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&ESIRACT

The title of the post was"Expert in Combustion Studies
in S.J. Bngines™ in the Project IND/82/0171, Application of
Alternative Fuels for Irternal Combustion Engines®™, duration
of the mission. 3 months beginning from 3rd December, 1989,
assisted organisation. Irdian Institute of Petroleum, Dehra
Dun, India. The present mission was a continmtion of the six
months' mission held in the first half of 1985,

The programme of author's works comprised:

1) development of twvo-stroke engines for neat methanol
operation,

11) development of systems for the reduction of charge *
losses into the exhaust in two.stroke engines,

111) training of IIP technical personnel in S.I. engine
design, testing and development.

The performances of Bajaj scooter two-stroke engines
converted for neat methanol operation during the first mission
wvere further improved in particular fuel consumption was
considerably reduced. B8tudies of the abnormal combustion in
the engine and road tests of the scooter were cont’ iued.

The inlet/scavenging system developed and patented during the
first author's mission was improved with regard to its
efficiency. Another system for the reduction of f1el losses
wvas devised, its functional model fabricated and tested on
the engine bench. This system consisting in selective exbaust
gas extraction combined with introduction of the extracted gas
in-to the transfer parts(called Selective Exhaust Gas Re-
cireilation) proved efficisnt in reducing the hydrocarbons
emissions. The detailed programme of works to be carried out
at IIP on both the methanol engines and the systems for the
reduction of fuel losses was worked out.

The training of IIP technical pHesonngl took place in
the form of consultancies, group discussions and on-the-job
basis.
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I . INIRQPUCTION

The title of the post was “Expert in Combustion Studies in
S.I. Bngines ™ DP/IND/001/1.-03/31.9.B in the project IND/82/001
o« Application of Alternative Fusls for Internal Combustion
Bngines®, duration of “he mission.3 months beginnirg from the
3rd December, 1985, duty station. Dehra Dun, India, assisted
organization. Indian Institute of Petrolsum.

The present mission was a continutation of the 6 month’
mission held by the author in the first half of 1985, Its
main purpose was to develop and establish suitable tachnologies
for the use of methanol in two-stroke spark-ignited engines
for two-and three- wneelers, in particular to continue works
started earlier in keeplrg with the recommendations given in
»Final Beport ® dated June, 1985 and duties of the expert
outlined in ®Job D-scription™ DP/IND/82/001/1-03/31.9.B revised
27 September, 1985,

The duties laid down in the above mentioned®™Job Description”
were as follows:

"The expert will be required to assist the Indian Institute
of Petroleum (IIP) in the following specific jobs:

1) Planning of the rea:arch activities related to experimemtal
and analytical studies on two-stroke S.i. engires. This would
include design and development of suitable systems for fuel
introdaction, modification of other engine systems and guidance
vith regard to combuscion and emission studies on 2-stroke engines
from the point of view of alcohol fusl atilization. Also to
assist in developmant of techniques/methods to evaluate
carouration requirements, delivery ratio, “trapoing efficiercy
etc. .

11) Training of I1P engineers or “he above sibject through
lectures and group discussions., The expert will be also expected
to prapare & final rsport, sesting out thes findings of the
mission and recommendations to the Govarmment on furthey action
which might to be taksn®




I1., HOBK PROGRAMME

On the basis of expert duties outlined in ®Job Description ® ,
the recommendations given in the author's"Final Report "™ of the
previous mission, author's findings after the arrival in the
field and IIP requests rasulting from the programme of the project
vorks, the followving programme of author's works was laid down
(see also the author's "Preliminary Report®~ Annex 1)

1) Neat methanol application in two.stroke engines,

u)' Reduction of fresh charge losses in two-stroke engines,
1i11) Training of IIP project engineers in engine design, testing
and development, in particular on-the- job basis,and consultancy
for IIP and Indian industry in the area of two-and four-stroke

SI engines and alternative fuels(depending on the request).

