two pheno

~na. The equi!=f11ent,, as described in Annexe 3, aims at the 

obtention of the follo~ing infoonations : 

1'hP physico-~hemi~al ignition delay as obtained from the 

pm~surP/tine rPC(')rds,, thfo shadowgrc.phic pictures and the 

11ght emissiou (accomµ.any1ng ignition) recorded by a photo

diode sensor. 

-- 1':e evolution of the volumic combustion rate. obtained 

(aJ in ~arly combustion stage~ from the: sh~dc"'g.r.aphic records 

ar:d (b) in l.ater staqes from the pressut"e/tine track. 
-- The fraction of fuel burnt, trom the time integrated co

7 
and 

CC· conce.atrat.1ons measured by infra red analysis. The det.er-· 

minacion of buf110ut is an important info.rmation in the case 

ot the.!e non h1:>moc;e •US methanol/air/~sidual gas mixtures 

as well as in the case of dioplet combustion, since the 

pr.enomenon of g.as phase quenching may 'be severe. 
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The critical conditions of pressure, residual gas te~peratur~. 

amount and composit lon of the methanol/air mixtu~s. with 

respect to tile transition from ignition to non ignition and 

from total to only ;>artial combustion. 
The: mca.1.n pcUdffie-tt: r.s to bt vo.ried in the µl.snn~d st1.&dies cit~ ' 

nte pressure and temperatu.ce of the hot residual gas (or air) 

in .,,,,hich the methanol.air mixtures {repectively the nethaool 

spr-iy) is injected. In order to obtain temperatu.tes high 

enough to be representative for engine conditions, without 

needing to heat the reactor walls to unadmissible tempera

tu~s. hQt residua:. gases (in the first part of the study) 

and· a "synthetic" idr (for the second part of the study) 

is .:>btained by previous combustion of appropriate, lean 

hydroqen/oxygen/niuo~n mixtures, ignited by .sparks. 

Jor the first part or tne programme : equ1valence ratio ana 

total volu~ of th~ homogeneous methanol-air ffiixtures in

jected. ~~ntually also the spee~ of injection. 

Fo= t..'1e second part of the progra."ltne : the volume of liquid 

methanol injected; the characteristics of tr.e spray (size 

and velocity distribution of the droplets); the spark energy; 

t~ locatioa1 of the s~orJt with Il! sµecf:. to thP. injection 

nozzle: tr.e delay of the spark with .respect to the start ot 
the injection. 

Although originally the rig h~ been conceived to be operated 

under constant volum@/stagnant gas conditions, a minor trans

fonnation will .readily allow it to be used to study the effects 

of f lo'# c:haracte ristii::s (turbulence. f lo,. gradients) on the 

phenomena under 1nv~s!':.1gation, if need is felt for. 

~struction and egui2men£ 

The fc·llowing actions have been undertaken by t~ expert in 

order to speed up the const~ction of the test rig; 

a) Cress-check and detaih-d discussion of the prograrri11ie (as 

given in Annexe 3) with Mr M.Abraham. who is in char911 of 

building the facilitie and perfoCJ'ling th~ trials and ~1th 

0• 9.P.f\lndir, p~Jt!ct coo.cdin•tor of c~ £ng1nea IAbOr•t.ory. 
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bJ Previsions of the acquisition of the optical equiflll@nt. 

WM-reas most parts of the n!actor and it.s equir::ment either 

cil.:eady f!Xist at IIP or can be manufactured in its work
shops. a number of items of th@ Op1:ic:al equi~nt of the 

sh~dow9raphy bench have to be purch•sed. eventually trom 

abroad; these are mainly : 

an Argon/ion laser of about 2 awtts effective tx>~r, 

which for example may be ordered from the f i .cn S'(:ll!ctra

t>hysics (in F ra:ice or the u .s .A.) 

Optical quality windows for the reactor 

an a-phocal 1 nses svstem for exoansion of the i~~~r 

into a parallele shadowgraphic beam 

·- a total ~f lection miror 

Contacts have been initialize• with a dealer in optical 

equipment in France in order to obtain a cost prevision 

for lenses, 111indO\l;J and mirror, treated a.nti-Ief le xi on and 

with A/2 flatness factor. 

An o;>t1cal bench and supports for lenses and miror a~ 

not di~etly available at the F.nqines Laboratory. Al
thou~h the manufacturing of these items is a precision 

work usually lPft t.o sµeciallzfl'd flnns. thPy mlqht ti. 

manufactured actually at 1IP 1n a less sophis~icated 

manner. owing to the fact that the precision requin!ments 

for the1~ use in a shadowc;r~phy method is lesa severe. 

A. fast f ram.1.ng _camera of at propriate quality exists at 
the En~ines Laborator¥ and may be suitably used. 

Any way it is the corrmon feeling of the expert and of t~ 

counterpart staff, that the completion of the optical equip.. 

me.'.'lt may take a loaq dela.y. Therefore, and since a substantial 

part of the trials may be started without this optical 

ecr.Jipment. it has .been a..Jreed that the eicperimental programme 

""°'1ld start· as soon a.s the rest of the tf1st rig has been 
implemented. 

e, ~ heads of thP. ne~hanical workshop and of the hyalouchn!cal 

\oolCJrkshop of I IP h.1vr been cont.acted ( n-s~ctively Mr .S1nQh 

Nishan and Mr. Stanl~y Portion) to discuss the details of the 
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construction of the follmi.ing ~arts of thr. test rig; 

The reactor itself (dimensions, design, material and 

characteristics) 

-- '1'he methanol-air inj~ction device (design. dimensions. 

material, chamcteristicsJ 

1'M!i sonical orifices equiped feed.lines 

- The device for the preparation of t~ methanol-air 
mixtun!s 

s The manufacturing of these items ha started 'by now. 

d l The availibili ty of the electronic equipment has been 
checked ~1th Mr.M.Abraham. 

The En~ines Laboratotv disposes of a multichannel vari

able delayed pulse generator perfe!ctl; su..lt.ablie to meet 

the requirements of the pla."'lned trials (delayed iojec

tion. delayed spark firing~ c~ra and oscilloscope 
triggering) 

Less sophisticated but reliable de;.ayed pulse generators 

c~n ht= built a~d actually hav~ alre4dy been built et 
III<1. 

-- Suitable circtJitry for ~park ignition cao be .tealized 

at the EngiDP-.s Laboratory usi:ig the schemas -which have 
been provided. 

Calendar 

An approximate antj tentative calendar has been disc11ssed with 

the count:.~ rport, y i4!' lding the following prov 1 sor1ous execution 

schedule : 

Item : finalized for : 
---~----..... ·---~~-~--~-----------~--------~- ----~~---------~-
A) Pir~t part. of tr.c- ;-r.1gram::ie (ignition 

by hot residual ga.ses J : 
1) Manufacturing of hard\wate part.s and 

i.Qni ti.On Cl !.CU l t.c y; OVticcal µcu l.S 
to be ordered. build.lnq of the ex~ r-
i~nta ~ ri~ (e,xce a>t O?tical parts) 30 April 1~86 
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Item finalized for : -------------------------··------------------ ---------------
2) Calibration of sonical orifices, 

of injection duration, ~f methanol
air feedline (by chromatography), of 
pressure transducer. Check of the 
delay circuit. Determjnation of the 
pressure/time and temperature/time 
history for different hydrogen/o~y
gen/nitroger. mixture compositions 

Preliminary trials to assesti tne 
useful range of the variable para
meters for the experiences 

3) Running the trial series of that 
part of the study, as far it is 
possible without the optical equip
ment 

Realize the optical bench as soon 
as optical parts are delivered 

Running the trials series including 
shadowgraphic records 

B) Second part of the programme (spark as
sisted ignition of methanol sprays) 

1) Transformation and adaptation of the 
rig; adaptation of electronic cir
cuitries 

2) Calibrations and determination of 
pressure/time and temperature/time 
histories of the "synthetic" air as 
a function of the hydrogen-air
nitrogen composition 

Preliminary trials : determination 
of useful parameter range 

3) Running the trial series of that part 
of the study 

30 June 1986 

31 October 1986 

30 ~ovember 1986 

31 January 1987 

30 June 1987 

The execution of the outlined research programme does not 

seem to present difficulties, others than such which can be 

mastered by the research crew of the Engines Laboratory. 

