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tThIDO Project ".Appl1ca tion of Al ternat1 ve Fuels for Internal 

Combllstion Engines" (DP/Ilfil/82/001) was started at lnd1an Institute 

of Petroleum,. Debra Dun in .Tuly 1982. 

Expert's actual mission periori was from 11.10.1934 to 

20.3.19a5. Period from 11.1J.1984 to 22.10.1994 (8 working days) 

was s;:ient for briefing at UNIDO Headquarters, Vienna, visits ·eo 

Department for Internal Combustion Engines and Automo~ive 

Engineering, Technical Jnivers1ty, Vienna, AVL, Graz, Austria, 

briefing at UNDP, New Delhi an:i also on travel Moscow-Vienna

New Delhi (via Zuric~ Pa ... ·is, Karachi without stop-over) -

Dehra Dun. Work at duty-station started fran 23.10.1984 and lasted 

till 14.03.1995 (inclusive). One day delay in the start of work 

at duty-station was due to 8 ho~rs delay in Vayudoot f l1ght !'rem 

Delhi to Dehra Dun. 

Two business trips were undertaken during the mission: 

a) from 2.01.1905 to ?.01.19a5 (4 working days) to Delhi. 

b) from 6.01.19a5 to 14.01.1985 (7 working days) - to Delhi, 

Banbay, Pune, Madras. 

Work done during vts its and business trips is dealt with in 

part7of the report. 

of December 1984 1nter1m report was p=epared by the qxpert. Copies 

of the report were made available to Project Director, Dr.I.B.Gulati, 

Project Coordinator Mr. S~Stng~~l, Project Leader. Dr.E.P.Pundir. 

The report was also banded over a.IL discussed with UNIDO Chief Tech

nical Fiel.d Adviser, Dr.M.Kamal Hussa1I.a. during expert's visit to 

UNi:>P Delhi in the beginning of .Tanuary 1985. Interim repart is given 

in Appendu 14 1 • 

, . 
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J;ntroductton 

It follows from the above stated that expe-rt' s mission 

started after wore than two years of the project pro~ress. 

During this period the following activities were 1niti~ted 

at IIP in the lines of the expert's mission: 

I. Diesel engine dual fuel operation with induction of 

fumigated methanol tbrough inlet system along with air. This 

type of partial substitution of diesel fuel by alternative 

f~el ts one of the st.plest. practical and well investigated. 

In USSR, for instance, this a?preach was extensively investi

gated with a number of al~ernative fuels (alcohol fuels inclusive) 

by Prof. A.J.Charomskiy in early 30-s. Since then great number 

of investigations and publications were accom9lished. First 

pi.lblication in tbese lines was made by IIP Scientists in 1980 

(4th Int. Symp. on Alcohol Fuels .Ap;Jlication, Brasil). 

Contro1 of tuel supply developed at !IP deserves positive 

a~praisal. Within the scope or the UNIDO project work with 

methanol fi.nigation was conttn1JBc.. on benches and also road tests 

were undertaken. Work is in progress to implement vast road 

trtals on Ashok Leyland buses. Expert did not take part in these 

activities except jiscusstons on the venue of road trials vith 

Asb:>k Leylanj execi.ltives d.Liring one day visit to Madras. 

II. Glow plug 1gni ted pure methanol approach was investigated by 

IIP scientists on Kirloskar Single Cylinder 5hp. diesel engine. 

ResUl.ts of the investigations were presented at VI Int. Symp. on 
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Alcob:::>l Fuels Application (Canada1 1984}. This work deserves 

post ti ve appraisal. Tvo locations of glow plug "'ere tried. 

Also effects of fuel injection system parameters and leval o+ 

electric po•Jl'er supply to glow plug on engine performance am 

stability of operation were studied at different operating conditions. 

Attempt has teen made to measure glow plug temperatllre. Main 

findings of the work may be S\.Wmurized. 1.n short as follows. 

Stable operation of :tJ engine at fUll load conditions is 

possible with efficiency close to that of base ~iesel engine 

in case when electric power supply is 0.15 KW. ~tability of 

o~eration and efficiency of engine is much poorer as ccmpared 

to base fuel engine at light loajs. Greater electric ?OWer 

sup;>lY is necessary for the ssn e conditions to improve stab1-

li ty anc. efficiency. Work done had several s oortcomings: 

1. Dynamometer chosen was not quite sui taole for 5 hp engine. 

2. Fuel cons:Jmption measured on base diesel engine might 

be exagerated. because of meas:J::-e1,ents carrted ollt by volume, 

whicb is not advisable for diesel fuel consimption meas:Jrements. 

3. No measurements of fuel 1nj ection rate am needle motion 

tn case of methanol inj action was attempted (except start of 

r..ee1le m:>: i.o:'.). 

4. F1.x1.ng of tner:nocouple on glow plug was not the best 

possible. 

5. Matha.ml was sup;>lied to fuel inJ ection pu:np oy gravi

tation. 
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6. No optimization of swirl,local turbulence and position 

of spray with respect to glow plug was attempted. This last 

drawback is due to the fact that work was carried out vittx>ut 

cooperati~n with industry. IIP workshop facilities are I'k:>t 

suitable L<r design optimization work. At the same time in 

niany cases research carrted. o:.it without optimization of 

design may be only of academic interest. 

Expert, however, is glad to stress that at prevailing 

conditions work C.one by Dr. E.P.Pundir and Mr. I.linesh Kumar 

should be complimented. Remarks made above are aimed to 

better f:.it~e R3:D work in direction under consideration. 

During the mission expert took part in discussions of 

the results of experiments wi tb glow plug ignited pure 

metharX>l engine and also in planning of future activities. 

S ugg1~stions were made to change fuel feed system, dynamometer 

of ttie test bench. method of fuel conslmption measurement. 

On request of project leader Dr. B.P.Pund.ir works aiming to 

increase charge temperature d:.iring compressio~ t.o attempt 

surface ignition of metbanol, to decrease electric power 

supply ~o glow plug were incorpo:-a ted into expert's progra-

m:".' e (see poir:.ts 9 2.nd 1;;., ap~e:-idix :~1.1) 0 ('.):Tes::io::::::..~[ 

information about expert's actiVities is given in partSof 

the report. 

III. Research on fuel injection al'ki atomization. C'.)mparative 

studies of fueJ. injection and atomization with ~iesel fuel 

and methancl were undertaken. One of the IIP scientists -
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Mr. A.K.A1e;al •a.s sent to Bngland to stu;:iy atomiZation 

research methods based on the use of Malvern instrument 

supplied in the course of previous UNESCO Project at IIP 

( 1 976-1981 ) • Unfortunately no II P re port is available 

concerning the resLll.t.s of this injection and atomization 

studies. No publications 'lo!ere made. A lot of high level 

valuable information related to fuel injection and ato

mization is given in two comprehensive reports prepared 

by UNDO Cons uJ.. tant Dr. Anton Cernej. However in these 

reports resUlts of IIP research were not analysed, which 

may be considered as shortcoming in project organization. 

Because of the above stated, the expert bad to analyse 

conditions of investigations and also primary materials 

obr.atned. As a result of such an analysis the following 

observations should be made. 

1. Experiments were carried out with tbree out of four 

nozzle orifi~es clogged. 

2. No atumpt was made to model injection process with 

actllal 4-bole noz1 le in case when tbree out of four ~zde 

orifices were clogged. Hence injection process parameters 

w-ith res;:iect to ~irr..e (ca.n:angle) in b-::>th the caso::s ._~ere 

quite different. Therefore results of fuel injection process 

investigation obtained may ~t be applied to actual Escort 

diesel engine fuel injection system or any other actual 

system. 
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3. Results of comparat.ive fuel atomizat.ion investigation 

w::>uld be of interest if one could. relate time an:i space re. 

solved particle size measurements to instantaneous fuel 

injection rat~s. Thus generaliZ~d results may be then used. 

to calculate particle sizes in case\:£ any fuel injection 

process events. Eowever derivation of quantitative relation 

between fu~l injection rate an:i sizes of particles frcm the 

results of measurer:1ents carried out _ on the bench available 

in I.IP Engine Laboratory is not possible as there is ~ 

reliable meth:>d to compute actual trajectories of the 

particles injected especially into cross-sectional gas stream 

which is the case on the bench used in the course of experiments. 

4. In processing data. on methanol injectio~ change in 

metbaool cyclic delivery with speed was n:>t taken into account. 
'"e"" 

5. Res:.Uts ofl?art1cle sizes measurements in case of diesel 

~uel do not coincide with resul. ts of direct measurements carried 

out b7 number of 1nvest1ga :ors. 

Due to the above observations expert came to conclusion 

that comparative investigation or ruel injection process with 

~lesel fuel and metha~l bad to be started anew. Later on 

tased Qn these results atomization research may be attempteda 

In this latter research measurements with ¥..alvern Instrument 

should be supplemented by direct particle size mea.sureoents. 

Actual expert activities hence were not limited to comparative 

at:.£lys is of fuel 1nj ection arxi atomization in cas~ of diesel 

fuel and methanol on the basis of experiments carried out prior 
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to ex;>ert' s arrival to duty station. which was meant in point 

11 of the programme (see ApendiX 1). Scope of activities had 

to be enlarged. The reslll.ts of the same are given tn part 6 

or the report. In generaL af"Ger consi1eration of research 

and develo~ent ~ork ccm9leted and tn progress, at IIP, ana-

1 ys ts of all possible ways to use methanol in diesel engines 

and a number of discussions with 

IIP scientists the programme of expert's work on the project 

was finalized (See Appendix 1). As al~eady mentione1 above? 

this programme has undergone SO?:!e changes in the c·:lurse of 

the mission, the changes being made to greater benefit 

of the project. As may be seen fran the programr.e, mainly 

design work and training of IIP engineers were planned.. 

In some cases expert tried to accomplish fabrication of 

designed parts and to aquir~ hardware so as to accelerate 

achievement of the aim of second project s tase - tests on 4-

stroke pure methanol engtnes, mul.t1-c111:lder engines inclusive. 

In expert's opinion it would had bee" possible to run tbis 

engine before completion of the mission provided better. 

successiveness in different experts act1vittes was ensured. 

!-:O'·eve:-, st!.11 it is q·Jite ~ossible to 3.Chieve t:-iis goal in 

time specified by the project schedule provided co~peration 

witb Aslx>k Leyland and Kirloskar 011 Engine Ltd. initiated by 

e%pert would ma ter1al1se soon. ALso number of rul l time working 

engineers in the lines of diesel engines activities should te 
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1ncreasei. Prior to arrival of the expert only two full time 

engineers vere associated witb diesel research. D~ring the 

mission nll!Ilber of s~ch engine2rs varied rrcm 2 to 4. Also 

project leader Dr. B.P.Pundir t)ok part tn the work. N1.1I1ber 

of discussions were held with Project Coordinator Mr. s. 

Singhal and Project Director Dr. I.B.Gu.J.ati. 

Expert wishes to ack.'"lC>wledge truttful cooperation 

vi~h hts colleagues - Mr. H.C.Wolff from Federal Republic of 

Germany and Dr. S.Radz1mirsk1 :rran Polish People Republic, both 

Experts on t~ UNIDO project - DP/IND/82/'J01. 
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Part 1. Current and fut~re Research....!a~i11ties 1.n_the lines 

of expert's mission. MetQ2ds of di~el en_gine _zst§.. 

By the time of expert's arrival to d:.ity-s tation, Ik> engine 

bench research was going on at Engine Laboratory related t.o 

the use of methanol in diesel engines. "No sir.gle cylinder 

research diesel engine was available either.Ricardo stngle

cylinder research diesel engine test bench purchased from 

uNDP/lThIDO flJil;is was supplied t.o IIP,. Dehra:J..un on 10 i:J.i Decemb~,. 

of 19iL/ • No commissioning of the bench t:JOk place till 

the end of expert's mission. 

The main reasons of the delay in C<JI!liliSsioning of the 

bench are as follows: 

1. The bench was s:.ipplied by the firm (Cussons Ltd.,England) 

without manuals. ·rhe manuals were received. at IlP onl.r in mid. 

January. Jnly after getting the manuals assembling of the 

oench might be completed. 

2. Tbe most important version of Ricardo diasel engine 

designed for metha~l research and provided by two fuel 

inj action pumps - that is direct inj ect1on 11nsupercharged 

..-e!'Sion. co:.lld rot bee'.1 started eve!'l on diesel f·Jel as it h3:i 

low compression ratio equal to 12.5. Two other versions - spark 

ignition version and indirect 1nject1on diesel engine version 

are not quite suitable for methanol research. In spark 1gn1-

t1on version compression ratio is equal to 9, which is below 

tbe value at which high anti-kno~k abilitY of methanol may be 
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utilized. Ap?lication of indirect injection diesel appro~ch 

to small s1ze high speed enginesoperating on mettanol is oot 

advisable as with high antt-knock ability of methanol o~t1-

mized spark ign1 tion version may have high~ efficiency than 

optimized indirect injection diesel version in rather vide 

range of operating conditions. In addition to the main reasons 

due to vb.Leh commissioning of Ricardo bench v:::s delayed the 

following observations are of importance: 

1. Dimensions of Ricardo engine: diameter D=B0,26 mm, stroke 

s = 88, 9 mm are rather far from dimens tons of truck, bus and 

tractor type diesel engines, which are major consllIIlers of 

diesel fuel in India. u1mensions and. some other parameters of 

Tata, As hok Leyland, E'.scort and Eiche:..· diesel engines are 

given in Table 1. 

Table 1 

Model Ap ?li cat ion D,mm S,mm E Ylr Type of 
(main) r PrYI combustion 

chamber 
Tata trucks and 92 120 17 2800 open 

buses 
As bok- trucks and 103.38 120, 65' 16 2400 open 
Leyland buses 
Escort tracto ;-s 110 120 17 2000 o;>en 

Eicher tract:.:rs 115 1 50 17.7 1650 Oj)en 

Basic destgn of Ricardo engine is rk:>t suitable for the mojifi

cations at.ming on the cbange of cylinder bore and especially 

piston stroke. 
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At the same time, 1 t is well kno..n that res ul. ts of experi

ments on single cninder engines may be applied with ce:::-tain 

reservq~tons (and prov11ed certain preconditions were set up 

an:i followed) to mill.ti cylinder engines only in case when 

1!!.?..iQr engine sizes are the same 1n bQtb_khe cas ~s L Therefore 

Ricard.o engine can not be used for R&D work on engines, whi.cll 

a:::-e major cons:.llllers of diesel fueJ. in India. At che same time, 

there is considerable scope of performance improvement in 

diesel engines, especially tbo~e of truck an:.i bus models. 

2. Spark ignition version of Ricardo engine can :r:ot be con. 

side~ed as research engine as no alternative parts are pro

vided to carry out F.&D work. According to ~ rforma.~ e curves 

obtained from the firm, in:!icated efficiency of gasoline 

version of the engine at mG!an engine speed ts sufficiently 

high ( 4{1,t). However at high speed range (n ~ 3600 r.p.m.) 

efficiency undergoes sharp decrease which should not be the 

case if performance is optimized tor the wl'x>le speed range, 

test bench 1.s properly designed and assembled and meas uremert s 

are accurate. 

3. Indirect injection diesel engine also can n:>t be consi-

dered as resea.~c~ engine due to t~e sa::-:e !'e'.':::0:.:: as g~.....e:-. 2.b:)Ye 

in p.2. Brake efficiency of indirect injection diesel engine 

version 1s lower tha_, that of gasoline version in the w!'x>le 

speed range am fu 11 load con.di tions which s h::nll.d not 'be the 

case if both the engines are equally well optimized. 

4. Performance of unsupercharged direct injection diesel 

engine version is not given as it could rx>t be run at all. 
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5. PerfoMiance of supercharged diesel en;ine worKi.ng on 

diesel fuel shows shar9 deterioration with increasing speed. 

S11percharging pressure is too hign for s·.ich a small size 

engine (sizes being close to those of car diesel engtnes).It 

ts evident that nJ proper efforts were wade by the supplier 

to o~timize ~orking proces~ of airect injection supercharged 

diesel engine workins on diesel fuel. Bven if s~ch a work is 

done, 1~ will be difficult to find any reasonable a9plication 

for such an Rfil work as no small size diesel engine is ~.ving 

press i.ll"e cf s uperchargLng cqu::.l to 3 bars. From the colill!lents 

made above it is clear tr.at rather vell-k!1own consulting firm 

F.tcardo and Co. supplied to I!P el1gine which can nJt te used. 

for research on ~he U:i.HDO Project. In expert's opinion strong 

'3.Ctions sb.ould be taken against the firm which was not willing 

to coope::-ate tn correcting tre mistake done. Mealliihile to 

11tilise at leas~ part of the equipment supplied the engine 

should be changed. There are several options. 

1. At Irr, Bombay s1ngle-c1linder research diesel engine was 

designed a•d partially fabricated. This engine is in many 

respects more advanced tban the engines available in the world 

market - s~ch as Ricardo and AVL engines. Therefore tt ts 

advisable to undertake actions for its fabrication. Tb.is engine 

may be used for research on application of alcohol fuels to 

Indian make direct injection diesel engines. The features of 

the engine designed a.t IIT, Bombay vhich make it more advanced 

than Ricardo and ~VL diesel enf ine~ are: 
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a) Option to use unit-injector or conventional fuel 

tnjection system. 

b) Possibility to change independently tl.Inings of: 

inJ.et valves, exhaust valve3, injection start. 

As c:mpared tu Ricardo engine additional advantage is , 

?OSSibilitY to adapt tbe research engine to different bore and 

stroke in the range of Indian make truck, bus ani tractor type 

diesel engine sizes. Fabrication of the engine after certain 

revions of its design may be undertaken witn the help of Proto

type Development & Training Centre at Rajkot or any other 

proper enterprise. The expert initiated activities in this 

direction before the end of mission. 

2. Rtcard.o test bench may be used to carry out research 

on Indian make single cylinder diesel engines - such as 

Kirloskar AV-57. Kirloskar Oil Engine Ltd. agreed to supply 

this advanced diesel engine to IIP free of cost during the 

expert's visit to .B---une. 

3. As a result of visit to AVL Graz expert came to con-

clusion that specif1cat1-on o! Uni. versal Single-cylinder 

Ehperimenta.l Diesel Engine should be prepared by IIP and 

A 71 should. be approacbea to find out the cost of su; h an 

unit and period required for the supply. The engine should 

be supplied with the parts necess~ry to simulate operation 

of Indian make truck and bus 41esel engines am also to 
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certain extent future requirements of the country's trans

portation system and agriculture. Similar recommendation 

was made by expert at the end of his mission as mt:.sco 

expert in 1981-1982 and also in interim report on the 

current mission. Choice betveen options 1 for tb.e use 

on UNIDO project sQ:>uld depend on cost am time factors. 

However, expert is of the opinion that option 1 should be 

materialized in any case as this may benefit not only current 

tTNIDO project at IIP but also future projects anq,tn general 

diesel engine research activtes in India, \t.lich are of a 

·importance. Also hard currency may be saved. 

Option 2 sbould be used imcediately as Ricardo test bench 

was supplied. to IIP more tban a months back and is not still 

used to fu.J.fill the project aims. Due to drawbacks in supply 

stressed above, the results of work done according to p.9 

of the progra;nme (Appendix 1) may not be directly used to 

tbe benefit of the project aims. Though jesign developed 

at IIP during expert's mission (see part 5 of the report) 

can not be tested on Ricardo diesel engine, experie~e gained 

in designing may be of use for tests on the other engines -

sue~ as Kirloska:-· AV-57 or similar. 

diesel engine tests used in Engine Laboratory tte following 

observations vere made by expert: 

1. Performance parameters obtained on the same model of engine 

1D different tests vaiv from each other by more than 10%. Even 

character 01' change of engine parameters - such as for instance 

spectfic fuel constmption is different 1n different test runs. 
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Parameters obtained at. IIP Engine Labo:"atory are in general 

worse than those claimed by manufacturers and also worse than 

paramet.ars which une could expect to get on e!'lgines of parti

cular type. For instance in tests on Tata (model6't1DI:)open 

type c:.ombustion chamber diesel engines fuel consLmption 

measured was in the range from 20E to 227 gms /b. p. hr., whereas 

minimum fuel consi.mption at fUll load was in the range from 

195 gmsib.p.hr. (n = 2400 r.p.m.) to 202 (n = 2000 r.p.m.). 

In some other run !Ilinimum fuel consumption was observed at 

1000 rpm. The same magnitude of variation was ob ta inea on 

Ashok-Leyland (mo(lel A LU-'310) open type combustion chamber 

diesel engine. Very low excess of air (down to 195i.'.), 
. 0 

high exhaust temperatures (up to 780 C) and high soot emission 

(up to 8.5 Bosch units) were measured on direct injection 

truck aiesel engines. In no case power outp..,.-o~t claimed by 

manufacturers of truck arxi bus diesel engines was obtained 

at IIP after correction of parameters according to Indian 

standard conditions. 

Below the reasons for the stated above ara discussed. 

There is Ik:> doubt that most of Indian make truck and bus diesel 

engines are overfuele1 with a res~lt of ;:>oor ef:i~ie~cy, high 

smoke and high tberm~l loading. This may be one of the reasons 

of fast deterioration in engine parameters, for instance, as 

a result or nozzle orifice cocking, increased blow-by etc. 
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In the region of low air excess diesel engines are 

generally very sensitive to any change in engine conditions 

and also in atmospheric conditions. Debra Dun is located at 

tra altituc:.e of,.,.600 m. Atmospheric temperature in sumner 

time may be higher than 40°c. UD.J.er these conditions to get 

accura~e reslllts in performance tests is rather difficult. 

At the same time accurate perforir.ance test 1s precondition 

to any other tests, tests on application of alcohol fuels, 

inclusive. The most reliable w~y to finj out if engine 

assembly, conditions of all engine parts, tiinings are proper 

is to carry out accurate perfol'!lance tests and then to compare 

results of these tests vi th standard performances of parti

cular engines. Unfortunately stamard perfortr.ances of most of 

truck and bus diesel engines are not available at IIP Engine 

Laborator>-$ Expert is of opinion that Indian make diesel 

engine standard performances should be made available to IIP 

Scientists. Before start of any performance test special 

procedure should be followed to ensure proper conditions of 

the engine. This procedure snould include: 

1. Check of all the noz7.les, check of eff·.:ct~ ve area of 

nozzle orifices, inclusive. For this purpose constant flow 

(pressure) bench should be designej and fabricated. 

2. Calibration of fuel 1nj ection pump with the injectors of 

the particular engine. Taking tnto account above said acout 

low excess of air at full load conditions,sharp ard unequal 
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rate of change in tndica-.e:i err1oumc,. wi til air.fuel ratio 

in different engines, expert came to conclusion t.tx3.t diesel 

engine tests at IIP Engines laboratory Sho:.ild be carried 

out at conditions <i=ri!.• Here ol~ is relati 1e air fuel ratio 

(excess air coefficient) at standard conditions. Hence cyclic 

delivery of tte pump should be properly adjusted. Then 

eqlla ttons ( 8) arul ( 9) from the lee t 1.tre on correction of 

diesel engine parameters for standard conditions delivered in 

1981 an:i :nade available to IIP Scientists in writing s oollld 

be used to correct measured po'.-er output an:i efficiency for 

uns up8rcharged diesel engines. !·i ec ha:iical efficienc7 necessary 

tJ calctll.ate correction fact~rs may be determined either by 

motoring or by William's lifte method. There is correction 

procedure for supercharged diesel engines in the same 

lectll.re. 

3. Cneck of conditions and proper set.ting of valves, its 

seats and timings. 

4. c neck of nozzle tip reach. 

