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I.

1. This terminal report b r ie fly  present* an an alysis o f tike 
p ro je c t's  inplenentation and r e s u lts . I t  describes the a c t iv it ie s , 
outputs and the extent o f achievement o f the project^ o b je ctiv e s, 
and eoocludes with racommendations concerning step s to  aid  possib le  
future developments snd u tilis a tio n  o f resu lts by the Government  
or other agencies.

2. Coosuaption o f petroleum products in  1986-87 has been over 
10 alf showing a growth ra te  o f almost 9$ in  the p ast few years. 
I t  appears th at s h o r tfa ll between indigenous supply and demand 
is  lik e ly  to  widen Aie to  con strain ts o f increased indigenous 
production. The need to  look in ten sively in to  use o f a lte rn a tiv e  
sources o f energy is  therefore acu tely f e lt .  The p ossib le altern a
tiv e  fu els for transport secto r are more d if f ic u lt  and perhaps 
c r it ic a l. In the Indian con text, sin ce d iesel o ils  form a major 
component o f product demand and the bulk o f motor gasolin e is  
used for the small tw o-cycle S .I .engine, the use o f a lte rn a tiv e  
fu els is  required f ir s t  fo r these applications.

3. UNIDO was named the Executing dgeacy and the Council o f 
S c ie n tific  and In d u strial Nasaai uli (CSZ8) was designated the Go
vernment laplnenting agency.

S. The project uonssncod on the s t ipulate d date, i . e .  July
1982. Ihe project dwratioa mas extended by one year wpto June 
1987 without ad d itieaal Nuggetsry regw iftnents, on the recoamen-  
datien o f the tr ip a r tite  Review meetin g held in  ieeeaber 1985.

The international cempor.ent o f the planned input Of US $ 1,979,530 
mas revised upward by 1M in  Re vaster 1983 to  88 $ 2,209,79* and 
a s per the la te s t budget revisio n  (sede *L( ) to  OS $ 2,110 ,595. 
The eeunts rpo rt een tribu tiee pasened to be R e.l7,V f6,260 eas net 
revised although the s c tu il lapgle, beesees of the ene year exten
sion , w e  eetimated to  be considerably higher.
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5. lb* petroleua product» consuuption slate in India, unlike 
that in aoat other countries, is weighed heavily in favour of 
diesel fuels, it being alnost 35 percent of total denand. Addi
tionally, about 60-65 percent of actor gasoline is required for 
use in the snail 2 stroke cycle sir cooled S.X. engines, used 
typically in aost actor cycles, aopeds, scooters and three whee
lers. As seen earlier, the short fall between deaand and Indigenous 
production appears to be increasing. This laparts specific aaphaala 
on the need to look for alternative fuels and generate technology 
for their use, particularly for use in diesel engines and in mail 
two cycle engines. Unlike in the developed countries, where the 
eaphasis for developing alternative fuel use is nainly for the 
passenger car application i.e., for the four stroke S.I. engine, 
the Indian application is distinctly different. Thus the logic 
for work in India would be centred around the need for indepth 
investigations, on asking possible the use of alternative fuels 
for such engines.

6. Use of alcohols, particularly aethstol, appears to be attrac
tive in this context, particularly for India, as the resource 
base for their production is wide-spread, and technological consi
derations for its aanufacture cooperatively easier. The Engines 
Laboratory of the Indian Institute of Petroleua (IIP) was identi
fied to be appropriate for carrying out the project activities 
because of its established background, basic facilities, and aan- 
power expertise. It has good contacts with the petroleua end the 
engine industry, and with various other organisations.

7. The Developaent Objective and the Xanediate Objectives 
were defined as follows:

A. Developaent Objective

The developaent objective is to reduce dependence 
on petroleua products and achieve consequent ssvings in the coun
try's scarce foreign exchange resources by use of alternative 
fuels based on indigenous aaterisls, fo engines eaploytd in trans
port and agricultural sectors in India.

B. iJMdiate Objectives

Xaaedlste objectives of the project are:

1. Developaent and establlshacnt of technology for utili
sation of alcohols (Methanol) as alternative fuels for
I.C. engines, particularly for Diesel Engines and 2-stroke 
Engines.
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2. Draining of national ^rojact staff and engineers from 
the industry «» ia ious aspects of angina conbustion 
and lubrication with tha use of alcohol fuels in Internal 
Conbustion (IC) engines.

3. Collection and dissemination of technical information 
to the user and tha industry in related areas.

6. The objectives of the project sere conceptualised to be 
achieved in three stages.

i) Part-use of alcohol.:*, to the extent possible., as a re
placement for petroleum fuels in current designs of en
gines and on-road vehicles.

ii) Optimization of atjve designs through minor erjine modi
fications for maxinixing the part-use of fuel alcohol.

iii) Use of neat methanol in engines* generally through major 
modifications in engine designs.



- 4 -

m .  s c n t m e s  c a b b u d  o u t  a m  o utputs  b o h e v e d

9. The project activities were reviewed periodically for their 
content and targets both by the PAC and by the TPB. Marginal increa
ses were ade in the contents of the activities and the target dates 
revised- both to account for the extended project duration as well 
as enhanced activities. The activities were generally divided into 
preparatory activities and project activities. These were planned 
to be carried cut through the project personnel. International ex
perts and consultants, and through UMISO (the executing agency), 
and the CSUt (the Covernaent iapleaenting agency). A brief suanary 
of the identified activities according to which the project was 
ftaplcaented are given below:

A) Preparatory Activities

i) Budgetary action and financial appropriation to 
provide counterpart funds.

ii) Discussions between national project engineers 
and leading organisations engaged in BAD/production 
activities on ezines to finalise p.'ograaae of 
work related to use of alcohol fuels in engines.

iii) Identification of a) International experts and 
consultants; b) sources of supply of indigenous 
equipment and equipaent to be procured froa inter
national aarfcet and c) places for fellowship train
ing.

iv) . Literature study on the subject of utilisation
of alcohol fuels in engines.

v) Finalising specifications of the equipaent to be 
procured froa Indigenous and froa International 
aarket.

vi) Poraation of project teas

B) Project Activities

I) Placeaent of orders for the equipaent

II) At the suggestion of the tWDP, a Project Advisory 
Coaaittee, was foraed to give advice and for inter
action on the suitability of the proposed aaln 
directions of the project activities and for help 
in securing collaboration froa industry for laple- 
aentation o» the scientific A technical activities 
of the project. The teras of reference A aeabership 
of the FAC is given at Annexure 1.



ill) Preparation of Report on scientific analysis of 
the current engine designs and Methods applied 
for the use of alcohol fuels and s prospective 
for adoption of new techniques for maximizing the 
use of alcohol fuels.

I t ) Discussions of IIP engineers with international
experts to finalise the direction of studies for 
alcohol fuels on the aspects of fuel introduction, 
coabustion, exhaust emissions, lubrication and 
wear, field studies, performance, etc.

t ) Installation and coaaissioning of equipment and
facilities. 0

vi) Design and development of alcohol Induction systems/ 
devices for part utilization of alcohol fuels in 
existing designs of engines.

vii) Combustion and performance studies on ^-stroke 
diesel and 2-stroke S.I. engines for part replace
ment of alcohol fuels with designed system/devices 
and their optinixation.

viii) Communication of project findings to the Industry 
and necessary assistance to the industry for develop
ment of prototype systees/devlces for part replace
ment of petroleum fuels by alcohols and their adop
tion on existing designs of ^stroke diesel and
2-stroke S.I. engines.

ix) Design and development of new system/devices for 
induction and combustion of neat alcohol in 4-strcke 
diesel and 2-stroke
S.I. engines.

x) Studies on engine performance with neat alcohol
fuels.

xi) Communication of project findings to the Industry
snd necessary ssistance to the Industry for develcp- 
sent snd fsbricstion of prototype of nest slcohcl 
engines.

xll) Finalization of design of nest alcohol engine.

sill) Development of alcohol fuel specifications.
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10. I t  n s  t t u  th a t a v a ila b iliity  o f appropriate experts was a«»» 
adequate. I t  i s  f e l t  that th is  uas due to  two sig n ific a n t

facto rs: a) the needs o f  the project were h igh ly s p e c if ic  and 
in  areas o f cooperatively recent advances in  technology; b) the 
a v a ila b ility  or consultants ror the tine periods visu alised  o r ig i
n a lly  uas not fe a s ib le  as the bulk o f the experts id e n tifie d  were 
fron organizations o f  indu strial nature.

As a  re su lt o f  these constraints coosultants/experts were Invited  
for cooperatively short periods, and, «here fe a s ib le , «ere invited  
to  repeat th e ir  aission s a fte r  an appropriate gap, to  naintain  
continuity o f  the s c ie n tif ic  a c tiv itie s  o f the p ro je c t. Thus 7 
o f  the experts v is ite d  the project for a to ta l o f  20. missions. 
Chre «as taken to  in teract and b rie f the experts concerning th e ir  
missions in  some d e ta il and « e ll  before th e ir  a r r iv a l on the pro
je c t .  As a re s u lt some o f the experts generally came w e ll prepared 
and some o f them even brought necessary m aterial lik e  soft-w are, 
cooponents, reports o f an alysis, te s t lubrican ts, e tc . with then. 
I t  is  f e l t  th a t by adopting th is  approach, «hat was envisaged 
to  be done could be achieved with the reduced m/o o f  experts. 
The l i s t  o f experts i s  given a t  Annexure I I .