However, if at some critical periods of the programme exe

cution (e.g. between June and October 1986, or between 

~ovember 1986 and January 198 7), the presenca of a consul

tant for a short period (not exceeding two weeks) might be 

needed, this could be negociated with the French Petroleum 

Inst i t'u t e . 
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3. Gui:!anc~ r-.r :-::zd<U'c!'"a ·.,;i thin tha a~gi:ie 

--------------~----·~---------·-·~-----

?r-:iblems co'.'lcer:U::g t~e actual research activt ties directl1 

1n the enci:le, hav= ':i~3n Jis~JSsaj ..,1th tr-= sc1a:lt1sts in charge 

Jf tt-:;,;m. l"r.cy r.i:"l.t:-.ly t'i;lo~lt'T t·~ ~r·"? ~i:lt~·.;t:.t: fi=ljs : 

~!~~£~~~-:~~~:~=~-~~~~~~~~-~~~~:~~~ 
Discussion of the practical possibilities of decreasing the 

c: l=c trL:3. l ;1ower neeried frc t!f f1c1ent 1g~1 ti on of alcohol 

spra:!.:5 i.'.l tte com:;ression ig=>-1 ti.on engi~e ; reduction of the 

mass or tr_.:: s :.irface of tte e let:t;:-1.cal Ly hda ted part of the 
plug : improvement of the th~rmal isolation between glowplug 

and cvlinderwalls; exploiting the heat transfer from the hot 

com: l.l:::i ti;)n ~ro.1 '..let~ w '1 '
9 hea t storage" ~lug. Comparison of 

m1~1~1.lJ11 P~•er ~ee~ed in ttd case of a continuously heated 
;::lo.11 llllg 3.~d :in 1:ite:rmi ttent high energy spark. 

o~tic3l ~eas\lI'ements 1ns1de tte a~~ir.es 
~~-----~~-~-~--~~~----~-~---~-~--~--~~· 

Gen-;ra lly a lot of i:1te res tir-.g i.!"'~f0rrr.a ti~ns on 1g:i.1 tlon a=-id 

c~mtustioa 1~ tte e~gi~e c~n be obt31ned from optical diag~os. 
tics applied directly inside the engine. 

Roughly speaking these optical methods may be classified into 

t.loO .:a tebories: 

1) Ger!eral v1~ulal1zat1on tach~iques allo....,ing a rather global 

:i.:cess to the time :iec>ende:lcy of flow and mixi:ig ;>a tterns 
or of 1€:1.1 tion :irrl flame ·1e"':'elopment. To this ca tegorie 
belong : (a} some rather sophisticated techniques such as 

m1;..lt1rr-'1 tri.x dnJ0:; ~opy l:l3cr tomography a:id holot:raphy, many 

vf •hich requir~ 1mport3~t optical accdss, not alVciys eAsy to 
r~~li:e ia co~~arc1~1 en£i:.as; (b) othars, which ~r~ mors 

!:i1 T::Jle a!'ld thdref.Jre mor~ siJi t:ibl~ to te applied directly 

L-. .-:omrr.c:rc!al t·•o- a:'lj fo·.ir-.::tr~ke a:'lfines , such like direct 

!'"l 1me ~1nema toi:n ;ihy- 3..:1:1 s h3::1o'Jci ;.~ma coer";i. phy. C 1 :>b~ l 1 Clfor!!!a

t1 o~ ~~ fl3~~ J;~:1, i~~l~~i~g e~rly s~~ges prop~g~tio~, may 
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also be obtained .or some :Cind of indirect "v1sual1zat1on19 , 

for aYample us1:lg rnult1;:>o11.1t 1on12'a t1on probes. 

2) More specific optical methods for flow cb~racterizacion 
U..a:iur Uoµplttr Vttloc1mu try) or "1n ~1 t.u" chemical analysis 

(e.g. fast scanning, multipoint Raman spectroscopy, coherent 
antistokes Raman spE·ctroscopy, laser fluorescence spectros .. 
copy) • These are all highly to very highly sop his t1ca ted 
methods, the equipment being very expensive and the proper 

util~sation of ~hich req~1r1ng vell trained and highly spec1. 

alized sctantific crews. In man1 cases their use is restric
ted ·~o experimental dngines, offertr.g special adaptations 
allo1,1i:ig proper optical access e 

The quantitative stuj7 of most combustion phenomena inside the 
engine rna!ly times requires the combi!la t1on of different optical 
methods belonging to one or to both categories, for example : 
shadowg~aphy coupled ~1th simultaneous laser Doppler anemometr1. 

rn the experts opinion : 

a) Informations gained from fundamental studies, altnoug~ in

d1~P·~Cl::ia.ble for a:i adequate :.mJers t.,':;inJ1ng and ul ter1or '-'~
t1m1 za tion of the combustion phenomena occurtng in the 
eng111e, cannot simp~.y be eYtrapola ted to real. complexe 
enei;le ~ondi tions vtere they ;ietinlly occur. The.rttfore, con

f1rma t1on ot fundamental results and 1ClfJnr..a.t1on on the con. 
di tions a> ntrolli:ig them, should be gained directly inside 
the engine by the use or non intrusive optical techniques. 

b) Owing to the actual situation at the Engines !aborgtory of 

IJP :~ore es?aciallr ~ith res?ect to th~ available ~quipment 
and research crew competence) it does not seem to be reasonable 

planning, f~r the neYt fut:.ire, th~ application or optical .. .., _____ .,._..,<19 

diag:10stics using (highly') sophisticated techniques. 

T~e eventual U3e of such tachniques in a more remote ruture, 
---------~--··---· . if decided u~on, ou~ht to be carefullY. i>repared (a)' by time-

~ .............. ... 
ta k1.1f, ajequa te l:lpec1al1 Zl:3d tra 1n1nc of the research peo?le_ 
for ~ach respective techniq~e. in laboratories already using 
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thoroughly these methods inside the engine; (b) by ~he 

cc.nstruct10~1 of ~:)propr1at~ ~:1 ;>er1rnl;!ntal eng1~3 , equi;>ed 

for the use of thase methods • 

c) Fc·r the benef1 t of tha trials belne carried out actll:llly, 

esi)~ci~lly 1n the t\ln-stroke en1"1"1e, with respect to the 

understandin~ of (~) the global mixing patterns of fresh 

mixture a:ld residual gases and (b) the 1n1t1al flame ~ropa
ga. tion and 1 ts relfl tio:l to cyclic d.1.s per~ion. some global 

visualization tech~iques, involving rather s1mpl~ equi~
:?:ent , may be suitably used alreajy- right now : 

.i:;1tter th~ i~direct ond, usi:ig to!li:r.ation probes fitted 

to the peri?hery :>f the s?ark pli..g (such 1on1za tion-probe. 
equipej spark plugs may be ob~~inej evantually from the 
French Petrolt: !.llT. Institute); 
or direct flame cinematography, using Sodiumborate seeded 

intake air to increase the light emission from the burned 

gase~, mai<i:i1~ thus tha flam~ front pos1 ticn s uff1ciantly 

co~tr3sted to be vieved by fast framing cameras. Guidance 

has been given for the construction of a simple , yet very 
efficient seed1nf" jev1ce. ?he f1 tt1ni: or a sin1ple optical 
access window of about 20 mm diameter in the head of 

th..: two-:i triko angi:itt cyll:ider , :.ihoul.1 mtn~t no lart:e 
:!ifficul ti ~s • 
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c. Training on fundamental combustion a~pects 
-~~-··~···-···••1••~··~···-··············-· 

Lactur~ sel"it!s 
-~~~-.-~~-- ~- ·---~ 

Dur1~ his stay 3t II? the e~?e!"t has ~ovided twnty five 
hours of lectures on fu."lda:nantal aspec~ of combus t1on. mos tl1 

relatad to e~1.:ies. The time sched!Jl.a of this lactures series 
is given in ..\nnaxa 4. 

These lect\ll"es wera atten1ad by resear~h sciantists of both 
the engines .Laboratoc; and the Ind•.istrial Coebustion Section: 

from the En~ines Laboratory : 

~M~ M. Abrah~m. D. Ku~ar, S. Das and S. Jain 

-- from the Industr13l Combll!itio~ 3ection : 

l-0-.: K~.r..ambo. K.M~grawra.1, H.K. Madan and o. Deepak 

'rhe s 1.Jbject.:> trea tej in these lsct.ires are s urn:na.rized in what 
f-:>l lcw~. 

1 .G.~m~ral comLu:..; t:.1 )!l ki:l•! t1c!j 

ChaM~t~ri:> tics of chi:'\ 1~-r!l.ji=al ra~c t.i·)!lS ~~ oci:::~i:ig d !.lri:ig 

cos~bustion; reacti~!'l rat~s and reacti.Jn :nechrl.ilisms for hy:iro
gan/oxygen and. hydr~carban/oY.yge·n 3ystams. 

2 .·rhe: phenol?ianon ·'lf selfigni tion. 

