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The title or tbe post -."Expert ln Combustion Studies 
ln S .I. Bngines• ln the Project IBD/82/0'J1 • .lppllca tton or 
Alternative Fmls tor Ir.te:mal Combmt1on Kngiues•, duration 
ot the mission- 3 montbs beginr1lng trom 3rd December, 19e5, 
ass ls ted organlsa ti.on- Ir-dian Ins t1 tute or Petrol.eam. Debra 
Dun. India. !be pres~nt ld.sslon ws a continiatlon or tbe aix 
mon~.is' 111ss1on beld in the nrst balr or 19s5. 

the programme or author's vorks com?rlsed: 

i) de"Yelopma.nt or two-stroke engines for neat methanol 
operation, 

11) de"Yelopaent or sptems tor the reduction of' cbarge 
losses int.o tbe exhaust ln two-stroke engines, 

111) training or llP technical personnel in S.I. engine 
design. tasting and development. 

• 

'?be perrormanc• or Bajaj sco~ter two-stroke engines 
converted tor neat •tbanol operation during tbe _rtrst mission 
were turtber impro•d, in partlcalar ruel cons 1Dptlon w.s 
coosiderablf redaced. St11d1es or the abnormal. combustion 1n 

tbe engine and road tests or tbe scooter were cont·· 3118d. 

The inlet/scavenging system devel~ped an:i pa tente'1 d!lrlng the 

t'irst author's m1sslon •s improved Vith regard to its 

etriclencr. Another system tor t be reduction or f!JE!l losses 
vas de'Yised, its functional model tabricated and tested on 
the engine bench. Thi• system consisting in selective exball9t 
gas extraction combined vitb introduction or the extracted gas 
in-to tbe transrer parts( called Selective Bxbaust Gas Be

circ:Jlation) pr~d etticient in redw:1ng the byd.rocarbons 
em1ss1ons. '?be detailed programme ot vorka to be carried out 
at IIP on both tba metbanol engines and the s,stems tor ttle 
rad 1JCt1on or tael losses was vorad out. 

Tbe training ot IIP tecb:>lcal pil!s oONl took pl.ace in 
the rorm or consultancies, group discmssions and on-tbe-job 
basis. 
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Tbe title or tbe post •• •&xpert in Combmt1on St:id1es in 
S.I. Bngines • DP/IND/001/11-03/31.9.B in tbe project IND/82/001 

.Application or ~lternat1ve Pusls ror Interna1 Combustion 
&nglnes", duration or :he 111.ssion.-3 months beg1nn1r.g trom tm 
3rd December, 19e5, daty station- Debra Dun, India, assisted 
organization.- Indian Institllte or Petroleum. 

Th• present mission vas a cont1.nutation or the 6 mar.th' 
miss ton bald by tbe a utbor in tbe first bal! or 198S. I ts 

main purpose ws to develop and es tabltsb s :ii table technol~f1&s 

for the use of metb1nol in two-stroke spark-ignited engines 
tor tvo-and three- w~eelers, in particular to continue works 
started earlier in keepir.g vitb the recommendations given in 
•Ftnal Ba port • dated J'une, 198S and d!.!ties of tbe expert 
outlined in DJ'ob Drscri?tion" DP/IND/82/001/M-03/31.9.B revised 
27September,1905. 

The duties laid down in tbe above mentioned•J'ob Dascription" 

were as tallows: 

"Tbe expert vill be required to assist tbe I~dian Instit~te 
ot Petrole1.111 CllP) in tbe rolloving specitlc jobs: 

1) Planning of the rea~arch activities related to experimeatal 
ancl analytical studies on tvo-s troke S .I • eng1r·es. This would 
include design and development or suitable STl?tems tor ruel 
!.ntrod11ction. modif1~at1.on or other engine systems and guidance 
vith regard to combus-cion and emission stadies on 2-stroke engines 
rrom tbe point ot view ~r alcohol f\l8l at111zation. Also to 
assist in develormant or tecbniqms/metbods to evaluate 
cOJP.:>11ratton req:Ji.rements, del1verr rati:l, ·-trapping etfic1er.cr 
etc. 