This resulted in  not only a lower cost o f th is  conponent to  the 
p ro ject, but the e ffe c tiv e  involveaent o f  experts/consultants  
was for a longer duration.

The l i s t  o f experts i s  given a t Annexure I I .  A provision o f 13 
international experts and consultants for a to ta l  o f  93 m/o was 
aade in  the p roject docuaent. 13 Experts/consultants served the 
project for a to ta l o f  50 a/a.

11. A l i s t  of s c ie n tif ic  and technical personnel o f  I . I . P .  d ire ct
ly  involved in  the project a c tiv itie s  is  given a t  Annexure I I I .  
The l i s t  also  gives th e ir  acadeaic attainments.

12. Eleven project engineers received fellowship train in g abroad 
a t centres o f higher learning and fiv e  v is it s  were aade by senior 
professionals to  study recent advances in u t iliz a tio n  o f alcohols  
in engines. D etails  o f  these are given a t  Annexure IV and V 
In addition, two project engineers received equipment training  
a t  the manufacturer's end and fiv e  senior p roject engineers were 
deputed to  attend international conferences in  th is  area. D etails  
are given a t  Annexure VI.

The fellowship progresses were sp ecific  snd gen erally involved  
the fellow s on on-going research projects a t the place o f  training. 
In most ca te s, a Joint research paper. published in tern ation ally, 
re s u lte d ,s ig n ify in g  the le v e l a t which the work was carried out.

13- Procurement o f equipment was . carried out by UNDP, 
through DK190, and by I . I .P .  (the Government counterpart funds). 
In the Project Budget an amount o f around OS S 1,200,000 i s  a l lo t
ted for the 0KDP equipment component. Main items o f  equipment 
procured are lis te d  a t  Annexure VII. Brief description o f th is
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equipaent i s  g iw n  in Section 16 o f the Report. Apert Droa the 
equipaent lis te d  in  Annexure ¥11 considerable quantity o f reference 
a s te r is ls  end spores have also  been purchased through UNDP funds. 
Total cost o f equipaent supplied under URDP Bakes up around $
1.397,*25. Soae com cnta on ispleaentatioo of the equipaent coapo- 
nent o f the P ro je ct's  Budget are as below:

a) Prior to  sending *  requisition on aejor pieces o f  equipaent, 
the Project Manageaent carried out preparatory work Including 
the following steps:

i)  id e n tifica tio n  o f a a c ie n tific  prograaae where a  given  
equipaent would be u tilia e d  and l is t in g  requireaents 
o f the equipaent;

i i )  in v itin g  quotations froa asnufacturers and th e ir  de
ta ile d  analysis;

i i i )  preparation o f s p e c ific  recoaaendations for a given  
equipaent.

The concept o f purchase o f equipaent was such th at where fe a sib le  
only the core .equipaent was acquired and the f a c i l i t y  b u ilt  around 
i t .  An exaaple %.f th is i s  the basic coabustion boab, and the equip
ment for aldehyde eaission aeasureaent.

h) In aost cases the in sta lla tio n  and cosaissioning o f equipaent 
was done by the project engineers. In soae cases, help of vendors 
was also sought. I t  i s  worth aentioning that aost of the equipaent 
was conaissioned s a tis fa c to r ily . However, soae equipaent got daaa- 
ged in  transportation and i t  took considerable tin e  to g e t replace- 
aents and then com issioning i t .  A case in point is  o f the Hear 
P rofiloaeter and the high speed caaera which got daaaged in  tran
s i t  and took aore than 2 years in gettin g the replaceaent/coaai- 
ssioning.

Equipaent procured through IIP funds i s  given a t  Annexure V III.  
Additionally, Rs.10.6 lakhs were spent on spares, fu e ls , lubricants  
and soae other consuaables. Another Rs.18 lakhs were a llo tte d  as 
Governaent counterpart contribution for the purchase o f  a diesel 
power generating s e t, for the exclusive use o f the p roject, as 
the e le c tr ic  power supply in  th is pert o f country was not s a tis 
factory. This has since been acquired and is  l ik e ly  to  be coaai- 
ssioned shortly.
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14. Interaction with the PAC, the TPR, international experts and 
consultants, Indian industry, aoadanlc in s titu te s  and others 
necessitated nargisal corrections in  project outputs' d efin ition  
and tin e  ta rg e ts. The revised outputs are given a t  Annexure IX. 
The s c ie n tif ic  and technical work o f  the project to  s e c t the 
defined outputs was grouped under s ix  beads. Highlight o f  th is  
work are given below:

X* Part Uti l i s a t ion o f  Methanol in  M osel a ^ * —

i )  Analysis o f  options fo r  part su b stitu tio n  by alcohols in
d ie se l engines. D ual-in jection , ln -s itu  a lco h o l-d ie se l Mixture 
in je c tio n , enulsions. and Xtaiigatlon were cxanined
fo r basic f e a s ib i l i t y ,  systen design, engine perforaance, 
ease o f handling, s a fe ty , power output and energy ccnsunptlon, 
en ission s, degree o f  fu e l su b stitu tio n , r e t r o f it  a b i l i t y ,  
e t c .

i i )  Methanol aspiration was adopted as the f in a l  choice fo r  d eta i
led in vestiga tio n s. Here the good ig n itio n  q u a lity  o f  d ie se l  
was u tilis e d  to  secure the coabustion o f  alcoh ols. A systen  
for funigation in  e x istin g  designs o f autonotive d ie se l engines 
was fin a lis e d , fabricated and extensive perforaance studies  
carried out both on laboratory t e s t  stands as w ell as or 
ve h icle s.

l i i )  Lubrication studies on aethanol fustigated engines carried  
out include back to  back t r ia ls  fo r  engine d eposits, d u ra b ility ,  
lubricant degradation and wear. £xaxination o f  various , 
including o f soae newer o i l  foraulations (sons procured frou  
abroad) ana detailed In vestigation s on fa c t  and side wear 
o f piston rin gs using radiotracers, were carried out.

lv )  Fusigatlon concept was trie d  out in  various designs o f  engines, 
on twr o f  these, seainars were conducted w ith the nanufacturers 
o f  engines and on one o f  these, the aanufaeturer in itia te d  
h is  own t r i a l s .

v) P ilo t  f ie ld  t r i a ls  were started  with two d iffe re n t agencies. 
Based upon th is  detailed  t r i a l s ,  one eh a  f le e t  o f  28 buses, 
and one on 10 o f  another wake have been in it ia te d . As a  part 
o f th is  ex ercise, an in ten sive e f f o r t  wan put in  to  ep tin iee  
the design o f  the fuatgotion d evice , which la  under produc
tion  fo r  t r i a l  purposes.

v i)  Recently a laboratory anporobargod d le a e l engine, baa a lso  
been converted fa r  aatbaaol fu a ig a tie n  to  g iv e  aa in sigh t  
in to  poeelble aanvoradaa a f  turbochc rgad *i¿snea ty p ic a lly  
eaployed in  railroad leaaaatlva  aaa. Xnteraetien with tha  
Indian Rallwaya bet a la a  been i ni t i a led .
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B. Part U tilisa tio n  o f  Methanol in  Snail Iho-otroke and
Vehicles

v i i )  in  case o f  S .I .  engines, use o f  sn ail 2-stroke engines in
the courtry i s  increasing a t  n fe a t ra te . A need vas therefore, 
f e l t  to  r e s tr ic t  stu d ies on part su bstitu tion  o f  notor gaso lin e  
to  sn ail 2-stroke engines only. Ib is  scgaent eonsunes »ore 
then 50 percent o f  notor gasoli ne consuned in  the country«

s i l l )  The use o f  alcohol-gasolin e blend on. e x is tin g  designs o f
2-stroke engine ugh found to  g le e  no hardware prcblen and 
H12 blend was fin a lis e d  fo r  detailed  laboratory in v e s tig a tio n s .

ix )  Laboratory in vestigation s on M12 blend indicated s a tis fa c to r y  
engine perforaance, engine l i f e  and good *?1 m oth er a ta r ta b i-  
l i t y .

x) Field t r ia ls  on f l e e t  o f  I t  veh icles cooprising v e h icle s  
o f various m kes o f  aopeds, scooters and notor c y c le s  were 
carried out fo r  150,000 t o .  These t r i a l s  indicated wide 
accep tab ility  o f  M12 blend. I t  gave engine perforaance, a l l  
weather a cce p ta b ility  and l i f e  o f  d iffe re n t engine components 
conparable to  notor gasolines Extended f ie ld  t r i a l s  subse
quently on three selected  veh icles deaonstrsted a c c e p ta b ility  
of M12 blend even fu rth er. A to ta l  o f 170,000 Kas has been 
accuaulated.

x i)  Dear of C .l .  rin g was found excessive in  some cases, which 
was overcome by use o f chrome plated rings.

x i i )  I t  i s  suggested th a t use of M12 blend can be introduced in  
certain parts o f the country as a normal fu e l fo r  small two- 
stroke engined v e h icle s.

C. U tilisa tio n  o f to o t Methanol in  M osel Engines

x i i i )  Study o f various approaches for neat methanol fu e llin g  of 
heavy duty engines was examined. These included glow-plug 
ignited ln -cylin d er in jectio n  o f methanol, methanol vapour 
engine, compression ig n itio n  o f  heated intake charge, and 
la te r  pert in je ctio n  methanol engine. A ll o f these have been 
investigated up to  various stages.