5. Check of friction losses. 

6. Check of rate of blow.by and. maximum canpress ion pressllre. 

Instrm:.:nts use::i for mc:.s:.irec;e:its S'.':Q'.lLi ens.lre inaccu .. 

racy not more than: 0.5% for torque anj fuel cons..mptton. + 1 
0 

rpm for speed, ~ 5 for exhaust temperature measure:nent, -+- .,% 

for air cons llI!lption measurement. Change in tempera 111 re of 

cooling water and lubricating oil during tests should not be 

more than ±2°. Exhaust back pressure for diesel engines on 

test be:1Ch should not be more than 0.03 bar. Periodic 
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calibration of all tnstrl.l:len ts use::i. s houl:i be ma::!e wt th the 

help of specially kept sophisticated equipment available from 

tnstrllmentati::m section of tba Labora tort. Only after getting 

performance parameters close to the sta:ldard ones researcb 

on alcob.;)l fuel application may be attempted. D:.ir ing the 

tests it ts a~visable to return ~erio~1cally to certain control 

conditions (say rated condition and low speed high load. 

condition), to make meas!.l!'eme~ts ~f parameters and to compare 

the parameters with those obtained at the start of corres

ponding research prograffi~e. This may help in checking if con _ 

s ijerable change in engine cond.i tions tJok pl3.ce in the 

co:.irse of research prog::-am.'E. If there ts no requirements 

specified by manuracturer or following from the aims of the 

test, it is advisable to run diesel engine on be:-:ch with d1s
out 

connected fan witli'a.ir cleaner and exhaust muffle~. These 

conditions soould be stressed in any tecbnical report along 

with atmospheric con:iitions. In conclusion 1 t is necessary 

to stress that experimental research wcrk on diesel engines 

has meaning only in cases when proper conditi~ns of engines 

are ens~red during test programme and 1f necessary accuracy 

cases 1.t is advisabl1 to go for mul. ti-factorial approacb and 

mathematical planning of experimen:.s. In special cases even 

on single-factorial experiments statistical approach sooul:1 

be used to get reliable test data. 
'"or~ 

1\rO'suggestions shoula help to increase diesel rese~rch 

stanc1ard at TIP Engine Laborator1. 
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1. To organize short term course in test ani calibration 

procedures and metl:x>ds. It is worth n,ting that number of 

text books and monographies tn these lines are available 1n 

Russian. Therefore now days it ts essential t.o have at 

least few engtneeTs w)'x) know technical Russian language. 

2. To send two-three engine~.:-s for a period of one to two 

years to AVL, Graz, Austriaoranother well established engine 

R&D firm or laborator1 for detailed training. On 25th February, 

1985 meeting of leading Engine Laboratory Scientists was 

organized by project coordinator, Mr. S.Singhal, on request 

of the expert to discuss some of the matters related to the 

further increase in standard of research activities at IIP 

Engine Laboratory. Except the expert and the p~oject coordinator 

D1pl.Eng. H.C.Wolff and Dr.S.Radz1m1rsk1,both UNIDO Experts on 

the project,took part and contributed to the discussions. 

Exp~rt hopes tbat the discussions neld would be of help tn 

future research activities. 
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Part 2. Promoting ideas relatej to main__gims of tre 

Project and Training Actiyities: 

Main aim of the CllI'rent UNIDO project is to save diesel 

fuel by partial or full S!.lbstitution of it with methanol. In 

expert's opinion any other actiVities to improve diesel 

engine efficiency ani other technical parameters also serve 

to achieve the project aims. Worksho~ "Perspective of alcohol 

fuel utilization in IC Engines" organized by IIP at the end. 

of October 1984 with participation of Goverl'Jilent O~ficials, 

scientists from a number of Universities, colleges, institutes 

and some specialists :fr:xn industry played positive role in 

promoting ideas of alcolx>l utilization in piston engines. 

Expert took part in the workshop, made presentation 

"Utilization of metbarx>l in diesel engines cur::-ently under 

prod~c·;ion ",chaired one of the worksoop sessions and mad.e 

su=·ges tions regarding most practical ways to use pure methanol 

in diesel engines at concluding session of the work.shop. Later 

on presentation was.elaborated and prepared in written form 

( se.~ 'ppendix 2). In the pres en ta tion can para ti ve analysis of 

prop,~rties of diesel fuel and methanol was given_ especially 

o~ those a~fecting e~~ine perfor=ance Ja~a~et~rs. :l~ssifica-

tion of all methods to use methanol in diesel engines was 

also presented. Greatest attention was paid to methods to 

use pure metban:>l in diesel engines currently under p~oduction. 

As a result of detailed analysis of these methods tbe expert 

came to conclusion that the following methods seem to be 

most practical ones at the current stage: 



1. Conversion of ~iesel en[ine into external mixin~ spark 

ignition engine. 

2. Charge st~ati~ication insi~e combustion chawber and spark 

ignition of the charge. 

'Jse of methanol ,.;itb ignition improver is attt'active 1n 

the sense that no major changes in diesel e~gine design are 

required.. Unfortunately cost of fuel •1. th ignition improver 

still is too high. Therefore work should be continueG. by 

experts in cher:-~istry and correspond.inf branch of chemical 

engineering to increase efficiency and. decrease cost of the 

tEnition improvers. T<.ro other methods - use of glow plug t.o 

ignite methanol injected into combustion chamber am use of 

b.ot surfaces to tgni te methanol should. be further investigated 

as their practicality is not yet clear. More research and de-

7elopment work is needed to find out if these methods ma..y 

compete with toose recomrr.ende:J. above. It was stressed that tn 

applic~.tion of the metbod.s in which hea te::i. surfaces are used. 

to i9nite mi;r.hanol it iS necessary to avoid b; gh cons\.Jilptton 

of electrical ener9y and do not interfere in opti.Inized mode 

of air-fuel mixture formation (which ts the case tn the 

met~..od. s.it::5.;:;st.ed at III, :·~acira.s - reference22in .t.p~enaix 2). 

on 11th February 1985 2-hour lecture 11 Ut11iza tion of methanol 
in c/iesQl er19inQS ·· w'ls Jelive.reJ ·for stQ.;f me~ ber~ 
ani -research scholars at IIT, Bombay. In this lectu!'e all the 

metlx>ds to use me~banol in diesel engines (partial substitu

tion metl'x:>is inclusive) were analysed. 
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In general review of publications made, reports of m:rno 

experts (~. Kowalewicz, A. Cernej, P.Eyzat), report of 

Ad-b.Jc Expert Group Meeting on Modification of Internal 

Combustion Engines for UtiliZG~ion of Synthetic Fuels, 

discussions 1*ith Prof. H.P.Lenz during visit to Depa~·bnent 

.: or Internal Combustion Engines and .411tomoti ve Engineering, 

Technical Jniversity, Vienna and also discussions held with 

TIP Engine Laboratory scientists helped the expert to 

finalize programme of activity on the p:-oj ect. While doing 

so it was taken into account tr..at d;.iring final stage of the 

project ?Ure methanol 4-stroke engine stnuld be tested. 

Taking into account n?cessity to work on saving diesel 

fuel, expert prep~red lecture ''Modern trends in diesel encine 

development" (Appendix 3). This 2-bour lecture was ~elivered 

to star:- members and research scholars at IIT, Bombay on 6th 

of February 19s;. S;>ecial emphas 1s was made on toose ways 

to improve diesel engines parameters which are not still 

utilized 1n vast scale in India. In addition to training 

tbrough presentation at work!;hop and lecturing, training of 

IIP Engineers and Scientists (B.P.Pundir, Dinesh Kumar, A.K. 

group discussions in the lines of the expert's acti"71.ties 

(see Appeniix 1) and also on engine cycle modelling, -ways to 

improve diesel engine parameters, ways to increase standard 

of research activities at IIP Engine Laborator1 and also 

in the lines of development and performance improvement of 
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diesel engines. Some sucgestions regarding detailed training 

of Engine Laboratory personnel we:·e also made in the previous 

part of the re~ort. It is necessary to stress in addition that 

study tours and s oort-term fellows hip (mostly at UK Uni versi

ties) provided to IIP scientists according to the project 

documents, though of substantial use, cannot serve the sa.i:ie 

purpose as one to two years detailed training in well estatlished 

R&D laboratory or firm. This is true because of educational 

system pr~~ailing in India. According to expert's knowledge 

obtainej d·..iring expert's tour standard of R&D work at some 

of Indian finis is sufficiently high. Tbe::-efore i.f it is 

~ifficult to organize detailei one-t\./o years training of 

IIP engineers abroad this may be possible within the country 

its elf. This kind of training may fill gap between engineering 

educational sys~em and req~irements of high level R&D activity. 

Also certain kind of technical books vith detailed information 

about design, engineering methods of stress analysis, methods 

to assess efficiency of all diesel engine srstems,test methods 

may be of great use for training purpose. This kind of books 

are not always available 1n English as the rirms in ITSA, UK 

and also in some other countrles are not prepa~ed ~o sh2~e their 

F. i:D experience with outsiders. At tbe same time, the type of 

technical literature under discussion is available in Russian. 

This again proves necessity to bave at least fev engineers 1n 

commarxi of Russian language. 
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At tbe end of previous expert's mission at IIP, Dehradun 

a book on development of t~uck diesel engines was translated 

by Dr. H.C .Dhariwal from IIT Bombay and edited by the expert 

who happened to be one of the autoors of tb.e book. Unfortu

ua tely the book is not yet made available to specialists tn 

the field of diesel engines research and development, IIP 

scientists inclusive. During ttE mission actions were ta.ken 

to make the book available to few concerned specialists. 
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Part 3: Comparative ana,lysis of e~ine cycles and parameter~ 

with diesel fuel and methanol 

As stressed above, two ways to use pure methanol are 

most practical for diesel e:-igines currently under prJduction. 

Charge stratification inside combustion cha.mbe~ an:l. spark 

ignition of the cha~ge was successf:.il.ly used in applica~ion 

of methanol to diesel engines by KAN (FRG)-FM process (details 

are given in Appendi.X 2). In tbis case fllel is tnj ected on 

combustion cbarr.ber walls (so called "wall wetting" principle). 

It is s:.ipposed that in this case for heating an.1 eva?(>rating 

of fuel at least partially heat otherwise wasted to cooling 

medium is used. This may be very essential in case of methanol 

because latent heat of methanol as applied to the same amount 

of heat released during canbustion is 10 times more than that 

of diesel fuel. At the same ttme there are other methods 

sucb as :it.lal fuel injection into combustion c bamber volume or 

glow-plug ignition of fuel injected into canbustion chamber 

volume in which most of the heat spent to heat and evaporate 

methanol is taken fran air charge 1 ts elf. It is of substantial 

interest t.o find out effect of these differe~ces in sJurce of 

fuel evaporation heat on cycle arxl engine paramete!"s. 

Also according to canparison of other properties in case 

of diesel fuel and methaIX>l (AppendiX 2) there are other sub

stantial differences - such as differences in extent of change 

in number of mole due to comb11stton and also in composition 

and specific heat of combustion products. 
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The second practical way to use pure methanJl in diesel engines 

currently under production is, as mentioned above, conversion 
-

of diesel engtnes into external mixing spark ignition engines. 

In this case complete eva;x>ration of methan::>l may be achieved 

in special evaporator (Mercedes-Benz approach). Introd:JCtion 

of va;>0urized methanol through inlet svstem decreases amount 

of air charge sucked into cylinder. Change in number of mols 

due to combustion of methancl is also quite d.ifferent in case 

of external mixing as compared with internal mixing. 

Also ~ompression ratio of engine s ti-0uld be d.ec:::-eas~ in case 

of ex~ernal mixing ant spark ignition as ccmpared to all 
Co1ttent: o-f me.tlrt:1.nol 

modes in diesel operatiori:rvapour in :rresh charge affects 

comparession \riOrk. 

To get the same power output as in diesel operation air fuel 

ratio in spark :&.gnition external mixing version of engine s bould 

be decreased. Hence specific heat and adiabatic exponent will 

change accordingly. This will also affect cycle and engine 

parameters. 

To find out ~he effects outlined above set of calculations 

were carrie6. out by the expert • 

.:..i::-.s o:~ t:-:e cc.lc:..il::.ti.::;ns: 

1. To find out effects on cycle parameters of differences 

in the properties of methanol and diesel fuel-such as, ratio 

of m~ber of mo ls prior, in the progress and at the and of 

combustion, fraction of three-atom gases in the charge an~ 

hence its f;pecific heat, evaporation heat. 
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2. To assess the :hange in ci es el engine pa:-a.meters as a result 

of its conversion into spark..igniti~n external mixing engine. 

Con:ii tions and jetails of study are given in Appendix 5. Four 

crcles we~e consi~ered : one with diesel f~els and three with 

methanol. Three of the cycles considered are relatea to 

tnr.ernal :nixing, one to external mixing. T"Wo methanol internal 

mixing cycles differed by the accounting for heat taken from 

charge to heat an:i eva.f)or·ate methanol. Main fin:iings may be 

summa:-izei as follows: 

1. In case of internal mixing am fuel evaporat;ing ::Lue to 

heat sup~lied from the charge metharx:>l cycle is inferior as 

compared to diesel fuel cycle. Inferioritr is much higher in 

terms of efficiency than in terms of mean cycle pressure because 

as applied to internal mixing mode calorific value of air-

metha nol mixture is high~r than that of air-diesel fuel mixture. 

The res .1l ts ob taine:i s l'bw that negative effects of greater 

specific heat and latent teat in case of metha!lOl prevail over 

~ositive effect of greater change in number of mols due to 

combustion. 

The fact that in reality even in engines in which fuel is 

-::':.Jr::izej in c:Jr::bustion chamte:- volllIDe (3nj hence is ev1·)orated 

mostly :iue to heat taken from the charge its elf) when compared 

with results of calc~lations proves convincingly that more 

efficient air-fuel mixing and combustion may be obtained with 

methanol than with diesel fUel. 

2. In case of internal mixing and fuel evaporation due to 

otherwise wasted heat methanol cycle is slightly superior as 

compared to diesel fuel cycle 1n terms of efficiency am 
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consijerabl1 superior in terms of mean c1cle ?ressure. There

fore modes of air fuel mixing in which methanol is directed 

to combustion chamber walls stx>ulj be prefere::i (such as MAN

FM process). 

3. One of the promising ways to use pure m= thanol in diesel 

engines currently unde~ ?roduction is conversion o~ the same 

into spark ignition engines with external mixture form~~icn 

and evaporation of methanol in special evaporator utilizing 

part of the heat rejected into cooling medil.IIl (Daimlar-

Benz ap?roach) or with exhaust gases. 

Cycle of such an engine is more efficient than that of 

with internal mixing and fuel evaporation due to heat taken 

from the cbarge in s~ite of lower values of ~ompression ratio, 

excess of air and also mols ratio. 

In addition to the effect of regeneration (use of other

wise wasted heat to evaporate methanol)decrease tn compression 

work not only due to lower compress ion ratio but al.so owing 

to presence of methaml npours having high specific heat 

plays posit~ve role in getting high cycle parameters. 

4. ·ro get mean cycle pressure in spark ignition external 

~ngine it is sufficient to decrease excess of air by 15%. 

Tbe main reasons due to which excess of air s bould be decrea

sed to get the same power output are decrease in efficiency 

and in amount of air charge inducted into cylinder per cycle, 

effect of the latter being greater. Taking into account 

that air fuel ratios of Tata and ~stx>k Leyland diesel engines 
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at ratea conditions are rather low, one comes to conclusion 

that methanol versions of t.hese engines at rated conditions 

should be s up;ilied by miXture close to stoichiometric one. 

More ~etailed. analysis of different effects is given 

in A;>pen.11.x 5. 
?.esul ts of calculations and analyais made cover points 

5 and 6 of the progran:ree (Appendix 1). In addition to this 

expert carried out cooplete derivation of set of equations 

for computer modelling on assumption of charge consisting 

of two parts: a) mixture of air with residual gases; b) 

equilibrium combustion prodlct for stoichiometric air-fuel 

ratio (two zone model). . per+ormin~ calculatJO"S hq,set/ 0" t~,.s mo<le 1 
Wh11er1t is possible to increase accuracy of cycle 

parameters comparison due to accounting for heat exchange 
• 
and also that of dissociation. According to expert's ex

perience no change in main findings of calculatic~s considered . 
in sb:>rt above may be anticipated. Still modelling of this 

kind, that is consideration of certain extreme cycles (sar 

with ijeal air fuel mixing, equilibrii.m combustion products, 

with or without heat exchange, etc) are of great interest. 

as they m~~e i~ possible to diffe:enciate effects of different 
to 

factors and hence.,...understand deeply experimental results. 

Also calcUl.ations of the kind outlined above help in 

finding out che best pzactical solutions of certain problems 

and proper planning of experiment.al research activities. This 
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may be proved by the results of calcuJ.ations described in this 

part of the report. On the basis of calcu:ations 1t was possi

ble to come to conclusions that ..all wetting ir case of in~ernal 

mixing an~ also conversion of ~iesel engine into high compression 

ratio ( E :12) exterral mixing engine with complete eva;:>0rat1on 

of methanol tn evaporator working on otherwise wasted heat 

ma1 be benefitial. 

In airect contrast to the result of consideration of 

extreme cycles, experience gained dLJring last 20 years shows 

that attem~ts t.o model actual aLr fuel mixi~g an1 combus~ion 

so far proved to be practically useless. In spite of the 

fact that dozens of mo~els (some of them very complicated and 

computer ti.Ine consuming) were developed in different countries, 

no model could stand check by comparing results of calculations 

with basic expel'imental findings. While cortparing results of 

cycle calculations with few experimental indicator diagrams 

all the investigators claim good accuracy, though their 

approacnes anj initial assumptions are quite different,some

t!me opposite. This "accuracytt 1s obta!.ned wt th the help of 

adjusting coefficients. The main reasons of uselessness of 

the models aiming to sL~ulate actual air-fuel mixing arxi 

combus~ion in diesel engines suggested so far are: 

1. Lack in proper understanding of governing physical and 

chemical factors, especially lack in understanding of basic 

laws of turbulent het.erogen.--eous combustion. 

2. E.xtremely ccmplicated nature of air-fuel mixing am 

combustion i)rocesses in diesel engines. 
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3. Great variety of design versions of diesel engines which 

1s ~~sslble to describe by S:Jme universal (inevitably 

simplified) approach. 

Modelling is fruitful as ap~lied to sane of the p~oc~sses 

and diesel engine systems tor which basic physical understani tng 

ts available: 

1 • Fuel injection process 

2. Gas exchange process 

3. Processes in turbocharging systems 

4. Governing of engine 

5. Stress and strength analysis taking into account mecbantcal 

anj thermal leading. 

Expert hopes that the co~.ments m~de may help ~ngines Laboratory 

scientists to fi~ most fruitful lines Ul devoting their ti.IIe and 

energy. There 1s great sco;>e of improvement of diesel engine 

parameters in close cooperation with industry. 1ot all R&D centres 

in country are still sufficiently experienced. IIP Engine 

Laboratory with its gJOd experimantal facilities may benefit 

R&D vork in diesel engine industry to a great extent. 
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Part 4. 1 Desispi.nq of Hethe11ol version of diesel truck 

sid bis engines 

As truck Clld bus engines are one of major consuners of 

diesel tuel in India. expert felt that at final stage of 

project 11Dre efforts should be ma:ie to sul:lstitute diesel 

fuel for methaiol in these engines. Alm:>st all previous 

efforts at llP Debra Dun. II'l' Delhi. II'l' Madras, IIT Eont>ay 

aid other institutions were dedicated to small size. sma.11 

power outpit diesel engines. 'l'his opinion was also expressed 

by the expert in interim re:port (Appendix 4). 

00.t of two options mentioned ci>ove the expert choose 

conven;ion of diesel engine into external. mixing spark 

i¢tion engine. In this work experience obtained by the 

expert while converting diesel engl.nes into spatk iglition 

gas mgines could be utilized- References 16, 17. Appendix 2. 

Other reasons for this choice are given below. 

Three options of converted diesel engine into extemal 

mi.xing spark i911tion engine may be considered.a 

1· Engine with cart:urated methanol. 

2. Engine with central body metha:iol injection having 

mechslical or 111.ci:opn:>Ces.sor control. 

3. Engine vith special evaporator aid gas-air mlxer. 

In cases 1 e11d 2 spiral type evaporator may be 

installed betweesi camurator (central body tu.el injection 

device ) cd en ¢Ile 1nl et. 
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In spite of personal invol. vemeot 1n the matter of 

ecq111.r:ln g necessary c arbur ato r md central body metha:iol 

injection system. no hamw are to implement two first options 

could be obtained (Bosh Co. at PRG, Mico B:>sh office at Delhi 

md other firm5 at Delhi were approa::hed) • At the same time 

the equip.aent requi %eel (at le a.st in 9asol iDe version) is 

defiDJ.tely available in the mai1tet. Therefo~ this equipaent 

could hai been pu.tehased in the cstria through UNmo, Vienna. 

Al.so spark icpition systPm suitable for the use of high 

coapression ratios could ha:l been obtained. Then the 

equipoent could had been llt:>dified for methanol appl.icatia:i. 

The main reason why stratified c:harqa iDtemal mixing fo.teed 

i~tJ.on approach (Ml!N-FM process) was not chosen for 

experimental inve•tigation was related to f a::ilities available 

at IIP. Work on methe11ol application to diesel engines was 

g:>ing on at IIP without DUCh of a::tual. interaction with 

industry. 1¢. the aaae time JUN-PM process application 

requi.zes major chaiges in engine des19'.1, which cannot be 

accomplished with ·the help of IIP workshop. 

OUrin g second business tour tra expert c arre to 

conclusior.i that it was quite possible to organise cooper• 

t.1oD vi th big aDd experienced firms- such as Kirloskar oil 

Ltd tmd .\shok Leylsld· It is vorthfhile to meet.ion that 

only TEI.CO RW Director K·G·K· Rao declined to meet the 

expert during his visit to l\lne aid discuss the matter of 

converting Tata truck diesel engine into methellol fueled 
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engine. Strcllge as it is, he happens to be tDe only 

representative of industry 1n cvisory conmi ttee of the 

UNlDO proj ect on methcmol applic atio1i. (See Report on results 

of business trip to Delhi, Eoai:>ay, 1\ine, Ma:!ras- Appendix 6) • 

This should be taken into account in fUrther wo]j( on the 

project. To implement two first options the expert mcde 

necessary cal.cul ations end found main dimensions of several 

types of evap:>rators extra::tin g heat from exhaust gases and 

from cooling water, spiral type evaparator working on heat 

of cooling water inclusive. Sketch of the last evaporator 

w~ prepared by the expert. Then dreiiings of evaporator 

were finalized by the drawing section. In fig. 1 overall 

views of the evaporator are given. Unfortunately vhile 

implementing the desic;Jl electric heating element was not 

incorporated into warming jacket of evaporat.or as suggested 

by the ~pert. This heating element may be used during 

englne start sid warm up. After obtaining ca.x:burator and 

central body methaiol injection system tests should be 

carried out with Sld vi thout evaporator to find out 

performance parameters and al.so to investigate lul:>ric ation 

CEd wear in both the cases. It may tum out beneficial 

to redesi~ inlet manifold while implenenting two first 

opt.ions• 

Third option could be aateri al.ized with the facili

ties avail able IS. IIP md hardware available in India 

(except hiqh compression ratio apark iq;iition systein and 
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precision gas pressure reg.il ator). Durin q first business trip 

to Delh.1 eXpett visited different firms to find out hardware. 

As a result of the trip materials for mamifactudnq tube type 

evapcrator were procured Clld also quotations for igiition 

system of 6-cylinder in-line engine were obtained. Later on 

the system was procured. 

M this system is not suital:lle for hl.gh compression 

ratio operation it will be necessary in the course of first 

trials to decrease compression ratio of methanol version 

truck engine down to s.s - 9 to avoid pre-i<;Jlition by p.lttinq 

aiditional gaskets between cylinder blcxi<and cylinder head. 