11) Training ot DP engineers on ~be abova s~bject through 

lecti.n-es ~nd group discussions. Tbe expert vill be also expected 
to pr~pare • t1tl&l report, •••ting oat tba findings or tba 

a1ss1on and recom!nirmdations to tbe Govarnment on tartbllr action 
Wicb m1gbt to be taken• 
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ll. WOBlC PROOMMMI 

On tbe ~sis or expert d~ties outlined in ·~ob Description • 
the recommendations given in tbe autbor•s•Pinal Report• ot tbe 
preTS.om .S.ss1o~ autbor' s findings atter tbe arrival in tbe 

neld and IIP requests resulting tram the programne or tbe project 
vorks, tba tollovlng programme ot author's works vas laid dovn 
(see also tbe IP.Utbor' s "Preliminary Report•~ .A.nnex 1) 

i) Neat methanol application in two-stroke engines. 
ii) Reduction or rresh charge losses in two-stroke engines, 
iii) Training ot IIP project engineers in engine deslg~ testing 
and developmen~ 1n particalar on..tbe- Job basis, and co~ultancy 
tor IIP and Indian industry in the area or two-and to ar-s tr~ke 
SI engines and alternat1 ve !uels(de?ending on the request). 

I 

The outlined vork programme ws rill.tilled despite diffic qt ties 

in carrying aut engine modifications and experiments resulting 
in the !1.rst place rrom frequent break downs of the equipment 
(gas analyaers,dynamometers etc~, limited tacUities or IIP 
workshop and power cuts. 

III. l!EAT METff!NOL AppLICATIQti IN TWO-a.I!!OKE EN~Jlil.? 

1. STATUS Ql WQBKS 

Durintr; tbe author's !1rst mission at IIP three two-stroke 

engines or tbe most popular Indian a::ooter make Bajaj 15'0 
were conftrted tor neat metbanol operation and subjected to 

comprehensive ~sts on the engine bench, lubrication tests and 

t'ael tests. Tbe detailed dascr1ptlon or tbe carried oat vorlr.s 
and their resLllts &re given in tbe author's "Final Baport• 
(June, 1985') in Chapter IV and Anne% 3, 4/1, l+/2,; • '?be introduced 
11od1t1ca~lons were minot'(tuel 1ystem,spark plag, settings) and 
tbef bf no •ans di:sturb tbl m1n advantage or tvo-stroke engines 
1,.e. 11mpl1ci tJ.. '?be introduced cbanges in tbe carburettor 
noats vere treat.cl as temporarr fClr testing unt.11 proper floats 
would be developed. .A.!W?' the author' 1 departure IIP purcbased 
tetlon noata trom Italf and t1%ed tb• in tbe engines. 
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I 

tbese neats brlve proTed tullr resistant to methanol. 
!be engines wre run on a tuel composed or 9~ .fol. methanol 
and i~ vol. petrol. castor oil{2~) vas amed ror 111br1ca tion. 
tbe main tea ta1res ot t be converted engines aa compared Vi tb those 
rmmtng on ordlnarr petrol wre: 

- b1gber engine p0wr at vlde open throttle,. 
better fuel economy resul.ting tram higher thermal eff1c1ancr 
and leaner a1r-tuel mixture, 
lover carbon mon:>J'tde eml.ssions resulting from leaner 
mixture, 
very satisfactory scooter dr1veab111ty, cold drlveability 
1ncl1Jded;v1th the exception or cold startab111ty which vas 
poor at amblmt tempera t:.Ires below 1 ooc,. 
higher wear or top piston rings and tmsat1Stactory engir.e 
cleanliness, 
the same compression ratio because abllormal C:lmbustion 
in metbanol engines •de 1 t not possible to increase 
this parameter in order to improve the thermal efficiency. 