The outlined work programme was fulfilled despite difficulties
in carrying aut engine modifications and experiments resulting
in the first place from frequent break downs of the equipment
(gas amalysers, dynamometers etc), limited facilities of IIP
workshop and power cuts,

IIT. NEAT METHANQL APPLICATION IN TWO-STROKE ENGINES

1.  STATUS OF WORKS
During the author's first mission at IIP three two-stroke

engines of the most popular Indian scooter make Bajaj 150
were converted for neat methanol operation and subjected to
comprehensive t2sts on the engine bench, lubrication tests and
fuel tests. The detailed description of the carried out works
and their results zre given in the autbor's "Final Beport®™
(June,1985) in Chapter IV and Annex 3,%/1,4/2,5 . The introduced
modificacions were minus(fuel system spark plug, settings) and
they by no means disturdb the main advantage of two.stroke engines
1.e. simplicity. The introduced changes in the c arburettor
floasts were treated as temporary far testing until proper floats
wvould be developed. Afier the author's departure IIP purchased
teflon floats from Italy and fixed them in the engines.
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These flcats have proved fully resistant to methanol.
The engines were run on a fusl composed of 90% vol. methanol
and }0%X vol. petrol. Castor 0il{2f) was used for lubrication.
The main features of t he converted engines as compared with those
running on ordinary petrol were:

- higher engine power at wide open throttle,
- better fuel economy resulting from higher thermal efficiency
and leaner air.fuel mixture'

- lowver carbon monorxide emissions resulting from leaner
mixture,
- very satisfactory scooter driveability, cold driveability

included,with the exception of cold startability wvhich was
poor at ambient temperatures below 10°C,

e —— e e e S gy

- bigher wear of top piston rings and unsatisfactory engire
cleanliness,
- the same cogppression ratio because abnormal e-mbustion

in methanol engines made it not possible to increase
this parameter in order to improve the thermal efficiency.

The main recommendations given by the autbor in the
"Final Report™ (June,1985) with regard to further development works
on neat methanol application 1., small two.stroke spark-ignition
engines were as follows:

1) convert at least one other two.stroke engine model
for operation on neat methinol to confirm results achieved during
“he works on Bajaj’ 157 and widex the experience,

14) &8tudy the abnormal combustion and lean operation and find
suitable measures to ensure problem.free operation with higher
compression ratios and leaner mixtures in order to improve

fuel economy and reduce emissions,

111) ‘wprove cold startability of mechanol engines by optimising
the carburattor starting system and/or fusl composition,

iv) study méasures to reduce top ring wear{oils, optimization
of cooling system, materialsl




The problem iv) being dealt with by Mr. Edmond Vieilledent.
expert in lubrication requirements of two.stroke engines, the
suthor concentrated in his works during the present mission on
items {) ,1i), 111) of the above mentioned recommendations.

The engine model converted for neat methanol operation
during the first author's mission is of design which is rarely
manufactured nowadays,Its peculiarity consists *n a deflector on
the piston crown which was thought to increase the tendency to
abnormal combustion. Therefore, it uas decided to change for the
design which is more common at present using components of
Bajaj Chetak model(piston with convex crown. cylinder head with
squish ares, cylinder).

The operation variables(mixture strength, f:nition timing)
of the engine with the new assembly were optimised ard perform-
ancestested . At the similar compression ratio, performances of
this engine as compared with those of the engine with Bajaj 150
assembly{piston with deflector ) were as follows:

- engine power at WOT by 3-.f£ higher,

- engrgy consumption by 5.7% lower at the same air fuel ratio
(minimum BSFC was below 290 g/HRh(petr>l equivalent)
which is considered to be very satisfactory for a Scooter
engine of such a design),

- unburnt fuel concentration(as propane egquivalent)by 5%
lower.