On acquiring necessary i<.Jiition system gaskets JlJi!'f be rem::>vee 

to make greatest use of high octa:ie rating of methanol· Ql 

acquiring materials it became possible to finalize dimeneioos 

of the mll.ti-tube evap.,rator. Calculations of heat transfer 

aid rate of oetha11ol evaporation were performed by the expert 

du.d.n9 first DDnth of the mission. These cal.cul ations made 

it possible to find out necessary surface of h!a:t excha11ge 

and hence to desicp the evaporator. Also simple strength 

analysis was performed. All the dimensions sid sketch of the 

evaporator were then handed over to dr~ing section to 

finalize the dr~ings. In fig. 2, overall view of the 

evaporator is sh:>wn. After fabrication 1 t is essential to 

check if evaporator is leak-pmof before its test. 1'19• 3 

illustrates lay out of the methanol version of Tata and 

A•hok Leyl aiid tmck engines. Engine with minor a:>difications 
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may be fueled by M 100, LPG, !BG or CNG. The llk)St complicated 

desiqi is needed in ca.se of M 100 as substantial am:>unt of 

heat supply should be ensured to completely vaporize fUel. 

Maxinum heat power outpit of eva:porator in this case should 

be equal approximately to 14 KW. After engine is heated 

necessary heat supply rate may be ensured by water cixcula

ting through engine cooling system. The eva:porator is 

con.,ected in sequence to engine cooling system. For starting 

md warming up spe::ial circuit with electrically driven water 

p.im,p aid water heater is provided. For this pirpose due to 

evident reasons power of heater may be considerably lower 

than 14 KW. Al.so heat of exhaist gases may be used for 

methe11ol evaporation during warm up. This additional 

exhCllst gas heat exchanger used during warm up is not sh:>wn 

in Pig·3. During bench tests control of the ecgine may be 

ensured by chaiging resistance in gas supply line aod by 

mixture throttling. Th.is optinum change in mixture strength 

at all operating conditions may be determined_ during bench 

tests. Then autoaetic:: control system sb:>uld be desi c;;Jled. 

k:cording to expert •s experience it would be possible to get 

chaige in mixture strength with optrating conditions close 

to optim.ua one by chaigp, in position r; ,· throttle if special 

precision gas pxessure re9J.lat.or is us£.~, which keeps outlet 

pressure of gaseous fuel in narrow limits. Sy changing 

spz:ing forces sxl valve area£ of the recplator it will be 

possible to adjust nature of change in mixture stren qth to 

the desired one. Throttling device shoW.d be used to adjust 
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maximru gas flow to particular engine. Also approach used 

by Mexcedes-Benz may be tried -Ref.18, Appendix 2. 

Chan91!s in dimensions of combustion chani:>er to decrease 

compression ratio ~.own to 12 were found by the expert. 

Estimated. •deed vc..lune• in Tata diesel engtne is e~al 

to Vd • 0.ss cm3,volume of comb.lstiOD cranber to 41,28 cm3 

Clld total clear(llce 'Vt>lume to 48, 86 cm3 • Estimations were 

made on the basis of measurements of dimensions of combustion 

chamber for compression ratio equal to 17, as no drawing-so£ 

the engine were avail2ble. 

In fig. 4 sketch of coneustion chani:>ers of diesel engine 

sid nethCDol engine is shown. Cylindrical corrbustion chant>er 

with diam:ter Dc·ch • 63 am CDd depth a::.ch • 20 am will 

ensure compression ratio E • 11, 8. 

Rew dead volume Vti • aay be found as 
• 2 

\1ti • W - Jr (De.ch d - De.ch m) ~1 • 4 

Above "d • for diesel, •m• for methanol 

e.sa - 1t-l! cs.3 2
-6

2>0,1 
3 

• s.29 cm 

engines, 0 cl-clearance 

between pistCll top sid surf~e of cylinder hea:i assullE!d to be 

equal to 1 rrrn. Volu~ of ~thanol engine coabu.stiun charrber 
1 

Ve.ch• JT'Dc2ch.m 

Then total clearaice YOlume Vt: • Vt.ch + '6 • 73, 75 cm3 

Compression ratio 
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Aboves Vh i~ Rept volume, Dcyl- cylinder diameter, 

&p - piston stroke £ • D.• 75 + 797 « 71 • 11, 8 73,75 

In case if K:.ch • 19 nn E • 12,3. 

In case if thickness of the gasket is equal to 1·1 nm three 

additional gaskets will decrease compression ratio from 11.e 

down to 9.17. Of course with the gaskets sr.ape of coni:Justion 

chani:>er will be not favourably, al;ao turbulence intensity 

will decrease. So one cainot expect to obtain c;pod 

performance parameters. Still in expert 'zs opinion start of 

work should not be further delayed. For.first trials tlUs 

ap-£>roa::h may be justified. As it was impossible to pi.rchase 

special electd.cally driven feed pimp for the supply of M 100 

from tcsik to evaporator under pressure greater than 2 bars, 

as teopJrary solution pl.unqer feed pimp install ed. on high 

pressure diesel engine pimp may be used. With plungers 

rem::>ved to drive the c: am shaft and feed pimp small hi <#1 speed 

electrical JD:>tor may be used for the pirpose. 

Tests of Tata diesel engine at. conditions cl. • ci..s 

were performed. befoxe changing over to methanol version under 

expert's supervision. Correction of p:iwer and specific 

fUel coosumption by equations suggested in the expert's 

lectun! delivered in 1981 and available at IIP was _,plied • 

In table 2 results of different tests of Tata Ja:)del f-~ Ji.e.sel e"glne 

carried out at. IIP ED;ines Laboratory ere presented al.on'=' 

with last test results. It is evident that in the last 

tests better fUel consumption was ot.tained. Reasonaa-



Source of BSFC at rated 
inform.a ti-:in conji tion 

gms/h. p. hr. 

Re;Jort of u:LHDO 
Expert A.Cernej, 
)iov. 1984, p .14. 

Re port of U~,;I...;0 
Expert A.Cernej, 
I1;ov.1984, p.163 

Engine Laoora to
ry exparimen:s 
with different 
di es el f u.els 
carriej out in 
1984. 

Engine Laborato
ry experimen:s 
carried out in 
Feb-"'1arch 1985' 
under expert's 
s :.ipervisi~n 

208 

216 

221-227 

195 

- ...... -

H i:iiJI;um BSFC at 
full load con
d1 t ions, 
gms/h.p.hr. 

195 

195 

196-202 

179·5 

• 

Table 2 

Speed correspon::.ing 
to mir.i!".ltE! ESFC, 

r.p.m. 

2400 

t·ooo-2000 

1600 
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1· Thorough check of nozzles. 

2. Precise calibration of the pu~ vi th working injectors. 

3. Suffieientl.y accurate measurements of fUel consumption 

sid other parameters. 

'· Application of scientifically justified correction 

fcctors for conditions o( -~ 

'By the end of expert •s mission meth<11ol version of 

Tata nt:>del 682 tn.ck engine was alm:>st ready for trials. It 

would have been possible to perform the tests during the 

mission provided en gl.neer associated with the proj e:::t worked 

on it during the whole mission period. Onfortu..nately he 

could spare less them one JZDDth on the project Wotk, as he 

vas engaged in other reseai:ch a::tivities. Further work 

shoald be conducted with the help of Dr. s. Radzimirski, 

ONIDO expert, who is essentially specialist in spark i~ition 

engl.nes. In conductin9 the voJ:k it is necessary to take 

illto account that ic:JlitiOll system procured by far is not 

the best suitable for the pirpose. art. that was t.he only 

1¢tion system availal:lle in the aanet. Mitch colder spark 

plugs are needed. Al:::co.rding to expert •s expertency, Bosh-320 

or Bosh-340 instea:i of spark plug corresponding to E.osh-225 

should be used with compression ratio 12. Also gas pressure 

re91lators availal:le were desiC1led for LPG.TUOJi:>ll and was 

approached to get gas pressure regulator suitable for 

•thalol operation. Hence fUrther efforts are required to 

obtain necessary hardwares 
d__U o,. _, 

l• Carburator of'Zenit-Stromberg tn;e. 
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2. Central body methmol injection with mecha:iical cmd 

microprocessor controls. 

3. Transistorized ic;Jlition system Slitci:lle to oi:erate at 

high compression ratios. 

4 • Precision gas pressure re gul ato r. 

Purther work should be conducted in close cooperation 

with Mhok Leyland. Representatives of the firm expressed 

keen interest in development of methmol- LPG- LNG- CNG 

versions ~ their truck and bus en gin es (see Appendix 6). 

Corresp:>nding agreement was drafted at IIP during 

visit to IIP of Chief Engineer, Research Mr. A.s. Subramcnian. 
(APPendix. 8). 
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Al::t~_vities directed to research in otter m::d!! 
of aethaiol appl..tc ation to diesel engines 

In part 1 of the report glow plug methanol diesel eri gine 

worlt st IIP w~ discussed. To promte this work fUrther 

some design work was carried out by Mr. Dinesh Kumar under 

expert's q.iidance. In fig. 5 lay out of small pre-chamber 

with glow plug is shown as applied to Ricardo research 

single cylinder direct injection engine. Work was done 

before the manuals were obtained at IIP and 1 t tumed out 

that direct injection version of the engine caonot be ni.n. 

Volume of prechallber constitute 10% of total clearance 

volume. Sha:pe aid dinensions of prechad>er were chosen in 

such a Wa!J as to locate it in one of Rica.mo research 

cylinder head holes provided for location of injectors (two 

il'ljector holes were provided to enable investigatioo of the 

dual injec'-ion method). Because of space limitations shape 

of prechant>er is not the best one. Also it is cot possible 

to locate sta'ldard glow plug. Therefore, special glow plug 

was desicped for the p.irpose. 

Pilot inj~ction should be d;)ne into prechat:U:::er 

(10-15 % of total metha:iol am:>unt, vith the help of small 

plunger cllameter p.imp alld sin¢e hole nozzle. Main injection 

into main coat:iustion ch~er should be accomplished with the 

help of bigger injection pimp arid nozzle havin9 the same 

nunt>er and p:>sition of nozzle orifices, as in base diesel 

engine. Plunger di aineter Clld nozzle orifices area should 
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be increased as compared to diesel version to obtain duration 

of injection not m:>re than 24-26° of craik angle. Also 

pressure of injection should be kept equal or slightly greater 

thall in diesel fUel injection to ensure necessary fuel sprays 

propagation. It is expe:::ted that startln 9 will be obtained 

with the help of glow plug, i~ition of fUel-air lllixture in 

prechaltiJer aid i~tion of m1xture in main chani°)er by hot 

gas fl.ow from prechanber into main chalti:>er. After w arr.i up 

glow plug may be switched off if desicp ensures high 

temperature of prechamber throat.. Efforts should be directed 

to getting low temperature of nozzle and high temperature of 

pre-chamber throat. Also p:>sition of throat holes directing 

l::uming gases into main chant>er may be of sone im~rtance. 

In the method described above m::>de of air fuel mixing 

in main chant>er where m::>st of the fuel is injected,does not 

under~ considerable change which is the case when IIT,Madras 

hot surf ace llle'the11ol igiition system is implemented. (Ref. 22 

4\ppendix 2). As compared to i~ition of methe11ol by glow 

plug installed in the main chant>er (Ref. 19, Appendix 2) 

in the approach just described considerable electric power 

supply saving is obtained. The metr.od under consideration 

was suggested more than 20 years back by Soviet Scientist, 

Dr. V•N. Svobodov sld successfully wsed for a £uel having 

cetane nunt:>er equal to 3. lt:IWever, no research has been 

carried out with lll!thallol. 

It is suggested to conduct ml.ti-factorial experlmeDts 

using at each speed following C}:>verni.Dq factors1 
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1• APDunt of fUel injected into pre-chant: er. 

2. Injection adv aice for pilot fuel • 

3. AntJunt of main fuel. 

4• Injection adv alee of main fuel. 

Maic11111m am:>Wlt of heat supply should corresJX)Ild to 

that introduced with diesel fuel. Variation of pilot fUel 

should be substc11tially less than that of main fUel. !i\initr11m 

amount of main fuel should represent light load conditions• 

It is clear that this experiment may be conducted only after 

successfUl development work which sh::>uld ensure staPle 

ope-cation of the warm!d up engine with glct-1 pl.uq switched 

off·2 
Experiments may be conducted on AV-57 Kirloskar single 

cylinder diesel engine. In fig. 6, 7, 8 versions of Kirloskar 

AV-1 single cylinder pistons with niDDDic insert (fig.6). ceramic 

insert into al.uod.nium alloy piston (fig.7) aDd ceramic insert 

into cast iron piston (fig.8) are shown. Desic;Jl work has 

been carried out by Mr· Dinesh Kumar a:id draiing section 

under expert •s g.iidance. Experience of IIT Mardas studied 

during 'business trip to Madras was used while desi91ing 

DillDllic insert piston vi th air gap. Some i:ecent pibli.c ations 

show that very soon the Jci.n~!5 of pistons shown in Fig. 6-S 

may be marketed. Restriction of heat rejection into cooling 

medium f'IJ4'J help to increase compression temperature aDd 

proat:>\;.e methmol 19=1ition. Hence it will be poseible to 
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ensure better stability of engine operation at light loads 

and to decrease electric :power supply to glow plug. Also 

piston surfa::::e ignition of methmol may be attempted at least 

at high loads• To find out effect of hotter surfa:::e of 

coabustion chani:>er on methe11ol i~ition expert during visit 

to .BoniJay with the assistcmce of IIT Bombay obtained as a gift 

mz plasma coated Kirloskar AV-1 diesel piston (thickness 

of coating o.4 -o.s mn). This pistCll may be tested at IIP 

Kirloskar glow plug AV-1 diesel engine. Fer the SartE pirpose 

2 cast iron piston assembles were obtained as a gift from 

Kirl.oskar Oil Ltd, E\Jne. It is well known that due to lc:wer 

heat conductivity cast iron may ensure higher combustion 

chaneer surfcce temp;!ratu.re. Also 16Z P1azma coating of 

cast iron pistons should be attempted as temperature t!Xpansion 

coefficient of 16Z is auch closer to that of cast iron than 

to aluminium alloy. Heoce ooe may expect greater reliability 
.il1 

of coatinqie'ase of cast iron provided proper tecmology of 

coating is applied· 

Detailed information about ceramic industry md ways 

to get and to use niDDDic metal was obtained during business 

tour. The information was passed over to IIP Engine Laboratory 

scientists. 

While performing tests with versions of pistai 

chara:::terized by higher surf ace temperature, it is necessary 

to take into account the following 1 

1· While coat.inc; plat.on to avoid high rate of wear, it is 

sivisable do not coat outer pistoo head surface located 
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between piston top alld firs't ring. 

2. Decrease in voluaetric efficiency csid increase in 

compression work may take place. Net effect of all the 

factors should be !itudied experimentally aid also by 

calculations. For the last pirpose single Cl'ld \:wo zooe cycle 

m::>dels may be applied. The first was successfully used 

during work of expert at IIP on UNESCO project in 1981-1982. 

In further work, it is advisable to mcke calculations for 

the who!e .&-stroke cycle as vi t.."1 semt-ailabatic approach, 

it is esse41tial. to find out effect of increased heating 

of the charge during inlet stroke. Also increase in enthalpy 

of exhaist gases may be of interest for further appl.icatioo 

of sui:ercharging BDd tumoeompounding. 'l'o find out effect of 

increased surf~e temperature on cycle parameters, cal.cul ations 

should be performed at different values of surface parts 

temperature. In all other respects method of cal.cul ation 

developed earlier acd described at IIP Report No. EL 0582, 

Jl!JJJU.ary 1982 may tie applied. Prior to co111p1ter analysis 

IIP scientists are advised to i:ead part 6 of the lecture 

•Modem t'l'."""nds 1l'l diesel engine development• (Appendix 3). 

Use of ~o-zone nodel for a:ialysis of send.-adiaklatic engine 

perfomance is justified by increase in charge temperature 

end hence greater efft-ct of dissociation Oil cycle parameters. 

crice again, expel."t waots to wa.tn that calculations are aimed 

to better understif'."idltig and pl azming of the experimental 

1;1or.k rather than to progios!s of actual engine. cycle. 
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Some desic.;Jl won was carried out in the lines of 

application of dual injectioc-unstabilized enulsion approach. 

SoE of the methods are given in short in Appendix 3. 

In fig. 9 cross-section of injector body is shown 

desigied by Mr. Dinesh llwlar and drawing section on suggestion 

and Ullder supervision of the- expert. In this case mixing of 

the fuels may take place in isac volune itself. Therefore, 

possible separation o~ two fuels (in particular case, that 

of methanol and diesel fUel) is alm:>st entirely elimiiiat:eQ. 

0ne-wav valve is provided to ensure proper oper~.:tion and 

flexibility. Separation may take place in spring room of 

the injector body where leaking fUel mixture may be a::cumtl.a

ted. It will be necessary to find optiIDlm solution for le·aking 

fUel connection. Closed type injector body may be tri.ed. 

In this case after some time of operation coui:lined loading 

of the needle will take place. Compiter similation and 

experiments may help to arodify injection system for new 

cond:a.tions of operation. As a first version two p.imp 

system may be recommended for this dual fuel operation '11th 

provision to chal ge independently injection pressures and 

timlngs of supply of both the r~els. It will be of interest 

to find out effects of ; 

1·. Adv<?'.1ce of diesel fuel supply with respect to nethe11ol 

supply. 

2. Retardation of end of methaJlol supply with respect to 

the end of diesel fUel supply etc. 
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Al.so other fUels combinations may be investigated 

with this desi~. K~S Diesels from Rajcot may be helpful 

in fabricating the injector. 'l'his was revealm as a result 

of preliminary comtUDic ation. Unfortunately the expert 

could not visit I<.S Diesels during his woi:k on mission 

and finalize the design with the manufa::turers. 
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• 

S:gmparative a:ialysis of fuel.,jnjection and 

atomization in case of diesel fuel and nEthanol 

Short e11alysis of results obtained prior to the start of 

expert's mission was given in the Introduction to the rep::> rt. 

It is necessary to add that as in technical 11 terature there 

is no information related to atomization of both the fUels, 

in spite of the shortcomings of the experiments carried out 

it is aivisable to finalize report after apr.J,ication of 

corrections to particle sizes e11d nethaool injection rates. 

Though results may not give quantitative relation of particle 

sizes to rate of injection, sone useful comparative analysis 

may be made under aipervision of Dr. A. Cemej during his 

third mission on the project. 

Below short information is gi.ven about comparative 

analysis of fuel injection with both the f\lels. Work carried 

out du.ting the mission in these lines consisted from two 

parts. 

In first part expert developed csi engineering method 

based on theory of simi.l arity for approximate choice of main 

elements of fuel injection system to feed diesel engine by 

metha:iol inste ai of diesel f 11el (Appendix 7) • 

Its a result of this work aost important changes in fuel 

injection system were outlined. These are: increase in 

plunger diameter e11d speed, increase in effective area of 

nozzle orifices sMi increase in retraction volu111! of delivery 
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valve. Quanti·tative reco~dations were given as regards to 

these changes aimed at obtaining the s~ injection duration 

and pressures with methanol as in c a.se of diesel fU.el and 

getting at the sane time necessary increase in volu~ of 

methanol injected (by 2.25 times) to ensure the same heat 

supply into cylinder. 

It has been stressed that use of theory of similarity 

helps to narrow limits of variation of main fuel :f.njection 

system eleIIE!Ilts in computer m:>deling and experin2Iltation. Hence 

time cmd expenditure are saved. 

Al.so neces\ty in wear resistance Cl'ld r,~liability tests 

were stressed at the end of the .repcrt. 1'he quaititative changes 

in fuel injection system dimensions obtained by the method 

developed may be considered as ext.rene ones, as in reality 

one may expect that certain increase in duration of injection 

will not be too harmful when changing over from diesel fuel to 

methanol. This may be expected from resul t.s of analysis given 

in part 3 of the report and Appendix s. Therefore, in second 

pa.rt of the vorlc on fuel injection, experiments were carried out 

by IIP scientist Mr· A·K· Aigal under supervision oft he expert. 

These experiments were aimed to ensure nonnal development of 

injection process for necessai:y nethanol supply. 

Itta a basis of comparis-:m fuel injection system with cyclic 

delivery of diesel fuel equal to 44 rmi3 /cycle at rated camshaft 

speed equal to 1000 rpm was chosen. Main dimensions of the 

system:; a.re ¢ven in Table 1. 
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--
Plunger Nunt>er Diameter Delivery Cyclic 

PU el diameter of of valve delivery at 
dpl. nozzle nozzle retrac- rated 
lllI1 orifices orifices, ti on conditions 

mu volume 3 
'fl.ID3 

mm /cycle 

Diesel 7 4 0.23 37.6 44 

Methanol 9 4 0.32 68.4 100 

Cam profile(hence maicinum plunger speed Cpl max) ald high 

pressure pipe were kept the sane for both the cases. However, 

as delivery period was longer in case of methanol injection meai 

plunger speed du.ting delivery period was greater for 

al tem ative fuel. 

Coq>arison of dimensions chosen sh::>ws that product dpl.. 

Cpl is increased by ,,, 1.8'1times, whereas it should have been 

increased by 2. 25 times to get the same duration and pressure 

of injection• Nozzle orifices area is increased. by ,.., 1·94times, 

whereas it should have been increased by 2 .18 times. Delivery 

valve retra::tion voluae is increased by 1.e1times instead of 

2.25 times. Also volumes in delivery valve chani>er, pipe and 

injector were not changed. Naturally injection pressure 

characterlstics a.re different with both the systems (both the 

fUela). 

Two sets of e"Jtperiments were carried out: at constant rack 

a11d at coostait delivei:y. 

The main findin~ of research carded out may be sum:narized 

as followss 
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a) Nature of chellge in Cl'Clic delivery 9cycl with cam 

speed is quite different with both th~ fuels. In ca.se of 

diesel £uel Q cy--1 essentially increases with speed. Hence 

correcting device is needed to get necessary engine torque 

increase vith decrease in diesel engine speed. In case of 

methanol cyclic delivery chaige with speed is m:>re favourable. 

This may be seen in fig.10. In aialysing this result one shollld 

take into account greater methanol compressibility. 

i>l Fuel injection system chosen for methanol ensures greater 

rate of injection aid injection pressure at all the speeds. 

At the sanE time alm::>st in the whole speed raige injection 

duration is longer with methanol (fig. 11, 12). When compared 

with results of analysis based on theory of similarity one may 

explain phenomena outlined above by the following main fa:tss 

Volume in delivery valve chaai:>er was not increased in 

ca.se of methanol a.s follows from theory of similarity. Al.so 

nozzle orifices area was increased to a lesser extent the11 it is 

necessary to keep pressure of injection the same as in case of 

diesel fUel injection. 

These two fa:to.::s along-1it': greater durati'.)n of delivery 

period Clld higher mean plunger speed ensured higher injection 

pressure. 

IDnger delivery penod and higher maxiDUm pressure of 

injection are rea.soos for longer il'lj ection duration. Deviations 

from recomnendations which follow from theory of similarity 
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we,..c quite intentional as with too great increase in plunger 

di arneter aild speed conta::t pressure between cam csid roller 

follower may exceed permissible value. At the same time 

slight increase in duration of methcnol injection as compared 

to that of diesel £uel injection camot be harmful. 

M:>re detailed information ")I1 the work will be given in 

IIP report which is now being prepared with expert •s participa-

tion. 

Pu.t:ure works 

1· Investigation of fUel atomization with both the systems. 