!be •ln reccmmendations given by tbe autbor in the 
"?lml Beport• (J"une, 1985) v1 th reg~rd to further development works 

on neat methanol application iu small tllo-stroke spark-1gn1t1on 
engines were as fnllovs: 

i) convert at least one other two-str:>ke engine model 
for operation on neat mettJnol to confirm results achieved during 
";be works on Bajaj: 1 ;o and vidm the e xperierice~ 

il) ltudr the abnoral combustion and lean operation and tind 
suitable -sures to ensure problea.rree operation vitb higher 
compression rat1:>a and leaner mixtures ln order to improve 
ruel ·economy and reduce elllaslons,. 

iii) improw cold startab111tr or •"banol engines b~r optimising 
the carburattor starting arstem and/or tu~l c~pos1t1on. 
1 v) study mtas tll"es to reduce top ~lng wear( oils, opt1m1 zr. tion 
or cooling 1 ys tem, • terial•l 



tbe problem 1 T) being dealt v1 tb br Mr. Bdmond Vlellledent. 
ppert ln labrlcatlon requirements ot two-stroke englnes. tbe 

autbor concentrated ln bis works during the pre3ent mission on 
items l) ,11), 111) or the abow mentioned rec~ndattons. 

2. YOBKS r.ABRIIP m oomlli m rmw rnUll 
fbe engine model coDTerted tor neat •etl:llnol opera ti.on 

during tbe r1rst author's mission ls or design vhicb ls rarelr 
manlltactured novadays.Its pecal.laritr consists • n a deflector on 
the piston crovn vhich was thought to increase the tendency to 

abnormal combustion. Therefore,, it ... as decided. to change ror tbe 
design vbicb ls more Ct)llllll()D at present asing CO'llpOn&Dts Of 

Bajaj Cbetak 110del( pis ton v1 th convex crovn,. cylinder head v1 th 
aquiab area, cYllnder) • . 

the operat1:>n var1ables(m1xture ~trength. 1~n1tion timing) 
or tbe engine vi th tbe nev assembl.y vere optimised and perform
ances tested • At the similar compression ratio, performances or 
tbia engine as compared Vitb those or the engine v1th !ajaj 150 
assembly{ pis ton v1 th defiector ) vere as follows: 

- engine power at var by 3-~ higber. 
e~gy consmpti.on by S-1'1 lover at the s1111e air. fuel ratio 
(minimum BSFC was belov 290 g/BPh(petr:>l equival.ent) 
vhlch ls considered to be Tery satistactory tor a scooter 
engine or such a design), 
anburnt ruel concentratiou(as pr~pane eq111valent) by 5% 
lover. 

tbe compression ratio or tbe nev engln& ves then increased 
to s.s bf tac1ng tbe bead and pronllng lts squiatb area. fbe 

pertormances or the engine •re rurtber improved due to b1gber 
thermal etticlency. Tb• powr at WOT r:" e by 4-'l'f, and 113FC 
vas reduced by lt-1~ depending on truit load and speed as compared 
vitb lowr compression ratio. too atn1am BSFC ·.'~s 2?5'g/HPh(petrll 
equivalent) at part loads wti1cb "1U br 17'f, lover at tbe am9 air 
tuel ratio and 25'~ at tbe opti•La rstio tban that or petrol 
engines. 



• 

-7-

£.t tbe compreas1on ratio a.s thl abnormal c':>lllbust1on. 
vbose afqltons were a knock or d1t'terent intensity depending 
apon load., a peed, air tml ratio and ignition t1m1.ng, vas 
obaened. !bis abnormal comb us tlon being a factor lild. ting 

the poss1bll1 ty or improvement or engine tberml •tf'1c1ency 
by increasing the compression ratio, comprehensive studies or 
~be phenomenon vere initiated. Thar comprised : 

measurement or tbe cba~c~ristic t'req:iency or tbe kaock, 
determination or tbe effect or operating variables: 
load, speed air fll81 ratio., ignition ti~..1.ng on the knock 
intensity, 
comparison or utbanol and petrol engines vi th regard 
to knock intensity under different condi t1ons, 
measurement or tbe octane requi!'ements and actual octane 
ntJ1Dber or both petrol and methanol fuel under different 
ope~ting conditions. 