* iv )  Oat ef various approaches to  use neat methanol in  d ie se l 
(heavy duty) enginea, glow-plug assisted  ig n itio n  approach 
waa aeleeted fo r  d etailed  in vestiga tio n s. These included:

(I) E ffe c t o f glow-plug location and projection ,

(II) E ffe ct o f  in jectio n  duration, pressure, nozzle hole 
aide, plunger diameter e t c . ,
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(111) E ffe ct o f  low boat transfer piston m aterials *.{■  
east Iron,' CSZ cos tod piston ,

( lv )  . intake s i r  th r o ttlin g  and exhaust gas resid u als.

Influence o f  the above paranetera on glatr-plug energy req u lre-  
nent, glow-plug teapersture, energy consunptlon, power output 
and eslsslon s was in vestiga ted . The engine operated success
f u lly  a t  glow-plug energy as low as 65H a t  high loads w ith  
laproved engine e ffic ie n c y .

xv) Lubrication and wear stu d ies on fu el in je c tio n  syste a  and
cylinder lin e r  and rin g  wear were conducted through long  
duration te s ts  s id a ls o  using radiotracer technique. Near 
o f et«ine components was s ln lla r  to  th at with d ie s e l.

x v l)  A s ix  cylinder truck d ie s e l engine was converted to  spark
Ignited netbanol vapour engine. Methanol vapour engine optimiza
tion  could not be continued as hardware m odifications required  
need extensive tin e  and assistan ce from engine manufacturers.

x v i i)  A «single cylin der glow-plug Ignited engine* prototype i s  
ready and has been working su ccessfu lly  in  the laboratory. 
More than 500 hours running has been coapleted. Further iaprove- 
aents on engine performance through the use o f  air-gap  piston  
are now being studied. This concept i s  a ls o  being extended 
to  a three-cylinder tra cto r engine in  collaboration  with  
an engine builder.

x v l l i )  Fuel 90K (905 Methanol ♦  105 Kotor gasolin e) was fin a liz e d  
for studies on ¿-stroke engines.

x lx )  Recessary hardware n od iflcation s were id e n tifie d  and one 
sake engine was converted for operation on netbanol.

xx) Extensive laboratory studies were carried out covering aspects  
o f performance, combustion, energy requirement, lu b rication  
and emission.

x x l)  A scooter was run In f ie ld ,  for examining d r iv e a b ility , fu el 
consunptlon, acceleratio n , cold s ta r ta b lllty  and lubricant 
com patibility and engine wear. Mating p arts were evaluated  
for wear at' 6,000 kaa and 10,000 kas. The fu e l consunptlon 
on energy basis was found to  be comparable and i t  gave compara
ble perforaance on other aspects too.

x x l l)  Basic studies were a lso  carried cut to  understand abnormal 
combustion phenomenon in  methanol fuelled  2-stroke engines.
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I t  m s  f e l t  th a t d etailed  study would be carried  out on a 
eoabustloo boab. A t e s t  r ig  fo r  combustion bonb w ith necessary 
instrunentation was designed* fabricated and coan issioned. 
Studies are in  progress.

m i l l )  Lubrication requirenent o f  nethsnol fU 'lle d  anginas was stu died  
Lubricants for aethanol fu e l are being developed.

a x is) Engine o f  a d iffe re n t aake was aodifled and f it t e d  ca a veh icle. 
This vehicle has a lso  accuaulated 6*000 has on road. I t  has 
given acceptable perforaance on a l l  paraaetera.

c  i A aoped engine m s  a lso  converted to  operate on neat aethanol. 
This engine i s  ready for f ie ld  t r ia ls .

xxv i) As a Beans to  reduce unburned fu el emission in  aethanol fu elled  
two-stroke engine* a neu concept o f  " s e le c t iv e  exhaust gas  
recircu lation " was developed. Further stu d ie s  on th is  system 
i s  in  progress.

E. Corrosion and M aterial Conpatibillty Studies w ith Fuel Methanol

x x v ii)  Corrosion behaviour o f  various aetals* coaaonly used in  the 
fabrication  o f  indigenous engines has been »tudled by means 
o f various laboratory techniques* e .g .  s t a t i c  lnaersion te sts*  
galvanic stu d ie s, b o ilin g aethanol te s ts *  e t c .  The metals 
and a llo y s  in vestigated  were Zamak* brass* le a d , aluminlue, 
cast iron, mild s t e e l ,  e tc .

x x v iii)  Ketal in com patibility o f  some engine components such as carbure
tto r  f lo a ts ,  needle valve t ip ,  crankcase rubber s e a ls , e t c . ,  
experienced during the te s ts  was resolved by use o f  Teflon  
f lo a ts , brass needle valve t ip ,  e tc .

xxix) Use of In h ib itors in  aethanol as a means o f  corrosion control 
o f engine components m s studied. Three o f  the f iv e  in h ib itors  
studied were s p e c if ic a lly  meant for oxygenated fu e ls  and 
th eir gasolin e blends.

xxx) The q u a lity  o f  aethanol as obtained fro a  d iffe r e n t sources 
with respect to  i t s  corrosivity m s a ls o  looked in to . Proper
t ie s  l ik e  s p e c if ic  conductivity, im pu rities l ik e  presence 
o f chlorides which can accelerate e lo e tr o ly t ic  corrosion  
o f a e ta ls / a llo y s , dissolved oxygen which ta k es part in  cathodic 
depolarisation reaction* e tc . was evaluated.

xxxl) B rief work on engine wear in the presence o f  In h ibitors in  
fu el wss a ls o  tr ie d .
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mil) Dram tic redaction .In corrosion of aluuialuu, uagacsiuu 
and its alloys in the praaonca nf aartala anoont of natar 
in aetoanol, as reportad in literatam noa inomtif tad 
ags'n. Consequently, antar nddltlm la mthaml am anggmted 
to all aspects of project nark« including field trials.

F. Infornotlon Collection and ~Iim u Im I Ian
x x x lii)  Various data base scn riccs l ik e  U H K , C l  aaarch, DCg«etc. 

acre subscribed to  c o lle c t  technical ia fb r m tle o  m  nark 
being carried cu t in ta rm ticn o llp  on alaakal ( M l  u t i lis a t io n  
o f  engines/vehicles. I b is  la fb r a s t lm  m s  a ircu lsta d  t o  
the p roject engineers aad others i m e lead in  s i m i l a r  a c t i v i 
t i e s  within the country.

m i v )  A periodic tech n ical bu lletin « Alaska! f u e ls :  Applica
tion« was brought ou t. Ihese includod In fo rm tlo n  rela ted  
to  international developm nts; en gim  appliontion« process  
A production aspects o f  alcohol fu e ls  and feature a r t ic le s  
on aspects/studles s p e c if ic a lly  carried  ou t on th e p ro je c t  
a t  IIP . One o f  the sp ecia l issu es included bibliography o f  
work done in  the country on alcohol fu e l ap p licatio n  in  
engines during the l a s t  decade.

n x h )  The project findings have continuously boon c casual cated  
to  industry and other governmnt agencies by technical presen- 
tation« denonstrations, train in g o f  personnel« d iscu ssion s, 
e tc . As a r e s u lt ,  two sta te  road transport undertakings 
have started proving t r ia ls  on d ie se l engined paaeangar 
bus f le e t s .

xxxv) For detailed discussions and in teractio n  fo r  exchange o f  
knowledge anongst researcher, acsdonicians, engineers fron  
industry and other organlxatiena related  to  alcohol fh e l  
application in  engines follow ing workshops aad conferences  
were organised a t  the In s titu te .

1) Workshop on ”Su all Two-Stroke: U tilis a tio n  o f  fu e ls  
and Lubricants” , March 1983.

l i )  Workshop on "Perspective o f  Alcohol Fuel U tilis a tio n  
in  Engines” , October, 198A

H i )  "Ns'tlonsl Conference on l .C .  Engines aad Coobuation," 
Hovesber, 1985.

The proceedings o f  each o f  them  were published.

xxxvl) Short train in g progresses for autonotive industry were orga
nised. The tra in in g was aoetly  need baaed in  the fo ra  o f  
s p e c ific  presentations to  the engim  b u ild ers, o i l  industry  
and user Industry. The aspects covered Included d e s ir a b ility  
o f alcohol fu e ls ,  th e ir  usefulness in  our context, l ln ita t io n s  
and related asp ects.
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A Aether significant sutpat  of W  f r o j w t  i s  considered to  
be the pepers and technical reports which have been published or 
presented a t  both national and international le v e ls . I t  i s  seen 
th a t acre than *7 papers and 72 reports have already been produced 
on work done in  th is  area a t  IIP . These are lis te d  a t  Annesure Z 
and XI. I t  nay also  be noted th at additional publications w ill  con» 
tinue to  co m  out as M rs re s u lts  o f  studies co m  in  and are

16. F a c il it ie s  aad BqutpMst

Following M jo r  f a c i l i t ie s  and equipaeat have been coaaissioned 
during the iaplcam tation o f the p ro ject. I t  M y be noted that 
a l l  the equipMnt and f a e ll 't - .s s  are now co m !■ stoned and are 
currently being u tilis e d .