2. Choice of ?J.mp lubric at.ion system and injection system 

durability test. Special measures should be developed to 

ensure high durability of nozzle and pimp. 
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?_~ -~s !grk done during visits t0 different L"lstitu1:ions 

and fi~ -
:£.nfo.rmat:on about work done durL'"'lg visits is given above 

anc in Appendixes 4 aod 6. Her€ it 15 however proper to 

' 
a. :tt ha.7 bee.'1 found that .AVL research 1.iesel engine may be 

co•~sidered as one of two major options for !! P Engine Lal:orato:..y. 

b. C<>0peration ~ween !IT Bombay, IIT ~1a6.!"as arid IIP Dehradun 

in the lines of UNIDO project was initiated. 

c. Cooperation with 1.shok Leyl 3Dd il'l t.'ne li11e::. t'J·f UlJIDO 

proj ect w i3S ini t.'l a.ted,. 

d· P~rt of hard~ are necessary to imple:mmt proj e::t aims was 

acquired (s0~ of it as ¢~s) at Delhi, Bombay, ~1e. 

e.. Work to fina.lize desi~ aid fabricat~ !ndim make si.-igl.e-

'~ylinder rEJseal"Ch diesel en¢ne "'&> initiated. 

f« Know-hc;w and ;i.nformation in the lines of UNIDO project 

w.ei:e l·<:a.rr1t end conv:wnicau!d to IIP scientist. 

~,~;· ',• •:''• ~,i~._ • .. ': .. ·· 
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• 

Part -81 Concluding remarks aid recomrrendations 

1• Vast and detailed information related to the use of 

alcohol tuels in pisi:.on engines has been accunul ated and 

aoalysed with high competence by UNmo exi;:erts aid IIP scientists 

prior to the start and in the course of implementing the 

project. 

Attempts were made to inform G:>vemment of India aDd 

releve11t scientific, industrial aid educational organisations 

and corresponding specialists about World activities in the 

field of production and application of alcohol fuels and 

different technical aid technological aspects of the use of 

alcohols in piston engines. 

Special piblication under title, •AI.cohol Fuels Engine 

Application• has been started, which is of a great use. 

It is however expert 's conviction that greater effort 

should be ma:Ie to come to definite decisions at Gove~ment 

level regarding perspective of use of methanol in India· In 

case of p:>sitive decisions are taken, industry should be 

encouraged to start serious R&P in the field concerned. At 

the same ti~ policy in obtaining Im:!thc;riol at economical price 

and in sufficiently large quantity should be finalised. 

2. · UNIDO project at IIP in the m:>st important direction of 

methanol application to diesel engines have been g::>ing on 

without actual cooperation with industry. At the same time, 

it is evident that only on the basis of close cooperatic:·, with 
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industry serlous R & D work may be carried out e11d mst of 

the teclmical. problems concemin9 the use of aethanol in diesel 

engines in India may :be solved. Therefore, durlng the m1.ssion 

effOrts were ma:ie to initiate cooperation with industry. It 

has been found that some big and experience firms- such as 

Kirloskar Oil Engine Ltd Clki Ashok Leyl aid, are willing to 

cooperate. 

Vice-presLdent of Kirloskar Oil Engine Ltd, M.s.chandorkar 

expressed interest in application of methaiol to one of the 

last a:ivaiced desiqis- AV-57 single cylinder diesel engine 

which underg::>es tests before marketing. As heat rejection to 

coolant is restricted in this engine it may be recomnended to 

apply to this engine glow plug approac:h,small prechant>er glow 

plug appro a:h inclusive. Representatives of Ashok Leyland 

(Executive Director,Product Development & Quality and Chief 

Engineer-Research) expressed kF;;en interest in development of 

pure meth~ol extemal mi.xiDg spark i~ition englne on the basis 

of Ashok Leyl md truck e11d bis diesel engine according to 

expert's suggestions. As has been plamed in the course of 

mission this engine with ml.nor m::>dific ations may be fueled by 

different 9aseous fuels& methanol, LPG, WG, CNG. Representatives 

of .\IS hok Leyl e11d agreed that this 111.11 ti-fUcl ability of basic 

desi~ concept is very import.act at the current stage of 

alternative fuel application to engines under production. Draft 

of agreement to cooperate was prepared and agreed up:>n• Initiation 

of cooperation with two above mentioned firms is one of Hie 

achievements of the mission. 
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3. Work in alcohol application to diesel engine is 9J1n9 

on in numer of other thac IIP institutions. Work at IIT, 

Madras and IIT Boni:>ay may be of interest for UNIDO project. 

Therefore, during the mission cooperation between three 

institutes was initiated. Agreement to tbi.s effect,, if 

properly i~enented, may be to the benefit. of the project. 

Initiation of the cooperation with both the institutes may be 

also considered as one of the a::hievements of the mission· 

4. Prior to expert's arrival two directions of application 

of methanol to diesel engines were tested at IIP Engines 

Laborato.tY• 

a) Methanol fUmigation in inlet system of light duty diesel 

engl.ne. 

b) Glow plug igiition of methanol in single cylinder 5 h·P· 

AV-1 Kirloskar Diesel Engine. 

l'\lrther R & D is required in both directions. Work in 

fint direction is ild.v1s8ble to continue in close eooperation 

with Ashok Leyl aod with corresponding field trials on Ashok 

Leyl aid buses at Madras. Work in second direction should be 

continued in cooperation with I<irloskar Oil Engine Umited, 

:tI'l' Boni:>ay sid IIT Madrars. The follow in 9 bench trials should 

be made1 

a) Glow plug i~ition of injected methanol in AV-1 diesel 
i1H .. teaJ 

engine equipped by cast-tron piston,..of aluminium alloy piston. 
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b) Glow plug i<Dtlition of injected aetha:iol in AV-1 diesel 

en9ine equipped by iSZ plasma coated piston. 

c) Glow plug i<,;Jlition of injected methmol in AV-1 diesel 

engine equipped by ninonic insert-air gap piston. 

d) Glow plug i<,;Jli tion of injected methanol in AV-57 cool ant 

heat restricted diesel engine. 

e) Small prechaat>er pilot injection surfa:e i(Jlition of 

methanol in AV-57 engine. In the course of the mission Dt>St 

of the ha.niware necessary to implement these trials were either 

acquired or acquiting of hardware was nec;ptiated and agreed 

upon. Al.so design work was carried out. 

of 
It will be-rinterest to optimize swirl a:id Position of 

sprays with respect to gl~ plug. .Before aJJy trial is 

accomplished test bench should be m:>dified accoroing to 

expert's suggestions to improve a::curacy and repeatci:lility of 

measurements. on AV-57 diesel engine if installed on Ricaroo 

bench rate of injection naay be detez:mined and optimized in 

the course of tests with the help of Tsnita cha.mer. 

Work outlined above with regard to glow plug aims to 

increase stability of operation at light loads ,to decrease 

electric power supply, to increase efficiency and to decrease 

hydroc ~n cad co emission. 

~ly after these trials it may be possible to a.<5sess if 

ml ti-cylinder diesel engine glow plug approach should be 

invest! gated. 
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s. In the course of mission test bench version of ?lre 

methai:iol extemal miXing spa.IX igiition engine was desigied. 

and fabd.cated on the basis of Tata truck diesel engine. In 

this engine methallol is evaporated completely in nulti-tube 

type eva.IXlrator prior to its supply to gas-air mixer through 

gas pressure reg.ilator. With minor nodifications this engine 

may be fed by LPG, ~G,CNG. In t~ sane lines Ashok Leyl aid 

engine version should be fabricated in close cooperation with 

the finn. 

Al.so the following versions of extemal ml.xin g spark 

i91ition engines sh:::>uld be testeda 
Q ,,a1 -,-

a) With carburator spiral type evaporator. 

C(" " 

b) 
-r 

With central :body fUel injection system spiral type 

evaporator. 

Spiral type evaporator was desigied and fabricated during 

the mission. 

Hardware (camurators, central body fuel injection system 

with mechanical md microprocessor cootrol, transistorized 

ic;Jlition system suitable for high corrpression r3tio operation, 

precision ga.s pressure re:g..il ator) should be imported ~ it is 

impassible to acquire these in India. Thorough comparison of 

three .ersions of external mixing spark 1¢tion engines 

carried out on Ashok Leyliand engine in cooperation with the 

firm should be made. OD tb! basis of this eomparison 

optinum version should be chosen. 
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6· ro the course of mission dual fuel approach with single 

inj e::::tor v as developed e11d corresponding desi91 work carried 

out. The injector as applied to Escort tractor type diesel 

engine may be fabricated by K .:s Diesels at Rajk:ot. Then test 

should be carried out in cooperation with Escort firm. 

7. In the course of mission engineering method of choosing 

fuel injection system elemmts was developed. Experirrental 

comparative analysis of injection proeess with diesel fUel 

and methanol helped to recommend extent of increase in plunger c:.ross -

~edi'""rea , nozzle orifices area aid retraction volume of 

deliver valve (by 1.!1'2-l.91ftimes). 

Work should be continued to compare atomization with 

both the fa.els (l:>oth the fU.el injection systems) cmd ensure 

proper pimp lubrication system and durability of p.unp and 

nozzle. 

e. Direct injection version of Ricardo single cylinder 

research engine ca:mot be used for work OD the project. 

Therefore, it is reconrnendeds 

a) To carry out short tests with evaporated and injected 

methe11ol in spark ignition version of the en g:i.ne. Unfortunately 

results of these tests may not reveal best methaiol engine 

parameters as Ricardo firm supplied engine with compression 

ratio • 9, which is too low for methaiol application. 

b) To install on the bench AV-57 Kirloskar englne and to 

carry oat experiments as outlined above. 
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c) To take strong actions in order to get in short period 

properly desi~ed a11d optind.zed diesel versions of Rica.nio 

engine suit~le for methanol reseazch. 

9. Standard of diesel engine performcmce test and research 
IIP 

should be fUrther increased at YEngines Laboratory in the 

lines outlined above. c:ce-two year training of two-three 

Engines la.l:'oratory engineers in well established firm or 

laboratory may be of great use to achieve this aim. 

10· Number of engineers aid scientists working in the lines 

of diesel IEthaiol research should be j.ncreased to achieve 

best implementation of corresponding project ains before 

July 1986• 

11· It is necessary to improve successiveness in different 

international experts activities to the benefit of final 

project ai~· 
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~en::iix 1 

PRO~ME 

of work of U1'IDJ Expert A..S.Kba:chian on project DP/IND/82/001/ 
(IIP, Debra Dun. India). 

Period of assigrment: from 11 October 1984 to 10 April 19s5. 

1 • V1s1 -cs to Vienna Tee hnical Univers i tY' and ~VL, Graz to study 
the research "10rk in progress at 6orresponding laboratories 
anj to discuss problems pertaining to the flll.filment of the 
project. 

2. Participation in workshop - "Perspective of alcohol fuel 
utilizar.ion in IC Engines" at IIP, Debradun. 

3. Study of research and development '\!Ork completed and in 
progress at IIP, Dehra.J.un, m-;wo expert's reports ir.clustve. 

4. Develo~ment of the progra~me of activity in cooperation with 
colleagues fr E IIP Engi:ies Laboratory. 

5. Analysis of engine cycles as applied to the fueling ~1th 
~iesel fuel and methanol. 

6. Theoretical analysis of the c~nge in engine parameters as 
a res 'J.l. t of diesel engm conversion into pure methanol 
engine wir.h external mixing a~ spark ignition. 

7. Designing of methanol evaporator for a;:> -lication to engine 
as in 6 above. 

8. Designing of engine parts necessary to convert a 6-cylind.er 
truck diesel engine to work on pure methar~l with external 
mixing arid spark ignition. 

9. Designing of engine parts necessary to convert Ricardo 
research engine into pure methan0l engine with SJ'Ntll pre
chamber and pilot methanol injection. 

10. Designing of injector to be fed. by two fuels. 
11. Comparative analysis of fuel injection arui atomization in 

case of diesel fuel and methanol. 

1 2. Redes ignine; of engine parts to fix ceramic inserts to faci-
11 ta te methanol ignition and comous r.ion. 

13. Visits to Indian Institutions ana fi".."~S to discuss and S'.)lve 
:J::':J':::ls-::-;~ ri:.levar. t to Lhe prograrr..e. 

14. Training of ~n~ine Labora~ory personnel through individual 
an:i group discussions relatej to the programne. 

15. ?reparation of the reports on expert's activities. 

UHDO Expert. A .s .KHATCHIAN. 

Ai:)proved by: Project Director, Dl".I.B.Gulati 
Project Coor~inator, S.Sin~ha+. 
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Appendix 2 

Utilization of methanol in diesel engines currently 
under production 

A.s. Xhatchian, 
Professor 
Moscow Automobile Maintenance and Highway Construction 
Technical University USSR * 

Proper ties of methanol differ to a great extent from those 

of diesel fuel Table-l (1) - (9). Considering mass composition 

cf the fuels one may observe lower quantity of carbon and 

higher content of oxygen in methanol. Due to this both calori

fic value per mass unit of fuel to burn mass unit of fuel and 

stoichianetric amount of air are considerably lower in case of 

alcohol fuel. Consequently calorific value of stoichiometric 

air fuel mixture is almost the sane in both the cases. (slightly 

lower for methanol as applied to conditions of external air fie 1 

mixture preparation and slightly highec for the sane fuel at 

internal mixing conditions). Therefore one may expect at 

least preservation of power output in case if p.i re rre thanol 

is being fed to diesel engine instead of diesel fuel. Greater 

amount of oxygen contained in the fuel is one of the reasons 

due to which sarbon and particul:te content are negligible in 

exhaust of pure methanol engines. 

Turning over to problems of fuel injection and atan±zation 

one should stress lower calorific value per unit volume 

viscosity, surface tension, and higher methanol canpressibility. 

*currently UNIDO Expert at IIP D.Dun,India 
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-l J?roper:ties of Methanol and Diesel PUels 

Parameters 

Mass fractions of : c 
H 
0 

Ratio of number of mols before and after 

Methanol 

0.375 
0.125 
o.s 

combustion for stoichiometric mixture 1.21 

Fraction of three-atom gases in stoichio-
metric canb.lstion products 0.35 

Density at 20°c kg/m3 

. Lower Calorific value in MJ /m3 
MJ I kg 

Calorific value of stoichiometric air
fuel mixture (P=l Bar, t=20°c) 

as ap'Dlied to internal mixing ~in 
kJ JM"3 
as] apolied to external mixing in 
k /Mj 

Stoic:hianetric air/fuel ratio in kgs 
of air/kg of fuel 
in kmols of air/kg of fuel 

Heat of evaporation ( l .013 bar) in kJ /kg 

Boiling point/range (l.013 bar), 0 c 

Vapour pressure (at 37.s0 c) in bars 

Octane nUllber 1 Research ne thod 
Motor method 

Cetane number 

Viscosity ( 20°c), CP 

Molecular weight 

Relative volumetric fuel 
consurnr>tion for the same heat input 

Electrical conductivity at 20°c, m-1 

Miscibility with : water 

hydrocarbon fuels 

Ignition temperature, K 

Flash temperature, K 

Inflamability limits, vol ~ 

791 

15780 
19.95 

3638 

3175 

6.55 
o. 2242 

1104 

64. 7 

0.37 

110 
92 

3 

o.6 

32 .04 

2.28 

good 

poor 

743 

28, 

6. 7-36 

Diesel 

o.a1 
0.13 

1.065 

0.26 

840 

35700 
42.S 

3461 

3475 

14.55 
0.496 

250 

170-360 

45-65 

3.3 

180-200 

1 

poor 

473 -495 

348 

1,58-8,2 

---------------------------------------------------------------
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To ensure the same heat supply volumetric quantity of fuel 

delivered per cycle should be 2.28 time1 greater in case of 

methanol. In case of sufficient capacity of fuel injection 

system this may be achieved by the increase in plunger active 

lift (delivery period). IA.le to this maximum injection pressure 

may be even higher for methanol injection in spite of greater 

fluid compressibility (lo). To overcome considerable increase 

in injection duration when rrethanol is.fed to diesel engine 

increase in plunger dianeter and velocity may be recorrrnended. 

Both the measures will be more effective in reducing injection 

period if they are accanpanied by decrease ih pump end volumes 

of the system and increase in nozzle orifices area. To choose 

main dimensions of fuel injection system for methanol application 

theory of similarity may be utilized (11). In case of methanol 

injection adjustment of retraction volume of delivery valve may 

be necessary. Also retardation of injection start with loa~ 

decrease may be benefitial to imp:r:ove ignition conditions at 

light loads. * Lowei: viscosity and surface tensicn tend to 

ensure finer atanization of methanol as compared to diesel 

' fuel. There are no reasons to expect con sider able changes in 

spray penetration in case 0£ methanol injectio::i. Specific 

heat of fuel vapour is lower and thermal conductivity of both 

liquid fuel and fuel vapour is higher with methanol. Much 

higher are saturation pressure and diffusivity. Due to the 

differences stressed aboe one may expect higher rates of 

heating, evaporation and airfuel mixture fomi-ation in case when 

* Problems of. lubrication, durability and safety are out of 
the scope of thie paper. 
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methanol is being injected into diesel combustion charnber. 

However much higher latent heat in case of methanol tends to 

hinder methanol evaporation, especially when rate of heat 

sup9ly fran the charge or combustion chamber walls is not 

sufficiently high. Applied to equal heat delivery with fuel, 

h tent beat is almost 10 times higher in case of methanol 

as ccrnpared to diesel fuel. Decrease of t~erature of 

stoichianetric air-alcohol fuel mixture due to heat of evapo

ration according to different investigators is equal to 122-200°c, 

whereas for conventional fuels it is of the order 17-30°c 

(12), (13), (14). In case of injection intocanbustion chanber, 

local deci::ease of charge temperature may be quite hi:;h and as 

evaporation rate depends on temperature conditions in fuel 

~rays this may affect rate of evaporation and air fuel mixtu.te 

foonation considerably. The effects discussed above may be res

ponsible for greater increase in ignition delay wtlen alcohol 

diesel fuel emulsion is being injected into cylinder as compared 

with partial substitution of diesel fuel by alcohol fumigation 

in induction system Fig-1 (2). 

The mes t important negative property of methanol is its low 

ceta.'1e number. According to different sources CN cf methanol 

is equal to 3-4. D: is felt however that standard cetane rating 

engines and corresponding methods of rating are not suited for 

alternative fuels with properties differing from thae of diesel 

fuels to a great extent. Due to considerable differences in 

properties of fuels at equal ignition delay am01ot of ignitable 

mixture formed cilrinq deli¥ may be quite different in case of 
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different alternative fuels. Therefore CN of alternative 

fuels determined by standard diesel fuel procedure is to a 

great extent conditional. It is necessary to look for a more 

universal method of assessing i;Jnitability of fuels widely 

differing from each other by properties. One of the promising 

approaches may be assessment of ignitability by amount of 

heat released dur.ing kinetic phase of heat release (15). 

Discussing ignition problems it is important to stress that 

methanol being resistant to self i~ition due to compression 

is rather easily ignited by hot surfaces. 

Regarding coriliustion and its effects on cycle parameters it 

is of interest to stress that coefficient of change in number 

of moles is considerably greater in case of methanol as 

compared to diesel fuel and this tends to ensure greater cycle 

work. Unfortunately fracti~n of three atom gases is also 

greater with alcohol fuels. As stressed above much greater is 

heat spent to evaporate fuel. To find out overall effect of 

the!:e cifference on cycle parameters calculations were perfonie d 

assu.'Tling Pa, Ta, E , ~, Pz, 0(. = idem. 

Here ; Pa, Ta-pressure and temperature of charge at the start 

of compression ; £, - ccmpression ratio . , 

exponent ; P z - maximum cycle pressure ; 0( 

11.,1 - compress ion 

- relative air 

fuel ratio. According to calculations efficiency of cycle in 

case of methanol is lower by 7.5~. Difference in mean cycle 

is less (4%) as calorific value of 1nethanol air mixture at 

conditions of internal mixture formation is higher than with 

diesel fuel. With diesel fuel maximum te"lperature of cycle 

is higher. 
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One sr,ot.i..ld take i::"lto account that differences in actual 

cyc~e parameters may not cc1ncide with the above findings 

cue to the effects inserted by· dissociation, cooling losses, 

actual air fuel ~ixtvrP. formation and canbustion processes. 

I~ is reas~nabl~ to expect that the above mentioned processes 

may be bett~r Dr~aaized in case of single canponcnt fuel-such 

as rr:et:hanol, t.b&n in case of multy component diesel fuels, 

~spt~i3lly at high load conditions. 

Properties of methanol discussed above where taken into account 

while develop!ng different methods to use it as diesel fuel

Fig-2. Here all methods are divided into two major groups. 

Only second group of the methods will be discussed below, 

namely methods of use of pure methanol or :nethanol with ignition 

improver. !n these methods either 100% of methanol is used 

or methanol constitute major portion of fuel. Also important 

common features of the methods is use of only one fuel feed 

system and one fuel tank. 

Conversion of diesel engine into spark ignition engine with 

externnl air fuel mixture formatioq; 

This method is best suited to open combustion chamber diesel 

engines. To irnpler..en t this method it is nece;ssar y : 

1. ~o decrease canpression ratio down to 10-13 depending 

oc engine size and speed by machining of bowl in piston. 

2 .• To remachine t1ead of cylinder in order to fix spark 

plugs instead of irjectors. 

3. 

4. 

To e.'lsnre fixing and driving of distributor instead of 

fuel pu~s. 

To design, fabricate and t._.alll fuel evaporator. 
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6. 

To install carburettor,fuel injection system or 

gas air mixer on induction system. 

To solve problems of engine starting, heating up and 

control with modified air fuel mixing and combustion 

systems. 

In application of this method e~erience gained while conver

ting diesel engines to operate on LPG or LNG may be utilized 

(16) (17). This is especially true in case when methanol 

is supplied into induction system after its evaporation Fig-3 

(18) • In any case complete evaporation of methanol before 

branching of induction system is essential as in diesel engines 

the la. tter is not designed to ensure uniform distribution of air 

fuel mixture containing liquid fuel film among engine cylinders. 

Optimization of air fuel mixture strength and ignition advance 

is essential to get best efficiency at all operating conditions. 

As engine can run on rather thin mixtures when fed by methanol 

it is possible to use quality control in rather wide load range 

and apply quantity control only in the range of loads close 

to idle conditions (18). More canplete and tirrely combustion 

in comparison with diesel engine ensures rather high efficieccy 

in spite of decrease in compression ratio, use of richer mixtures 

and throttling at light loads. Smokeless exhaust, low noise 

and low emission are advantages of methanol version of the engine 

as compared with base dieselE!'lgine. 

When engine is designed to drive electric generator or to be 

installed on tractors and load construction machinery, precision 

and all speed ~verning is essential. To meet requirem.nts 

of such a governing 9as air mixer with special type throttle 
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valve may be recommended Fig-4 (16) (17). Essential features 

of this design is splitting of mixture into two equal streams 

and directing these stre~s to two flat slotted throttles. 

To slotts may be shaped in such a way as to get linear 

relations between engine torque and speed at conditicns 

when governor controls amount of air fuel mixture supply 

to the engine.Axial force acting on throttle shaft is almost 

zero because of synmetric design and also torque developed 

as result of action of aerodynamic gas forces on throttle 

is negligible. Due to both conditions base diesel engine 

direct action mechanical governac may be used successfully 

to implement quantitative control. 

Use of methanol with ignition improver 

No changes in engine design are required to get best performance 

in this case. However with canmercially available ignition 

improvers amount of the improver to be added into diesel fuel 

to obtain necessary CN is quite high Fig-5 (2). In spite of 

considerable content of nitrogen in the additives no increase 

in NOx emission was observed. By proper choide of additive 

amount it is possible to avoid increase in ignition delay dura

tion and rate of pressure rise. There is however critical 

quantity of ignition improver below which a sharp increase of 

co and Oi emissio11 is observed (6) • Content of soot and 

particulate emission is negligible when methanol with ignition 

improver is used in diesel~engine. It is essential that ignition 

improve~ ensures the same rate of ignition delay increase with 

decrease in load as diesel fuel Fig-6. In case of faster increase 
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in ignition delay, operation of engine at light loads and idle 

conditions may be unstable. 

Decrease in quantity of additive necessary to ensure stable 

ignitioo may be obtained by retarding start of injection 

without fear of impermissible soot concentration in exhaust 

gases (15). Addition of ignition improver should not increase 

cost of fuel more than by 10-15 %. Still this target has not 

been achieved. Therefore development of sufficiently cheap and 

effective ignition improver is one of important directions of 

reasearch work to make utilization of methanol in diesel 

engines practical. 