Tbe comt)arison or metbanol f'IXl and petrol in respect or 
knock Yielded some imei.pected res lll ts. In tbe ti rs t place 
1 t is to note tba ~ tbe octane properties ot met'-1ol ruels 
measured by conventional CFR method are signit1cantly higher 
than those or used pdtrol. Besearcb and Motor octane mmibers 
of both the r~ls are respectively as follows: 

methanol fuel·about 107 and SS(ealclll.ated values), 
petrol-87 and 82~ 

Bo"9ver, i! vas found tbat tbe actual anti-knock 
properties or petrol in tbe tllO stroke en,ine as compared v1 tb 

tbos• or •thanol tuel depend on engine operating conditions 
mainl.J loads, 1peed1 and 1gn1n1ton timings, tfllder some conditions. 
mettllDOl fuel propei-tie I Wre def'ini taly interior to those Of 

ora1oary petrol. 
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In the "Pinal Deport• dated 

JW'le, 138' the author recomended to coD"ffrt or.a more engine 
model tor neat utbanol operation t-n order t~ •xtend tba 

experience. ti tber or the following 110dels ws •aggea ted: 

--
150 cc Vi!a1 scooter engine •nutact1.1red bf SIL. L1JCknov, 
So cc ~ So Ba.Jal motorcrcle engine .. nuractured tr 
Baj&.j J.uto Ltd, Poona. 

xn the meantime the production of M5o Bajab was 
d1scont1m1ed. Tbe experience which -was expected to be acc1nu
lated vitb Vijai scooter engine, was being ge.tbered vi.th Bajaj 
Cbetak engine (convex piston crol."11). In this situation it vas 
decided to se1ect and convert another mo:iel. D1rrarent 
models in the Nrket were analysftd and 'O C\! TVS moped engine 
vas cho• sen for further studies. The experimental bench was 
set up and preliminary tests were started. Steps to be takek 

to convert the engine tor methanol operation vere discussed 
vi th IIP Scientis tS. Works on the modirica ti on or the carburettor 
vere started. 

Tests or t be :acootei" v1 tb a Bajaj 150 engine conve:-ted 
tor operation on neat methanol wre res 1..nad. Tbe lean setting or 
$bl+. Ql.r~r.~ ws optimised ror evaluation or dr1 veab111 tr, 
fuel economy and emissions. rt was confirmed that the methanol 
scooter vas characterised by excellent ruel economy. Tbe 
energy cons t111pti.on •s by 20-3~ lover than that or the average 
petrol engino with a comparable, w:~ry good driveabilit.y. 

!he only detect or tbe aetbanol engine vas poor startabillty 
at lower ambient temperatare. !be following •ea11ares wre test-
•• • · 1~ orde:r to overcome this detect: 

- oP•nlng or the starting device before pa:dting tbe I coot.er 
(thi• technique improved the cold startab111tr but not 
to tne desired level), 

- 1.,.eet1on or ligbt petrol ln tbe lntak• :>ipe (the atart
ab111 tr vu llllPl'Oftd to tbe tulll" sat1stact.ory le7el), 
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•dd1ng lighter petrol to increase the Beid w.po:.ir pressure 
or tbe metbAnol petrol belnd C works bave not been completed 

r•t>. 