The compression ratio of the nev engine wes then increased
to 8.5 by facing the head and profiling its squisb area. The
performances of the engine were further improved due to higher
thermal efficiency. The power at WOT rose by L.7% and BSFC
wvag reduced by 4-?0%f depending on thea load and speed as compared
wvith lower compression ratio. The minimum BSFC -»s 275g/HPh(petr-ol
equivalent) at part loads which 'as by 174 lower at thesmms air
fuel ratic and 25% at the optimum ratin than that of petrol
engines.
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At the compression ratio 8.5 the abnormal combustion,
wvhose symptons were a knock of different intensity depending
upon load, speed, air fuel ratio and ignition timing, was
observed. This abnormal combustion being & factor limiting
the possibility of improvement of engine thermal efficiency
by increasing the compression ratio, comprehensive studies of
the phenomenon were initiated. They comprised :

- measurement of the charz2cteristic frequency of the kaock,

- determination of the effect of operating wvariables:
load, speed air fuel ratio, ignition timing on the knock
intensity,

- comparison of methanocl and petrol engines with regard
to knock intensity under different conditions,

- measurement of the octane requirements and actual octane
number of both petrol and methanol fuel under different
oper2ting conditions,

The comparison of methanol fuel and petrol in respect of
knock yielded some unexpected results. In the first place
it 1s to note that the octans properties of methanol fuels
measured by conventional CFR method are significantly higher
than those of used petrol. Research and Motor octane numbers
of both the fuels are respectively as follows:

- methanol fuel-about 107 and 88(ealculated values),
- petrol-87 and 82,

However, if was found that tne actual anti-knock
properties of petrol in the two stroke engine as compared with
those of methanol fuel depend on engine operating conditions
pvainly loads, speeds and igniniton timings, Under some conditions
methanol fuel properties were definitaly inferior to those of
orfinary petrol.
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. ———— . In the "Final Report™ dated
June, 1385 the author recommended to convert orne more engine
model for neat methanol operation tn order %o extend the
sxperience. Either of the following models was suggested:

- 150 cc Vilai scooter engine manufactured by SIL, Lucknow,
- 50 ec ¥ 50 Bajaj movorcycle engins manufactured Ly
Bajsj Auto Ltd, Poona.

an the meantime the production of M50 Bajab wvas
discontinued. The experience which was expected to be accumu-
lated with Vijai gcooter engine. was being gathered with Bajaj
Chetak sngine (convex piston crown). In this situation it was
decided to select and convert another model. Diffarent
models in the market were analysed and 50 cc TVS moped engine
vas cho sen for further studies. The experimental bench was
set up and preliminary tests were started. Cteps to be takek
to convert the engine for methanol operation were discussed
vith IIP Scientists. Works on the modification of the carburettor
vere started.

Testsof the cooter with a Bajaj 150 engine converted
for operation on neat methanol were resumed. The lean setting of
&he' BArburetdr:- was optimised for evaluation of driveability,
fuel economy and emissions. Yt was confirmed that the methanol
scooter was characterised by excellent fuel economy, The
energy consumption was by 20-30% lower than that of the average
petrol engino with a compérable, very good driveability.
The only defect of the methanol engine was poor startability
‘at lower ambient temperature., The following measures were test.
pd ir. order to overcome this defect:

- obening of the starting device before parting the fcooter
(this technique improved the cold startability but not
to the desired level),

- igjection of light petrol in the intake pipe (the start.
ability was improved to the fully satisfactory level),




- adding lighter petrol to increase the BReid vapoar pressure
of the methanol petrol belnd (works have not been completed
yet).

3.  DIRSCIFONS OF FURTHER WORKS

The works carried out duwring the present missisn contridbuted
to further developmsnt of two-strcke methanol enginss, better
understanding of working precesses and differences between petrol
and methanol fuel. It was found that despite its better octane
properties, methancl is more prone to the knock combustion under
some conditions in particular at lower loads and higher speeds than
petrol. These findings are of great importance. If confirmed on
other engine model, they will prove that the conventional methods of
measurement of anti-knock properties on CFR engines are not suitable
for the correct rating of methaaol fuel bebaviour in two-stroke
engines. The emphasis should be placed on this problem in firther
IIP works, The following is a 1list of problems recommended for
further studies in the framework of the project to improve fuel
economy and reduce emissions of methanol two-.stroke engines:

1) 50 cc 1VS moped engine:

- study of the sffect of air fuel ratio on engine performances
(fuel economy, powser, emissions component temperatures), effect
cf air (or air fuel mixture) heatirng on performances optimization
of the ignition timing, carburettcr setting;

- abnormal combustion in the methanol TVS engines, factors effect-
ing its occurance, increase of compression ratio; comparison
of petrol and methanol fue..