Use of glow plug to ignite methanol injected into combustion 

chamber : 

The method may be applied to direct and indirect injection 

diesel engines. At IIP suceessful attempt has been made to 

apply this method to direct injection aingle cylinder 

Kirloskar engine (19). It turned out necessary to supplf 

at least o.18 Kw power to glow plug at all operating condit;.ons. 

Inc~ease of efficiency was recorded at high loads as compared 

to that of base diesel engine. At light loads efficiency 

suffered because of difficulty to ignite poor air fuel m!X.ure. 

Hence stability of consequent cycles was not sufficiently hig~. 

rn case of indirect injection eng1re s it is possible to 

switch-off glow plug at full load conditior.s. However well 

known low efficiency of indirect injection engines is the 

reason why this method will not find wi'1e use in practice. 

!!_se of hot surfaces to ignite methanol : 

This method was developed tn USSR by Dr. V.N. Svobodov (20/. 

Its principle is illustratea in Pig-7. Pilot injection of low 
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cetane number fuel is done into small pre-char:iber (3-7 % of 

cl:arance volume depending on engine size.). Major part 

of the same fuel is bein~ injected into main chamber located 

in piston bowl. Starting is made possible due to the use of 

glOW' plug installed in pre-chambe~. After short period of 

en·;ine operation throat of pre-chamber gets heated due to 

flow of com'blstion products at high velocity fran pre-cha11ber 

into main chamber. Glow plug may be swithced off soon after 

en~ine start. At all cunning conditions iq:Rition in pre-c.~~ber 

is accanplished by hot surface of throat. Ignition of major 

portion of fuel injected into piston bowl is ensured by hot 

combustiongas jets flowing from pre-chamber. It is essential 

to stress that all precautions are taken to the least 

disturbance of mode of air fuel mixture formation process in 

main chamber. This and small volume of pre-chamber are 

main reasons why efficiency is almost as high as that in 

base diesel engine fed by hiJh cetane number fuel. 

At IIT Madras modification of the rn~thod was suggested (21), 

(22). In this case electrical heating of the pre-challber 

wall is utilized. Whole fuel is injected through pre-chamber. 

fharge 3trat;fi~ation inside combustion chamber and spark ignition: 

'l'he best results in application of this method were obtained 

oc MAN diesel engines with so called PM-process Fig-8 (7), ( 14). 

In spite of hiqh compression ratio detonation does not occur 

as ignitable mixture is being formed first dlose to spark 

plug and after ignition-clos~ to flame front. Heat to 

evanc.i:ate m9i:hacol is partly taken from spark plug electrodes 

i'Hirl combustion che.mber waU s. For methanol medel of FM diesel 

en'.'.)~_ne sp:ir'k Flu') with three side e:le ct rodes was developed. 
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It nade possible to fix spark plug in conventional way, that 

is, by threads. It turned out possible to decrease length of 

electrodes by 10 mm as ccrnpared with base FM-MAN engine fed 

by diesel fuel. Shorter electrodes have lower temperature 

and are more durable • 

As may be seen in Fig-9 and 10 power output, efficiency and 

smoke emission are quite favourable in case of FM-rEt:hanol 

diesel engine. 1984 Kalifornian diesel engine emission 

standard can be satisfied with the use of catalyst, durability 

of the latter being not affected by the content of soot, 

sulfur and lead in exhaust gases (7), (14). 

Conclusions 

First and last of the IB:hods considered above seem to be 

most practical at the current stage. Use of ignition .improver 

needs development Qf sufficiently cheap and effective additives. 

Practicality of two . other methods is not yet cl(ar. 

Hore research and development work is needed to find out if 

these methods may comp ete with those recomnended. In appli

cation of the methods in which heated surfaces are used to 

ignite methanol it is necessary to avoid high consurription of 

electrical energy. 
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Appendix 3 

Modern 'trsmdS in diesel engine develoment 

1. Tendencies ot development o! truck and car diesel eil81nes 

established in 70-S, according to prognosis, would contiillle in 

ao-s. !he main priorities are: to eave fuel and metal, to 

decrease emission and noise Vi th accompanying increase in 

durabili t;y and reliabili t;y. !hough the directiollS of parameters 

improvement seem to contradict each other new acienti!ic and 

technical ideas proved tb&t it would be possible to Brr! ve to 

reasonable compromises giVing definite priorities to different 

parameters in perticuJ.ar cases depend.lll8 on areas of applica

tion and service conditions. 

'11 these trends accompany COilSiderable increase in ncmber 

and share of diesel engines produced. Total nurber of diesel 

engines produced annaall y in the world is approaching 10 million 

and in USSR to 1 million, which consti tu.tea abou.t 1~ of world 

production. Bumber 0£ aodels increaseJcomiderably especially 

those designed for cara. In 70-S Dllllber of car diesel engine 

models proda.ced in Europe increased from ' to 17. In Japan 

4 .til'llS are producing car diesel engines. In US! firat car 

diesel ell81ne was introduced by GMC in 19TI. USSR is about 

to join diesel car market w1 th Lada diesel car. The Sati.e 

"tendency is '98lid tor Imia. 

· 2. Quali 'tative develoiaenta is nen more ?emal'itable than 1hat 

ot quantitative ones. fbere are ee-verr.l reasons tor thie. 

~irat ia the ef.tect ot energy crisis alld enor.n;.ous increase in 

oil prices in 70-s. Due to 'these tactora d.eveloped ~untriea 

aanaged to decrease oil conaiaption COll8iden.bl7,, In 1982-63 

oil coneumption was reduced b;y 20~ as compared to 1979. 
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US reduced its consumption from about 925 million tonnes/ 

7•r in 1979 to 750 million toimes in 1983 and is expected to 

reduce turther bJ another 100 aillion tonnes/year b7 the 

19ar 2000. Amor&a o'\her measures the redu.ction in oil covisumtion. 

In US was cme to reduction in car aizes. US has 100 million 

cars and gasoline accounts ror about 50~ of tatal petroleum 

consumption. !he number of 4-cylinder cars has increased 

from 10~ to about 50~. SecoJld reason was emoke,noiee,emiseion 

regulations introdaced in man7 cou.ntriea. After fev years 

of liberalization of 'thP.se regulations because of energy 

rises durillg last few years there is considerable stringenting 

of the regulatioilS especially in USA and Japan. In table-1 

passe~r car diesel emission requ.irements are presented for 

USA • 

.Pederal, g/mile 

articulate 

1978 1,5 15 2 0,41 9 1,5 
1980 0,41 7 2 - 0,41 9 1,5< 2) 

1984 0.41 3,4 1,5<~.> 0.6< 1> 0,41 7 1,9(2> o.E 
1985 0,41 3,4 1,0 0.6< 1><5) 0,41 7 1,0<2) 0,4 

(1) All altitade requ.iremP-nt (2) 100000 mile N°x dux2bili ty 

requirement (3) Particulate standard of 0,2g/mile delayed !or 

or innowti ve 

BOx waiver from 1,5 g/mile given for diesel 

technolog. 

fhe third reason is expanaion in the aucceasfal. use of 

computers in 'the field of diesel engjz>e development. Ae 

EllBels Jl'lt it - necessity is aore helptul in develoi:aen't o! 

science t~n dozen o! universities. So there was necessity a.Ild 
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this helped to advance science. 

Two examples of auccees!ul use of computer modeling may be 

au.!ficient to prove stated above. Use of finite element or 

finite differences methods in modeling of temperetu.re,de!or-

mation and stress :fields calculations in many diesel engl..nes 

models eJJSured decrease in engine mass o.pto as high as ~~ 

without any sacrifice in strength and reliability. The same 

methods helped to increase specific power ou.t put of truck 

diesel engines by upto 80-100~ with considerable decrease in 

specific eD61ne mass aLd ensuring high dumbili ty and% reliability. 

Sewond area o! successful. use of computer modeling With respect 

to piston engines is that of gas and fUel now modeling. 

Development of P.xpert~ental .tacili ties at least kept alolJ€ if 

not overspeeded development of computer modeling. Due to develoir 

ment of sophisticated instrumentation, data processing systems 

and engine test automation not only ellgine testing has been 
to 

l t ~ -v-:: acce era ed and ma1.1.e more precise but t11ere came life areas 0£ 

experimentation which hardly were explored before.. As an example! 

studies ot turbulence in diesel ell8ine combustion chambers ma7 

be mentioned. These studies help in epJilistication of inlet 

port and combution chamber desi gna to improve e!!icienc7 and 

antimnoke abili~7. 

A.tter these general comments l1;t ue con.eider aome important 
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directions o:f tru.ck and car dieeel elli;ine development. 

1. To.rbochar.ging and combined supercharging may be considered 

as mein direction of diesel engine development. It properly 

applied they eave tu.el and metal. UD:fortanately this main 

direction of tru.ck,tractor and car diesel eI181ne develo!lilent 

is not yet o.tiliz.ed in India. Du.ring number o! years there waa 

some unvil.lingness to use to.rbocharging in vast scale in the 

Soviet Union too. This was true only in truck, tractor and car 

diesel engines as in marine and railway service supercharging 

is being used !or decades. During last 7-8 years u.se o:f super

charged models in truck and tractor diesels has increaaed to a 

very great extent. Nov in many cases new base models are 

supercharged ones. This applies for instance to new f8T'1ilies 

of tractor and truck diesel engines developed and .pu.t into 

production in Kharkov and Yaroslav diesel e.agine factories. 

Sometime engineers and scientists in India argue that super-

charging is not perspective in this country because of specific 

road, traffic and maintenance conditions and hence much smaller 

power of truck diesel e:cgi12es •s compared to developed countries. 

In my opinion this is not correct as with e!!icient small 

size turbocbarge~s available number of small size supercharged 

diesel e:cgines are under production in the world which have 

ef'fi~i~ncy better than that of InUian make truck diesel engines 
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by atleast 15-20~. Hence su.percharging and other modifications 

may be used to 11av-e foreign. exchange. Accord.ill6 to different 

eou.rces from 40 to 70~ or foreign exchange in this country is 

spend to import oil and diesel engines are one of major consumers 

of the same. Advantages of su.percbarging are well known. 

Therefore let u.s consider some difficulties in application of 

su.percharging to the engines operati~ in Wide load and speed 

ranges. In Fig.1 points of tr~ck diesel engine operation are 

plotted on compressor performance map. It is clear that wider 

is the operating range of an engine the greater compressor 

efficiency may deviate from the maximum value. The same is 

true as regards to turbine efficiency. With decrease iL engine 

speed su.percharging pressure drops considerably. If turbine 

ie designes in such a way as to ensure high supercharging 

pressure at low engine speeds than with wide speed range 

operation exhaust work may get too high at high speed range 

and hence efficiency and power output may sutfer considerably 

at ccrresponding conditions. Also smoke density Will be 

very high at the same conch tions. To overcOJr.e negative 

coDSequences following from difficulties in matching engine 

and tlll'bocharger performances there are many vaya. First and 

most promising vay is to obtain compressor and turbine 

performances Which can be better matched to diesel engine 

O}>f'.ret!ng condi ~ioIJa. Also engi.ne deelga may be matched to 
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turbocharger performance. IL fig.2 fu.el cyclic delive~y 

corrector is shown which decreases maximum !Uel deli very when 

engine speed gets lower than maximum torque speed. Fig. 3 shows 

how this effect is obtained. Thie type of tiiagram type actaator 

help to avoid excessive smoke at low speed range. Fig.4 shows 

combined effect of two correctors which help to get high torque 

back up and to avoid deterioration of process at low speed 

range. 

Combined turbo and resonance supercharging may also solve the 

problem. Sclleme of the system is shown in Fig.5. In Fig.6 

volumetric efficiency and pumping losses are plotted against 

engine speed. Sacrifice in pumping losses at resonance speed 

is small as compared to the effect of better air chargi:ng of 

the engine at low speed range. Decrease in volumetric efficiency 

at high speed range is benefi tial ea superc.barging pressure is 

high at 'these opera tillg conditions. This helps to keep maximum 

combustion pressure at all t.he speeds almost. the same. 

In case of conventional superchargill8 systems increase in 

maximum CJ'Cle pres sure limits engine boostillg tor a given 

engine at:ra.ctare. i1ig. 7 shows impro":'ed matching of turbocharger 

and eDgi.Jle in case o! combined supercharging. In ease o! .1.ow 

boosting impulse type a11percbarg1Jl8 system may help to obtain 

better engine performance due to more e!!icient use of pulse 

energy at low speeds. 
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Considerable at ~ention is no'tl paid to £ompre.x eiipercharging aystem 

(.Fig.a) as in many respects it may be more efficient than conve&

tional system {Fig.9 and 10). 

Two stage supercharging and HJPerbar syatellS are stlll.coDSidered 

to be too expensive and complicated !or the use on truck and car 

engines. To impro"le transient response o! the engine several designs 

were suggested (.Fig.11 and 12). Also Cowp.rex system ensures good 

transient response (Fig.13). 

Duri:ng last few years it has been proved that in case of high 

boosting diesel engine,speed derating is benefitial. In our 

experiments on av truck diesel engine designed to develop 

500 h.p. at n = 2200 r.p.m. ( D/S • 140 /140) derating down 

to 1800 r.p.m. made it possible the increase of efficiency 

by 5-7~ at full load condi tiona. Also maximum piston tempers-
Q/e <.r eased s"h st eu1t i.a 1. ly. I mp rove a' -t ur6o ~1.ar 9e. r , 

tu:rer°and engine matching conditions enabled to obtain torque 

back up equal to 3~. Minimum :fuel consumption at fllll load 

was equal to 152 gms/h. p. hr. which corresponds to brake efficiency 

41~. It is worth noting that air to air intercooler has been 

iised in this case as in allllost all the modern supercharged engines. 

Use of' air to air int.ercoolers is ju.sti!ied in eu.percharged 

engines evt:n when ti'1percbarging pressiire is rather low { 1. 5 bare 

and more). Intercooling ensures decrease in engine ~rts thermal 

loadiD.8, decrease in emission and efficiency improvement at a 

g1 ven engine rat iDg. 

Almost in all car diesel engir,es waste gate systems are 

bein& used to meet requirements o:t Wide speed range operation. 

' 
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Supercharged engines are provided by rather wide simple 

shape cooi)ustion chambers• It has been & hown by our experiments 

that diameter of comblstion chamer may play decisive IX>l.e in 

limi~ng specific !X*er outpit of engine. In case of small 

diameter combustion chant>ers located in piston thermal loading 

of cylinder heai as well ~ that of piston may be too high. 

2. In case of unsupercharged diesel engines choice of the 

combustion chani>er sh ape aid domenstous may affect diesel 

engine speed ratin 9, efficiency, levels of particuJ. ate Clld 

other hazamous COfli:Onents emission. Al.so rate of pressure 

rise and diesel engine bo!se emission depend on the tyi:ie of 

combustion ch aniJer to a great extent. 

A&:comiJlg to expe.d.ence gathered so far one of the m:>st 

benefi..:ial conblstion chanbers suggested so far 1.s that of 

Doitz diesel engine. In fig. 14 md 15 corresponding m::>de of 

air fUel mixing is illustrated. Only two nozzle h=>les are 

used and high sword intensJ.ty is obtained due to t!le usP. of 

effective helical inlet port. .According to our easurements 

chargt! 9elocity in collblstion challber may rea::h 60 ""/s. 

Inspite of ratl'2r low voluaetr.l.c efficiency md high deed 

volumes of eoml::ustion chant>er brake efficiency and mean pre!5sures 

are at least not worse than tt:ose in Daimler-Benz (0-B) 

cylindrical. coatiustion chanf:)er,. which has considerably higher 

value of coablstion ch~r to .:ylinder diameters rat.ic md 

hi <:J-r volumetric efficiency. .lit the sue time, softer 

combustion aad lower noiee eml.ss.:.'.on is obtained with Deitz 
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coai:Justion chant>er a5 compared to D-B conbu.stion chamber. 

Starting ability of Doitz diesel engines is better than that 

of MAN engines. Unfortunately even medium supe.tt:harg::f.ng in 

case of Doi'\:"t coabustion chamber is accoa;>ariied by unadmissible 

level of cylinder head thermal loaiing. Great efforts are 

being ma:ie now-a,....days to aeet sut:>ke aid emission liinitation by 

special corri:Justion chaui::>er desigi (Fig. 16, 17, 18 & 19). Number 

of combustion chani:>ers shown are impractical as regards to 

p.tt>duction aid local overheating. some of them may found use. 

'r}lis is the case w1.ti1 comb.lstion chamber s}'X)wn in Fi g.19 which 

ensures high local turbulence in prewall region alld thus 

shortens after buming ini:reases efficiency, decreases sm::>ke 

density. Also efficient engine operation in wider speed ra.JJge 

is maie possible as compared to conventional cap shape combustion 

challber. In general, while desiqiing conbustion chaut>er, it is 

necessary to decrease dead volunes as mch as JX>Ss1ble. Small 

overlap i;::ieriod helpS to achieve this aim. 

3 • Great attention is being paid tQ optimising of injection 

process. It v as shown in our experiments that increase in 

injection pres sure Cl1d injection duration shclrtenin g is 

beneficial only in case if it is not a::compcriied by substantial 

increase ill aJZDunt of fUel supPlied with decreasing rate. 

Conditions of ai.r fuel lld.xing and c:olllbostion for 1\lel portions 

supplied after i~ition with decreasing rate were found to be 

1111favourai:>J.e. Thia may be aeem f.rora !'19.20 md 21. Special 

de•i~ of injtsetor shown in Pig.22 helps to increase the 
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pressure of nozzle closing and thus shortens final injection 

stage. Here h < z aid high pressure built in space 5 by the time 

spilling starts helps to increase needle closing pressure. To 

o~iad.se injection p~ess controlled hydraulic loa:iing of the 

needle may be used. We developed injection system which ma:!e 

it possible to chaige injection pressure a11d srorten illj ection 

process to a considerable extent on running engi.De. Siml.lar 

effect was employed :by CAV England Fig.22a. ~cording to 

experiments carried out for ea:h particular engine there are 

optiaun values of 1nject1Clll pressure e11d duration. Dl our 

wvestigations it has been found p:>ssible to decreas~ sncke 

density :by several times cod increase ef fJ.ciency by 4-6% at 

r&ed conditions of supei:charged diesel 1mgine while keeping 

aaici111111 cycle presaure ur:.chmged by the increase in injection 

pressure. N:. low engine aid EVill speeds increase in injection 

pressure did not brln g about improvement in efficiency aid 

smo1tt! density. Henee, flexible control of illj ection process 

aid timing for truck -1d car diesel engines may be of 

importalce especially in case of stringent pollution limitations. 

'.rhe latter derBClld the md~s of inj ectinn precess md 

t.iming change with operating conditions which cannot be met 

bf convention al iDj ection aysteme. 

4. '!he::efore, electmnic control aM3. electronic injection 

are now considered to be viable solution of the problem of 

flexible c:ont10l of iDj ection timing md injection proc••• 

aa a vtt>le. ID F.ig.23 overall view of injection ;ump with 



- 101 -

electronic gove or is presented. Pig.2'4 illustrates block 

diagram of el~tronic cpvemor. With this kind of equipnent 

it is possible to take into account precisely not only 

partiailar en¢ne chara::teristics but also theI11lal conditions 

of engine operation, atmspherl.c conditions etc. 

Pig.25 sh>ws the sane kind of system 1n case of unit-

1Dj ectors which can easily ensure very high injection 

pressure. Qle of drClfbacks of unit-injectors is difficulty 

to control inj ectioi::i a:hrance with engine speed. Electronic 

~vemor and special desic;p of belies on plunger (Fig.26) 

ensure proper Q:>Dtrol of inj ectioD advance with speed. This 

is essential in car open type coni:>ustion chanber diesel engines. 

Great attention is attril::Juted to acCW1Ulator systems with 

electronic control. In Fig.27 design of electmnically 

controlled injector is shown developed in USSR. To ensure 

fast response el e:tJX>ma~et operates light valve. When it 

ope:is hydrml.ic fo~e is being de-feloped which opens nozzle. 

Therefore, injector is known aa electric-hydroulic type. Valve 

m:>tion is contD:>lled by mlcmprocessor. 

Microprocessor contml of injection process improves 

engine efficiency at some ope rating conditions upto S-7% , 

decreae;es emissicm, SDDke density cd al.so stresses a::::ting on 

engine parts. 

S· There is CQll&iderably increase in nu~er of diesel ::ars 

being sold in the market, especially in Italy, w. Germani aDd 

FraJlCe. By the year 1990 around 15" cars sold in the World 
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will be supplied by diesel engin~ 30% of these ancunt being 

open type coMbustion chamber diesel engines. In Fig.28,29 & 30 

types of op!n coabustion chant>ers sld injection system a.re 

illustrated. ~cording to Ricardo Co. analysis wall wetting 

type combustion chant>er is beneficial if one strives to achieve 

reasonable comp.r:omise between engine parameters such as 

efficiency, noise, eml.ssion, mechanical loading of engine parts, 

cost of fuel injection system, starting ability et= .. 

l.lpen type conblstion chamber car diesel ED gines ha:"e 

following aivantages as compared to engines with divided tyi;:e 

combustion chambers.1 

1) Lower fUel consumption- upto 10-2~ in city operation 

conditions. 

2) LoWer heat ,..ejection to cooling medium aid hence 

~ raiiator size faster vurm-up. 

3) Lower thermal loa:ilng. 

4) Setter supercharging ability. 

gis adv alt ages 

1) Lower specific power outpit Gild maxinum ton:iue 

(by 5-10%) due to difficulty to optimize injection 
S_E_ect c:L 

CEd swirl in wide engine' ra~9"-· 
,( NOx e"1.i.SSLon j,.s lowEf"',, 

2) LoWe r emi sslon rupto 50%}. 

3) Lower peak cylinder pressa.re and m gine noise 

(upto 10-2 O bars) • 

4) Lower :&el injection system cost. 

Jbwever, al11Dst all of these disadvaitages may be 

overcome by the proper use of nd.c.mprocessor contxol and 
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controlled supercharging. Pig.31 stresses imp:>rtance cf inlet 

duct desi gi in cases of car aid li gtE duty diesel mgine 

operating in rather wide speed range. Fig.32 illustrates one 

of the recent developments in the field of car diesel engine$

IVE co supercharged diesel engine(power outpit 68 KW at 

4200 RIM, maKinum torque 216 nm)with plastic head Clld gear 

drive covers. In addition to the use of plastic covers 

to decrease noise cylinder b loc.1<. is mcde in two parts 

separated by resilient gask~ts that damp high frequency 

vibrations. As may be seen from Fig.33 minlnum fuel 

conswnption obtained without fan, IIU.ffler e11d air filter is equal 

to 23 o gm/kw. hr, which corresp:>nds to about 385' brake 

efficiency. Increase in power outpit as compared to 

unsupercharged indirect injection version is 34% csid increase 

in efficiency-18"-'· Ford of Engl.and claims increase in p::Mer 

outpit by 1~, in maKinu.m torqu·e by 8°-' and in fuel 

consumption upto 24" in direct injection 2.5-L diesel engl.ne 

(m:>del :rso 425, power outpit 50 KW at 4000 rpn, maxiDUm torque 

143 nm, coapression ratio• 19) as compared to indirect 

injection version ( re11sit 2.36-L}· Reasons of imp.rovements 

obtained: lower heat losses to the cooling, higher mechanical 

efficiency '°o pumping losses durillg compression- expansion, 

lower compression ratio), use of ram effect by proper desic;c 

of inlet manifold, refined swirl port, 4. 5 mn low inertia 

needle. Lat noise emission is obtained by pi:oper l"'ibbing of 

cylinder block, expcmsion controlled pistons (reduction of 
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clearance to o.oos mn) selective assembly of pistons with 

four skirt sizes to match to the neasured cylinder bores. 