Physicochemical- macha:llsms or self1g~1t1on; 1gn1 tion tampe .. 
rature and 1gn1tio!l 1alays : their calculation; experimental 

d1~g=iostic methods for their measurements; effect of pressure, 

mixture composition and confinement on selfignition tempera

tures and delays. The role played by self~gnition in spark 

1gr11 t1on ::imd come>r~:J!Jiou tgni til')n engtnds. 
3 .·rhe phenomenon or deflagra ti:>n. 

3 .t • Steady state name propagation 

Theory ~f stea:iy name propagation. ~ependency or flame 
speed on pr~~sure, tem?erature mixture compos1t1on 
and turbulance. 

~xperimental method3 for flame spead measur~mant. 
3 .2. 3p~k 1gn1 tio:i. 

critical 1gn1 tion energy; optim1..1r. spark dUM.tion time; 

errects or electrode wlts and turbulent t'lov character. 
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1st1cs on S?ark energy and on critical ignition energy. 
3.3. ~on steady 9rop~gat1on of spark 1!n1ted flames 1n 

earl1 stages ~r propagation. 
-~ erract::s vr ~~ark ;J!l«tr,~y clil'1 wal t q1JOnch1ng on 

flame speed 

-- Effects of gasdT-'lamic :::haractarts tics : 

- turb:tlent 1nd.~e~ s ..a tis ti cal jispersi~n of 1n1 t13.l 
flame speed 

- tlame stretch induced ~y tlow gradients, compared 

to ~~ooetri~al fl3me 3tretah ; affects of flame 
stretch on flama s?aad and mass bur!ling rate. 

Effec~ of mixture and·flo~ heterogane1t1es on mass 
comb1JStion rate in earl1 st.:iges of propagation. 

- Experi11ent1l d13.gnos tic methods for the s tudr of_ 
earl1 flam~ stages ; tha mcthoj of laser tomog~ph1 
and 1 ts apiilica tions. 

3.~. Flame propag~tion conditions 

Intrincic conditions flammability limits~ theoretical 

and axpurimeatal approach 
~xtr1.ns1c condt tio!l3 : flame quenchitlg by walls; 

Quenching theory ; theoretical and experiment~l 

values of quenching d.istamces; meas!.ll"i'.lg !Dethods.-

l+ • ..:;m1·!is1on Of ?Ol.luta.nts by combustion 
l+.1. Nitric o~ides 

Gas phase kinetics of ~O formati~n ; "thermal", •fuel-. 
NO" and "pi;om?t-:-101

• mechanisms. 

-- Heterogeneo!JS YO reduction on flame born s~l1d particles 
-- irrec::ts of charge staei!lg and turblll.ant composition 

and tempeM.ture fluctuat1011S on NO emissi~n.:.1. 

4 .2. Soot and cenospheres 
Chemical mech~nisms or gas phase soot formation and 
liqu.id phase cenospheres formation. Formation of pcily-

aromatic hydr1lcarbons (PAH). Rel3.t1onsh1p bet•ee.n cenos
pheric resid~ and Conra.ison Carbon. 

catalytic and non catalytic soot oxydation~ a?pl1cat1on 
to soot trapping tech.~1ques in Diesel combustion. 

l+ .3. Forma t1on or aldohydes :ind Wlburnt hfl.lrocarbo.~ .l.n enginC!S. 
Bulk quenching and wall qu.~nchi:ig phenomena. 
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Colloquilll!! on soli~ -.~uel comtust1:>n che!?listry ------~---.--~~ ................................ ~~----~-·---~ .. ..,._ .. -
On 2? Dacamber , rrorn 2 .30 to 'i • .Jo p .. ii.. the e"Xpert ~lso 

1".n3 given a coll.o·~·.l11.l4 on chumicul a::ip11cb of solid fuel 

cornbus tion. which was attended by ~bout fourthy research 
scientis~~ bel~!lging to.1 different divisions of IIP. 

!he following topics have been treated 1n this colloquium : 

1 • Structure and phys1co-che~1cal cha~actertstics or soi1d 
fuels ( soot, coal. petrola:.im coke, cha::-. wood) 

2. Fast pyrolysis reactions. iffects of tempenture r1setime 
on nature and amo...i.'lt of p;rroly31s proJuct::a. 

3. Kinetics of heteroieneous combustion of the solid matrix 

-- Chemica-1 mechanism of dissociation chemisorPtion of 

oxygen and desorption of CO and co2 • 
... Local reaction rate of cornbus tion , as control led by 

either adsorption or jesorption- W1der steady state 
co:iditions. 

-- Time jepdn.iency of the activation t.emperatur~ • 
... &ft'ects or pors d1ffus1 v1 ty; average reac·tion rate or 

combustion in i1ffus1v1ty controlled regime, kinetics 

controlled regime and mixed rerime • 

4 .The ignition of solid, pyrolysable fuels. 

-· Ignition temperature and dalays. 

-- ftcharn ignition· and nwhole coal~ 1g:li.t1on: two alternative 
·types or ignitio~ res~lti:ig from py-rolys1s/oxyd~t1on 
.compet1t.1011. Tran:;ition from orw typ~ t.o the oth·Jr as a 

function of oxy~en concentration, temperature and par

ticle size. 

ConseqJences of "whole coal" ignition : inhibition o!' 
initial combustion rate and a~tinction • 

5.Foraiation and red~ct1on of ~1tr1c oY.ijes ~ur1ng solid fuel 
cor:ibws t1on. 
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III. CONCLUSIONS 

1 • ln order to acquire good u:iddrs tandi~ or er.gins related com
bustion phenomena, '.L3eful for the opt1m1za.t1on or spec1t1c: 

tec'1nolog1es aiming at improved use of methanol, an experi
mental ~ogramme of parametric studies, bearing a f:.mdamental 
character bas been defined, to be carried out at the Engines 
Lab·~ratory of the Iaciian Institut> of PetrolelJDI. in Dehra. Dun~ 
a) A detailed description of the experimental test rig has 

been elaborated and d1sc:.issed wt th the countei;-part s tarr. 
b) Contacts have been established with the research crew and 

with persons in charge of the workshops to start the con

stuction or the test rig and to build the ap?ropr1ate 
equipment. 

c) A research programme covering an eighteen months period 

has been outlined, fo<;~sing at the study of tvo parti
cular p roblem::i re la tad to thl? tgn1 ti on phenomer.·'l or 
methanol in anginas : 

1) the ignition or homogeneo:.is methanol-air mi~tures by 
hot residual gases. related. to the ignition phenomena 
occuring in two-stroke engines operated at part load. 

2) the cbaracteristics or spark assisted methanol dr~plet 
sprays ignition. related to the onset ot combustion 
1a tbe compr-Jssion ignition engine. 

d) 'The manufactori:"lg or the test rig has been started. The 
<D nstruction ma:r be finished within a few months from now. 
A tentative time table for the execution ~r tne programm~ 

has been established. 

2. In order to check in a rational way the advantages or some 
specific technologi&s, the application ot vi,cb in the engine 
are actually studied in the Engine Latoratory, guidance has 
b~un given for the 1mmed1ate use of s1mple d1agnost1as to 
be carried out directly in the engines. 

Tho advantages or more elaborated optical diagnostics inside 
th~ engine has been discussed and the practical conditions 
or their proper utilization in a more ~emote future have 
be~n outlined and recOIDU"•ended. 
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3. Tra1:U~g 1n basic c0mbust1on phenomena. mostly related 
to eng1~ combus~io.1 ~ad industrial combustion. bas been 
provided. to the research 3cient1sts or thfl Engines Laboratory 

and of the Indus trial Coo bus tion Section. mainly in the form 
of a systematic lectures series. 

4. Some practical recomme!ldat1ons have been issued to the 
:;:)1rect1on of the ~gines Latora tory or IIP. 
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.!.NNEX. l 

-.-----·--~-

Oepartur~ from P3r13 on 12 ~ov~mbur 1985 at 11 .05 a.m. 
by !light ~ 782 

Arri val !n Vienna o:i l 2 ~ovember 1985' at 0 .55 f .m. 
3rief1ng : n Visnna on 12 Yov .1985' (afterncon) and on 13 Nov. 

1985 (morning) 

Departure rrom Vienna on 13 Nov .1995 at 2 • l :> p .m. 
by night ?A066 

Arrival at Delhi on 14 Nov.1985 at 2.50 a.m. 
Impossibility to get a seat reseryation on the aircraft from 
Delhi to Dehra Dun. for tho next day, 1mposed a s '.JPrlementary day 

or stopov~r in Delhi. 
Departure rrom Delhi on 16 ~ov.1985 at 7.oo a.m. 

by Fl!ght PF103 

Arn 1al at Debra Dun on 16 :iov .19a5 at 7 .50 a .m. 