Blcardo Hydra Single Cylinder Research Engine

This research engine (F ig.1) i s  a robust aschlne capable o f opera
tio n  a t  conditions representative o f  aodern engines. I t  i s  sin gle  
cylinder four cycle engine with an e le c tr ic  dynaaoMter. Control 
o f the s e t i s  froa a reaote control desk froa which aotorlng can 
a lso  be in itia te d . 7be engine can be b u ilt  in  aany d ifferen t  
fon w  including g sso llM , M tbanol and d ie se l versions and has 
cylinder heed arrangeasnts for various ooablnations o f bore and 
stroke» ooapresslon ratio» within a H a lte d  range. M roet in je c
tion  version has a special cylinder head for p ilo t  fu el in jection  
a ls o . In addition i t  has a provision o f  using a piston with quarts 
window and other arrangeasnts for high speed eoabustlon photo
graphy. Test bed i s  equipped with cooling nodule for o i l  and 
water, a ir  flow aessureaent pressure pick up srrsngeaent e tc .



mm mm mum iw  m poser tm tin iw w  um m m  i n m -  
m um iiawliWi with a  wmtmm m um  u t íñ  hph ü M  fly 
«M U  uumwmm.  n » f r lW »  an prafraM» eooMM 5 «im r- 
u m  driving óyelas. V »  dynsaoaster is controlled by Digital 
Equipment Corpa. LSI 11/23 basad nicrocoaputar through a IDO 
ayatoa.

Coabustion Boab

Ths f a c i l i t y  (Fig.A ) has baan s a t up by IIP p roject anginaars. 
lb s  boab i s  to  ha used for basic coabustion studios related  to  
ig n itio n , f lo a t propagation e tc . Accurately aetered fu e l and 
s ir  mixtures esc be introduced into the eonbustion chsabsr. I t  
baa the provision for high speed photography by sbadograpbic 
technique with the help o f  la se r  source and o p tica l srrangeaents-

D ix ita l Analyser

I t  i s  used for acq u isition  and real tine processing o f  neasured 
data o f various angina parsaeters lik e  pressure o f  in take, ex
haust, cylinder, crankcase, fo a l in jection  puap in je c to r , in je c
tio n  noodle and valve l i f t .  This systea (F ig .5) has 16 channels 
which p eraits fa s t  acq u isitio n , display, extensive, processing, 
eonputstion and storage o f  the data obtained.

P.C.Pvnanonetera

Those dynssoseters (s  view given in  F ig .6) a r t intended to  bo 
used for both Motoring and loading the engines. These a r t  f le x i 
b le , assy to  use systea  whieh recover output ' sh aft energy o f  
engine through swinging freae D.C. Machines. The power end torque 
eurvos o f gasoline ns w ell ns d ie se l engines can be covered on 
the mm te s t  r ig  to  allow s wide variety of engines to  bo tested . 
Other features include advenes servo th ro ttle  con trol, closed  
loop speed and torque con trol.
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Thia a tta r  or I m A  Kjaer (Plg.T) to  
or Min a a i « u n t t a i  o f  dlf f S f oa t tfl

l abp ritlm

h m  i i m m  < m .|)  lü io h  or M in  m m  m m m t  i t w i r t u -

ift1 iioiroa tiatag J T i i n u n !1̂  epsasn «mm for sCung gift fbea eoglae tfUagr or la tahaaot dr ttUr MMipcifc oad
finding out blotorioo o f  variation during the working c y cle .

Th« M attier X  20 Coapact T itrator

The titr o to r  (P ig. 10) la  Intended for the detcralnotioo o f Oau- 
tra lira tio n  value o f  lubricating o lio . Thin lo  an laportant c r i 

te ria  in Judging the q u ality  o f  lubricating o lio  p a r t ic u la r ly  o f  
the crankcne o i l s .

Transient Mode Slaulatlon Droeaowter

Ib is  la  a fu lly  integrated, aicro-proceaaor controlled aquisltlon  
syatea (F ig .11) with autcaatlc controls o f various engine funct
ions. The syatea has aore than 25 standard t e s t  residents in  
i t s  aeaory and has f a c i l i t y  to  generate additional autoaatlc  
te s t  prograaaes. The dynaaoaeter has a  unique f a c i l i t y  o f  tran
sien t testin g o f engine.

Hlafa Speed Caaera

The caaera, HTCAM-II (P ig .12) i s  Intended to  be used fo r high 
speed photography o f  coabustlon events in  a eoabustion chaaber. 
I t  has a speed o f 20-11000 f u l l  fiaae/See. The aiero-processor 
controlled D ig itis in g  Unit supplied with the caaera i s  used for  
evaluetlng the photographed events.
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Knock Intensity H>ttr

Ibis instrument m u u t u  knock in «riiicln being tested on chassis 
dynamometer, engines assembled on the test bed or on fond. The 
equipment consists of an accelsroneter «bid» records vibrations 
caused by detonation and an electronic equipment which elaborates 
the signals passed on by the accelsroneter.

I Spectre-Physics Series 2000 argon-ion laser ays ten 
for ahadwgraphy of coahustion events, using • congestion boub 
and high speed canera for photography, has been coanissioned. 
The laser has an output of 30, which is split to a green line 
of 1.2V.

Sicardo Swirl Meter

It is used for neasuring swirl inside the coahustion ebaaber. 
This would facilitate in studying the neefaanisa of air-fbel nixing 
and related characteristics.

Hydrocarbon Analyser

Horiba Model Mexa-1120 TFI-H is intended for neasureaent of 
total hydrocarbons in the engines and aut'wobile exhaust. It 
is suitable for neasuring sanple gas containing high boiling 
point hydrocarbons. The detection range is 0-20,000 ppn as C_. 
It supplenents other laboratory equipeent for emission neasureaent.

Wave Form analyser

SD375 Dynamic analyzer, with a signal correlator in time, ampli
tude, fequeney up to 100 KHZV is intended to be used for noise, 
vibration studies of vehicles, engines including turbulence stu
dies in conjunction with hot wire anemonetry system. It can carry 
out spectrum analyses of the pressure tine histories of I.C.engine 
coahustion chamber for IMS magnitude, power spectrum, auto-circu- 
lation etc.

ntfiii Pressure Differential Scanning Calorimeter

Dupont Model 9900 is a theraal analysis System with data reduction 
capability. 1t is intended to be uaed to asasure hast of reaotion, 
which is direct nanifestatioo of the physico-chenical proeesses 
that are aotually oeeurir^ in the petroleua producta. The data 
obtained for various producta can be correlated. The technique 
is used to study the interaetion and nechanisas of base Stocks 
and additives.



BIGIN ES LABORATORY
INDIAN INSTITUTE OF PETROLEUM DEKRA DUN.

-  17

Fig.1 RICARDO HYDRA RESEARCH ENGINE FOR BASIC RESEARCH 
AND STUDIES WITH DIFFERENT FUELS.

Fig. 2 WEAR PROFILOMETER - MODEL MMB 50/350/S-MIFOR SURFACE TEXTURE STUDIES OF CYLINDER LINERS
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Fig. 3 HEAVY DUTY CHASSIS DYNAMOMETER, FOR ROAD CONDITIONS 
SIMULATION OF HEAVY DUTY VEHICLES
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ENGINES LABORATORY
INDIAN INSTITUTE OF PETROLEUM DEHRA DUN.

Fig. 5 DIGITAL ANALYSER - MODEL 657, AN ONLINE DATA ACQUISITION SYSTEM FOR ENGINES

Fig. 6 D.C.DYNAMOMETER WITH FACILITY OF MOTORING AND LOADING
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ENGINES LABOR VTORY
INDIAN INSTITUTE OF »FIR O U V M  DEHRA DUN.

Fig. 7 NOISE LEVEL METER - MODEL 2209 FOR MEASURB4ENT OF NOISE AND
VIBRATION

Fig. 8 SMOKE METER - MODEL 409E 
FOR MEASURSfENT OF SOOT 
IN DIESEL ENGINE EXHAUST
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ENGINES LABORATORY
Indian institute of petroleum dehra dun.

Pig. 9 HIGH SPEED GAS SAMPLING SYSTB4 - MODEL GSD10
FOR SAMPLING GASES FROM ENGINE CYLINDER/EXHAUST

Fig. 10 COMPACT TITRATOR - MODEL DL20
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Fig. 11 TRANSIENT MODE SIMULATION DYNAMOMETER - MODEL SF 901C 
A MICROPROCESSOR CONTROLLED ACQUISITION SYSTEM FOR TRANSIENT TESTING OF ENGINES

Fig.12 HIGH SPEED CAMERA - MODEL HYCAM II:FOR HIGH SPEED PHOTOGRAPHY OF COMBUSTION 
EVENTS IN A COMBUSTION CHAMBER

ff
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A FLEET OP M12 A FLEET OF METHANOL VEHICLES (2-STROKE)
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Fig.14 DIESEL METHANOL BUSES
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UV-Spectrophotomcter
It is intended for measurements of aldehydes in the exhaust of 
alcohol fueled engines. Shiaadzu model UV-2*0, with micro-computer 
controlled graphic-printer, has higher data processing capability 
such as spec trim memory and wave fora analysis.

Eddy Current Dynamometers

Three E.C.Dynaaoaeters were acquired for accurate engine perfor
mance evaluation. These have special features like speed« torque 
and power control. The range of measurement varies for 0.5 KW 
to 300 KW, covering engines of moped class to heavy duty diesel 
engines.