6· One of the nost impcrta11t directions of developrmmt 

which is considered by sone of specialists as revolution in 

the field of r..i.esel engine application is developrrent of 

compound engines incorporating aiiabatic diesel engine. First 

of all it is ne::essary to stress that diesel engine strictly 

speaking may not 'be a::liabatic. EvE if we imagine engine 

parts fabricated from materials with negligible specific heat 

aDd very low heat conductivity, temperature of parts surfa::e 

may not follow charge temperature aid £lane temperature at 

the same time. Nid, it is known that charge temperature is 

considerably lower than that of flame. If we asSJ.me surfa::e 

temperature to 'be equal to so called heat excha:ige average 

temperature of the charge, then integral. heat traisfer may be 
n. 

equal to zero, but instataoeous heat 

transfer will not be equal to zero. There will be heat loss 

by charge du::l.ng first pe.d.od of cod:Justioll-expansion and heat 

gain from the walls during the following part of expansion 

when heat utilization approaches to zei;o. Hence, even if 

one a:: hi eves integral he at trans£ er equal to zero, this will 

not exclude effect of heat traisfer on cycle effieiency. Also 

one should take into account decrease in volumetric ef fid. ency 

aid increase ill compression and exhaust work while considering 

effect of reduction in heat transfer on engl.ne para.meters. 

Results of DDdel in g do not coincide with experiment al resul ta 

due to the fa=t that while mcdelin9 investigators do not take 
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into account properly actual conditions of heat transfer and 

especially high radiC11t comp:ment of heat trC11sf er in diesel 

engines (instantC11eC1us share of radiant heat transfer may be 

as high as 0.7 -0.75). 

Above stated does not mean that utilization of wasted 

heat CSUlot bring about considerable improvenent in engine 

parameters. In. w. Germany ElCO developed diesel engines 

with restricted heat transfer and obtained high diesel engine 

efficiency {upto 43%) • 

While assessing this result one should taKe. into a=count that 

al.so decrease in friction losses was obtained in ElCO engines. 

Dec:redSe in heat losses with coolant creates conditions for 

efficient use of exhaist heat in power turbine. 

In fig.34 scheme of turboconq:ound engine is given. In 

cddition to turbine which drives compressor to supercharge 

diesel en91lle, power turbine coupled th.tt>U91 special drive 

with craik shaft J.s used to utilize part of heat taken illla!J 

by exhaust gases. ag.JS illustrates changes in beat bal.aice 

due to COIJliX)unding md be at traisfer restriction. 'lo restrict 

cooling losses ceraad.c parts ,ceramic coating or c:eramii: 

inserts may be used. These materials, sh:>uld have low heat 

conductiVity, low specific heat, low density, high 

stren¢h aid high temperature expansion coefficients. The 

1 atter is imp:>rtct to facilitate matching with metal parts 

with which they are to be oonbined (Piq.36). In this respect 

partially atatilized Zircon!a dioxide is considered as 

pers~tive ceramlc. It is claimed that this material also 
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possesses rather high stren~h sid temperature shock 

resiste11ce ability. Fig.37 illustrates Komatsu coolant heat 

restricted diesel engine. In this case it Vat' found necessary 

to cool piston to keep teq>erature of friction surf aces and 

that of lubricait at rez.sonable level. Due to high lubricating 

oil evaporation rate tickness of synthetic oil film decre~es 

considerably in case of high liner temperature (the latter 

being upto 40o•c) (fig.JS). l'irm however claims c:pod wear 

resistaice aid suffid.ently high reliability with proper 

choice of de:sicp,material s, technology of fabrication e11d oil. 

Practical decrease in a>olmt heat was 35%- Fig. 39. It has 
Jr~ 

been found that turtdne (O, 82) and drive ( O· 89 to o. 93---rratio 

30
1
6) efficiencies are of a great importaice in getting high 

efficiency of turl:>ocompound enc;lne• Fig. 40 shows performa11ce 

graphs of basic and compound engines. It may be obsened 

that brake efficiency of the order of 50% was obtained 

iD compound engine with restricted heat rejection. Considera

ble decrease in particul~e ead.ssion Qie to high temperature 

combustion was also recorded on eng:l.nes-Pig.41· 

Trade-off curves plotted in FJ.g.42 show that greater 

decrease in NOX Cl'ld rt: emission may be obt-3.ined in engine 

under consideration by retardation of injection start 'With 

amaller sacrifice in efficiency u compared with conventional. 

diesel engine. Also better rmlty-fuel ability may stress 

adv ct ages of diesel enc;lnes vi th i:estricted coolant losses. 

Pinal aim of development is abolishing of both cooling md 
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lubrication systems Cllld reaching braKe efficiency of the 

omer 55"· 

CUlllld.D/15 firm is very a:tive in the field. It is 

claimed that progranme is related to military appl.ication-

1'19.43. In conclusion, it is necessary to stress that after 

100 years of development the field of diesel engines is very 

dynaad.c aid a lot of impi:ovement may be expected in the 

years to come. 
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Flg.1 • Compressor and d.1 es el engine performance map 

n1 ••• Ilti. load performances of ~iesel engine at different 
englne speeds. 

nr1 ••• nT1:, compressor performances at 6.iff'erent turbocharger 
shaft speeds. 

1 - full load speed performance with uncJntrJlled su~ercha.rging 
2 - constant power o:.Itput perf:mnance with controlled 

supercharging. 

t;1G.- 2 Cyclic fuel delivery corrector actuated by pressu!"e 
of supercharging. 
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1- supercharging ;>::-ess:.ire 

?1g.4. Combined correction of 
cyclic delivery versus cam 
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Fig.10... Combustion chamber of first group. 

Fig.17. Com.bustion chamber of second gro'J;). 

HMMS fil 

Fig.18. Ccnbustton chamber o~ third grou~ Fig.19. Hino Motors combust1.on 
chambers. 
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characteristics for 4 injection systems. 

a - relations of f.lel injection rat& 
( .c q) and amount of fuel 1.nj ected 
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b - relation of linear injection ve
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Fir.25. Unit-injectors with the electronic governor 



Fig. 26. Pl~nger design ensuring 
injection advance with speed 
increase. 
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Fig. 27. Electric - hydraulic cont~ol 
nozzle. 
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F19. 33 
Performancl! and fuel 
consumption curves of 
lveco 1urbochar11ed 
diesel. showin11 gross 
ratings without fan. muf. 
lier. and air filter. Powl'r 
is 61! kW (91 hp) al 3800 
rpm. and peak torque 
21fi :-.:·m ( 159 lb·ft) at 2200. 
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FIG. 37HEAT IHSl.UITIOH OF ENGINE 
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WQrk done by the expert 

1. Visit to iJepartment for Inter:ial Combustion Engines and. 

Automotive Engineerillf, Technical University, Vienna, 
Austria to stiljY research activities in progress and. to 

discuss the problems relate~ to the project. 

2. Visit to AVL Graz, Austria to study research equi~ent 
being used and under production, research activities in 

progress and to discuss the problems related to the 

project. 
As one of the results of this '. isit~ the expert came to 

the conclcision that specification c£ Universal Single

Cylinder Experimen~l Engine with Dynemometer sholld be 

pre~ared by IIP and AVL should be ap~roached to fint out 
the cost of such a unit and perio:l required for the 

su;>ply. 
The engine stould be sup?lied with the parts necessary 
to sitnulate o;:>eration of Indian make truck and bus 

diesel engines a!'ld also t.c certc. in extent future requi
rements o! the country's transporr.ation system and 

agricilltilre. 
Results obr.ained on Eicard.o Single Cyltno.er :aesearch 

Engine tb:>ugh of interest; can not be used directly- to 
pre:iict pe:-formances of Indian make truck, bus and 
tractor diesel engines running on conventional diesel 
fuel and on methanol. Performing of all research and 

develo~ent work on multt-c1linder engines is too cost11. 
That is why aquirtng of suita.ble single cylinder research 

en~ine is essential. 

3. Stua.1 of t~e Pr:)ject doc.uments and technical reports 
prepared b1 the experts associate1 with the project 
(A. Kowalewicz, A. Cernej, P.Eyzat) and the report of 
Ad-hoc Expert Gr'Jup Meeting on MC1d.1ficat1on of Internal 
Combustion Engines for Utilization of Syntheti~ Fuels. 

4. Preparing presentation "Analysts of the methods to use 
pure methanol in diesel engines c:.lrrentlY' under product
ion". Text of the presentation has bee.:1 finalized in 

writin~. It may be attached to the final report. 
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5. Participation in works r.op "Perspective of 3.lc Jhol f:.iel 
utilisation in IC Engines" at :rP, Dehra Du!1. 

6. Study- of Engine Laboratory facilities ani researct wo:·k 

d:>ne and. i.n progress. 

7. Injividual and Gr~up discussi~ns on different aspects of 
fulfillment of the project aims with Engine Laboratory 

Scie:i-ctsts (Nr.Su:.hir Singhal, Project Co-or:iinator, 
Dr .E. P. Pun:iir, }·'. r .K .K .Gan:ihi, Mr .D .Kt.Ima:-, Mr •• L K .A iga 1, 

Mr. S .Dass, ?-~ r. S .K .Singhal). 

6. .:':'e;Jaring tra progrann:e of the expert's work on the 
project. 

9. Analysis of the results of canpar ative investigation of 

fuel i:1j ec tion and. atomization in case of diesel !':le l 

and mzthanol carrie~ out in Engine Laboratory prior to 
the ex;:>ert' s arrival. Development of the s:.ig;:::estions 
related to the future work in the airections s~ecifie~ 

ao-J~e. 

10. Analysis of the metheds to use me~hanol in dissel engines 
a::-ld. choice of tbe most promising practical metooJ.s te.king 
into accoun~ local conditions and. facilities. 

11. Development of the suggestions related to the conversion 
of truck and public bus diesel engines into external 

~ixtng spark ignition engines. 

12. Pre?aring tte lay-out schemes of Tata truck diesel engine 
c~-~~:e~ ~n:o externsl mixt~re for:r.ation sp5rk ig~ition 

engine. 

13. Choice of the types of methanol evaporators to be analyse~. 
Calculations of beat supply and evaporation rates for several 

types of evaporators. Choice of main dimensions and 
development of design lay-outs of two evaporator_. 
a) Swirl chamber type b) multi-t~be type. Strength analysis 
for the latter. ~be materi~ls developed were b~nded over to 
an en;ineer and a draughtsman to prepare detailed drawings 
und2r expert's supervision. 
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14. Preparation of li3t of equi910ent to be 9rocure1 to m~ke con.

version of diesel engine into pure methanol engine possible. 

The list was handed over t.o an engineer for taking necessary 

~-Ction. 

J'5. Development of the suggestions related to research acti'Vit.1es 

on Ricardo Single Cylinder En~ine test bench obtained by 

Engine Laboratory through D:'H DO in December 1984. Designing 

the engine parts necessa~y to investigate on the bench ~he 

method (process) suu:;esteci by Dr. V.l~.Svobodov for low cetane 

number fuels in case when diesel engine is fed by methanol ~ 

in progress. 

16. Development of tte sug;estions for jual f:..iel dies~l engine 

operation 

17. Development of the method to choose main dimensions of fuel 

inj ectton system in case of alternative t;uels based. on 

:heory of Similarity. Applicati::>n of the mettx:>d to find out 

necessarv changes in dimensions of fuel injectiJn system to 
use methanol tns~d of diesel fuel while kee;Jing injection 

pressure and duration the same in both the cases. 

1E. Choice of f'uel injection system elements to suit methanol 
injection requirements on the basis of experiments. Work 

is in progress to canpare fuel inj ectiJn process with 

di:sel fuel and methanol. 

19. C lculation of engine cycles with methanol and jiesel-

fuel. In case of metbanol~calculations ~ere performed for 

con::ii tions of internal ano external mixture form'.lla tiJh. 

:-,es~ ts 01' ~h~ calc·.ila :.ions r:.iade it. poss i tl~ t~ ass.::s:: effect 

of certain diffe::ences in fuel properties on cycle and hence 

engine parameters. Technical report has been prepared. on 

the basis of the calculations and corresponding analysis. 

It may be att::tcbed to the experts final report. l n addition 

to detailed technical recommendations whi~h are given in the 

written presentation at the workshop (to be published) and 

in tbe technical report mentioned above (more technical 

reports will be prepared by tbe end of the mission) it is 

necessary to stress several important 'om~nts concerning 
I\ 

implement.a ti on of the ;iroj ect : 
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1) Vast and detailed in:formation related LO the use of 

alcohol fuels in piston engines has beefi accumulated and 

analysed with high competence by the experts and IIP 

Scientists in the course of im?lementing the project. 

Attempts were made to inform Governnent Of India ani 

relevant scientific, in.:.ustrial ani eaucational orfanisa

tions abo~t world's activtties in the fiel~ of proiuction 

am application of alcohol fuels and different technical 

aspects of the use of alcohols in p~sto~ engines. Sp~ci-.;L 

publication under title ".Alcohol F'.lels Engine Applications" 

has been st~ted, which is Of a great use. 

It is however expert's conviction tha. t ~eater efforts 

should be made to CDme to :::.efinite :..iecisions at minis:.erial 

level r·egarding t)ers ;>ective of use of cethanol in India. 

In case corres~oming G.ecisions a~e taken, industry should 

be encouraged to start serious -""&D in tb= field concerned. 

A. t :.he same time the policy in obtaining m.: tha.nol at eco

nomical price and in sufficiently large quantity s~uld be 

finalized. 

Only on the basis of close co-operat~on with industry most 

of the technical problems concerning the use of methanol 

in diesel engines 1.n India may be solved successfully. 

ii) Some quite interesting research has be,n carried out 

at II P Engine Lao0rator1 on substitution of diesel fuel 

by met~nol. 
Tv::is , esearch w2s bo........-ever confined to small 1iesel e~gines 

whereas ma:ror part of :ii:-.sel fuel is consLlme:i. by tr..ic~ blls 

~nd tractor a.iesel engines. In expert's opinion gre,-;ter 

efforts s oould be made at ;:.he following stage of tte 

project implementation to aquire experience in utilization 

of methanol in above mentione4 engtnes. 

111) There are substantial d.1ffic:.ll.ties in aq11iring hardware 

necessary to carry out R&D on utilization of methanol in 

diesel engines. Tbis alongvith unwillingness of Indian diesel 

engine indust~'Y' (reasons given above) to co-operate in ful-

filment or certain part of project aims a e th.:: re'3.sons Wh:f 
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experience of international ex;>ert.5 an:i IIP Scien~1s ts ts 
not yet utilized in the best ;ioss ible 'W'2. y. 

iv) As the main aim or' the proJ ect is to help India in 

solving some economical problems l'elated fuel su;Jply, I 

think it would be proper if international experts do n:Jt 

limit thei~ actiVittes to only use of methanol in piston 

en;:_ines. There is substantial scope in improving ef::'iciency 

o~ truck, public bus, ~ractor type diesel engines. In some 

models efficiency mar be increased by 15-20% which will 

help to solve the ma.in aim or the project. Also activit-

ies aiming to intro~uce supercharged diesel er.gines into 

Inc.tan economy s ~uld be undertaken w:. th the ass ist:.nce of 

in~ernational experts. ~his will help n:JtOnly in deacreasing 

specific fuel cons;.nnpt on bu~ also to save other maeerials 

as well. 

- -~ .. ··- ·--- ------------
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leport oa recm1t• of COJll.P&retiye 
q79le calGJt]•tions with diesel, tp.ei 
pd aethanQl.. 

Baaed on the vo:rk done at Indian 
Iuti tu "te of Petroleaa, Dehradun b1 
UHIDO Expert Proteasor .A.S.Xmatchien 
from Moscow ~tomobile Maintenance 
and Highva1 Conatruction f ecbnical 
Uni Terai '\J\USSli) • 
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Beeulte of qcle cal~tione vith alcohol fUel• aa compared 
r 

to 'Ul08e w1 'Ul coaventio•l ftlel.a reported ao tar ill P8"81i ( 1), 

(2),(3) are coatradicto17. Difference• ill properties of ta.el• 

m:uier consideration ( 4 ) affect c7cle paraaetera in oppoaite 

va7a. Soae of '\b.e cli!ferencea, ••7 between aethool am diesel 

fv.el,tmd to be be11e!itial !or aethanol cJO].e,vhereaa the othen 

.. 1 4eter1orate the para~etera • 

.ls reported ill (4), one o! the practical aethoda to desiga. 

pa.re aetuaol eng111e i• b7 converting clieael engine into spam 

1p.i ti on extemal airta.re tol'll8tion engine. Prognosis of the 

change iJ1 ~i.Jle parameters as a result o! auch a conversion 

ia of interest. Ae a first approxi&ation this .a7 be done 

on t.he baaia of cycle calculations • 

.f.i•a ot atw 

1. f o find oa.t e:t!ecte on c7cle paraaetera of di!!erences in 

t.he properties of methanol and diesel tuel - such as: ratio of 

maber o:t aola prior,in the progreaa and at the end ot ccabua

tion; traction ot thre~om gases in the charge and hence 1 ta 

apeci!ic heat; evaporation heat. 

2. !o aeaeaa "the chaDge in d.ieael eJl8i'ne paraMtere ae a 

result o! ite conversion to spark-ignition external mixill8 

encine. 

CoUltiona ot Qe atudL 

Coaba.atioa is aaaaaecl to take place at coutant nluae and 

cona'tallt preen.re. Hax'•• 'ftl.Re ot cJCle preaev.re 1Jl all the 

•••• 1• equl to 85 iara. 

lA calcvlationa •rried oa.t c7linder dU.ter (D) and pi•ton 

•tr*e(S) are ••su.e4 to lte eqaal '\o 120aa. A1 heat. excb&11ge 

between charge and e:ag!De parts 1• not accounted torJ all 'the 
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osaclu.aions •de are w.lid tor an1 engine provided compression 

retios and air-tuel retios are the aae as 'Uloee taken in 

c.lcul.ations perfo1111ed. 

!he "t.ble 1 concli tiou of c1cle calculations are presenteds 

Desig-0 fa or ode of £ccountil:lg 
cX hel !u.el-airQ!or evapora-

nationO E 0 x 
8111.xing ~ti on heat. ot Q 0 0 0 0 c7clesO 

A 17 99'48,9 ,,, 0,03 1.6 Diesel Intel'll8l Io 

B • • • • • Ketbanol • Io 

c .. .. .. .. • • Yee 

]) 12 98120 '40 0.0424 1. 35 .. External Io 

In 'table 11 E - com.preasion :ratio, pa, fa - preasQ.l'e and 

temperature of charge at compression atart, Or- - ratio o! namber 

of aola (Ir) ot residual gaaea to naaber ot aols (I1)0! freah 

air ce!ficient. 

In 07clea A,B,C aean adiabatic exponent vaa taken to be eqaal 

In qcle ::D aean adiaba'\ic exponent vaa calcalated aa 
a c 

X,1,•l<-i ~ c 
I1a • 2 • vhere I 1 and IC 1 are 'Valuea of adiabatic 

io 1. Yr5. 

exponent at the start and at the end of compression. The same 

approach vae ued in calcalatilJ& aean adiabatic exponent !or 

e;ipanaion proeeu iJl ••• of all the 07cl.e1. 

C7Cle D vaa calculated on U8Ullption '\bilt air tu.el auto.re ia 

toned CXltaide the ~linder 8114 aethan.ol 1a evapoMted comple1iel7 

prior to :aixing vi th air due to heat eu.pplJ trom engine coOlJ.n& 

~a <*e't. While choo•iJlB wluee ot illput paraaeten tor CJcl.e » 
tnie~el.•tiODS between the parueters known tram theo17 ot 

internal combuaiion engillea (5) ,(6) vere taken into a ccow:it. 
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!he parameters vere chosen b7 1 terations to get aean pressure 

ot C7cle not leas than that in case o! cycle A. 

Set o! •1lllp1ified equation.s 11J1ed is g1 ven belov: 

Pi • C -ft- 2., ~;, -i- ( 1) where 
'f"' 

I 

Pi-iaean pressure of cycle, R.r -universal gas constant. equal to 

8.,14 J /Dol.K, &-lower calorific vala.e o! !uel, B1 s:: cl la 

in case o! 1nte!'ll8l mixing and li1 • o( lo + 1./.J1.f. 
tor external auing, Lo - stoichiometric amount o! air in 

mole required to b11rn 1kg of tuel, F J is molecular aasa of tu.el , 

? " -volwaetric etficienc7, f (. -c7cle e.tficienc1, Pk,Tlt -pressu.re 

and temperata.re o! charge at the engine inlet 

(2) 

{J) 

In equation ( 3 ) .t:i ! ia increase of charge tmperata.re during 

1'\a induction into c7linder, !J is ratio of apeci!ic heats ot 

residu.al gaaea and f:'eah charge. 

\I 1 _£?.!:._ ?: . _j_ 
<l ?. = c. -1. Pl< T,.. Zv {4) 

In equation (4) pr,Tr are pressure and t emperatu"!"e of residual 

gaaea at the end of exhaut stroke. 

p,.. Ve: = N,. Rr T;. (5) 
where Ve 11 clearance °T9l1D1e. 

T,. = Tc (Pr/ f 1;,) kf.o (6) 

In eqaa'\ion (6) Pb,!b a:re pressure and temperature of charge 

at '\he end of upauion, ~2b i• adiabatic exponent of charge at 

the tm4 ot expanaiOD. 

Pb= Pzl a K~'" (7) 

vbere ?) • c/p , y = V:/Vc , Vi is charge wlmae ai ihe end ot 
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Procedure o;t salcy.la'\imMl.. 

1. 

2. 

lumber of aole of airs 

Bair • PQ. -VQ. 1n case of internal ailing 
(1+ f,.) K3-f'iTc._ 

PQ. Vq in case of external 
r~ + ~1o11..or1Jf1+:t,.)?3f'f 7; •1 xing, 

lair • 

vheft Va is cbarge ~l&e at 'the start of compression 

la.el deliver, per cycle. 

lair 
o( lo 

3. liwaber of aols of residual gases 

Ir ai1'r-liair in case o! internal mixing 

Ir •Or (Iair • If) in case of ene?'Jl$l ai:Jl. zig,vhere 

•t.-;¥---

4. Bamber of aole of coabua'Uon produ.cte per 1lcg of fuel 

bu.mt ( o(,, 1 )~ 

lco2 • c/12, •H20 • B/2 1 D2 • 0,79c\Lo , 102-0,21~-1)10 
5. Mol tractions of coaponen.t~ in combu.stion produ.cts 

r1 • )(1 I ~,.. 1'1, Where z Ii • •2 
{: 1 ,.: ;{ 

6. Humber of mols of ex>mponents in residual gases 
Iir • 7.;,,. •r 

7. Iumber of aola of components 1n '\he charge prior to 

co.bua'Uon 

o r c " o r 
079

..,
1 lco2 • lco2 , IB20 • KH20 D2 ...- 112 + • aa r 

c r c 
102 • 1 02 ~, 21 lair, It.iii! • Gtc/}4t in caae o:t: external 

aixing it • O 1n case of in temal alliJI&. 
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s. !etal DWDber o! aols in "the charge prior to COlllbu.ation 

Be• 

Be• 

i.=S 
Z: Bi in case ot external llixillg 
i= i 
i='I 

;[.. ~ in case o! internal ai:xing. 
i::1. 