--·~~--·) 

Interru?tion of stay in Debra Dun for personal business 

Departure frOm Delhi on 29 ~ov.1985 at 1 .30 &.mo 
by Flight TJ 951 

Arri v1.ng back in Delhi on 1 5 December 1985 at 2 .4o a .m. 
by Fl!.ght AI 301 ........... 

Dep~rture from Delb'.!- on 16 Dec. 1985' at 7 .oo a .m. 
by Fliiht FF 103 

,\rr!.vtng at Dehra Dlln on 16 Dec. 1985 at 7.50 a.m. 

Departure t'rom Dehra Dl.m on 8 .Tanuary 19a6 at 8 .1 o -a .ai. 
by Flight PF 104 

Ll'rirtnc in Delhi on a januar1 1986 at 9 .oo a.m. 
:ltopover in Delhi on 8 jam.arr 1986 
Departure rrom Delhi on 9 .Tanua:ry 1986 at 2 .55' a .m. 

by Flight Lfi 66, 
A.l"°1V1ng in Frankfnrt on 9 .Tanuary 1986 at 7.1s a.m. 

Dep~rture rrom Frankfurt on 9 January 1986 at 8 .i...5 s .m. 
l?Y Flight 00 t+oa 
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Arrtv1~ in Vtenr.a on 9 January 1986 at 10.05 a.:a. 

Debriefing in Vienna on 9 January 1986 

ue parturw rrom Vienna on 1 O Jan1J11.ry 11Q6 at 1 .&+j ? .m. 

b .Y f 1 i.g ht AF 7 8 l 

A.z-ri ~rtng in Paris on 1 ~ January 19a6 at 3 .4; p .m. 
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1'he Sn91nes Laboratory of IlP • t.ogether w1t.h the Lndustrial 
Combustion Section are branches of the Applications Division, 

the Ointctor of which 1~ Mr.S.Sinqhal. 
The Engine Laboratory• s Project Coordinator is Or.B • .P • ..Pundir. 
This :s~ction is com;:osed by th.tee ...Qroups s 

1) !!!!E_2~E s Combustion and Emissions St-..Jdies 

lie.id of group : Dr B • .P. Pundir 

aeaearc:h Enqi:ieers I Hr M.Abraham. Hr D. Kumar 

Mr. A.K. A~gal, Mr. S. K. Singhal 

Mr.M.s. Oas, Mr s. Maji 
Hr R.K. Sha Ima 

2) ~22g_s_~~R J Field dlld Performance Studies 
Head of group i Hr K.K. Ghandi 

Ae search &nginee ra ' Hr J. Sh•nna. Mr c. R.m~h•ndr&n 
Mr A.X.Jain, Mr S.K. Jaizl 

Mr. M Saxena 

3) ~£.S..9.!22f_s Wbrication and Tribilogy Studies 
Head of group s Dr. P.c. Nautiyal 

Research gngineers a Mr R • .L. Mendiyatta, Mr A.x. Gondal 

Kr S.N.Bhattacharya, Mr >I. Gupta 
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ANNEX 3 

Basic Study on ignition behaviour of methanol and methanol/hydrocarbon 
blends, related to the onset of combustion in two stroke S.I. engines 

and c.r. engines 

-..--------.--..~-----·--------..--.-~-.-------~---

The g~ne~l purpose is the realisation of a reactor eqiliped vith 

appropriate measuring ~evtces • in o~der to study par-!matric:ally the fol
lo1i1l :1g two ;>heaome:-ia. resp~c t1 vely rEsla ted tv two ;;i troktl :; .I. engines am:1 

to c.r. eng1ne9 fuellad partl.y or tot3lly 'With methanul: 
1. in the two stroke s.r. engine : the ignition of the flammable charge 

whe n 1nJec-;ed 1n the hot resi~ual combustion product~. as may be ob
served e.g. at partial loa~ condition.q. 

2. 1~ the c.~. engine: the cha.racter13tics of methanol dropl~t sp~y 
1g~1t1on. assisted by (high energy) sparks. 

In order· to obtain a proper unders ta:ld1:ig of these complexe pheno
mena,. we belie·1e 1 t to be necessary to ;>erfor11 basic studies ln an appropri
a t.e l·:iboratory test rtg const1 tuted by a co:ista:it vol1J1De reactor, eq;.d.pec1 

with v1 s ual1 za ti on and meas L~!"ing devices to study th~ 1 gn1 t1on and !lsme 
propagation be~viour as vell as its parametric dependance on temperature. 
press:Jre, ruel type and mixtu.r~ composition. etc. 

~. Ignition of homog~neows methanol/hydroc3rbon/a1r m1xt:.xres by hot com-

Methanol/hydrocarbon/air mixtures will be 1njacted into the hot com
bu~ tion products resulting from the corn>-·i.st1on or hydrogen/oxygen/nitrogen 
mixtures. The ?•ramatric dependence or the temperature and deliy or 1gn1t1o~ 
the combustion rate and the burn-out will be ·determined. 

A.1. Dgssr~oti~Q ?! tb§. ex~er+men1;!l aQear~~~s (see figlJI'e 1) 

4. 1 • 1 • The main reactor 
-···-~~-~-~-~~---------~ 

The cyl1,n:1:ric"\l. ;, hapac1 reactor is e<] lli;>·~d wt th t'JO p"nl lele wtn

d9ws (1) of cpcical quality. The following dimensions mijht be suggest~d: 

ins 1de dia:neter 80 to 1 'JO an; lengtah ; 100 to 1500 mm. 

The cyl1ndrical walts should be he~table up to 300 degrees centigrade 
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or means of electrical rests tors \lrapped. around them. For most p:n-poses 
ot the study however these heating poss1b111ti~s ara not strictlr required. 
Further characteristics or ·the main reactor are given in paragraph A.5 • 

..\ p~ir of electrodes (2) is f1xed in the reactor vall3 by isolating 
gaskats. They ar~ connected 'With ~n 3ppropr13te ignition circuitry (3). 
The inlet (4) for the hydrogen/oxygen/nitrogen mixtures is equiped with 

a. two w:iy valve (5) and a one way isol3t.1n~ valvs (6). rhe gas 01.1tlet (7) 

in turn is equip?ed with a one vay isolating v-:ilve (8) and a two yay valve 
(9). The two isol3.t1:ig valv~s 6 an.d e, sh·Juld be abla to withstand a press!.lre 
eqLial to the maxi:num value reached d'..lring the trials. 

L!.nked -with the ma1r1 reactor over a solen1i:1€ ontt way vi:ilve (1J) 1s the 
inJ ~ction jevice for the methanol/air or me thanol/hy:iroca.rbonh 1r mixtur~s • . ' 

A. 1 .2. Methanol/air inj ect1on device 
-------------------------·-----------

It is composed by a cylinder (11) in wich a piston (12) can rreely 

be moved. ·righten1ng o! that pis ton against the crlindar walls m:iy be ob

tained by a pair of o-r1ngs, prov1jing at the sa~e time guidance of the 
piston movements. Piston (12) is moved upVc\rd, and kept in the upside po
sition by a small vacuum pump(13), isolated from cylinder (11·J by a one way 

v-ilve (14). To bring the pi:iton (1t)down. air rrorn :i high pressure bottle 

(15) ls used; it enters cylind~r (11~ rrom th~ top, through a solenoid• 
one vay -nl ve ( 16). The prees are used to bring pis ton ( 12) do'Wn can be 

preset by a pressure reducing valve (17). It is important that vrilve (16) 'be 
a ~le to vi tbs tand that preset ?ress1.1re w1. thout leak~ge • 

.Cn the cylinder (11) the e~perimeni;tl ~tmnol/l'l1r 121xtu ... . .s intro
duced over a o~e way valve (18), while tho piston (12) is kept 1n the upside 
position. This .gas mixtur~ is prepared by a special feedkine (see paragraphe 
A .l+) • The lover c111nder part is rinsed by the methanol/air mixture using 

the one \i81 outlet ~lve (19). If possible. it is better to replace the two 
one '"'8.1 valvas (19) and (19) by tYo tiJO-Yay ~lves , the secon~ outlet or 
each being interconnected in a var to provi:ie a bypass or the cylinder (11 J 
{ this bypass not being ind1ca ted on figure i). This improvement allow a 
much more stable comp~sition to be maintained for the methanol/air mixture, 
s1'lce the pressure ~rop is then not alterated when isolating the cyl1ndar(11) 

Both cylinder (11) and main reactor sh~uld be rinsed after each trial 

by tha1r r~sp~ctive mixtures during a t~me (tc, resp~ctivaly tro s~rr1c1ently 
large to ensure the compl~te e~ac~~tion or the combustion product:I or the 
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;:>revtous trial. rhis time mar be evaluated on the ass1.11ption tbat 
rinsing with about bien~y tim~~ th~ r~~?~c~ive vol1.Res or cyl1mder 

( 11 ), v • and or the main reactor. v_ will be suff1c1ent to reacb 
I! 4 

that goa1. Ir D and D are the res;>ect1ve now rates through C'f-c r 
li:'lder ( 11) and main !"eactor, th~n the respective minim\111 r1n.s1ng 
times are given by : 

t 0 • 20 vc/Dc 

tr • 20 vr/Dr 

In order· to chan~e the volume v c of the cylinder (11 ), c111ndr1cal 
sh~ped inserts (20) of variable he~ght may be rocatea 1h cne upper 

part of the injection system. 

