G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/




28 £25

o

e
2
s

125 flle fue

o

RGO ORY RE O LTt T T AR

AT ST P P
i v




DISTR. RESTRICTED UNIDO/I0
ENGLISH

56

ln c\'t 2.

APPLICATION OF ALTERNATIVE FUELS FCx
INTERNAL COMBUSTION ENGINES. IIP, DEHRA DUN .

—J

DP/IND/82/001

INDIA

FINAL REPORT *

Prepared for the Government of India,
by the United Nations Industrial Development Organization,

acting as Executing Agency for the United Nations Development Programme

Based on the work of Prof, A. §. Katchien
Expert in Combustion Studies in C.I Engines
under the post 11-04

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

* This document has been reproduced without formal editing.

e —
’ {mv\: HSoder

N




t "*“Q..N ' . ‘

Mission time schedule
- e de ‘

UNIDO Project "Application of Alternative Fuels for Internal
Combustion Engines" (DP/IND/82/001) was started at lndian Institute
of Petroleum, Dehra Dun in July 1982,

Expert's actual mission period was from 11,13.1984 to
20.3.1985. Period from 11.10,1984 to 22.10.1984 (8 working days)
wvas Spent for briefing at UNIDO Headquarters, Viema, visits ©o
Department for Internal Combustion Engines and Automotive
Engineering, Technical Jniversity, Vienna, AVL, Graz, Austria,
briefing at UNDP, New Delhi andi also on travel Moscow-Vienna
New Delhi (via Zurich, Paris, Karachy without stop-over) -

Denhra Dun. Work at duty-station started from 23,10.1984 and lasted
t111 14,03.198% (inclusive)., One day delay in the start of work
at duty-station was due to 8 hours delay in Vayudoot flight from
Delhi to Dehra Dun,

Two business trips were undertaken during the mission:

a) from 2.01,1985 to 7.01.1985 (L4 working days) to Delhi.

b) from 6.01,1985 to 14,01.1985 (7 vorking days) - to Delhi,

Bombay, Pune, Madras,

Work done during visits and business trips is dealt with in
part’of the report.

One 3ay sick lezve wzs tzken duaring t'r mission, 4t the end
of December 1984 interim report was prepared by the expert. Copies
of the :‘eport were made available to Project Director, Dr.I.3.Gulati,
Project Coordinator Mr., S.Singrnl, Project Leader, Dr.Z.P.Pundir,
The report was also handed over amnu discussed with UNIDO Chief Tech.
nical Field ‘Adviser, Dr.M.Kamal Hussain during expert's visit to
UNDP Delhi in the beginning of January 198%5. Interim reoort is given

in Appendix ‘L',
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It follows from the above stated that expert's mission
started after more than two years of the project pro.ress,
During this period the following activities were initiated
at IIP in the lines of the expert's mission:
I. Diesel engine dual fuel operation with induction of
fumigated methanol through inlet system along with air, This
type of partial substitution of diesel fuel by alternative
fael is one of the simplest, practical and well investigated.
In USSR, for instance, this appreach was extensively investi.
gated with a number of alternative fuels (alcohol fuels inclusive)
by Prof. A.D.Charomskiy in early 30-s, Since then great number
of investigations and publications were accomoplished. First
putlication in these lines was made by IIP Scientists in 1980
(4th Int, Symp. on Alcohol Fuels Application, Brasil).,
Control of fuel supply developed at IIP deserves positive
adpraisal, Within the scope of the UNIDO project work with
methanol funigation was continuec on benches and also road tests
were undertaken. Work is in progress to implement vast road
trials on Ashok Leyland buses, Expert did not take part in these
activities except discussions on the wvenue of road trials with
Ashok Leyland executives dauring one day visit to Madras,
II. Glow plug ignited pure methanol approach was investigated by
IIP scientists on Kirloskar Single Cylinder 5hp. diesel enginse,
Results of the investigations were presented at VI Int, Symp. on




Alcohol Fuels Application (Canada, 1984). This work deserves
positive appraisal. Two locations of glow plug vere tried.
Also effects of fuel injection system parameters and level of
electric power supply to glow plug on engine performance ami
stability of operation were studied at different operating conditions.
Attempt has teen made to meazsure glow plug temperature, Main
findings of the work may be summurized in short as follows.
Stable operation of tl: engine at full load conditions is
possible with efliciency close to that of base diesel engine
in case when electric pover supply is 0.19 KW. Stability of
operation and efficiency of engine is much poorer as compared
to baée fuel engine at light loads. Greater electric power
supply is necessary for the sane conditions to improve stabi-

lity anc efficlency, Work done had several shortcomings:

1. Dynamometer chosen was not quite suitaole for 5 hp engine,
2e Fuel consumption measured on base diesel engine might

be exagerated because of measurenents carried out by volume,
which is not advisable for diesel fﬁel consumption measurements,
3. No measurements of fuel injection rate and needle motion
in case of methanol injection was attempted (except start of
needie motion),

L. Fixing of thermocouple on glow plug was not the pest
possible,

5. Methamnol was supplied to fuel injection pump cy gravi-
tation,




6. No optimization of swirl,local turbulence ani position
of spray with respect to glow plug was attempted., This last
drawback is due to the fact that work was carried out without
cooperation with industry. IIP workshop facilities are ot
suitable t':r design optimization work. At the same time in
many cases research carried out without optimization of
design may be only of academic interest.