9. Mol tractions o! components 1n the charge prior 

to the start o! combustion. 
c CJ 

r1, •Bir Be 

10. Molar apeci!ic heat at the start o! compression 
Q £: s " c 

.f1Cv = ,f f1Cv" · rx ill case o! external mixing 
q i::'I Q c 

MC v = ~ l'1 C ,-, .. rz 1n case o! internal. mixing 
.I . 1.: J. .I ' 

11. usuaU.c: exponetrL.a\ ~a.tan d CE"l)lre•aion 

!</~ = 1 ~ K 3 1 't/J~· Czr
0 

12. Determining •esn adiabatic exponent ot compression 
c 

process x1. and Val11ea ot •Olar specific heat .11 Cv- and 
c 

adiabatic exponent X1 _at the end ot compressions bJ 
L=S c c. 

iterations. MC' = ~ MCV: · r. in case of external llixi..,,a J . V' L::t ./ . (, (, -0 

c ,::y ' c 

MC zr =: ~ ~ C '" · r' in ca ae ot internal llixing ./ . <-1./ , c 
K/ = t + t'3 1 'f / j1 c rr 

13. Preesiire and temperature o! charge at 'the end o! compression 
K'.t,,,, K:t,,_, -f 

fc = Pa E 'Tc ; Ta·€ 

14. Internal energ.y of charge at the end of compression 

Ve = /'11 Lv-c · t"c. · Nc 

15. Batto ot pressure riee during eonatant volwae coabuation 
~ = P~I Pc 

16. •u.aber ot aola ot cmponen't1 in the coa.ne ot coabuation 
N'c~, = N:O_, + (c/f.2) G1c X , NN~o = N;,o r (H/.i}"G/~ .X . , 
A/.JC - /II,. f Oitoil <>1c -C'1.ii "10 G.tc.X /Y~ = N,v. +t; r.3c(J,.·~.;c 1v01 - 1vo1 , " / ... , 

11//J(= N/c: _ N/ ..X in ca.se o{ i>ftern°'l 1?1i)(i111 

N/' = 0 /,, c~se o/ ;,,terna] >H;xinJ . 
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!otal munber of aols in the course of combu.ation ~= t ~-~.,4 +- 8.X. 
,: t. 

where j is equal 'to 5 or I{ depend.-in~ on mode of air tu.el mixing 
,. ,. r c 

A • /Vco.1 + No.t + o, i 1 o{ Lo G1c + /./Ni..+- of? ..9 r.( .(. 0 Gtc 1- A/ 
c 

B • -/i G.1c + 1- G./c - °' .! 1 /., o Gfc - Al/ 
18. To'\al muaber of mole at the end o! constant volume com.ba.stion. 

(9) 

!Vr 1 is found tor several ula.ea of fr ' assumed in 'the range 

of temperatu.:res in which Tal.ue o! rz, is expected ~;o coae 

true. 

19. JlractiOJlS Of fUel burnt at constant TOlwae .X11j a.re 

calculated by equation (8) aaswning Nx = Nz' and X = X 1"J. . 

2 1 l
1

' 

20. Mol b'actiOJ18 ot components 111 the charge r, = Nz I Ni! I 

tor each value of .Xv-1 is calcul.ated using ex,ressions 
x 2

1 

gi ftn above and a:ssum1 ng ~ = ~ aDd X = X ?Is . 

21. Molar specific heat of charge tor each ..Uue ot Xvi 
i' ( 1f! I ~· 

./" cv =r c zr'° . ri 
22. Interll8l. mera ot ebarge tor each ftl.ue ot Te' and 

corresponding Tal.ues ot N~ ' and ..X ?l:i 
i! I 

Ur' /Cr -t2 1 ·Ni!' 

23. l'ractiona ot tu.el bu.mt at the end ot constant volwae 

coaba.ation accordiJJg to energ7 'balmce equation tor each -

. Tal.ue ot 7'z 1 and corresponding Taluea ot /141 and X it 
.x Vz' - Uc L' iJ = /or c1cc2s "1 B D 

G1~·H'-' I ' 

XV. = U ~' - Uc: {oz. cJc t€ C . 
l G.1c ( H.u - a 1-/ u) 

Teapenture of charge at the md ot constant Tolwae 24. 

coabuation ie found graphicall7 b7 plotting relationa 

Yri =/(ti!) 



25. 

26. 

2'1. 

28. 

Equationa given above aa7 be alao aolwd b7 iterat.ion uain& 

computer programme. 
i!!. f 

Calculation of Nz?', Zlr' 1/ Cv 1 

using .X r and tz' found above. 

:lumber of aola of coaponenta at the end of combustion 

l1li ~ = /t.(· "" if x = :1 

Tot.al mm.bei- .of mole at 'the end of ccabuat.ion 
Iv. :: £ M~ z . i (, ':: 

Mol fractions of cC1Rponenta in final com.bust.ion products 

(aee 5 above) 

29. Ratio of llWlber of mole after and prior to comba.stion 

fl c = IV'2 I Ille 

30. Temperature of cm rge at the end of coabustion b7 eneray 

balance equation. '7 / ,., / ? 
3 1 

'-I ~ 1
1 

, J 
( 1-.x)Gfc ( lfq - (JH4) + ;°e Ver Ur_r = vra + 'Vi! & r•o; 

i.=.;. 

where fA'z::,£. t.lzc. Z,· la internal energy of 1lclol of 

coabuation products. Values ot Ua,· tor 

taken tram ~blee given in (~) and (6). 

components are 

•quaticm ( 10) ia beiq aolTed graphicall7 or by 1 t.erat.iona. 

Ae a result of the solution value of ~ is determined. 

,,. Volwae ot charge at the end ot coabuat.ion 

v, ~ Nl a'3 14' 'Ta I fl 
,2. Batio of vol.Yes d&lrillg CODBtant pressure comb~stion 

p: Vz. I Ve. 
i! 

''· Molar epecific heat. 111Cv at tbe end o! coabustion ~ ':4 J ' • 
f1 Cv = ~ JL1 c ~ · t, 

~ t=.1.. 

Values of JfC'Vi are taken flooa table giwn in (S) 

'4. Ldiabatic exponent at the atart ot expanaion 
If I ~ l(i. = :I+ ? 3 f'f /M Cv-
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,5. Det.erainillg aean adiabatic exponent o! exp8!l8ion prucess 
6 

/(1 ,,,, and values o! aolar specific h•at jVf C,,. and 
6 

adiabatic exponent K2 at the end of expanaion.. 
_?f{; = i~ .11c:, 'ti. . I k~b: 1 r J?J 1 'f //1 c:. 

36. Preeaure and temperature at t.b.e end of expansion 
Ph= Pz/·~Kl~ ' 7;, = ~/ J"K~..,-t 

YT. Wo~ done duriDg compression 
I ,P'" Ve (t _ 1 ) 

/,.., CO,..J:J = ~ ~ K 4.'"f - i. 
r Ku,, - :t "-

36. Work dane du.rill8 constant pressure combustion 

lf=-~11sd = fi! Vc (? - :f) 

40. 

Cycle et!icienc1 

1r.r=& 
L cy~ ~e. 

= G1c. H" 
Cal cal.a tions o! cycle paraaeters ill caae o! constant volwae 

and constant pressure combustion are aoat coaplicated as 

1 terationa are neceesary to find out paraaetera at the end o! 
In 

constant volume or constant pressure combustion. .____~ cases 

when aode o! heat release ia given in inpa:t. data calculations 

are simplified. 

l>iacp•io;s ot colcqla$1pu reanlte. 

In table 2 conditions and results of calcuJ.ationa are given. 

!he !ollowi11g obeenationa aem to be ot iaport.ances 

1. C7clic heat deliver1 With methanol in caae o! internal 

aixiZJg at ccmdi tions ou.tlined abo-.e ia greater beca11ae 

ot higher calorific val11e of 
air rue1 .Uture. 



!hia 18 one o.t 1ihe reaaona vh7aean preaao.re o! eye.le 

vi'\h aethanol 18 higher t.han vit.h diesel fuel by4.17~ 

if beat. o! eTapcration ie not taken into account. 

2. Greater increase in J1W1ber of ao.la due to aet.tianol 

coabustion a8 compared to diesel :fue1 combwst.ion a.tf'ecta 

c7cle paraaet.ers poai ti vel7. Due to greater value of J4 & ' 

aaxiaam combustion pressure is obtained in caae of 

aetbanol wi 'UL slightly lover beat inpu.t at constant TOluae 

conditions ill spite of greater three-ail:>• gases content. 

in t.he charge and hence higher Talues of speci!ic heat and 

lover Talue of temperature (compare data related to cycles 

A and Bin '\able -2). Increase 1n mmber of aols compensates 

great.er apecific beat ~ues. !here.tore the saae pressure 

is reached at lower temperature aDd hence lower t.he?Wll 

loading o.t engine parts. hoa gas equations written .tor 

the at.art and end o.t constant. 'TOluae combustion one gets 
rr - --r D~ . ...f_ . 
'r' - tc '7f;. flz' 

A.a .tor conditions of coapariaon Tc ~~ is 'the saae in 

case of both the ~. 

7; / aethnno1 • J1 i! 1 
diesel tuel 

Tz1 diesel fuel j'1Z' methanol 

Difference in 7'z 1 is about » {compare pa:zemetera o! cycle 

A and B in '\abl.e-2) 

'· At conditions o! eonstan~ preaaare coabu.st.ion greater increase 

in zmaber o.t aola due to aet.hanol combustion &8 compared to 

diesel fuel com.bust.ion ia not. !Ul.17 compenaatq great.er 

~ues of aolar apeci!ic heat. and great.er mimber ot 

aols { 9 increase 'by 2. 2~, vhereaa h•t input at. constant. 

preuure is greater b7 6. 7~). It is hoveTer clear tha i 



greater value of ~l helps in obtainin8 highe1 vork done 

at p •const in spite of lower temperature at '\he end of 

cow.bo.stion, Which again helps in decreasing thel'JIBl loading of 

engine parts. It is worth notiJJ.8 in comparing combwltion 

of diesel fuel and aetbanol that differences in~' affect 

cycle parameters to a greater extent tban differences in /1 r 
because during constant Toluae combustion differences in 

aolar specific heat values and in total nwnber of aols 

in case of both the :Cuels are Jet not as great 88 they get 

at conditions of collStant pressure combustion. That is why 

at conditions of Va const positive effect of greater ;i1r' 

prewils 88 compared to the effects of higher molar specific 

heat values and greater ll11m.ber o! aols. 

4. Ket ef!ect of change in zmmber of aols prevails upon two 

other effects coDSidered above and therefore when evaporation 

heat is not Uken into account ettic1enc1 of cfCl.e is slightly 

higher in caae of methanol coabustion (compare c7cJ.es A and 

B in table-2) Comparison of aean cycle pressure !or the 

aame cases aade above is al.so in favour of aethanol,but 

increase inf cycle is much greater than increase in f, cycle. 

It is worth notiDg that it heat exchange between charge and 

eJJg1:ae parts vae taken into account advantages of the methanol 

C7Cle vou.ld had been sulst.antially great.er. !his follows 

from the fact that 'temperature d~ expansion is considerably 

lover v1 th methanol as coapared 'to die a el tu.el. Difference in 

7; 1• eqaal to 1Y7° aDd in !b to 49~ Lover expansion ratio(o) 

in case of methanol cyale ie. tbe reaaon v.hy area ter '98lue 

o! pressure at '\he end of expaneion is obtained. 
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5. hvaporation o! methanol pl&JlS significant part in cycle para

aeters obtained by calculationa. Et!iciency and mean pressure 

of cycle are lowered by 7.ef, (compare data tor cycles B and C 

in table-2). It is therefore advisable to use aodes of air 

!nel aixing in which methanol is directed towards valls of 

combustion chamber. This will eIBble at least par~!al utili

sation of heat otherwise lost to cooling medium to heat 8Jld . 
evaporate aethanol. The observation aade 11Jl!J.y be one of the 

reasons why high eIJgine parameters were obtained on MAN engines 

vith aethBnoi injection and iM - process'\i). 

In case of heat exchange is taken into account decrease in 

cycle parameters due to evaporation will be slightly less. 

This may be expected from comparison of charge temperature 

duriDg expansion in cycles B and C (See table-2). 

6. In case of external fuel air mixture formation and complete 

ewporation of methanol in special ewporator (9) part of heat 

re~ected into cooling medium 11 utilised. This helps to get 

high c~le parameters. In spite of decree1e in COllpree6ion 
(from 17' tlow11. t'o fl a,,d' ,..ezarive a;,. f"'el rati.o 

fros 1.6. down to 1.35 efi"iciency of cycle is greater 

then in case of internal air !uel mixing by 1.6~ (oomp5t'- cycles 

C and D). Considerably ~over coapression volit due to lover 

compreeeion ratio and also due to lover adiabatic exponent 

help• to get high cycle paraaetera in caae of extenial. mixing. 

!hoQ8h charge temperature i• higher in caae ot l> cycle one •Y 

expecrt adaiaeible the~l loadii:ig of eilgine parts du.e to hoao

seneoa.a c011.but1on which ensll?'es lower radiant heat transfer. 

7. Mean pressure of cycle D is higher thazl in c7cle .A. approtiaatel7 

by 2S. ~his prows tbat aesessaent. of neceaaary excess of air 



for qcle D to get the same p cycle as in cycle A was 

eufficientl7 pretiae. ( d. • 1, '93 differs f.rom.cX • 1, 35 

b7 ~. hence inaCU1'8CJ' of the asseeSlllent is of the order of. 

1~ as p c7cle is proportioll8l to 1/ o(). The aain reaaom 

due to which excess of. air should be decreased in cycle D as 

compared to cycle A to get 'the same 11.ean pressure o:! cycle 

are: 

a) Decrease in efficiency due to decrease in compression ratio 

and necessity to use less lean mixture. 

b) Decrease in air charge supplied ~r cycle due t.o induction 

of. tuel "Tapour along With air and slight increase of induction 

eJ19tem resistance as a result of incorporation of vapourized 

fuel-air mixer into illd.uction system. Effect of. second factor 

ia greater 'than that of the first b7 45~. 

l'ollowiIJg aain conclusiou 11&7 be aade on the 'baaia o! ana119ia 

carried out: 

1. In case o! internal aixing and fUel e•poratiDg due to heat 

eupplied from the charge aetbanol cJCle ia inferio~ as compared to 

diesel tu.el cycle. E!f'icienc;y is lover by 7 ,54~ and mean pressure 

of cycle by 3,97~. 

2. In ease of internal aixing and tuel evaporation due to otherwise 

vaeted heat methanol cycle is euperior as compared to diet.el !uel 

cJC].e. Efficiency ia higber by o. 3~ and aean cycle preesure is 

higher b7 4, 17~. fheretore aodes o! air fuel :aixi~ in which 

aethanol ia directed to combustion ch£mbera walls should be 

pretered. I! heat loaees to cooliiig 11.ediam are ta.ten into account 
(first ,,,..J<.oft:°"'4~'lisorr) r 

inferio~ould .I Js~co11J """6'e. ,, .,. c"""fl~ 2..i so"'~ 
Y decrease and euperioritjYo! methanol cycle 
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vould inc-reaae a• charge t.emperat.uree in aet.hanol cycles are 

lover t.ban those in diesel tuel c,cle. 

3. In getting higher etficienc7 at lower charge temperature 

great.er increase in mimber ot aola due "to methanol ccabust.ion as 

compared to dieael tuel combustion pl.aya posi ti Te part. Increase in 

aean cycle pressure is higher t.han that. of ef'!iciency due io 

higher ~gri.1'1.c value of air tuel aixture in case of methanol 

when 1.nterDBl mixing is used. 

4. The tact that in reality at high load conditions efficiency 

of diesel engine ted by aetbanol is in aost. cases higher "than in 

base engine consWlliJ:l.g diesel tu.el even 1! tuel is atomized in 

combustion chamber Toluae (and hence is evaporated due t.o heat 

'taken troll c!Mlrge) vhen compared vi t.h results of cycles anal7aia 

(see above conclUBion 1) eeema t.o prove that air fuel formation and 

combustion proceseea. in case of methanol •Y be aore e!f icient 

than in caae of diesel fuel. 

5. One ot 'the proaieing vays to a.se pa.re aethanol in cliesel 

eJlgl.nes cu.rrentl7 ander prodll.ction is con"Yeraion o! the 1am.e into 

spalit ignition engines vith external air fUel aixture fofaation 

and evaporation of methanol in special evaporator utiliz~ part 

Of the heat re~ected into C0011Jl8 aediaa or With exhaast '8ses. 

CJC].e ot ea.ch an ell81ne ia aore efficient 1iba• 1ihat. of vi 1ih 

i:a:tenial Jlixing and !a.el napora'\ion d.ae to heat taken trom the 

charge ( c011pare c7clee l> and C) in epi '\e of lover •la.ea of 

compre .. 1011 ratio and excees of air. 

6. !o ge'\ aean c,-cle pres av.re in apalit igni '\ion enernal fuel 

air aixing ae'thanol en.gin• '\he eaae •• in baee cliesel engine it is 

au!.ticient to decrease exceas of air by 13-15~. !he main reasons 
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due to which exceaa of air should be decreased are decrease 

in etf icienc7 and in aaount of air charge inducted into cyli:nder 

per cycle, effect o! the latter bei~ greater. 

Experience so far gained in practice (i), (9) seems to be in 

conformity with the results of cy.cles analysis given above. 
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Appendix 6 

Reoort 

on results or bus1.Dess trip to Delhi, Bombay, Pune, Madras 
andertak.en by UNIDO Expert, £.3 .Khatc hian frcm 6th February 
1985 to 14th FebruarL 1985 C inc;J.usivel. 

Aims or tm trip as established after d1Sc'1ss1ons with project 
coorO.inator Mr. s.Singhal. 

1. To st~dy research work going on in the lines of the project ~P/ 
nm 1s2/001 • 

2. To try to establish some new links of cooperation with 
different institutes and t'irrns in the lin: s of tbe same 
project. 

3. To collect technical data and t.o find out possible wars 
of aquiring some hardware necessary to 1mplement aims of 
the project. 

lfs2rk done during the_K!p at Ill. Bombay 

1. Stady of research activities going on in the lines or 
the JNIDO Projectl 

a) Use of methanol-diesel fuel-higher alcohols blends 
in diesel engine with F6Z plasma coated parts. 

b) Measurements or press11re traces and name propagation 
rates after spark ignition of methanol vapour - a1.r 
mi:xtares having dU'ferent strengths tn constant volume 
apparatQS. Expert took part in planning or the both 
research activities. 

2. Discussions on possible ways or cooperation between IIT, 
Bombay and IIP, Debradrm in the lines of the UNIDO Project. First 
drat't or corresponding agreements was prepared by expert. 

3. Consideration of assembly and working drawings of s 1.ngle
c1ltnder research diesel engine an~ parts of the same engine 
alrea1y fabricated. 

As a result or this work expert came to conclusion that the 
engine designed at IIT, Bombay in manr respects 1s more adnnced 
thata.. the engines available on the world market - sue b as Ricardo 
and AVL engines. Therefore, 1t is advisable to llDdertake actions 
ror fabricating the engine •esigned at IIT Bombay. This engine 
may be ased tor research on application or alcotx>l fuels to Indian 
m9ke direct inJ action diesel engines. Un!ortttnl tely engine s 11p;>lied 
to IIP by Ricardo Co. 1s ~t s uttable ror this purpose. 

It 1s qaite WJderstaniable tbat the activity suggested may 
bener1 t not only current UNIDO project at IIP but also further 

efojects and in general diesel research activities tn India, wbich are 
of a great importance. Also hard currency may be saved. 
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4. Dell vering two lectures to IIT Sta.ff members am research 
scholars: 

a) Modern trends 1n diesel engine develoi;ment. 
b) Utilization of metbanol in diesel engines. 

Texts of both the lectlll'es will be given in exper'!s final report. 

5. Consulting staff members and research scoole.rs on methanol 
utilization in piston engines. 

Assembly dra,,.,ings of single cylinder research diesel engine 
and also ps~ plasma coated Kirloskar AV-1 diesel piston were 
brought by the expert on his return from visit to Bc:inbay. Taking 
into account that research activities at IIT Bombay in the lines 
of UNIDO Project are of a good standard it will be benefitial to 
sign an agreement about technical and scientific cooperation between 
two institutes. 

At ARAI_:and. Kirlosyr 011 Engin!!,_Ltd. B&D Centre 

"\. . Tisi ts to di.Aferent laboratories ani general revi~w of 
research activities going on at ARAI. 

2. Discussions on modern trends in automotive diesel engine 
activities in India with .lf.il d1rector and his two deputies. 

3. Study or the resul. ts of automotive diesel engine performance 
tests available at ARAI. Comparison of these results with toose 
available at IIP (see for inst.ance, ~es ults supplied by !IP 
Scientists to Ul'U:DO Expert A. Cernel) revealed very suostantial 
differences. Data available at A.Rj! are closer to reality. As a 
result or this canparison (and also taking into account further 
discussions at Asb:»k Leyland) expert came to following conclusions: 

a) Review of accuracy d measurements of diesel engine parazneters 
at IIP Engine Laboratory should be undertaken. 

b) Indian make diesel engine stan:iard performances stx>uld be made 
available to IIP Scientists. 
c) Conditions of diesel engine tests and accuracy of all measure
ments s bould be made strictly corresponding to the Indian 
standards. 
d) Any vorlt on Application or methanol to engines s bould start only 
after getting at IIP benches perrormancesof the base diesel engines 
clos• to tbe standard performances. 

3, Study or R&D work going on at Kirlos&ar 011 E~tl'ft.h:r,,_~,r~M~ially 
R&D aimed at tne increase of, charge temperature by res tr'!cii1l'l?~.~-'th1s 
may help to 1gn1 te metbaDol •n atesel engine. 
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5. Discussion of posstble ways of cJoperat1on between K1rloskar 
Oil Engine Ltd. and IIP on the lines of UNIDO Project vi th Surendza 
Chandorkar- Viee Prestdent (Engineering,R&D) am bis associates. 

,,,. 
As a result of these diecussion agreement bas been rech..---ed 

about tree of cost supply or AV-'57 coolant heat restricted diesel 
engine with canposite piston_ special designs or cylinder and 
head of cylinder which undergoes different field tests before 
marketing. Vice-President ~ Kirloskar Oil Ltd expressed interest 
tn results of metha.ool application research as applied t.o this 
hot rwming AV-57 diesel engine. On the reque~t_Qf~expert some of . 
drawings of two Kirloskar diesel engines a~tron piston asse"'-be.e5 
were brought to IIP by expert to save ti.me in supply. 

At IIT. Madras and Astx>k Leyland, Madras 

1. Study of research work going on at ITT Madras in the lines 
or alternative fuel ap0~tcatlon to piston engines. 

a) Use of adiabatic approach to fuel alcohols + diesel tuel) 
operating diesel engines. 

b) Use of hydrogen as diesel fuel substitute. 

c) Investigation of bot surface ignition as a meam to develop 
multi-fuel engines. 

d) Investigation: of spark ignition alcohol engines at different 
compressioi't ratios. . -

e) Application of methanol fl.IDigation ap~oach to supercharged 
engines. 

2. Discusstons with Prof. K.V.Gopalakrisbnan. Prof. P.Srtnivasa Rao 
on the possible ways ot day to iay cooperation in the lines of UNIDO 
project between IIP and IIT, Madras. 

3. Consulting research scholars at IIT Madras in the lines of 
alternative fuels a~plication to piston engines. 

4. Study o! the designs of comosite piston with nimonic insert 
and cylinder liner with air gap. 

5. Dicussions on the possible ways or cooperation between IIP 
and Asbol Leyland in the lines of ONIDO project with Mr.R.E.amalaisbnan 
(Exec11tive Director, Product Development & Quality) and Mr • .A..S.Subramania 
(Chier Engineer - Research). 
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As a result :if discussions it has been found out that the 
firm ts interested in R&D work on methtinol application to diesel 
engines, especially in the development of pure methanol engines. 
Suggestion of expert to convert Asb:>K Leyland diesel engine tnto 
pure metbaDOl external mi.Xing spark ignition engine was a~proved 
by Ashok Leyland representatives. ~hey expressed wi111ngness to 
cooperate in corresponding R&D. Also cooperation 1n field tr1~ls 
of dual fuel Asbok Leyland diesel engines may be possible on buses 
run in Madras. Details of the cooperation 'llla1 be worked out du.ring 
visit to IIP of Mr. A.S.Subramam.an. Al.So atandard performances 
of Ashok Leyland diesel engines were considerec during the meeting. 