The hydrogen/oxygen/nitrogen mixtures are obtained from 
sep~r~te bottles or compressgd nitrogen (a), oxygen (b) and hydro-
gen (c). Each of these three f eedlines possesses its own pressure 

reducinr, valves: a coarse r~ducti~n valve (d1) 9dovn to about 10 

bars) and a fine reduction valve (d2) (e.g. betlleea O -nd 10 bars). 
The flov rate or each component is metered separately by means or 
a son1cal orifice (e), eqJiped with a high precision manometer Ct). 
Fulfilment or the sonical regime condition may be checked by a 
further manometer (g) located dow:istream. Som.cal regime is 
achieved ror : 

( Pr >abs ).- 2 (Pg ) abs 

(Pr>abs and (Pg>abs being the absolute pressures as obtained from 
manometer Ct), respectively (g). Under these conditions the mass 
flow rate through the orifice is g1ven by the relationship : 

dM/dt • K CPr>~bs s / r0-5 

~here K is a coefficient proper to the gas, S the hydraulic section 
area or the sonical nozzle and T the absolute temperature upstream 
o!' the nozzle. If ambient temperature is not changing :too much, T 
may be .oonsidered as a constant and has not to be measured • Ir 
so:-i1~al orifices or aot appropriate aerodynamical shape are utilized. 
then 1t is re11utred to calibrate the mass now rate as a function 
or absolute pressure, bf means or a gas counter or, ror verr small 
flo"' rates, a soap bubtle tube. 
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4 .1 .4. Feedline ror the methanol/air mixtures 
-·-----~~~-------·----~---~-~---~~~--~----·~-

In wba t follows a typical reedl1ne for methanol/air mixtures ts 
described; 1ts adaptation to fuel mixtures (e.g. methanol• hydrocarbon) 

1:J re:1dil1 ext.ra.polatod. 

rhe methanolta1r mixture might be preparttd by a conventional car

b ure tti:ig method .However,, for continuous ~lov operation. it may be done 

more properlr by the vapor pressure method shown also on figure 1. 
Air from a c~linder (15) is expanded by two successive. coarse (21) and 

r1na (22} pressure reduci~g valves,, prior to being metered by a sonical 
nozzle (h).Part of the air flow is bypassed through a doublP- scrubber 
system, coataing the liquid fuel (1). The latter is kept at a constant 

tamperaturd. Tj, by means of a stirring/thel"'llostating system (j). 

rhe total flow rate of air from nozzle ( h), v'11r , is di v1ded ovtr 

the two p::ir:i llele channels I :lnd II by means of two needle valves ( i,) 
and (12). rhe air now rate through channel D , (fair)II • 1s mete"."ed 

by a rota.meter (m). The pressure in the scrubbers, Pt: 1s indicated by 

U .. tube manometer (k)1 usi:ig prefere!ltially b·!tyl-d1phtalate as a mar.o
matar liquid, for precision reasons. Be Pv the vapour pressure or the 
ru~l at tempurat\U"e tJ. W• thdn have the following expression or the 
volumic tlow rate of the fuel : 

f fuel • ~air • C-fa1r>n] P v I (Pt - Pv) 

The air flow.through the scrubbers should not be too l~rge. in order to 

avoid aerosol entrainme·nt or· the fuel. The second scrubber acts as a 

regula t1:ig dP.v1ce, adding fuel vapor in cases where the air leaving the 
r1rs t scr?Jbb1~r sh:>uld !'lot be sa tur~ ted, condensi:'lg excess f·Jel va;>or in 
i.:·L~e:; ·"lf ovei:r--~;.itlll"~t1on. 

Ir fuel m1Ytures are used instead or ne~t meth~nolt the respective 
volumic r~~l.?'3tds. Cvru~l)i. of aach co;pondnt 1, may ba obtained 
from the Raoult law. 

A .2. General scenario or a trial 

,\ .2.1.Valve ( 16) be1~ closed, valve (ll+) is opened and pist,on (12) ~

rised to 1 ts upper position by means of -;r..e vacuum pump. 
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4 .2 .2 .Adjustment of mixture compos 1 ti on 3Cld nov rates 'botb through 

reedl1nes or the b~rogen/oxygen/nitrogen mixture and or tbe 

~ethanol/air mi~ture. 

A.2.3. Rinsing of the main reactor during a period of at least the value 

t , and or the injection cylinder ( 11} during a period or at least r 
the value t • Durirur that op~ration. valve (1~) remains closed. c -

4.2.4.Valves (6), (8), (18) and (19} are closed. ?be eventual existence 
!)r a line bypassing ~lves (1F} ~nd (19} has already been s11ggestad 
as a useful improvement. In an analogous way, a bypass between 

valves (6) and (6} wolllj be equally usef:.il. 

A.?.5.!he ~1r press~re on valve (16) is adjusted by pressure reducing 
valve (17). 

A.2.6.Tbe sp•rk is tired between the electrodes (2,2). The ~park circuitry 
(3) tr1g(ers a sig!lal delaying c1rcJ1try or delayed _pulse generator 
unit (.23), which 1n tur~ after an adjustable delay f} , co11111ands 
the simultaneous open1~e of the t~o sole~oide valves (16) and (10). 
Co~ eq u~ntly, p13 t.0~1 ( 12) is dri v~n down....,arj 1nd th.a rna thanol/a1r 

mixture is forced into the main reactor. ·rhare 1.t 'Tii'Jes vith the 
comb~tion products or the hydrogen/o~ygen/nitrogen mixture and, 
ror appropriate conditions. is ignitad by the latter. 

A.3.~!~~~!!~~~-!!£!=E~~~-~~~!~~-!~-~f~!-~~~-~2~~~~!2~_2!.~~= 
rnu t.h:1r&0lfa1 r mt~ t.ur•• 
-~·~~--· -----·--·~-

A pressure transd1.1cer ( 24) (e.g. AVL ?iezoelectric transducer) equiped 

with a charge ampl1f1e~ (25) and duly calibrated allo~s the pressure/time 
his torr to be rec o i:.ded on a!l oscillognphe ( 26). From this record the 

following informations may oe obtained : 

-·· the existing pressure at the moment or injection or the methanol/air 
mixture, 

the pressure evot~tion 1ur1n~ th~ comb~qt1~n of that mixture and 

especially the maximum pressure variation (dP/dt) , which is a 
max 

measure or the maximum cor.abus t1on rate. 

the total combustion ttme ( 't ) of the charge, 1nd1ca ted by the maximlI 
or the pressure/time curve. 

rho typti:nl ~ressure/t1me recor1s obtA1:"'le~ vith methanol/air :ntxture 1nje 
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t1:>n 3boutd 1JSefully be compared with "blanc" records in vhicb pure ~1r 

1S i!ljected instead Of a IDetbanol/air lll iXture • 

!!l!~~!s~!!~~-~!!! 
?he 1gn1t1o~ jelay (~ ) may be jefined here as the time elapsed betwen 

the opaning of valve (10) aad the f1rst appearance or combustion or the 

~ethanol/air mixture. 

For tho detection ot" that 1gntt1on instant: 

-- thd re~orded pressure/time curve ts not very suitabla; 
-- the fast framing ci~ematography (see paragraphe A.3.3) is better but 

may be not sufficiently precise if the framing speed is to lov. 
-- the best method is to usa a sensitive photomul ti ;Jlier or photodio.:le 

looking into the reactor (this photosensor _s not represented on - -

figure 1). rhe output of this photomult1;lier may be displayed on 
o~ctllographe (26) together with the pressure/time curve. · 

Actually in the present case, we have to deal with a co~plexe, physico-che~ 

mical 1gn1 t10:1 delay , accounting for both the time needed to achieve a 

~~ff1c1ent degree of mixing between the metha:iol/air mixture and the 
hot:. co:nbustion products , and the chemical induction time or sel!-1gn1t.. 

ion 1elay "sensu strtcto". 