- evaluation of the converted TVS engine ia the moped; final
optimization of settings; driveability, fuel consumption,
emissions,

11) 150 cc Bajaj scooter engine:

- recording of the pressure time history in the cylinder at part
and full loads under knocking conditions: cycle to eycle
variation at part loads; maximum pressure and pressure rise;

8ll the tests with petrol and methanol fuel;
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detailed studies of aifferences in engine performances
(pover, temperaturss, delivery ratio, charging efficiency,
trapping efficlency) with pstrol and methanol fuels ia
order to sxplain differences in anti-knock properties
under different operating conditions; calculation

of combuition temperatures; measures to eliminate
abnormal combustion in methanol engines (water adding,
exbsust gas rsctrculation)

2vaiuation of scooter performances with Bajaj Chetak
assemdly,

continmtion of works on the optimisation of engine setting
(starting device jet size) and fuels (higher Reid vasour
pressure) with regard to cold startability; modelling of
starting process in two.stroke engines;

exhbaust odour; aldehydes content(continuation of the initiated
work in cooperation witk Roorkee Oniversity), -

Moreover, it 13 recommended to carry out

fundamental studies of hyirocarbons and methanel ignition
in constant volume bombs according to the programme worked
oat by UNIDO cxpert,Dr. De Soeta in order to better
understand and explain the caunses of abnormal combus tion,

BEDUCTION OF FRESH CHARGE LOSSES

A considerable reduction of fresh charge losses into

the exbaust to improve the fuel economy and decrease the
emissions of unburnt fuel is a precondition for the acceptance

of two-stroke engines, in particular their methanol versions,
During the previous author's mission an original, nev intake/
scavenging system was devised, developed and tested, It was
found that it 1nprove& the fuel consumption by §5.126-anmd- - -
reduced unburnt fuel emissions by 30-40f depending on the load
and speed. The patent application was subimitted to Indian Patents
Office for the engine with the developed system through CS2R.

U
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The det2iled description of the system and results of the
carried out wvorks were given in author's "Final Report™ dated
June, 1985 in Chapter V and Annems 6/ ,6/2. Further development
vorks on the invented system were carried out during the presert
mission. Their objective was to further improve the efficiency
of the system. It was found that the difference between expected
improvement in fuel losses calculated on the basis >f the
scavenging model and actual improvement rose with the increzsed
flov rate through the secondary circuit,though in absolute
figures the reduction was higher at higher flow rates. This
reletive drop in efficlency was attrituted t> the mixing of air
an¢ fresh charge on account of too small volume of transfer:
ports. Consequently it was decided to increase this volume.

A simple wvay of its increasing was devised and the engine with
bigger transfer ports fabricated. Preliminary tests carried out
during the author's stay showed that the engine was working
properly. Some further improvement in fuel economy and
hydrocarbons emissions was achleved. More tests are required to
confirm the achieved results, Parallely,K works on flow controls
for the developed system were carried out. Evaluation tests of
the system with automatic flow controls are going to start

in March,

Studies on another nev concept of intake/scavenging
system in two-stroke engine were initiated. It consists in a
comtination of selective exhaust gas extraction from the exhaust
system points vhere unburnt full concentration is high and its
introduction into the transfer ports through a secondary circuait
similar in its design to the circuit used in thearlier developed
and ~patented system. The system was called “Selective Bxhaust
Gas Recirculation(SEGR). The fnnctional model of the engine
based on this concept was designed and fabricated. Tests
serried out on the engine dbench showed that the hydrocarbons
concentration in the recirculated exhaust gas was upto three times
higher than the average in the 2xhaust system whiech sonfiimed the
rightness of the premise on which the concept of SEGR was based.