Logic Analyser
Enertec model 7610 is intended for trouble shooting of micro
processor based or any other digital circuit. It has 32 data 
channels, 3 external (plus 1 internal) clock and 5 clock qualifier 
channels. Data storage capacity is 1 K per channel. The display 
is selected to be either in time domain or data domain.

Standard Gas Divider
This is intended to be used to prepare calibration gases required 
for engine exhaust gas analysers. It can dilute the available 
concentration upto 16 percent by using inert gases. The device 
can also be used to sake gas mixtures.
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IV ACHIEVEMENT OP OBJECTI VES

17. There is boh s considerable awareness of the fact that pet
roleum is a depleting resource. Some estimates put its continued 
easy availability for another approximately 3b years only. The 
future energy scenarios clearly indicate a need of alternative 
fuels, particularly for on-board applications. The project's achi
evement of objectives is seen in this context. Although fluctu
ations in price and availability of petroleum may continue, in 
the Indian context the availability of alternatives mould clearly 
reduce dependence on petroleum and make the Job of energy planners 
easier.

16. The project has demons traced utilisation of part methanol 
as blends in two stroke S.I. engines, and as a bi-fuel system 
in diesel engines. Extensive laboratory work on various parameters 
generated confidence for limited field trials to be undertaken. 
A 150,000 cumulative kilometers trial on H12 blend uas successfully 
undertaken on fourteen 2-stroke vehicles, and two multi-agency 
demonstration projects have been contracted for running diesel 
buses in commercial operation using the IIP developed bi-fttel 
system. On the neat methanol front 2-stroke engines and vehicles 
have been successfully run for extended durations in the laboratory 
and three different concepts of neat methanol fueled diesel engines 
were developed in the laboratory. This demonstrates that initial 
work on development and establishment of technology, for possible 
utilization of methanol or other alcohols on a much bigger scale, 
has been done.

The activities undertaken in the laboratory were of a nature that 
has gave opportunity for extensive and indepth study on various 
aspects of engine combustions and lubrication worth the use of 
alcohol fuels. This capability has been utilized for extensive 
interaction with engineers from the industry on this and various 
allied matters. The training of national project staff has been 
supplemented by exposure and involvement on various recent trends 
and developments the world-over through visits and work at some 
of these centres of emerging technologies. It is felt that a more 
than adequate bare now exists to take up further research in the 
laboratory and extension work elsewhere.

Adequate contacts have also been established for possible future 
interaction in this area. However, continued interactions are 
necessary to keep these links alive. It is considered an achieve
ment of the project that a vide base of awareness and information 
has been established in the country with organizations of the 
petroleum industry, the engine building Industry, the organized 
user industry, Government bodies, associated RAD institutions, 
snd with producers of sethsnol. In the evantuslity of wide scale
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methanol use in the country u  nn engine feel this trill play a 
significant role. The project has been pleased to receive several 
enquiries in this area and considers this to be an achievement 
of the objectives of the project. The Alcohol Fuel ■ewsletter
brought out during the life tine of the project was coapliaented
for its content and presentation.

19* The above aentioned achievements of ianediate objectives 
of the project signify that a base now exists for see ting the
development objectives of the project on reducing dependence on 
petroleum products by use of alternative fuels for engines employed 
in transport, agricultural and other sectors in India. The further
ance and materialization of the development objectives depends 
much on the socio-economic trends prevailent in the country. This 
means that the Government and its statement of policy in this 
regard vill decide possible adoption in the country of such techno
logical developments. It is therefore imperative for the Government 
through its appropriate agencies to take stock of the situation
and formulate their views.
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v proms
20. Oil supply probleas of tbs last 15 years have shown that 
world's energy dvaands cannot be satisfied frow present energy 
sources. A prowl sing snswer in the field of autowotiee transpor
tation is the use of liquid alcohol fuels, particularly wethanol, 
as it can be produced frow natural gas, coal and bio-aaaa. IhrW- 
wide research and developaent has shown how wethanol offers a 
way to displace large eoluaes of oil in conventional designs of
I.C. Engines. Methanol as a blending coaponeut in gasoline in
S.I. hf*"“  1* * coaplete success. For C.I. engines also» the 
wethanol option appears to be the best. Berelt can be used either 
in the bi-fuel node or by itself.' It is generally agreed that 
a dedicated engine is the best alternative frow the point of 
view of energy conversion and alcohol fuels have energed as an 
encouraging alternative to petroleus fuels the world over, parti
cularly in us*, Europe, Canada, Japan, Srssil and Sew Zealand? 
Several fleets are now in operation in these countries, replacing 
significant quantities of petroleun fuels. Seat aethanol fuelled 
vehicles are in coanercial use particularly in the state of Cali
fornia where needed legislation was passed to sake it effective 
in 1977, 1981 and 1983. A najor initiative has also been launched 
by Japan and Sew Zealand to deaonstrate its use on trucks and 
buses.

21. Keeping in view the abnomal denand for diesel fuel in the 
country, it has been deaonstrated that fleet use of aethanol, 
for upto 20% replaceaent of diesel fuel using the IIP bi-fuel 
device, (tan now be done. Ibis reduces saoke eaissions, aakes the 
engine run s little cooler and even shows aarginal iaproveaents 
in energy efficiency. Such engines can run without problcas on 
existing quality levels of engine crank case oils without showing 
adverse lubricant degradation. Such bi-fuel devices .can be adopted 
for alaost any kind of stationary or autoaotive diesel engine.

22. The Aethanol-gasoline blends is the preferred route for 
part utilisation of aethanol in the current designs of saall two- 
stroke engines and vehicles. The aethanol-gasoline blend consisting 
of 12 percent alcohols can be used in all on-road vehicles without 
any deterioration in vehicle perforaance and driveability. The 
M12 blends also does not require any change in nsterials, and 
lubricants. The project has deaonstrated that M12 blends can be 
Introduced in the country on a wide scale for scooters, aoped 
and aftorcycles.

23. It was seen that use of nest aethanol in diesel engines 
is possible with a positive source of ignition. A laboratory proto
type using glow-plug assisted ignition gave satisfactory perfor
aance except at light loads where the glowplug energy rcqulreaents 
were high and theraal efficiency poor. Atoaisation in aethanol 
spray is auch finer than in diesel and the injection systea needs 
several aodlfieations to provide satisfactory injection character
istics. Injection systea wear was seen to be about 30f higher
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anil addition of If castor oil did not help. A 6-cylinder truck 
diesel engine uas also converted for operation as a aethanol-va- 
pour, S.I. engine. Studies revealed that major design changes are 
required uhich need participation of engine nanufacturers. Of 
all the possible routes of neat aethanol operation of diesel engi
nes, glow plug ignition and apart ignition (FM type) have the 
highest potential for application to production engines. Piston 
ring wear was also higher in aethanol fuelled engine with con
ventional diesel engine crankcase oils which however, could be 
brought down to diesel "f*«* level through the use of specially 
foraulated lubricanta.

21. Meat aethanol operated two stroke engines were developed 
by codifying carburetion and optiaixlng ignition. Soae rubber 
coaponents were also replaced studies were carried out on coabus- 
tion, lubrication, perfornaace and durability. IWo new lubricant 
femulations were tried satisfactorily. It was observed that conp- 
ression ratio of the aethanol engine is United.by abnoraal and 
knocking coUbustlon. Although the unburnt fuel eaission (UBF) 
is siwilar to that of gasoline.

The antiknock properties of aethanol as determined by conventional 
netbods (CFB engine rating) are not suitable for aethanol operated 
engines. Abnoraal coabustion phenomenon is aore severe than A- 
stroke application due to auto-ignition of aethanol with hot resi
dual gases. To study this phenoaenon basic studies were conducted 
using the coabustion boab.

25. One of the serious problems associated with the use of alco
hol as engine fuel is the corrosion of aetals, alloysand other 
materials. To address this problea, the corrosion behaviour of 
various indigeneous engine fuel handling aetals in contact with 
aethanol has been studied by means of various laboratory techniques. 
Static eaersion tests have dcaonstrated that lead (plugs in carbu
rettor) and aluainiua alloys (crankcase) corroded severly. The 
carburettor coaponents such as Zaaak and Brass jets were found 
to be tarnished. Proa the preliminary galvanic studies, the aetals 
and alloys could be arranged in the order of increasing anodic 
character. Material incoapatlbility of soae of the engine coapo
nents e.g. carburettor float, needle valve tips and crankcase 
rubber seals were experienced during engine tests. These problems 
however, could be resolved by use of teflon floats and brass needle 
valve tip, etc. Presence of none water in aethanol a*.so reduced 
the corrosion rate of Aluainiua alloys. A three point polarisation 
method was employed to assess the cooperative performance oftke 
corrosion inhibitors for aethanol. Although, laboratory siaulatlons 
could be achieved for fuel systea coaponents such as carburettor, 
sinulations were not possible for rlng/cyUnder coabinatlon due 
to high operating teaperature conditions in an engine. However, 
one of the potential corrosion inhibitors was studied on one engine 
test bench under cyllc operating conditions. This sddltive was 
shown to control. Corrosion inhibitors were also taken up for 
study. They helped control the corrosion of fuel systea materials 
as well as iaprove the overall wear characteristics during engine 
tests. The field trials further suggested that ehroaiua plated 
rings were effective in controlling aethanol related wear without 
adversely affecting the cylinder wear. Studies were also conducted 
on s rig eaploying a M.S.fUel tank and a puap for recirculation.
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26. It v u  s m  that issues pertaining to safety and toxicity 
with use of wethanol fuel are of serious nature and need detailed 
understanding» particularly when considering large scale field 
applications. Measures adopted for Increasing safety in laboratory 
and field use therefore included aduixture with 10 percent aotor 
gasoline, addition of taste odour and colouring agents as well 
as requisite education of concerned personnel.