A .3 .3 .Volumic combustil)O r;\te 
~~~------------~--------------· 
Once ignited, the combustion rate of the methanol/~ir mixture as a f\UlC. 

t1on or time may be estViated by monitort;ig the volume/time history 

or the burnt gases. For later stages of pr<rpaga tion this may pr in ciply be 

done by using the pressure/time records. For early propagation stages 
hovever, the best prec1s1ori is obtained from fast framing cinematography, 

u~ 1a11: e1 ther Schl1eren- or shadowt:ra;->h1c tachnics. The la ttar is shown on 
figure 1_ using a laser beam as a light source (27) anj a fast framing 

camera (28). The laser be3m 1s expanded into a parallele beam, covering 

the windows (1) , by means or an a.phocal lenses system (29,30). The 

sha~ov 1~~ge, formed o~ a depolishad glass screen (31), is phot~graphed 

by the c3mera,. the latter being triggered e.g. by the spark • 

When studyinf:" the i:.·nition or flammable mixtur~s by hot gases one shoul:1 
be $\Wll re th:-i t., upl')t"l rni Y.in1:, tho flamaia blo int. x turll 1mdergott3 limul taneously 
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a progress1 ve heat1:& a~ a progressive d11ut12n • The latter or the 

t'Wo effects may cause severe b•llk quenching ( • gas ph::.~e quenching) res::.l!-

1.ng in incomplete combustion ·"Jf the injected charge. 
rhererore the rracti:ln or methanol -Ournt shOuld be cbecked for 

eac_h set or e:cper1me:ital con~i t1ons • .\ priori this ma 'f be done in tvo 
ways : 

A .3 .l+ .1. ay measuri!'lg the amount of a:etha~l left after combustion. 
-----------------------rhis may be done e.g. usi:lg gaschromatogra;>hr. 

l'hc :n • ..;thod se~ms to present tvo pr:'lctic"'!l d1sajv:'lnt:ges : 
-

a- Gaschromatography being a discontinuous analvsis method, the 

samples used should be representative and therefor should 

be taken after the cornbllS t1on products have been thoroughlr 
h:lmogenizad. Qwtr,g to the geometrical shape of the main 

reactor 9a!l(1 especially the presance of the windows·), tbis 
homogerli.z1ng operation would re4u1re a fan ~ituatdd w1thin 
the reactor. 

b- rhe or1gi:ial fuel may be partly pyrol1sed or only partially 
i: 11r!1t duri:ig bulk quenching A chroma tJgra?he equiped wt th 

:J. flame io:-iizati·~n d.et.actor may miss these intermediate 
products. 

A.3.l+.2.By m~as'.JX'i!lg the ~~2~~-~!-222.;~-2~-!~~~ 
This can be done by on-line co2 and CO analysts. a .g. non d1spar-
31ve i!ltra red analysers (32). This conti~uous analysis method 

• 
alll")w3 1:itegra~1 . .,:i ~s :\ f1J:t::ti'1n :>r tima to 11.al'i the t()tal 

amount or co2 anli co rorrue:l • avoidin~ the disadvantages menti

O:'lt!:i earlier. 
·::he cornoustion being finished and nlve (10) being closed 

• 
aga~.1. a known const:~nt flow rats of n1 trog~n. vu 2 , is sent 
thr~ueh the main reactor, entari:ig by valve (5) and leaving by 

v a 1 v e ( 8 ) and ( 9 ) , pr 1 o r t o b e sen t t o th e an a 1 y s er s ; t.h e la t t er 
- -

are eri•1i;>ed with ii tnce recor:ier (3J ), allo'Wi!lg dig1 tal or 
ma~il81 1~te~ration or the :O(tV anj ~o2 (t) curves. The fraction 
or :arbon bur~t is given by the follo'#i.'lg a~press1on: 

t 
~1co2 .. xco) dt 

-------------------...-
v c .x CH30H .nc 

~h1~h appl13s ror meth'lnol/a1r mixtures. In this expression: 
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v 
c: a volume (at ~ormal pressure and tem?erature) or 

~etha:10l/air ~ixture 1nJec~d into the reactor. 
Xco2# lea • malafr3.ction ~s species co2 and co given 

by an~lysis at time t 
X~l)OH • ~l..:t fr-~ctian (')f 11kltha:io1 1.n the 1:iJectdd 

m1xtura 

Ile : number of carboil atoos per molacule of fuel (• 1 
for me th!\nolO. 

F'rom the ~bove mant1~nad measurements, the ::!.!!~~! para
rnater ,ralues for !~~!~!~!: and for total ~2~~~~!2~ may be deter. 
mined. For this to be do!le, the parameter considered Vill be 

var1Pd over a ~nge which is 13.rge ano•.igh to obtaiJI tbe transition 
f:-om iinitian to non i_$nition, res_pectively the transition frpm 

p:lrti:\l combustion to tot1l cocbu::it1on. 

Remark : Due to eventual Ycill quenching effects, the value or ---~- .. 
F b ma1 as welt remain lower than unity tor all trials. 
Therefore, for the sake of comparison , it might be 
u~erlJl to ~•t91"TD1:w Fb val~os with ~2~~§!2!~~ methanol/ 
air ~1xtures, 1ntroduced directly into the ma1~ reactor 
and ignited there by a s~rk. 

The choice of hydr~gen as a f:Jel to p:-oduce the hot g11ses 
is based on the need of avoiiing co?. and co rorma t1on. vhic~ 
W01Jlj interfere with the ma:lsr.Jreme11t or Fb. Although it would 

be still po~sible to determine the met~nol traction burnt eTen 
if CO ~i'ld CQ2 pre-~Xi:3t in the hot gases, the precision Of the 
ob~ined value woul:1 be much smallar. 

For security reasons one shoul:i avoid the craat1~n or 
detonation and the therewith associated high dy~mic pre$sure 

wava1, ~hicb ar• very likely 1n hydrog~n/o~ygsn mixtures. ?bere. 

fore only !!!~and ~S!:!l.~!!g~~ hydrogen/oxygdn/!litrogen 1111.x. 

tures should be used~ i.e. lean mixtures situated between the 
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r1~mru..~b1l1 ty l1:n1 ts a.ld the detonation 11m1 ts. On rtgure 2 tb•s• 
m1xtur"s art s1tuat.d 1ri the area 11m1ted by cl1ne:1 a and b atld by 

thtt :1 to1ch1ometr1c 11:-ie. 

The charact~r1st1cs of these hy1rogen/oxygen/n1trogen 
m1,.tuns. :ogether vtth the 1:11.tial temperature (Tr ) and pres
s:.irs (?r ... > in the reactor, as velt as the 1nject1on1delay time t 
all contn.bute to def1nu th@ cho..ractttr1st1cs or th• hot combu.:s. 

tion gases (composition, tempe~ture, pressure) into vb1ch the 
me thar.ol/a1r :n1xture ts 1njacted. These characteristics may be 

varied as parameters. The choice of delay time 9 1s of part1. 
cular importance, since the hot gases progressively loose enargr 
to the 1"92.c tor walls • The mean temperature or the bot gases at 
the injection time CTrt ) may be es timatad from the pressure 

recorded at that ti:ne (P r9'). Provided Tr~ is high enough to 

avoid w ter va?or condansa tion. one has from the generalized 

whera 'iJr/tlp 1s the ratio of mole nmbers res pee ti velr in tbe 

react.ants and in tbe combustion products. For lean hydrogen/ 
oxygen/nitrogen mixtures, this ratio is given as : 

.;. 

Xz.t2 being the molefraction of hydrogen in the reactants. 
It may be recommended to dispose also of aa experimental 

means . to measure the value or the t:empera ture, a .g. by a ther
moe leruen t {platln1.1D/platinum+rhodi1.DDi ) located inside the main 
reactor to monitor the temparature as a function or time. The 
output or that thermocouple mar be displayed on the oscillographe 
(26) to~ether with the pressure track . 

. For reasons whi~h may be read:.1ly Wlde:-~ tood, 1 t would be 

s u1 table to choose the expenmental values or P rtl- and Tii in sucb 
a vay as to be representative er the valuea prevailing 1n a tvo 
stroke engine, e .g. ! 
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0 .7 ~ Pre ~ 1 !i!Pa· 

0 
700 ~ tr~~ 900 C 

rhe maximum value of the temp.ara ture reached in the main reac