———
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The new intake/scavenging system proved efficient. The
fuel consumption was reduced by up to 10% and hydrocarbons
emissions upto 35% (a2t higher loads)

It is recommended to concentrate further works on the
following problems in order to optimise both the systems:

1) bagsic studies of the scavenging process in two-stroke
e.agines:

- measurement of the instantaneous exhaust gas composition
(hydrocarbons, oxygen, carbon monosxide,carbon dioxide)
in che exhaust port versus crankangle (sample extraction
by means of gas sampling equipment Sokken GSD.01
supplied . by INIDO),

- determination of the exhaust gas mass flow rate in the
exhaust port and fresh charge flow rate in the transfer
port,determination of the mass flow rate of the lcst
fresh charge in the exhaust port,

11) system vith the introduction of air into transfer poris:

- continuation of the works on the effect of transfer
port volume on fuel economy and unburnt fuel emissions,
- mixing of the charge and air in the transfer port during

the inlet process (measurement of hydrocarbons content
in the charge comprised in the transfer ports and extracted
by means of gas samplidg equipment Sokken GSD.01) and
opuimization of the position of reed valves,

- continuation of the works on the flov controls, '

- evaluation of an engine with the system on the scooter,

111) 8ystem with selective exhaust gas recircul2tion(SEGR):

- mixing of the exhaust gas in the exhaust pipe; profile
of hydrocarbons concentration along the exbaust pipe;
optimization of the position,size and shape of the
=etracting probe;

- hydrocarbons content in the recirculated gas versus
recirculation ratio, load, speed,
- continuation of the works on the cause of relatively low

improvement at high recirculation ratio,
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application of the system in methancl two-stroke engines
in order t> suppress the abnormal combustion.

TRAINING OF IIP TECHNTCAZ PERSONNEL

The training of IIP technical personnel in the area ot

spark.ignition engines was continmsd during the present mission.
As during the first mission, it took place in the form:

consultancy on different works being carried out at IIP,
informal discussions,
on-the «-job basis.

The main sabjects of consultancies were as follows:

conversion of a truck diesel engine into the neat methanol
engine; carburetted mathanol engine:

gelection and optimization of the carburettor, improvement of
mixture distribution between the cylinders, measurement of
maldistribution; methanol engine with fuel injection: advant-
ages and defects as compared with carburetted one; methanol
vapour spark-ignited engine: optimization of the fiel systen
and evaporator, mixture distribution, mixture strength and
ignition timing setting,

Indian Ariving cycle for emissions measurement.

The principal training took place as on-the- job training

carried out during the works on the development of the mettmnol
engines(ChapterI1l) and the reduction of fuel losses(ChapterlV).
The main snbjects of the training were:

Pxhaust gas composition as a tool for studying the combustion
process,

salidation of exhaust gas composition results,

techniques /methods for evaluation of particular processes
and octane requirements in two-.stroke engines,




- evalmtion of startability, road performances of two-
vheelers ;road lsad simulation on the chassis dyna-
mome ter.

The attention of IlP technical personnel was drawr to
unsatisfactory accuracy of many inctrumsnts (gas analysiyrg
dynamometers, temperature indicators) and consequently poor
accuracy and repeatability of test results,

VIi. SUMMARY

 During the present mission the works were continued on
two following subjects:

- neat methanol two-stroke engines,
- reduction of fuel losses into the exhaust in two-
stroke engines.

in keeping vith the recommendiations given in the author's
»Final Report™ dated June, 1985. These works resulted in
further developnent of neat methanol engines, in particular
improvement in fuel (energy) consumption., The minimum fusl
consumption of the developed Bajaj methanol engine was reduced
to 290 g/BEPh(petrol equivalent) whicb is considered satis-
factory for this category of power plants. One of the main
findings was that actual arti-knock properties of metharol
in two-stroke engines are not as high as it might be expected on
the basis of 1.ts octane rating.

The works on a new system for the reduction of fuel
losses consisting in selective exhaust gas extraction combined
vith 1'ts introduction into the transfer ports were initiated.
This system proved efficient in reducing hydrocarbons
emissions, The systsm invented and patented during the first
author's mission was further developed and its efficiency
improved., Altogehter IIP has got two nev, original, efficient
sEstems for the reduction of fuel losses.




The detailed and comprehensive recommendations with regard
to the whole project ™ Application of Alternative Fuels for Intermal
Combustion Engines®, priorities of particular applications of
methanol, in particular in two-wheelers, upgradation of the
standard of IIP Engines Iaboratory and training of the technical
perszonnel were given in the author's ®Final Report™ from the first
mission. All these recommendation hold and therefore the author does
not consider it to be necessary to repeat them in this report.