2T. It was found that infornation collection and dissenlnation, 
particularly aa carried out by the project through newsletter» 
conference and workshops, ainlnara, and individual interaction, 
has resulted in considerable auareness about the role of fuel 
aethanol. Is a consequence of this anarenrei two nulti agency 
and denonstration projects could be started in the country. Inter
est fron other organisations has also been expressed.
25. octtsscl -*»-»«— advantages aa a substitute to loed in 
notor gasoline and is being used as a Octane booster. Methanol 
also indicates envlroonental benefits with reduction in 10 for- 
nation and particulate eaission. It is also believed that use 
of nethanol would significantly reduce levels of Ozone oxidants 
and other secondary pollutants like peroxyacetyl nitrates to alle
viate problens of photo-chenlcal snog.

29. Governnent's continued interest in the use of nethanol 
fuels for the transport sector is, however, seen by the support 
received fron the Departnent of Ion Conventional Energy Sources, 
and by the Oil Industries Developnent Board in contracting field 
studies on use of nethanol in coanercial fleets through Indian 
Institute of Petroleun. These are nulti-agency projects involving 
several additional public sector organizations. The feasibility 
of use of alcohol fuels is additionally being exanined by the 
recently foroed "High Power Coonittee on use of Alternative Fuels 
for Surface Transport".

30. it is seen that such large scale and indepth exposure on 
subject of nethanol utilization has considerably increased the 
capability of project engineers to handle further issues and inves
tigations related to utilization of alternative fuels. Advanced 
facilities capable of carrying out research and other investiga
tions related to conbustion lubrication, enisslon, perfornanees, 
wear and durability, etc. has also been created. It is thus seen 
that the project has developed a sound base for theoretical analy
tical and experlnental work which can even be utilized as a centre 
for further work.
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31* it is seen that the engine builders and organised users 
have shown a keen interest in »ethanol use on engines but, at 
the sane time, they have also been looking at possible statements 
from the Government on its view concerning the future of this 
fuel in the country. It is felt that their interest in methanol 
is largely due to the uncertainities and difficulties foreseen 
in managing the petroleum fuel supplies in the country. Links 
with the industry for future use of results achieved are therefore 
clearly dependent upon a thought out national policy. This so 
far has been lacking and nay delay the successful achievement 
of the long tern project objectives.

32. It is seen that the perception of the national project engi
neers received considerable help in project's implementation from 
the personnel of the international agencies i.e. URIOO and UNDP, 
and from the various consultants and experts who were associated 
with the conduct of the project. Similarly out of normal assis
tance was also received from the C.S.I.R. in qulcxly agreeing 
to and granting a substantial additional sun of a Power generating 
set.
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33- A considerable increese in awareness related to utilisa
tion of alcohol fOels in — g<"»» is perceived with the Governnent 
and with the industry, but links with local industry for future 
use of results achieved are entirely dependent upon a thought-out 
national policy. Ibis so fUr has been lacking and any delay the 
successful achieveasnt of the long tern project objectives. Ibis 
issue, therefore, needs the attention of the Governnent. It is 
recosaended that an indepth feasibility, taking into account 
a long tern perspective, project results and econonica, should 
be undertaken by the Cover— nt. If necessary, this should also 
consider a plan for first introduction of nethanol fuels in the 
country, keeping in Bind the parallel developments needed both 
for the production of nethanol and with the user and engine Indus-
a.___ n .  _  # *  . * m  - •  ♦  • •• * t —  a . .  •  j  n n » n
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other countries, initial appropriate fiscal incentives could 
also be considered, for a possible eventual switching to this 
fuel option.

3*. The current project has resulted in establishment of several 
high technology facilities and generation of enough expertise 
at Engines Laboratory of IIP for carrying out RAD work in the 
area of alternative fuel utilization. This could be utilized 
for studies on other alternative fuels of importance and use
to the Indian situation. It is seen that small and large natural 
gas fields are now being continuously discovered in India and
at a certain stage use of natural gas and other fuels derived 
from it nay have to be considered in heavy vehicles to replace 
diesel. It is known tbst the nature of work for this purpose 
has many commonalities with the one carried out by this project 
on utilisation of alcohol fuels. Thus the aomentua reached in 
this project could be maintained and gainfully employed. Such 
work would generate a data base for a good comparison between 
coapeting alternatives such that appropriate utilisation of coun
try's resources could be made. UNIDO is already supporting studies 
on conversion of coal to some gaseous and liquid fuels as well 
as other projects on inter-fuel conversions. It is therefore 
recommended that a view be taken and studies as suggested above 
be considered for taking up with the Indian Institute of Petroleum 
to derive maximua benefits and best returns from utilisation 
of funds.

35* Further investigations both of a theoretical and of an 
applied nature and information dissemination should be continued 
by IIP on the project subject even after completion of project 
and should be encouraged. This is particularly stressed in view 
of the excellent work dons by the project on this front and the 
iapressive results produced, some of which have even exceeded 
the projects' mandate.
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36. in light of the «ell recognised achieveaents of Indian 
Institute o r Petroleua in develop!!* the application of alterna
tive fuels particularly alcohols for I.C.«vines, it is felt 
that India has a potential to interact with other develop!!* 
and industrialised countries and organisations, uhich should 
be gainfully eaployed. Soar recoanendatlons to achieve this can 
be as follows:

i) To transfora the India UUF/UIIDO IFF national project
DF/IED/82/001 "Application of Alternative Fuels (aethanol) 
for I.C.Engines” into a global project;

ii) To establish satellite industry oriented BAD progaaees
in interested developing countries (on a geographic basis) 
and develop a prograaae network;

iii) to establish industry oriented BAD interlink between
institutions/nanufacturers of industrialised and develop
ing countries;

lv) To train staff (both of BAD institutions and nanufacturers 
of I.C.engines);

v) Future developnent of technology utilization of aethanol 
as a fuel for I.C. engines, particularly diesel engines 
and two-stroke engines;

vi) Proaotion of technology transfer to other interested
developing countries and establishaent of national indus
try oriented progresses in this area;

vii) Collection and disseaination of technical inforaation 
to users and the industry in related areas.

37. Experiaental facilities set up and expertise provided 
under the project, have created a good basis for initiating new 
internationally assisted projects to tackle Industrial problems 
in the area of fuel and lubricant utilization in engines. Since 
the projects* isplesentatlon and sanageaent by the national staff 
was highly satisfactory, their capability to do so well in future 
should be aade use of.
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a h h e p i r b i

Terms of liftrtBe» of Project Mtlaonr Co— ltt—

1. To consider end ad rise on the suitability of tbs proposed 
■sin directions of the project activities for attaining 
the stated objectives.

2. To help in securing collaboration fron industry in iaple- 
■rotation of the project.

B. To advise on the dissemination of infornetlon to the indue* 
t’ t and other users.

A. To apprise the government and industry of the results 
and achievements of the project with a vein to their practi
cal utilisation.

Membership

1. Director, Automotive Research Association of India, Pune.
2. Professor, Internal Combustion Engines, I IT, Madras.
3. Director, Engineering Research Centre, TELCO, Pune
A. General Manager, Eicher (Tractors) Scientific Research

Centre, Faridabad.
5. Manager, RAD, Scooters India Ltd., Lucknow
6. Manager, RAD, Rsjaj Auto Ltd., Pune
7. Secretary, Coamission of Additional Sources of Energy,

Goveraaent of India, Hew Delhi
8. CSIR through Director, Indian Institute of Petroleum
9. Rational Project Coordinator