3. D!~ONS. QF fORCtt§in M>BKS 

!be works carried oat during the present mtss1~n contributed 
to rurtber developmsnt or tl.lo-strcke methanol engines. better 
t.mderstand1ng or working precesses and differences between petrol 
and methanol tuel. It vas found that desp1 te 1 ts better octane 
properties .. setbanol is more prone t.o the knock combustion tmder 
some conditions in particular at lower loads and higher speeds than 
petrol. Tb9se findings are or great importance. Ir confirmed on 
otber engine model. tbey vlll prove tb.tlt the coment1onal methods or '. f 
measurement of anti-knock properties on CPR engines are not s u1 table 
ru. the correct rating or metba.101 ruel bebav1our in two-stroke 
engines. The emphasis should be placed on this problem in rnrther 
IlP works. The following is a list or problt·uns recommended tor 
further studies in the framework or the project to improve tael 
economy and reduce emissions or metbanol two-stroke engines: 

i) So cc 1VS moped engine: 

study or the •!feet or air tuel r&tio on engine performances 
(toel economy, i:;over, emissions component temperatQres ), effect 
ct air (or air fuel mixture) beatir..g on performances optimir.at1on 
of the ignition timing, carburetter setting; 

abnormal combustion in the metbanol TVS engine, !actors effect... 
ing its occurance, increase or eompression ratio; comparison 
or petrol and aetbanol tm.L. 

- ewlaat1en or the cormtrted ~s engine -i4 the moped; final 
optimS.r.ation or settings; driveabilitf, fuel constmpt1on, 
emission., 

i 1) 1 ;o cc Bajaj scooter engine: 

- recording or tbe pressan time b1storr 1n tbe cf].inder at part 
and t'ull loads imder lmocJd.ng conditions: cycle to crcle 
-.ar1at1on at part loadat maxi.Ilia preas1JN aDd preasare rtse; 

all tm test.a v1 tb petrol and ••tba~l t~.l; 
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detailed atadies or differences in engine perto211Bnces 

(power, temperatm"!s, 4-linry ratio, charging erfici•ncr, 
trapping etriclency) vitb petrol And methanol taels ln 
order to explain ditferencea ln anti-knock properties 
under ditterent operating conditions; calcl.llati,n 
ot comba-;tlon tea.,eratl.ll"es; •easares to •l1•1nate 

abnol'IBl combustion in aetbanol engines h•ter adding, 
ex~~llSt gas rectrcul.ation} 

ava11.1&t1on or scooter performances vitb Bajaj Chetak 
assembly, 

cJntinuation or works on the opt1m1sat1on of ang1ne setting 
(starting device jet sir.a} a.nd tuels (higher Beid va;>our 
press are) Vi tb regard t:> cold s tartabili tr; modelling or 
starting process in two-stroke engines; 
exhaust odour; &ldehydes content(continaation or the initiated 
vork in cooperation Vitt Roorkee University). · 
Moreover, it ia recommended to carry out 

fundamental studies or bfdrocarbons and metbaDQl 1gn1 tion 
in constant wlame bombs accoX"ding to the programme worked 
oat by ONIDO sxpert.Dr. De Soete 1n order t.o better 
understand and explaiu the caases or abno~al c:omb;,zstion. 

.\ considerable reduction or rresb ctarge losses into 
tbe exbaW1t to improve tbe t' uel economy and decrease the 
emissions or unburnt tuel 11 a precondition tor ~he acceptance 
or tvo-s troke engines, 1n particular their methanol vars ions. 
During the prev101JS author's mission an oJ!'iginal, nev intake/ 
scavenging system •• 48'Tised, developed and tested. It vas 
tound tbat it improved tbe tu•l·consamption br 6·1~-am- -- ·
reduced anburnt tael emissions by 30-l+o% depending on tbe load 
and speed. '?be patent application vas •!Jlildtted to Indian Patents 
orr1ce tor tbe engine vi.th tbe denloped srstem through CS~R. 
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tbe deta.Ued duscription or the system and results or the 