tor .iep.?nds on tho adiabat:ic !lam.a temperature ('r r) or the 
hydrogen/~xygen/nitrogen mixture as well as on the neac losses 

to the reactor walls. That maximum value may be adjusted mainly 

by a.1jus~1ng the nitrogen co~tent of the mixture. 

~.:!:.:~~!~2 .. !!~~=~2!L~!!_.~!!~~! 
The effect of the following parameters may be useiully stua1ed: 

a.~mposition or the ruel 
~1ther neat methanol or ~tbanol/bydrocarbon blends. A.s to the 

hyjrocarbons, the use or p :.ll"e products (hexane, heptane. etc.) 

or known mixtures of p.ire hydrocarbons is by rar to be pre
ferred over commergial gasolines, for the sake of proper 
determination of the burnt fraction Fb. 

As alreadr stated in paragraphe A.1 .4 •• in the case or 
hyjrocarbon/methanol blends, tne vapor pressures Pvi of eacb 
of the fuel components 1 shou.ld be calculated by the multi
component rule of Rao~lt, stating that the molefraction l 1 . v 

or component 1 in the vapor phase 1s eq1.1al to 1 t:I molafrac-
tion in the liquid phase <Xii> m\.ll.t1pl1ed by its vapor pres
sure P vi • Accordingly the gas phase moletractions x1 v will 
vary v1 th time during rinsing of the cylinder (11 ) • 

b. Equivalence ratio of the mixture 

c.The vol1.111e (vc) of tha methanol/air mix~ure injec~d into 
the main reactor. 

Other parameters ~h~ch mar arfect ignition characteristics and 
burnoJt or the methanol/air miY.tures are : 
a ..Spaad or injection or the mixture, which can be changed by· 

var1ing the pressure applied to piston (12), or by changing 
thd 1ns1da diametar or injection tube exit. 

b .~h-'lpe or the me t.hanol/air in.Jee t.ed Jet.; deep pdne tra ting Jeta 
a ,priori are expected to behave differently rrom broad angle 

' 

jets. Special geometrical Sha?e or, the injection .tube exit 

me.y be used., 

I 
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A first order estimation of the reaccar characteristics, 

fro111 a security po!..nt o!' vie..,. uy ~ made a.s a guidance 
for construction. 

The assumptions us~d are as foll~ws: 
a. ~hape o~ reactor: as shown schematically on figure 1; 

cylindrical \alls without longitudinal welj1ng; rl.at t'lan
gds welded to the cyli:idrical part on botb sides. 

b. Wi~dows in tempered prrex or borosilicate crownglass or 
optical quality (flatness : /4 sUfficient for shadowgra. 
phy). Flax1on res1st1v1ty assumed to be 50 MPa • 5o New
Luns /fDllJ2 ( • flr) • 

c. Winllow seal1n~~i 

-- f-;,r reactor operated at al:nos t ambient temperature, 
0-ring seal1ngs are recomcanded. There also exist 0-rings 
able ta sup~rt higher temperatures. Each window should 
be supported by two 0-rings, one on eacn race. w1n~ows 

should not be in direct tOuch with the metali-c flanges. 
If suitable 0-rings are not ava1labla or 1f wall tem. 
peratares.are too high. use nat gaskets or "c11gertte• 
(graphite loaded asbestos). 

d. In what foll.ows. wll temperature not exceeding )00 °c 
wilt be admi tta~ .• 

a • .\ll &xcept windows in austenitic stainless steel. 

As a gl11del1ne, the pressure rupture limit (by traction) 
(R.) is ass\Ded to be eqURl to 290 ~ewtons/mm2 (• 290 MPa) ... 
"t. 1' t@rupern turu or )l)o0 c. 

Calculation for?Dulae used 
·-··-·-~·~----~~-~--~----

a. Wall thickness or the cylinjrtcal p~rt (ec) 

Rt 
pin -· - 1 • • r ~ c 

Rt Pm --3 -1 
s • secllri ty coefficient set eq:.1al \.l 3 .5 
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b. ?hicknes:s or the Windows { •..,) 

pm ........ ,. .. ._ 

nf I H 
e,. • r 2 B 

u • codff1c11tnt u11u11l to o .j')5 ror t.umpurec1 pyrctx 
H • secur1 ty co_,ff1cLent set eq~&l to 7 

r = radius of reactor (same units as e~ and ev) 

P:n =maximum adnis:Jib~e p~essure (same units as nf and Rt) 

Pm 
r (mm) (MPa) 

20 30 4-0 5'0 60 
2 ec(mm): o.49 () .73 o .9a I 

, .47 , .22 i e._(mm): 11 .7 17 .6 23 .5 
29 .4 I 

35 .2 ) ttc: 0 .73 1 .1, 1 .'+8 l .31+ 2.21 
ev: 14 .4 21 .6 28 .a J6 .0 1+3 .2 

4 ec: 0 .99 1 ·'+9 1 .39 2.48 2.97 
e,.: 16.6 24.9 33.2 41 .; 1+9.a 

' ec: 1 .25 1 .a6 2.49 3 .11 3.73 
ev: 18 .6 27 .') 37 .1 1+6 .4 55 .7 

6. ec: 1 .50 2.26 3 .01 3 .76 l+.51 
e,.: 20 .3 30.5 40.7 50 .9 61 .0 

7 ec: 1 .77 2 ,.~ 3 .54 1+.42 5' ·30 
.o, 

tt..,: 22.0 33 .0 44 .0 54.9 65.9 L_ . 
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B. Soark asstsced methanol ~r~~let ssrav i~~ition ___________ .._.._ ------------
The use of sparks to ass 1st the onset or combustion or 

nea-: methanol in a compress1on 1gn1 tion ang1!'18 in order to 
ove::-come the disadvantage of 1nsutt'tc1ent cetane leveL orrars 
interesting pO$S1bil1t1e$. Reliable spark ignition or l'lomoge
neo.JS methanol/air mixtures generally is limited to near-sto1cbi
ometric composition and therefore lo~ses one of the interesting 
features or diesel operution, viz. the possibility of operation 

at very low overall equivalence ratio values. 

HeterogeneoilS mixi:.ur<?s of low equivalence ratio, ~bta1ned 

by liquid methanol spray injection may be 1gn1 ted e1 ther by 

glow plugs or by (high energY') sparks. The advantage of the 

latter over the fc1rtndr techniqLJe cons is ts in the possibili tr 
to release _th2 external ener_gy at the exact time where it is 

a~eded and only at that t1m~. r~~ultin~ pr1nc1ply 1n a saving 
of energy. 

Methanol s;>rar igni tioc~ ty sparks depends a· priori on 

-- the characteris'-1C$ of the spray (droplet size a!ld veloc1t1 
.11strtbution., WDor1Zi\t1on rite and thence gas temperattU'9) 
position of the droplet spray with respect to the spark 

•• the sparl< ch2racter1st1ca : total energy, d1.1rat..Lcn , single 
spark or spark train. 

-- the aarodynamic !low conditions or the gas (air) 1nto-vbicb 
the spray is i!ljec ted. 

The parametric study or these effects on ignition delay 
and burnout·is rather difficult to realize 1.n a systematic 
manner directly in the engi~e; it co:istitutes a typical case 

where systematic information may be obtained from an experimen-

t:il laborato1•y st.1Jtly. 

For the .study of all but the last parameter (aerodynamic 
flew con~1tions) mentioned higher, basically the same experi
me~tal rig as described in Sdct1on A. may be used, except 

ror the rollo~ing differences: 
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a. rhe main reactor 13 filled either with pure air or v1tb an 
air eq u1 vale n t mix -:.ure • 

b. !he homoge~eous mecnanoL/air mixture inJection system is 

re?laced by a convent1o~~l d1e~al 1nJect1on pump , able to 

be actuated tn s1~~le stroke, for the injection of liquid 
mathanol. 

c. Tha ignition c1rc~1try is able to deliv~r variable spark 

energies up to one joule (effective). 

33.jial and axial distance of the injector nose with respect 
to the spark cant~ varied. e.g. upon mo~nting the injector 
on a plate allowing it to slide along a slit of the reactor 
sidavall , as shown schematically on figure 3. 

~:!:!;_!~i~~~!~~-~l!~~~ 
Go.'.lSists in a diesel inJ ector eq!.liped wt th a conventional 

i~jection pump, connected to a methanol feedl1ne. The 1njec

tio~ pump is activated by a disconti~uo!.ls triggering device, 
for example a pneumatic or magnetic plunger. 