The author recommends to continue the wirks on heat methanol
engines and on the reduction of fuel loss in accordance with
the programmes worked out together with IIP Scientists (see Chapter III
and IV of the present report), so that it wuld be possible to
sum them up and draw final cor.clusions during the third phase of
author's mission wvhich is expected to atart in Kovember/December
1986. _

The comprehensive technical reports will be prepared by IIP
scientists after the completion of particular works.
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ARRISTIOR

The title of the post ic ogx ort fa Costustion Studies ia
5.3. Engines® Di/1ML/82/001/11=03/31.9.8 18 the project
IN0/82/001 "Agplicationm of Altermatiwve Fusls for Imtesns  §
combustion Sagince®, dusatioca of the missiom 3 souths, begi~
anip; trom 3rd Lecanbeg, 1965, duty station = Dehca bas/India/
eszisted organisation = Indien lostituts of Fetroleuls

The dities of tie expert outlined 4D job aescciption
NA‘JAWWV“.’.”M‘“ 37.09.”85/ aire as followes

4) Gesign end Gevelopmant of suit.ble systems for fudd
introduction, moditication of other encine systems and
gaidance 'Ath fegird to combustion enc emissions studies on
two-stroke sparheignition engines £zom the poist of
viev Of alcoi0l utilisation,

41) develoymest ©f Seciaiques und methels %O evaluate oariu: tioca
requl: emonts, delivegy ratio, trapying efficiency etc,

414) rrovidisg techaical help in solving releted prohleas tzom

imdustry,
4v) training of Il engimoers on the above subjogt shgough
lectuses and group discussions,

!nm“uutcmuuum ¢ soeth

sdseion helc by the writer in the first halt of 1988, %he mais
sbjective of She present aisaion 15 €0 got OB with works
mmmu:umuunehmﬁmuum
Aupozt® Gated Jums, 1965 and with®Jod descd Xicms®. On the




basis of the writer's tiuungl after the arrival in the
field and IIF TRqUEstS 'eho programme of works given below
has been outlined, The emphasis is placad on two following
subjects, which are considered to be importanmt for the
project?

1) further davelopment Of two-stroke engines for operation
on peat methanod,.

14) reduction of fresh charge losses in two-stroke engines,

Be PRUGR\MME OF WORKS

PRGOS 2 T2

i. Developmsnt Of two-stroks engines for operation on neat
sethanol.

~ Cconversion of another engine model for the cperation of
neat methanol.

~ Optinmisation Of converted engine

e Isprovement of fuel economy Of methanol engines,

= Btudy of causes of abnormal cosbdustion in methanol engines.

= MNeasures to reduce effects of abnormal combustion.

e Bvaluation of a methamcl scooter in the field under wvinter
eonditions,

e Improvemsnt of cold startability of methanol engines,

3. RMeduction of fresh charge losses,

< OStudy of the effect of exhaust gas recireulation in particularx
selective extraction (fabric.tion of the suitable extraction
system, tests on benches, modelling of the system, if

required) o

et e e e -




« Optisis.tion of the engims deaign for the systea
Gsveloped earlier (Chapter V of Fimel sapory), ia

particular the aise of trensfer ports, Gesign and
gabrieation of an enyime with increased volume Of
transfer ports, tests on banohes).

« Design anc fabrication of an automatic Zlow controls

for the developed system, tests oh benches,

3,Training 0f IIP project engineers in Swo=stroks engims

design, testimg and developmsnt, &8 particular op=the=job
basis,

4,Consultancy for 117 end Indian industry 4in the ares Oof -~
stroke four stroks 51 engimes and altermative fuels (GeeD=
édimg o8 the request)

The fulfilment ©f this programme, iB particular witl regard to
the fabrication of eomponsnts and experimsntal part, depends
op many factors un.redictable at present, If any Ai:Zficulties
arise, OX.P Oifice i3 Delhi will Dbe notified 4An Gue OCUCLEEy
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