carried out vorks ll9re given in author's -Final Report• ~ated 
june. 19s5 tn Chapter V and Anne:as 6/ • 6/2. Further development 
vorks on tbe invented srstem vere carried out d~ing the preser.t 
mission. Tbe1r objective vas to rurtber 1m;>rove the efficiency 
or the system. It was round t!lat tbe d1f~rence between expected 
improvement in tuel losses calcul.a ted on the basis Jf the 
scavenging model and actual improvement rose with the incre~sed 
riov rate through the sec~ndarf circuit,th~ugh,1n absolute 
figures the red~ction vas higher at higher flow rates. This 
relative drop in efficiency \12.s attributed t~ the mixing of air 
ane rresb charge on account of too small volLBDe of transfer. 
ports. Consequently 1 t was decided to increase this vol\llll8. 
A simple way of its increasing was devised and the engine with 
bigger transfer ports fabricated. Preliminary tests carried o~t 
during the author's stay shoved that the engine was working 
properly. Some f!.ll"tber improvement in fuel economy an..1 
hydrocarbons emissions was achieved. More tests are required to 
confirm the achieved results. Parallely, works on nov controls 
tor the developed syste:n were carried out. BvalllEltion tests ot 
the system with automatic now contrJls are going to start 
in March. 

St~dies on another new concept of intake/scavenging 
system in two-stroke engine were initiated. It c:>ns1sts in a 
combination of selective exhaust gas extraction from the exha:JSt 
system points vhere unburnt full concentration is high and its 
introduction into the transfer ports through a secondary circ~it 
similar in its design to the circuit used in tbeerl1er developed 
and ~9ttented system. The system was called •selective Exhaust ,, 
Gas Recircul.ation(SEGB). The fn.nctional model of tbe engine 
based on this concept Wls designed and tabricated. Tests 
ee.rried out on the engine bench showed tbat the hydrocarbons 
concentration in the re~irclll.ated exhaust gas ws upto three times 
higher tban the avttrage in tbe iJJ:halBt srstem vhl.ch eant'i1111ed the 
rigbtnes~ or tbe premise on vhich the concept of SEGR was based. 
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The nev lntake/scavenglng system proved etf1clent. The 

ruel cons umpt1on ws reduced by ap to 1 O'f. and hydrocarbons 
emissions upto 35% (at b1gber loads) 

It 1s recommended to concentrate rurtmer works on tbe 

tolloving problems t.~ order to optimise both tbe s J'S tem: 

1) basic atwiies ~ tbe scavenging process in two-stroke 
e.igines: 

measurement of the inst.antaneous exhaust gas compostti~n 
(hydrocarbons, oxygen. carbon mon:>x1de, carbon dioxi:ie) 

in l;he exha\11 t port versus crankangle (sample extraction 
by means or gas sampling eq llipment s okken GSD-01 
supplied .br mmo), 

det.erm1nat1on of tbe exhaust gas mass now rate in the 
exhaust port and fresh charge now rate in the transfer 
port, determination Of the ·•SR now rate Of the lest 
rresh charge in tbe exhaust port, 

ii) system v1 th the 1ntrod:.ict1on of air into transfer ports: 

con~1n!lBt1on or the works on the etfect or transfer 

-

port volume on fuel economy and unburnt fuel emissions, 
mixing of tbe charge and air in the transfer port during 

the inlet process (measarement or hydrocarbons content 
in the charge c~mprised in the transfer ports and e~tracted 
by means or gas sampl1*g equipment Sokken GSD-01) and 

op~imization of the position of reed valves, 

continuation or tbe V!lrks on the tlov controls. . 
evaluation or an engine vith the system on the scooter, 

111) System vltb selective exba1JSt gas recirculation(SEGR): 

mixing or the exhaust gas in tbe exhaust pipe; profile 
or hydrocarbons concentration along the exbaust pipe; 
op t1m1 za ti on or tbe pos 1 ti on, s i 1.8 and 1 ba pe or the 
··etracting probej 

-
-

hydrocarbons content in tbe recirculated gas versllS 

rec1rc1Jl.at1on ratio, load, speed, 

continLBtion ot tbe works on the eame or relat1Telr lov 

1mprowment at high rec1rclllat1on ratio, 



- appl1c&t1on of the •ratem in aetbanol tvo-etroke engines 
in order t:> 1 upprns tbe abnol"ll&l cC11bm tlon. 