M_fil'iIDO. Delhi: 

1. Discussions on project progress with ehtef Technical Field 
Adviser Dr. M.Kamal Hussein. 
2. Fixing the date of departure from d.utr-station on comple ting 
of the assigment, booking am getting tickets for return journey. 

3. Organizing the dispatch of exper1!s tmaccompanied baggage. 

one extra day has been spent in Nev Delhi because of non
availability of air ticket. 

As a result of business trip: 

1. Cooperation between IIP, Dehradun, !IT Bombay, IIT, Madras, 
K1rloskar Oil Engine Ltd and A.shok Leyland was discussed and agreed 
upon. 

2. Drawings of Kirloskar diesel engines and those or s 1ngle-cyl1Dder 
research diesel engine were aqu1red a:cd brought to IIP, which may be 
ot use ror 1mplementa t1on or project aims. 

3. Plasma coated and cast-tron machined Kirloskar diesel engine 
~tstons were aquired ana broufht to IIP for implementing the project 
aims. 

l+. Lectures and consl.ll ta tions were held in the lines of UNIDO project. 
5. Inf'ormat1on about ceramic 1ndastry and vap to get and use nimoaic 
aetal -.ras obtained ror the use 1.n taplementing or UNIDO project aims. 
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Expert is of opinion ttl:it the tour wo&ld ha• been 
even more usef ~l for implementing the UNIDO pr•Ject alms 
if it was undertaken earlier. Organizing the tour took 
more than two montbS which is too long a period by any 
stan.iard. 

Actions to be taken immediately to make the greatest use 
of the tour resuits. 

1. To send an engineer to Pune to get and dispatch Kirloskar 
AV-57 engine am also castings or cast-iron pistons to Dehradun. 

2. To draft and sign cooperation agreemen~ with IIT, Bombay, 
IIT, Madras, Kirloskar Oil Lt:i. and ~stx>k Leyland in tbe lines 
of UNIDJ Project. 

3. To approach Hindustan Aeronautic Ltd. Sunabeda, Koraput, 
Orissa and Gas Turbine Research Establistinent, Bangalore in order 
to get nimonic rods for tabricating piston taserts. 

4. To make decision and to find partners in fabricating single 
cylinder research engine designed at IIT, Banbay. 

A • S. Kha tc hian 
UNIDO Expert. 
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Report on develoiJD.ent of the engineerillg 
method based on t he theory of simil&ri ty 
for approximate choice o! main elements 
of fuel injection system to teed diesel 
engine by methanol instead of diesel fuel. 

Based on the work done at Indian Insti tu.te 
of Petroleum, Dehradun by UNIDO Expert Pro!. 
£.S.Khatchian from Moscow Automobile Mainte
nance and Highway Construction Technicel 
Uni verai ty (USS.R). 
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Introduction 

Methanol has calori!ic wlue per u.ni t volume 2. 25 times leas 

than that of diesel tu.el. Therefore to keep power ou.tput 

of 4iesel engine the same with both the fuels it is necessary 

to increase cyclic fuel delivery in volumetric units by 2.~5 

times provided efficiency is not changing due to conversion of 

diesel engine to be fueled by methanol instead of diesel fuel. 

In most of the publications 1 t is reported that methanol fueled 

diesel engine efficiency at high loads may be the same or slightly 

higher than that of base engine if necessary changes in design 

are made to ensure proper methanol ignition (1), (2). As increase 

in efficiency is small one should find way to substantial increase 

in cyclic deli very while using methanol in diesel engine. 

There is no much of in.fonnation as regards to optimum fuel 

injection characteristics in case when diesel engine runs on 

methanol. At the same time one way not anticipate neceasisy 

of increasing injection pressure and decreasing injection 

duration as compared to values obtained in diesel fuel injection 

(2). Therefore it is of interest to find out what changes in 

fuel ir.j ection sys ten: elemer~ts should be rr:s.de w~:en t·J.rr....:.~ over 

to methanol injection instead of diesel fuel injection to get 

necessary increase in cyclic fuel delivery and to keep injection 

pressure and duration the same as in base er..gine. These changes 

may be considered as extreme ones, as in reality one may expect 

that certain increase in duration of injection 

will not be too ha?1Il.ful. 

when changing over from diesel fuel to methanol at least in 

cases of pre-wall type air-fuel miking modes. 
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Aim of developnent 

To establish the engineering method to choose fuel injection 

system elements for methanol operation to get increase in cyclic 

fuel delivery by 2.25 (in volumetric units) ~hile keeping injection 

pressure and injection d\l.l"8tion the same as in diesel fuel 

injection. 

Develotmen,t of the ;.:etb,od 

In (3) theory of similarity was uaed successfUlly to find out 

necessary changes in fuel injection system eements while 

supercharging diesel engine or in case when fuel injection 

system elements are to be chosen for the new e.ngiu~ under 

development. In both the cases fuel properties were considered io b~ 

the same in base system and the system Ullder develo~ent.So 

findings given in ( 3) cannot be used directly in methanol appli

cation. However genel'Sl approal.!h used in ( 3) may be ~f use in 

achieving the aim set above. Boundry conditions at pump end of 

the fuel injection system rriay be given in the following fonn: 

- ~pl· Cpz = 611. o{ lvf 1te -1f-{)o If l/f;,-p,' +_/'.t.. -/.1..ff 0- f.t•' + 

- + /"' v . c "" (.1) 

}1,;, /,;,ff i/f;,-fa'v'+/.iep C,;, = 611.o<. V.(, 'J,;v + /t Ct 

6 n M dj~v ~/hp (fl'- P.1v.)-/,1't f.1,. - dh.1v (3) 

CJ -;· dhd,v b n_ 
"· v. ;;; :I -· (q) 

In equations (1) - (4): 

!pl fd.v., td.v.p ft are areas o!: pltmger cross aection,passage 

between delivery valve and its seat, delivery valve piston ~s 

section,passage in high pressure pipe)~t)0 is effecti vc area 0£ 

( 2.) 
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passages in plllllger and plunger barrel; Cpl Cd. v. Ct a re 

linear -velocities of : Plunger, delivery valve 7 fu.el at high 

pressure pipe inlet; 

YL is pump speed, r.p.m. 

cX is fuel compressibility; 

V p, V d. v are volumes o!: plunger chamber and deli very valve 

chamber ; 

Pp, P • ., , Pa.v. are pressures at: plunger chamber, fuel feed system, 

delivery valve chamber; 

<j is cam shaft rotation angle; 

f"d.v. is disc.barge coefficient of fuel flow through passage 

between delivery valve and its seat; 

,_fJ is !uel density; 

M is mass of moving parts of delive17 valve assembly; 

Pd~v.o.is delivery valve opening pressure; 

S ie st1tfness of deli very valve spring. 

If we assume that change in pressures with respect to caman~le 

and pump speed are the same for both 1he fuels than equation 

(1) aay be written in case of methanol as follows: 

/pl,., Cpl,,. = 6 n. cl.., Vp .. J;e f [/' f )0 .., '11:, (pp- p;.' +fl., ... j.t • .., , 
(;,.· ~ - P.1~ + /.!v.t,,, C.,;,,,,, 

Let us introduce the following 4esii;nationsa 
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SUbstitutin~ these expressions into (S} one ~ts 

f't,1 K,,.1 ~1 cf1 = K-. K v, 6"-o(11: ~~, ~ K:M1,,. I(~ 1c1fp. /J /p,..,- P"' .,' -t-

- .i r-i 

J:/.h-/b K./.Jf.-vf-1 .. f:/ (0-f.1v'+ K/.t.1' Kc,,... (.1.,.0 (qt,,, 

( l) and (7) will be the sarie if 
-i 

- ,( 
- "I 

J( ""'. I"" Ke. = f I 

K/~1 Kc,.1 

k/.tv~ k'c.;., 

k'.(111 kc,,,1 
=.: 

Equation (2) may be written 1n eue of methanol as follovsa 

/1~- /#f'.,, .. & ~1 -l,;.,'+/~vf_,., (&(,;,,. = 6_;id,.. ~"'"' af/"' +(t,..-Ct,.. {;) 

Let us introduce the follOY1nq desiqnatioos1 
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Taking into account (6) and (9) it is possible to represent -o..sg 
equation (8} as follows: ~-f.i1.ft1"' · k'.P n yip -pd. ' +/(.; k'. .. o/, ..r I 'I' v t d 11,0 C.J. v. 

x /dvp C.t.v: /(.fk'v.1v h "- o( //.fv Jcf"' f l<'/t kc, /t Ct . 

Equation (3) may be written in case of methanol as follows: 

6 n 11,. J ~~""' =/.1r.,.., (p,.-f .1.r.)-/J."'l'"'f .1v:. - cl,.,· h ./,,,,"' (ti) 

Let us introduce the following designations: 
~ . h 

k - t1wr · K = "' K - "'-r."" 
,.. - /1 ' d" $" I h J. 11" - h I. r 

(12.) 

Taking into account (6) and (12) one may rewrite 
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equation (ll) as follows& 

-K ,.,- K c,1... · 6 n. 111f :·,,. = K ./ v:I' /.1..,,. (f p - ~.,,_ v) - K .,-,,. /.1.,,. ?.tr.. -
. - - K,r K;,",,.. d. A,/ V" -· • 

Let us devide the last equation by !<'/"·tr.;> 

k11 · l<'c.,/r £ AA cl Cet v. / / D D _J I/ f) / · o ll r1 7 = a1.-.r;. (J~f'-1'a'.u;-t « ir:?; a 1F'.o 
K el Tfl Of <J' 

d. h6'tr -

Solutions of equations (3) and (13) will be the same if: 

Equation (4) for methanol may be written: 
c I = d h o/. ,,. "". 0 /17 

d 'Zi.,,,, ol g 
,Using (6) and (12) the last equation may be rewritten as follows: 

1/ C _ u dht11'.r 6 I\ CI, v · d r. - ~ hd. v C/q l"l 

Let us devide last equation by k' h,J v-

K cd. v Cot = olh,11,r 6n (ttt./ 
KL . 'V. c/c; 

nli'.r -:J 

solutions of equatiocsh(4) and (14) will be the sane if 
l<cc1,,,. _ i . C ti.v."" · '1.-r. _ i 
K1tJ.tr. -

/ 
Ct1.v. · hofv.,,,. -

Now it is possible to write down all the criterions obtained fran 

boundary conditions at pump end of the system: 
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Canpating and combining some of the criterions one may finally 

arrive to the followin~ set of criterions, which are convenient 

to use for the choice of fuel injection system parameters 

The last criterion is satisfied onl-f'~ase if motion of 

delivery valve with respect to time (cam angle) is the same for 

both the fuels. 

Linear velocity of fuel flow into high pressure fuel pipe may 

be given as (4) ; 

Ct" aj, [ fb - p. + !l w(?:) J 
Here: po is residual prassure in pipe,W(~) is reflected pressure 

wave magnitude at the manent, a is sonic velocity. As all pressure 

events ate taken to be the same for both the fuel injection 
1 

systems change in ct is detennined by a:J· In (S) the following 
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data is given for both the fuels (Table-1) 

Table-1 

• 0 I 
I luel I 

I 0 • 
t I • f ' I I I :Pa?Smeter Diesel,DZ I Methanol I 
I 
I ' • 

a, m/s I 1380 1180 ' . 
~t 

t 

9 9 t 

E, I ' 1,68.10 • 0,75.10 \ 

• 
W1 i. -9 -9 

c(1N ' 0,595.10 1, 333.10 
' • 
' 

In table 1 :E - modul of elasticity, ct-coefficient of compre

ssibility. Data on methanol need correction. Assuming sonic 

be properly measured one gets E = a2i =1180 2 ·790 

and dJ = 1/E = 0, 91.10-9 m
2

/H. This valu.e is 

velocity to 
9 :ti = 1,1 10 -

m2 
closer to the relationship ol.:f( p) given in ( 4), than value given 

in table-1. In case of truck engine diesel fuel it is more 
,.,,t 

correct to assume p = 840 kg/m3, a= 1250m/a~=0,762.10-g N 

Hence Ct in case of methanol is 1,126 times greater than 

in case of diesel fuel. To increase rate of fuel supply into 

high pressure pipe by 2.25 times ft shou.ld be increased by 

LJ~ 
1,126 = 2 times. 

Naturally rate of fuel supply by plUIJger shou.ld also be 

increased by 2.25 times. From the criterions it follows that 

volumes in pump and deli very valve chambers .are to be increased 

by 2.25 ciArJ. c 2•25. 0.762.10-9 
oc 0.910.10-9 c 

1,88 times. 

With delivery valve speed being the same for both the fuels 

the delivery valve piston cross section should be also increased 

by 2e 25 times. 
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Effective area of plUD.gerbarrel holes should be increased by 

2,25 ( -r-)0,5 s 2,18 times. The same is true for effective 

area of passage between delivery valve and its seat. .t..xtenta 

in which fd. v. p. and ffd. v. !d. v should change are close to each 

other. So there will be no much difficulties in satisfying 

both the conditions. Mass of delivery valve moving parts and 

stiff:ness of delivery valve spring should be increased by 2.25 

times to ensure the same events of delivery valve motion at 

conditions outlined. 

Boundary conditions at injector end of th~ fuel injection system 

may be given in the following form: 

I ~ fM ~) _JI__j I --ft-Ge = -6i'l c( V'!I· dg" -+y-/Ti~ r:P i/R~~fcil rfn c,, - ·- --(~f-

--6 n-tt' ;~" :: (fn-f~Jfrnl~fi,,j;)+/,,'A-£;~J {f6} 

-6 n-f!-= c~ --{t') 

-f( -{fi(;u ~1"/)'- (JD,n;---f•!IZ)+ -fJ cyl ------ (a) 
~ 11 • n. o 

I~ equatio~s (15) - (18): 

Ct , Cn are liner velocities of fuel now from high pressure 

pipe into iLjtctor and needle; 

Vinj is injector volume; 
I 

Pinj, Pcyl, Pinjo, Pinj are pressures; in injector,cylinder, 

at the start ot nozzle opening, in sac volume; 

Jn. o is discharge coefficients o! !uel .flow through nozzle 

orifices · 
J 

I 
tn, tn are areas of: cross section of needle gui/ding portion, 

needle at which fuel pressuze is acting when needle is at the 

seat; 
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{Jtf)inj is effective area of nozzle; 

Cn is needle velocity; 

M
1 

is mass of injector moving parts; 

is stiffness of injector spring; 

y is :needle lift. 

In the same maIIIler as above it is possible to arrive to 
~Vinj 

the followin~ criterions rr C' = idem-
+t t 

{jtfh.1ti OS : J.dem ; flrPJ.l1J -=idem 
1

' in. c'; ,.- j dem-- --
./ Ct · p · }Wn.a · (11.0 ft C.1; 
ft I ~I 

/lt en. . / o ~ . / . cl't _ , / 

1
,, -=.Laem --, /~ = .Laem / Y ---:z.ae111 -: 

Linear velocity uf fuel flow fro~ high pressure pipe into 

injector may be given as (4): 

Ct = 
1 

{Po-Pin +2F ( "t- ~ ) } , where I' is direct pressure 
8j> 

wave alld L is length of high pressure pipe. 

From this equation it is clear that to get injection process 

events the eame with both the !uels ;&... should be the same. Hence 
a 

the le:igth of pressure pipe should be decreased with methanol 

by 1,059 times. 

~1th ft.Ct greater by 2.~5 times in case of methanol effective 

areas of noszle and nozzle orifices should be increased by 2.18 

times. This follows from two first criterions obtained from 

boundary conditions at injector end of the system. To keep 
I motion of the needle the same with both the fuels !n,fn 

I C ( 

M , o should be increased by 2.25 times, whereas volume in 

injector is to be increased by 1.88 times.General coL.clusions 

followiDg from above analysis: To keep pressure and 12rts 
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movements ev~nte the same in case of methanol injection as compared 

to diesel fuel injection: 
I ( ( 

1. fpl. cpl, f d. v. p, M, 8'1 fr.., fn ,M , 5 should be increased by 2. 25 

times. 

2. (Jff)o, ~d. v.· fdv, 'Jff)inj, ]'In. o ·fn. c should be increased by 

2.18 timee. 

3. Vp,Vd.~.,Vinj should be increased by 1.88 times. 

4. ft should be increased by 2 times. 

5. L should be decreased by 1.06 time~. 

It is necessary however to stress that not all the changes 

outlined above are advisible to be implemented. Most important 

chaDges are: increase in :fpl • Cpl, and ]4n. o. fn. o ( and hence 

(Jif)inj). Instead of increase in fd.v.p., increase in delivery 

valve retraction volume may be adopted. After choice of these 

parameters for methanol application it is ad~isable to perfoni 

fuel injection process calcuJ.atione for different operating 

condi t.ions by computer programme outlined in (4) and then to correct 

choice of pal'9meters on the basis of compater simulation. Final 

check of viability of the choice of fUel injection system parameters 

should be done on the basis of experi~ents,durability te~ts 

inclusive. These last tests are of great importance as in case of 

methanol illjec+.ion forces acting on pump parts may 

increase ana wear resistance of the parts may decrease considerably. 

The latter may occur not only due to increase in forces acting b~t 

also as a result of the cha?18e in fuel parameters. To achieve 

necessary durability and reliability in case of methanol in~ection 

uae of special additives in fllel itself and in pump casing lubri

catiz:g oil seems to bt unavoidable. 1ngineering method outlined 



- 174 -

above Jl'Jly help to decrease time and expenditu.re on co~puter 

modelli?lE and on experiments by l'.l2rrowinb the limits of variation 

of main fuel injection system elements. 



- 175 -

Literatu~ 

1. Neitz A., Cbaela F. Pcaul ts of MAN-IM Diesel l:.ngir.ee 

Operating on straight alcohol fuels - 4th Int.Sump. 

on Alcohol Fuels Techn..C""Uaruja S.P.Brazil 1980, Paper 

B-56, PP 61,-618. 

2. Khatchian A.~. Use of ~lcohols in Diesel l:.ngines. Mag. 

DvigatelestroyeniY'=, LaniLc;rad, 1984, NS P:P30-34 

(In Russian). 

;. Khatchian J..5 .,Galgovskiy V • .h. ,Niki tin ~.:i:.. DeveloI1D.ent 

of working process of automobile diesel engines. 

Maehinostroyeniye, Moscow, 1976, 105P.(Publication 

in Ru.esian. Translation of the book in English is 

available at Indian IDStitute of Petroleu~, Deiu'Bdun, 

India). 

4. Aetakhov I. V., Trusov v .I. Khat chi an A.~., Golubkov 1.N. 

Injection and Atomization of fuel in diesel er.gines. 

Mashinostroye......-niye, Moscow, 1972, '57p. (In. RtAssiati.). 

5. Cernej Anton. Application of Alt€rnative Fu.els for 

Internal Combustion lngi.nes. Technical Report prepared 

for Goverm:ent of India by UNIOO. :Project DP/Ilill/82/ 

001. 1 Nov. 1984. 



- 116 -

Appendix 8.1 

W'°\RX PIAN l'OR A JOINT STUDY BY II P AND ASHOK LE'llAMD O• 
C~NV.£RSION OF AUJ-370 ENGlH& TO S~!U( IGNITED JC'?"riANOL L~GINK. 

1. Baee Bn9ine In!ltallation 

2. Bue ln91ne perf,,naaooe at 
c,,nat&at fuel delivery and 
c:,,n!"tant exces•• air pewr 
s~ 
··-- and Cjl&M~• •lli••i~• 
Ah ratio 
bb Temp. 
Willan 1 s Line - rricti.,~ lossea 

Action IIP 

Acti.,n IIP 

Cylinder Pressure Data - aay n.,t be necessary 

Di!lcu•si.,n with AL 

3. Desi~, Fabr1cat1-,n and 
Testin~ of &vaporator 

May, 15, 1985. 

(April,30, 1985). 

IIP deaiqned aet..'1anol eva~rator to be checked for 
applicati,,n t~ Leylandsngin~. 

Acti,,n - IIP 

If aecesa~ nev ,,ne to be Action - IIP 

designed. 

f abricatif)D Act1en - IIP 

TeatintW Action - rIP 

IIP data ,_,a heat transfer requirements of .-Yaporat,,r tn be 
aui,lplied to AL ft>r deaign a11d fabricatio'Ul 
of. a c~pact Unit. Jla.Y, 31, 1985. 

•. 19111 ti,,n ayatera. inc:ludinq 
spark pluga, 

Procuamant - Acti~ IIP 

AL t" Liu•.,a vi-th lltCO Bosch for Mlection ef equipment 
aPd getting qaotationa Milt te IXP 

5. Central B1'dY Fuel Injecti"n System or/dlld Ccrburett,,r. 

A• unaer ite. "· 
June, lC,1985. 

6. Pre•mre iagu.latf)r, hel puJIP9 etc. 
procureDll!t~ (Indigelll'lualy ,,r iJlport>- Aeci"A IIP • 

.JuDe. 30, 1985. 

7. a.,dificati,.,a ~f CyliDder Head f,,r 1natallat1""1 ,,f a;>&rk plu9• 
and pnusuz:a pic .. up. ILctJ.011 - U. (.Preasuxe Pic1'-up installation 
detail• to be ;>r~y.1ded by XIP). 
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a. ~ficati~n ~f piaton C.wity1 Action - AL 

CR t~ be 12 a 1 AL t" che<:lt f ~r •aki.n9 a c,,.pect cylinder-cal 
b~wl centrally l~cated Tia a Ti• •P&Dt plug. 

9. J.aaelllbly ~f pr~t,,type en;i• 

At IIP 

lily, 3 i. 1985. 

Actien - IIP with~'• c~~perati~n. -1\lly, 3 i. 1985. 

10. Perf..,13&Dc::e eTaluatinn ef 
~Qine at IIP. 

Pn,.r 
Sfc 
a.i••i~s 
Exhaust Temp. 
P-t hiat-,ry etc. 

.Acti~A - Joi~tly by 
.I.IP &Ad lAL Engl.Deer•. 

sept.lo, 1gas. 

11. Instulat~ ef the Tehicle and .l'ield Trius at 
Jaulru • :Deb radun. 

Action AL with Coope:..c.ti,,n fr.,a1 IIP. 

Deceraber, 1985. 

Optimized engine would aleo be subjected tn lubrication aD4 
war perf,,mance •• dlirabilitY tria.la. 
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Appendix 8.3 

On 1111tual ooopera\loa between II?. Baabay. II'l. Jhdraa 
and IIP Debra4\ID tor drnloplllg alc:)ml based t>l.aton IC Bnglnes. 

To flnd ftrloas .. thoda ot 11tlll•lD1 alcohol ln dluel 
enginea vb1cb •r belp lD dacreal1.ni oU t.aporta. 

w0a r.g bl sarrtld ggt s.t np R•brJ!dup 

1 • Coanra ton ot tr.ick dlµ,sel eng1ne 1nto a park lgnl. tlon 
extarnal •lxlng al.cob:>l engine. 

2. I>nelo~ent ot glow phg Tera ion or pan aetbaool engine. 

3. Inna•tptlon ot •all pre.cbaaber piare ••tbanol engi.De 
a• aqgea ted bf V .lil. BTObodoT. 

... lefts tlga t1on ot :11e"l enguie vl tb ceramic 1.Dlert a 
piston ataed to promote •ethanol 11!11 tion. 

~gpd,ltigna of CqqA'[ltlmt --
1. ill , .. Inatltat1om '° carrr 011' re.searob t.anded bf 

tbelr cwn ruocarcea. 

2. All the Insr.lt~t1on~ to exchange tecb."'ltcal rep0na oa 
tbe abo"Y• 1Jrna\lp \tons. Bach •ld.e cormanLca•• to 
o~ber• an aaa1,.1.a or \be taebnlcal aM. 101•°'1.n.e 
tUl41np con tal.De4 lA tbl npona l'eeel .s baa tbe 
others. 

nm x d .r. p.tar,4• 

Kr• S .Slngb!.l 
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