INTERNATIONAL PERSONNEL ANNEXURE-II

3 . No. : **•. Area o f ix iw r tlN
• ♦ • • , • 
Nana Country Duration

1. Daalfn and davalopnant o f  
I. C. Englnaa

Dr. A. Koualawloz Poland March’ 63-Au s ’ 83 6

2 . Pool Introduction In 
I. C. Ensinaa

Prof. A. J. CarnaJ Yusoalavla Sap'83-Sap*83 1

3. Coabustlon atudlaa In 
3 .1 . Enclnaa

Dr. P. Eyaat Pranea Dao'83-Dao*83 0.5

A. •
Prof. R.K. Paflay U.S.A. Nov'83-Nov*83 0.9

S. Fual Introoduotlon In 
Z.C. Enflnoa

Prof. A. J. CarnaJ Yusoalavla 3ap’ 64-3ap'8A J

6. - Prof. R.K. Paflay U. 8. A. Oot'8A-Oot'8A 0.9

7. Coabuatlon atudloa In 
I. C. Ensinaa

Dr. A. S. Khatohlan U. S. S. R. Oet'84-Mar*89 6
C<
C *

8 . Lubrloatlon and waar 
oharaotarlatloa o f I.C. Ensinaa

Mr. H.C. Wolff P. R. 0. DEo'8A-Juna'89 6

9. Coabuatlon atudlaa In 
S. I. Ensinaa

Dr. S. Rads in Iraki Poland Jan'89-<Juna'89 6

10. Haat tranafar node 1 1 ins 
in I.C . Ei^lnaa

Dr. A. Laalklawloz Poland Sap'85-Oot*85 0.9

11. Lubrloatlon raquirananta o f  
tuo-atroka anslnaa

Mr. B. V la llla d a n t Pranoa Oot*85-Dae*85 2

12. Lubrloatlon and uaar oharaotar- 
la tio a  o f  I.C.Ensinaa

Mr.H.C.Wolff PRO Nov'85 0.2



Combustion studios in
1. C. Engines

Combustion studies In
S. 1. Engines

Lubrication requirement of 
two-stroke engines

Comi'*9tion studies in 
S. 1. Engines
Combustion studies in 
I. C. Engines

Fuel Introduction in 
l.C. Engines

Design end development of 
l.C. Engines

Combustion stu d ies in  
S . l .  Engines

Utilisation of Alcohol 
Fuel in l.C.Engine

Combustion Stu dies In l . C .  
Enelnnn

Dr. G.O. De Soete

Prof*. R. K. Pefley 

Dr. S. Rsdtlm Iraki •

Dr. Louis H. Browning

Mr. E. Vleilledent

Dr. S. Radzimirski

Dr. C.C. De Socle

Prof. A.J. CerneJ 

Prof. V.O.Kuentscher 

Dr. S.Radzlmlrskl 

Dr. G.A. Karim 

Dr. Louis H. Urowning

Prof. R.K.Pefley 

Dr.G.G.De Soete

Mathematical modelling studies 
in Alcohol Fuelled Engines

Mathematical modelling studies 
in Alcohol Fueled Engines

Mathematical modelling studies 
in Alcohol Fueled Engines



Franc« Nov*85*0ae,85 1

tí. 3. A. Nov'85-Nov’85 0.8

Poland D«c'85-F«b'86 3

U S. A. D«c'86-D«e'86 0.75

Franc« 0ct'86-D«e'86 2

Poland Nov'86-Jan'87 3

Franc« Nov'Sfi-ibo'SS t iI
#

Yugoslavia Jan’87-Apr*87 j '

G iD.R. F«b*87-Apr*87 2

Poland May’87-Jun'87 2

Conada May»87 0 . 3

U.S.A. Jun*87 0 . 7 5

U.S.A. Jun'87 0.50

Franc« Oot*87 0.75
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■ ATIOKAL PERSOHRL

AHHEXURE I I I

D r.I.B .G u la ti, Project D irector D irector
(Upto Dec 85)

M.Sc.(Tech) 
Ph.D.

Dr.R.Krishna, Project D irector Director
(From Jan 86)

B. E.Chea Engg., 
M .Sc., Ph.D .,
C . Eng., F .I.Chen E • » 
M .I.I.Chen.E.

M r.S.Singhal, P roject Coordinator Head. Petroleua B.Sc. B.Tech.(Mech.Engg)
Products Application H.S. (App. Phy. S c .)  
Division

P ro ject Teas

Kane Position

S.Singhal

B.P.Pundir

Head, Pet.Prod.
App. D ie.
P roject Coordinator

P.C.K autiyal
K.K. Gandhi
S.K .Jain
R.K.Sharsa
R.L.Kendiratta
M.Saxena

Project Leader 
P roject Leader 
Research Engineer 
Research Engineer 
Research Engineer 
P roject Leader

Mathew Abrahaa Project Leader

M.N.Bandconi Research Engineer

C.Raxachandran
P.B.Secwal

Dinesh Kumar 
J.Sharaa 
A.K .Algal 
S .K .Sin gal

Research Engineer 
Data Processing 
Incharge
Research Engineer 
Research Engineer 
Research Engineer 
Research Engineer

Sudhakar Das 
S .R. Bbattacharjee 
A.K .Jsin  
H .Gupta 
A.K.Gondal 
S.M aji 
A.Jayaraman 
P.G.Khatwalkar

Research Engineer 
Research Engineer 
Research Engineer 
Research Engineer 
Research Engineer 
Research Engineer 
Research Cheaist 
Instrumentation 
Engineer

Q u alification s Professional
Exoerience

Yrs.

B.Sc;B.Tech. (Mech.Engg) 
M.S. (App. Phy. Sc)

22

B .Sc. t B. E. (Mech. Engg) ,PG. Dip. 
M.S.(Mech Engg.), m .D .

19

B.Sc.(Kech.Engg), Ph.D. 18
B.Sc. (Mech.Engg) 18
F. I .E . (Mech. Engg) 22
B.Sc.,A.M.Ae S.I.(Aero.Engg) 23
B.Sc.(Mech.Engg) It
B.Sc.(Mech.Engg) 
M.Tech (Thereal Er.gg.)

11

B.Sc.(Mech.Engg) 
M.Tech'Mech.Engg.)

11

Diplosa (Mech.Engg.) 
AMIAE (Auto.Engg)

2«

Diploma (Aero.Engg.) 22
M.Sc.(Maths) 16

B.E. (Kech.Engg) 10
B.Sc.(Kech.Engg) 9
B.E. (Kech. Engg) 7
B.Sc. (Mech.Engg) 
M.Tech.(Thermal Engg.)

7

B.Sc.(Mech.Engg) 6
B.Sc. (Mech. Engg) 6
B.E. (Mech. Engg) 6
B.E. (Mech.Engg) 6
B.E. (Mech. Engg) 6
B.Sc. (Mech.Engg) 6
M .Sc., M.S.(Chemistry) 13
B.Tech.(Electronics Engg) 11



STUDY TWR8
ANNEXURE XV

SI.No. NONE PLACE H/M

1. A.K.Jain U nivarsity o f Santa Clara, C a lifo rn ia , USA A
(Jun-Sep 0A)

2. Dinash Kuaar U nivarsity o f Manchester, In s titu te  o f  Solanea 
and Technology, Manchester, UK

6
(Apr-Sep 0A)

3. P.C.N autiyal Ontario Research Foundation, Canada 6
(Jun-Deo 0A)

1 . A.K.Algal University of Sheffield, U.K. 3
(May-Jul 05)

5. A.K.Condal I n s titu í fur Angewandle, Verscheiss forsohung, (I.A.V.F.), KARLSRUHE, FRO 6
(Oct 8 5 -Mar 06)

6. N.Gupta Purdue U n iversity, West L afaye tte, IN, USA 5
(Nov0 5 -Mar 06)

7 . J.Sharaa U niversity o f Engineering, Zuicksu, GDR A
(Jul-Oot 06)

8. S .N aji U niversity o f Engineering, Zwickau, GDR A
(Jul-Oot 86)

9. S.R .Singal Moscow Autonobile and Road In s titu te  (MADI) 
Moscow (U .S.S.R .)

2.6
(Sep-Nov 06)

10. S.N.BhattacharJee Southwest Researoh In s titu te , San Antonio, 
Texas, USA

A
(Feb-May 07)

11. S.Das National Researoh Council o f Canada, Ottawa 
Ontario -  K1A 0R6, Canada

5
(Mar-Jul 07)

I



ANNEXOWE V

STUDY TOURS

S.NO. NAME PARTICULARS PERIOD (MONTHS)

1. D r.I.B .G u la ti VI International Conference on Alcohol Fu els, Ottawa, Canada; 
Unlv. o f Santa C lara, USA; Ford Motors, D etro it, USA; US 
Department o f  Energy, Washington, USA, UNDP, New York, USA

1.0 (May -  Jun 198*)

2 . Mr.S.Singhai XX FISITA'Congress, UNIDO A Tech. U nie., Vienna, A ustria; 
Ricardo A Co. UK; IFP, France; VI International Conference 
on Alcohol Fu els, Ottawa, Canada; Ford Motors, USA; Unlv. 
o f Santa C lara, USA; Lubrisol Laboratories, Cleaveland, USA; 
NIPER, B a r t le s ille ,  USA; SWRI, San Antonio, USA.

1.5  (May -  Jun 198*)

3. Dr.B.P.Pundlr VI International Conference on Alcohol Fu els, Ottawa, Canada; 
Canada; Ford Motors, USA; Univ. o f Santa C lara, USA; I .F .P .  
France.

1.5 (May -  Jun 198*)

* . Mr.K.K.Gandhi VI International Conference on Alcohol Fuels, Ottawa, Canada; 
Trans. Researoh Centre o f  Ohio, USA; Univ. o f  Santa C lara, USA.

0.5 (May 198A)

5. M r.S.K.Jain Second International CEC Synposiua on Performance Evaluation  
o f Fuels and Lubrioanta, Wolfsburg, FRG; DCMK, Hamburg, FRG; 
S h e ll Engine T estin g Laboratory, Hamburg, FRG; TUV, Rheinland, 
FRG; Daimler Bens, S tu tg a rt, FRG; AVL, Gras, A ustria.