!be training of IIP tecbnical peraonnel in tbe area or 
1park-ign1 tion engines vas contt.n•d daring tbe present a11s1on. 
As during tbe t1rs t mission. ~ t took place 1n tbe torm: 

coasaltllncr on clitrerent vorks being carried out at IlP, 
informal discussions, 
on-the -job basis. 

!be min eabj ects or consultancies were as tollovs: 

Q>nversion or a truck diesel engine into tbe neat methanol 
engine; carburetted m3thanol engine: 

'election and optimization or the carburettor, improvement of 
mixture distribution between the cy'linders, measurement or 
mald1stribut1on; methanol engine vith f~l injection: advant
ages and detects aa compared vi tb carburetted one; methanol 
vapour spark-ignited engine: optimizatt~n or tbe fbel erst.em 
and evaporator, mixtare distribution, m1xture strength and 
ignition timing setting, 

- •ndian dr1 ving cycle for emissions m•s urement. 
The principal training took place as on-the- job training 

carried out during the vorks on tbe development of tbe mett:Bnol 
engines(Chapterlll) and the reduction of fuel losses(CbapterIV). 
The main snbjects ot the training •re: 

- iXhaust gas composition as a tool tor studying the combustion 
process, 
"'1lidat1on or exb&ast gas composition resulta, 
tecbniques/metbods tor svaluation Of particular processes 
and octane requirements 1n t"WO-stroke engines, 
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••lsat1on or atartab1lltr, road perrormnces or tvo
vbeelers ;road i.&d almul.a tton on tbe chassis dyn&

--.eter. 

the a ttent1on or IlP tecbnical personnel vas dravr.. to 
ansatlstactory accuracr or •nr lmtr1m1nts (gas analrsft& 
dynamometers. temperatazre indicators) and c?nsequentlr poor 
accuracy and repeatability or test results. 

VI. ~.ARI 

Dttring tbe present mission the vorks vere continued on 

two follovtng subjects~ 

neat metbanol two-stroke engines, 
reduction of ruel losses into the exha:.ast in tvo
stroke engines. 

in keeping vitb tbe recommenddations given ln th~ author's 
•Final Beport• dated Jane, 198$. Tbese works resulted in 
f'urtber developeent or neat methanol engines, ln particular 
1mproft•ent ln t'uel (energy) consumption. !be minimum rml 
consumption or tbe developed Bajaj metbanol engine was reduced 
to 290 gfBPb(petrol equivalent) vhicb is considered satis
tactorr tor this category or power plants. One or the •in 
findings vas tbat actual i.r~ti-knock properties of metbar.ol 
in tvo-stroke engines are not as bigh as it might be expected ~n 
tbe basis or :I.ts octane rating. 

Tbl vorks on a nev system tor the reciuction or tuel. 
losses consisting in ••l•ctive exbaast gas extraction combined . 
V1 tb its introduction into tbe transfer ports vere 1n1 tia tad. 
!bis system pro-.ed efficient 1n reducing tirdrocarbons 
emissions. !be •rstm invented and patented d:.iring tbe tirst 
aatbor'a mission ,.. turtbar 4eTeloped and ita errieiencr 
1mprond. J.ltogebter IIP bas got tvo nev, originaL et'!1c1ent 
•JStems tor the reduction ot r 1l81 losses. 



Tbe detailed and comprehenal ve ncomaendations V1 th regard 
to tbs whole pro,1 ect • Appllca t1on or Al terna t1 ve 1'uels tor Internal 
Combustion Bngines•, pr1ortt1ea ot particular appllcat1ons or 
••tbanol. in particular in tvo-vbeelera, 1.1pgradat1on or the 
s tandarcl or llP Kngims Iabora torr and training or tile technical 
peraonnel were giTen in tbe autbor•a 9Flna1 Beport" tr:>m tbe nrst 
mission. ~ tbese recammnda tlon bold and tberetore tbe author does 
not consider lt to be .necessarr to repeat tbem ln this report. 