A typical high energy spark circ:J1try is shown on f'igure 4. 
~ c:apac!. ~1· (1) of' about 2 microfarad is charged to a variable 
tension (its maximum value lleing for example 1500 volts) by means 

of a reedline comprising 'Y autotransformer (~) Co to 220 wlts), 
a high voltage transform~1' ~transformation ratio 1/15), a diode 

or diode combination (4), a charging resistor C5) of about 
1 Meeohm {all ~lues given are ap;:>ro~imate). Variation of the 
autotransformer (Z) allows th~ capacitor (1) to produce sparks 

:;f variable energy up to about 1 .5 Joules. 
The higb energy spark is triggered by a low energy,b16b vol

tage spark obtained from a capacitance/inductance circ~try 
composed by an 1sola t1on transformer ( 6 ), a diode opera tad 
AC/UC transfo.rmer (7 ), a capaci t.or (8) or about o .5 m1crora~ad 
(chareed at 300 v~lts) and a high performance induction coil (9) 
delivering about 4o kVolts. 

The- plunger of the iajection pump (10) st.arts the injection 
atU triggers a delayi:td pulse generator circuitry (11 ); the 

latt~r activates thyristor (12) (triggering the spark) attar 
a vartable delay time ~. ~ spark circuitry or the type described 
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;>ri;lt;! tam;>er~ture, a jela1 c1rcllitry 1.i req•Jira~ the c!el-iyed 

s1grial of which 1s a.ct1:>nn1:ig tbe injection p1.111p at time ~ 
after the fir~t sp~rk. thus the sequence is as follows : 

[ 

:lor'.£J.'ll s ~ark 
cir~lli try 
tr1 f~~raj 
;1 t t • 0 

- - --·--~ - ---

f1:~ t circ:Ji try 
tri.ggered. 

~ t -~it ga. 
r:i.t•!s a µul>e 
.. ~h tr1~6ers 

~ 

se~ond :ielay 
circuitry trig-
gered •. ~ t 
t::b .. 9 it 
~ ;> ulse which 
t,.1ggers 

. -

--· ------

~ 1gn1tlon ~f ~h~ hydrog~n/ 
oxygen/air mixture, the com
bll3 tion 'lf •hich yiel.Js -

metha . 
i.:ij ec 

:101 "s ynthet1c"a1r 
t1..:m into - - _,,,. 

high enerry spa~k 

~1ac3 this pr~~ed~re require~ a :uore important equi~meat, 
1:i .~ first period of the trials ona ?Day si:nplify by using 
.. rea:.!' :iir i.ns ta~d o!""s y=ithetic" ·air, loosing ho,.ever the 
advanta~e of nigh temperature gas~s. 

If the initial pres~~re (Pri> is of the or~er of 3 MPa, tt18 
1g:11~1·Jn of the meth:inol spMy may result in a final pressure 
or 7 to 1 ~· MPa. depe:1d1ng on the quantity injected~ 

?hey are subs.tanti~l ty the same as in ~art A or the study 
(see section A.3.J 
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a. ~'olwne of meth1'nol injected (1.d. ovenll equ1valence. 
ratio) 

b. Location or spark wt th re:ipect to injection nozzle. i ... 
~ts axisl d13tance (X) and it.s radial distance- (R) as 1n

•11cated on figure 3. 
c. '1he spark energy 
d. ·rhe timing or the spark attttr the start or tbe injection 

(- delay & ) . 
" 

d. ~ventually : 1!li. tial pressure and tampera ture or tbe "syn_ 

thetic" air at the instant of injection. 
r. the characteristics of the spray : 1t might be recommended 

to ~baraterise the dro?let size and velocity distribution 
or the utilized injectors by the Malvern technique. 

Other par:i~eters may be checked in further vork. e.g. spark 

J .ir:i ti·~n. spark train systems and aerodynamical flov condi
ti:ins • th~ l'\ttsr however re11 111r1ng a tnnst"or'ftsttion or the 
reactor, allowing for example the establishment ot a con-

tinuous turbulent air flow nor:nal to the reactor axis. 
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---------

25 Nov. 1985 (3.JO to s.oo p.m. ) 
Kinetics of comklust.ion chemJ.stry 

26 NOY. 1985 (11.00 a.m. to 0.30 p.m.) 
Kiaetica of ct:1nbusti.on (continued} 

16 Dec. 1985 (11.00 &.m. to 1.00 p.m.) 

Kinetics of combustion (continued) 

17 Dec. 1985 ( 10.00 to 12 .oo a.m.J 
Self1gnit1on s calculation of ig::iition temperatua 

and ignition delays. 

19 Oe·=· 1985 (3.00 a>.m. to 4.30 p.m.) 

Self-i9nition (continued) : experimental dete.mina-

tion of ignition temperatures and delays. Effects 

of pressuxe mixtuze composition and walls on ignition 

temperatuxes and delays. 
2 o Dec. 1985 ( 11.00 •.m. to 0.30 p.m.) 

Self-iqni~ion (continuedJ s role of ,self-ignition 

in the pt.nomenon of f!ngine knock: n!lation betwea 

ignition delay and octane numt..r. 

23 Dec. 1985 3 .oo--p· ••• to 4.30 p.m.) 

Deflagration : steady state flame propogatic,4 1 definit• 

ion. calculation and experimental measun!~nt of flame 

speed. 

2 4 O@oe. 1985 '11.00 a.m .• to 0.30 p.m.) 

Defl&qrad.oa (coatioued) s diil911ostt-cs by luer tomo

graphy method. Effects of composition, temperatum and 

presaunr on ·flame speed. PlammabilJ.ty 11mit•1 theire 
dependence on dilution and pressure and temperature. 

26 .Dec:. 1985 (l.oo p.111. to 4.Jo p.m.) 

COnfiaements effects oa flame pmpa9ation in the steady 

state s f lanie queaching, theoretical and expe rtmental 
appmach. Spark 1gniUoa. 
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27 o.c. 19tt~ (11.ou .... to u.10 p.-.) 

Spa.ix 1QR1tion lcontirwed)' •itliaaJnl iqnitioa energy, 
effects of c;aadynamics &.nd confinement on sp&n eaerqy 

and on crt tic•l i;ai tion energy. •lame pro~atiOG ia 
early s~ages (non steady state c:ondJ.tiona) 1 effects of 
sparJc energy oa flame speed. 

30 Oec. 1985 (3 .oo p.m. to 4.30 p.ot.) 

Plame propagation in early stages (continued) s turb.aleace 

induced statistical dispersion of flame speed. 

31 Dec:. 1985 (11.00 a.m. to 0.30 p.m.J 
Plame propagation in early stages (continued) 1 

effects of flow gradients on ~arly flames 1 effects of 
geometrical and qasdynamical stn!tch on mass buining 
rate under eit~r adiabatic or non adiabatic condition•. 

l Jen. 19H6 (l.OO p.m. to 4.30 v.m.} 

Flame _pro.Pagat.ion in early stages (continued) : 

£ffects or gasdynam1cal stretch, coupled vith non 
adiabatic wall affects, in early stages. 
Effects of local flov and composition heterogeneities 
on mass burning rates in early stages. 

2 .Ta.1. 1986 (3.00 p.m. to 5.oo p.m.) 

Pollution due to combustion : 
Soot formation and poly-aromatic hydrocarbons formation 
in tbe gas phase. Formation of carbonaceous residus (ce. 
nosphares) ~uring combustion or heavy residual fuels. 

3 .Tan. 1986 (J.OO ~.m. to 4.30 p.m.) 

Poll11tioa due to combustion (continued) : Formation or 
~itric oxides; gas phase mochanisms of NO tDrmat1on : 
cl1erma:l NO mechanism; fuel-NO m.ech.ani.sm; "prampc-" --LHi . . 

mecha_:Usm; relative importance of temperature and o:xygen 
concentra t1on. 

6 .Tan. 1986_ (3.00 p.a. to l+.30 p.m.) 

Formation ot nitric oxides (continued) : Heterogeneous 
n1 t.rtc oxije reduction n.t!chanisms on flame born solid 
particles (soot; char, ashes, coal) ; Ettects or natural 
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a:Jd art1!1c1al charge strat1.f'1c3t1on on nitric: oxide 
rormat1on in tha cases or free e7pand1ng t'1.ames (engines), 
stabiI.ized flames and diffasiou fiaaes; effec~s of 

turbulence induct=d ~mpera ture and compost tion n"1ctua
t1ons on n1 tric f orma t1on rates • 

7 .Tan. 1986 (3 .oo to 4 .30 p .m .) 

Formation or nitric oxides (continued) : NitriG oxide 
diagnostic methods. 

Emissions of aldehydes and partial burnt h7j~ocarbons 
from internal combustion e~ioes. 