0 .5  (Jun 1985)



ARRPtURB VI

EQUIPMENT TRAINING AND CONFERENCE TOURS

SL.RO. NAME FIELD OF STUDY PERIOD (MONTHS)

toilownt Training

1. Mr.H-S.Semak Conalna Dynamics Ltd. UK.
(Heavy Duty Chaaala Dynamometer)

0.3 (Oct 1983)

2. Nr.P.G.Khanwalkar A.V.L. Gras, Austria 
(Digital Analyser)

0.3 (Oct 1983)

OonfiraiN Tours

1. Mr.K.K.Gandhi Seoond International Symposium on Performance Evaluation of 
Fuels and Lubrloants, Wolfsburg, FRG

o e w (Jun 1985)

2. Mr.S.Singhal Third International Paolfle Conference, Jakarta, Indonesia 0.2 (Roe 1983)

3. Dr.P.C.Nautlyal Third International Paeifio Conference, Jakarta, Indoneisa CM•O

(Roe 1985)

R. Dr.B.P.Pundir SAE Fuels t Lubricants Meeting, USA; VII International' 
Symposium on Alcohol Fuels Technology, Paris, Pranoe.

0.3 (Oct 1986)

5. Mr.M.Abraham VII International Symposium on Aloohol Fuel Technology, 
Paris; IFP, France.

0.3 (Oct -R oe 1986)
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ambekprb vn

M*IM IT B g  OF EQOIPHBIT PROCURED

Eouloaent

D iesel Research Engine 

Hear Profiloaeter  

Bessy Duty Chassis Dynaaometer 

Transient Mode H yn n aw tir  

D ig ita l EnglneAnalyser

D.C.Dynaaoaeters 

High Speed Gas Saapllng Systea  

Logic Analyzer 

Have Fora Analyser 

Fuel Flow Meters 

Boise Level Meter 

S trip  Chart Recorder 

Laser Source

Eddy Current Dynasties ters  

Teaperature Recorder

Pressure Trsnsducers A Calibration Equipoent 19,350

Humidity Meter 1,670

Charge A ap lifier 1,725

Laminar Air Flow Meters 4 V400

Standard Gas Divider 8,609

High Speed Camera 53,775

Spark Plug Fouling Tester 3,460

Impulse Swirl Meter 6,836

Caaera 35 aa 1,375

Knock In ten sity Meter 4,760

CVS Venturi 4,288

T itra to r 7,560

AVL Smoke Meter 7,100

Zero Resistance Meter 3.680

D ig ita l Oscilloscope 13.560

Appro« Cost CDS A)

299.350 

Ml, 145

253.640

50.640

126,130

134,434

32,123

19,200

19,015

35,585

11,395

16,765

31,245

49,465

6,280

/
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Portable COj Analyser 3.200
BC/CO Gas Analyser <.675
Hydrocarbon Analyser 47.000
Differential Scanning Caloriaeter 47,937

ToUl 1.397.<25
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I W O I E  Till
MAJOR ITEMS OP EUUlfHEIT PROCURED O D E R  

MJIEMHERT COURTERPAIT FOUS (THROUGH IIP)

R) ROR-EXPEHDftBLE BQUIPHEHT PROCURED Rupees

1. IWo wheeled Vehicles 
(Scooter, Motorcycle, Moped)

89.678

2. Rettery Gharpr 8,855

3. Cocci ra ion Kit for LPG 2,25,178

8. Measuring instruments 18,517

5. B y n w —  ter» 2,07,966

6w Tccpcrcturt Indicators 2,13,936

7. Tice Relay Unit 1,708

8. Electronic Instruments 25,718

9. Electronic watch ft Stop watch 11,017

10. Card Printing Punch ft Conputer items 52,171

11. Engine (Tata ft Ha tad or) 1,26,392

12. Digital Tachometer 70,680

13. Fuel Puaps 51,306

1*. TWo wheeled Vehicle Engines 58,552

15. Digital Indicator for Dynamometers 10,098

16. Automotive Vehicles (Tata ft Standard Buses) 3,69,700

17. Oscillation Control 19,877

18. Voltage Stabilizers/Transforaers 33,096

19. Humidity ft Temperature Indicators 39,922

20. Techno generator ft tine sequence generator 78,638

21. Compact Scanner 8,800

22. Illuminated Magnifiers 3,666

23. Engine Cranking Devices 39,180

.../



29. Prograaaable Load Control Obit for Byn— noitir 90.500

25. Air Blowers 17.3*0

26. rrm.ro— til ■ dynuoatUrs 2.31.500

2?. Digital load indication systems Kith load 
calls

23.000

26. Pual Injection Puap 7.500

29. Natbanol induction aystaa 19.500

30. Engine Conponcnts 9.90.000

31. Oscilloscope 36.220

32. Driving Cycle Analysers 52,900

33- Equipnent for report preparation 2,10,000

TOTAL:
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1. A report on the a n i l l a  o f  tha currcnt an|iaa  
daaiiaa and aetbods ublch could te  applled for  
usa o f alcohola. Iba perspectiva for adoptloo 
o f  dch techniques for aazln lsln g t t e  nao o f alco
hola in  anginas uould t e  brought out in  th la  report.

2. Iba following aajor f a c i l i t l c a  would heve teca  
aatabliahad and cc—ri «alonad fo r  RAO luvestigetions:

i )  A single cylindar raaaarch dlaaal amina

I I )  A ta at r lg  for fu al in jectio n  ch aracterlstics

I I I )  Equipaent for aaar aaaauraaant o f  angina 
lin ar and baarlnga

la )  An instnaented boab fo r  coabustion atudiaa

a) Naaauraaanta o f aldahjdaa A othar angina 
aaiaaioaa

a i)  Chaaaia Dynaeoneter for Heavy Duty Vehicles

lEflSS) OOTPPTS

3. Modified amines incorporated the daaieaa/ayataaa 
for part uae of alcohol fu ala, to  aaalat tha indus
try  for prototype fabrication o f optinised sub- 
syataa.

3.1 Specificationa of id e n tifie d  daaieaa/ayataaa 
for part u tilis a tio n  o f aloebol in  currant 
dealgn of diaaal anginas.

3.2 Specifications o f id e n tifie d  systeas for 
part u tiliz a tio n  o f alcohol in  currant 
design of 2-stroke engines.

3.3 Modified diesel engine/test vehicles incor
p o r a t e  the device/systea developed and 
optiaized for part u tiliz a tio n  o f alcohol.

3 .1  Modified 2-stroke t e s t  veh icle incorporating
the systea developed and optiaized for  
part u tiliza tio n  o f alcohol.

3 .5  Conaunlcation o f p roject findings to t te
Industry for incorporating t t e  required 
aodiflestlons in 8-stroke diesel and snail
2-stroke engines/vehleles for part u t i l i 
zation of alcohol fu e l.

Dec. 1983

Jan. 1986 

June, 1986 

June, 1986

June, 1986 

Dec. 1986

Nov. 1988

June, 1988 

June, 1988 

Continuous 

Continuous 

Continuous

. . ./



46-

4. Technical know-how and ays ton d n l p  for operation 
of (i) Diesel engines; (b) TUo-stroke SI engines
on wmciaua repineanant by alcohol.

4.1 Laboratory prototype of 4-stroke 4 2-stroke 
engines developed Tor utilisation of st
raight alcohol.

Dec. 1965

4.2 Cn— uni cation of the project findings to 
the industry for developnent and fabrication 
of alcohol fueled engines.

June, 1986

4.3 Specifications or optinised systea for 
utilisation of straight alcohol in 4-stroke 
C.I. engines.

Dec. 1966

4.4 Specifications of optinised systeus for 
utilisation of straight alcohol in 2-stroke 
SI engines.

Dec. 1966

5. Specifications of alcohol fuels for use in IC Continuous 
engines:

6. i) Fifteen research engineers at IIP trained
for carrying out studies in the area of 
alternative fuel technology, out of which 
eleven will also undergo specialised train
ing abroad.

ii) Ten engineers of petroleun and user indus
tries trained, on utilisation of alcohol 
fuels in engines.

7. Disseaination of inforaation to Industry through 
regular circulation of:

s) Relevant technical naterlals

b) Inforaation letter to high-light various 
aspects of utilisation of alternative fuels, 
and through

Oct. 1963 
continuous

c) A workshop in March, 1963 and Septeaber/Oet. 
1964 and Ratlonal/Internatlonal Scalnar 
in Oct./Mov. 1965.
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AMMEXPRE I

PUBLICATION OH ALCOHOL FUEL LUTILIZATIOH H  IC B B 2 U S

1. Aboorael Gonbustioa la 2 Strok* Spark TgiiUj Methanol h g l M .  
SJtajl, Mathew Abrhaaa, B.P.Pundlr, S.Radziairski. SAE, Intern
ational Consreas and Exposition, Feb. 1988.

2. Field M a i  of neat Methanol fuelled Scooter, J.Sbaraa, S. 
Maji, M.L.Sharae, H.Abrahaa, I HCICEC, Dec. 87 Rajkot.

3- Soae Experience oa the Operation of Scooter and Hoped »tt1—  
eaias Methanol fUel, S.Haji, Mathew Abrabaa, B.P.Pundir, Ibid.

A. EXpcriaental Investigation of Droplet Dtatrlbntioa la Die-
eel aad Methanol Spray of High Pressure Injector, A.K.Algal,
B.P.Pundir, Ibid.

5. Coaboatloa Betas Analysis for a Surface Ignited Methanol fuell
ed bgine, S.K.Singal, P.B.Scaaal, Dineab Kuaar, B.P.Pundir, 
Ibid.

6. Application of Methanol Gasoline Blends In SHell 2-stroke 
Orel* Baglnes: Indian Experience, J.Share*, M.Gupta, I.P. 
Singh, K.K.Gandhi, Ilnd International Conference on Snell 
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