The author recommends to c~ntlnue the v'rks on beat methanol 
engines and on the reduction of rael loss in accordance vi.th 
the programes vorked oat together v1th IIP Scientists {see Chapter III 
and IV or tbe present report), so that it ~uld be possible to 
sum tbem ap and drav final cor.clasions during the tbir.d phase or 
author's mission vhlcb is expected to start in Rovember/December 
1986. 

The compr.ehensive technical reports vill be prepared by IIP 
scientists after tbe completion of partic:.ll.ar vorks. 

Tbe aatbor viabes to thank Mr. S~dhir Singbal-Project Coordinator 
ror the assistance received frJm Indian Institute or Petrolewa 
during tbe present mission. Very satisfactory cooperation or 
"=1entists, project engineers and administrative personnel or Bngines 
Laboratory ls also acknowledged 
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buia of the vdter1 a f1Dd1n;a after th• ard. Tel ill 1:be 

field aD4 lli" X'9QU••ta ,~ pmgraaae of wodm pwn below 

bu lteea outli.lled. The ...p.ula 1• plac«l oa bO following 

aubJ-=-,. wllich an couJ.darel! to be bfportaa ~r t:h• 

p~J~' 

1) tuRher ....io~Dt of QC>eatroka eaglw for operation 
OD aeat mthanot. 

il) i::edllction of fmh charge losaea 1a two-sti:ok• eDQi,nea. 

Be P&JGri. ~ OF 1110.KltS 

1. DeWlopmat of tvo-atJ:OJra eagilae• for operation on neat 

•tbanol. 

Conversion of another en;tm mdel for the o,;;>eratiou nf 

Deat~l. 

- OptJ.aS.aation of CODftrted eDQine 

- x.pxou at of flael eaoaamy of ~l .agiw. 

- Study of c:au. .. of abnorEl combustion ill .-thanol en¢.nu. 

- haluation of a ~•ml 9e00tar in tll9 field Q.Dder v1Dter 
oooditiom. 

- ~mv s of aold .Unabillty of .-thaml en¢w. 

L ~of l&-Mh chaqe lo•-· 

• etGdJ' ef the eff~ Of eha\IR 9aa nd..raulatioD ill parUc:u.lai: 

Ml.eatiW eatnc:Uoa (fabnc .. UOD of tiw .W.Ubl• ~OD 

•Y~ ~ OD MDCM•· ..Sellin; of t:he a79t-., j,f 

requa.nt». 

• 



- 19 -

dftlalopell Mdiar (~ Y e! l'iMl JllllOdl) • la 

puU.~u tha •• of uwter IJ9Aa, 1111111 -4 

fabdeadOD ef a a-.,!• tilth ~ wl..- O! 

uwfe.r po&U. ~ oa ..._...,. 

• ~gll .ac Pbr1C.lt1.0D Of - a\lto1Mt1.C fl.OW CODt~la 

tor t.h• d9ftloped ay~ ~ta on a..nchae. 

l.Tra1D19'1 of llP pwJeA en;'m•m ill wo-arolm engi• 

... 1ga. wt=.S.11g aDd .._lo,. at. &a ~Cl&lar -tl-.-Job 

b&ai•. 
t.C:Oaa~taney for 11~ and Jlk''aD 1Dd\l•Uy ill the ar• of -.0... 

RIDP tD&r •ma m ~lW ..s al~mauw w.i• '~ 

·---- requ->. 

4rbe ~f11M"'t- of~· p.cogL--. 1• parUmlar vltl. nqud CO 

the iabrioati.GD Of eDllPJD8Dt8 -1 mt,Pea...tal pa~ d8~ 

OD-~ l.ct.Od QQSlndiotdbl.• at pre•IDt. lf llDl' cli::U.Cl.llt.i• 

ad.-. ULi> OiU. £8 Delbl .u.J. ._ ...S.B.S ill 6ae Ggw:• Is 

hlt~~ 
Q. vlf ,A~i' 
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