Expert, bowever, 1s glad to stress that at prevailing
conditions work done by Dr. B.P.Pundir and Mr. Dinesh Kumar
should be complimented. Remarks made above are aimed to
better future R3D work in direction under consideration.

During the mission expert took part in discussions of
the results of experiments with glow plug ignited pure
methanol engine and also in planning of future activities.
Suggestions were made to change fuel feed system, dynamometer
of the test bench, method of fuel consumption measurement,
On request ol project leader Dr. B,.P,Pundir works aiming to
increase charge temperature during compression, to attempt
surface ignition of methanol, to decrease electric power
supply to glow plug were incorporated into expert's progra-
mre (ses pointe 9 =2nd 1Z, zpoendix I»,1), Corresionding
information about expert's activities is given in partSof

the report.

I1I. Research on fuel injection and atomization. Comparative
Studies of fue) injection and atomization with diesel fuel

and methancl vere undertaken, One of the IIP scientists -




Mr. 4.K.Algal was sent to kngland to stuay atomization
research methods based on the use of Malvern instrument
supplied in the course of previous UMESCO Project at IIP
(1976-1981), Unfortunately no IIP report is available
concerning the results of this injection and atomization
studies. ho publications were made. A lot of high level
valuable information related to fuel injection and ato-
mization is given in two comprehensive reports prepared

by UNIDO Consultant Dr. Anton Cernej, However in these
reports results of IIP research were not amlysed, which
may be considered as shortcoming in project organization.
Because of the above stated, the expert had to analyse
conditions of investigations and also primary materials
obtained. As a result of such an analysis the following
observztions should be made.

1. Experiments were carried out with three out of four
nozzle orifices clogged.

2. No attempt was made to model injection process with
actual 4-hole noz:le in case when three out of four moz:le
orifices were clogged. Hence injection process parameters
with respsct to time (camangle) in both the cases were
quite different. Therefore results of fuel injection process
investigation obtained may not be applied to actual Escort
diesel engine fuel injection system or any other actual

system,




3. Results of compzrative fuel atomization investigation
would be of interest if one could relate time and space ree
solved particle size measurements to instantaneous fuel
injection rates. Thus generalizcd results may be then used

to calculate particle sizes in cased any fuel injection

process events. However derivation of quantitative relation
between fuel injection rate ana siZes of particles from the
results of measurements carried out . om thec bench available

in XIP Engine Laboratory is not possible as there is no
Teliable method 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 injection, change in
methanol cyclic delivery with speed was not taken into account.
5e Resalts o%$§grticle siZes measurements in case of diesei
fuel do not coincide with results of direct measurements carried
out by number of investiga:-ors,

Due to the above observations expert came to conclusion
that comparative investigation of fuel injection process with
diesel fuel and methamol had to be started anew. Later on
tased on these results atomization research may be attempted,
In this latter research measurements with Malvern Instrument
should be supplemented by direct particle siZe measurcments.,
Actual expert activities hence were not limited to comparative
aralysis of fuel injection and atomization in casz of diesel

fuel and methanol on the basis of experiments carried out prior




to expert'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 results of the same are given in part 6
of the report. In general, after consideration of research
and development work completed and in progress, at IIP, ana-
lysis of all possible ways to use methanol in diesel engines
and a number of discussions with
TIIP scientists the programme of expert's work on the project
vas finalized (See Appendix 1). As already mentioned above,
this programme has undergone some changes in the course of
the mission, the changes being made to greater benefit
of the project. As may be seen from the programre, mainly
design work and training of IIP engineers were planned,
In some cases expert tried to accomplish fabrication of
designed parts and to aquire hardware so as to accelerate
achievement of the aim of second project stage - tests on L=
stroke pure methanol englnes, multy-cylinder engines inclusive.
In expert's opinion it would had beem possible to run this
engine before completion of the mission provided better.
successiveness in different experts activities was ensured,
Sovever, still it is gaite possible to zchleve thuis goal in
time specified by the project schedule provided cooperation
with Ashok Leyland and Kirloskar Oil Engine Ltd, initiated by
expert would materialise soon. Also number of full time working
engineers in the lines of diesel engines activities should e




{ncreased. Prior to arrival of the expert omly two full time
engineers were assoclated with diesel research. During the
mission number of such engine:rs varled from 2 to 4. Also
project leader Dr. B.P.Pundir took part in the work. Number
of discussions were held with Project Coordinator Mr. S.
Singhal andi Project Director Dr. I1.B.Gulati,

Expert vishes to acknowledge fruitful cooperation
with his colleagues - Mr. H.C.Wolff from Federal Republic of
Germany and Dr. S.Radzimirski fram Polish People Republic, both
Experts on the UNIDO project - DP/IND/82/001.
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Part 1. Current and future Resezrch facllities in the lines
of expert's mission, Methods of diesel engine tests.

By the time of expert's arrival to duty-station, mo engine
bench research was going on at Engine Laboratory related to
the use of methanol in diesel engines. No single cylinder
research diesel engine was avallable either.Ricardo single-
ceylinder research diesel engine test bench purchased from
TNDP/UNIDO fumas was supplied to IIP, Dehracun on 10 th December
of 1984 . No commissioning of the bench took place till
the end of expert's mission,

The main reasons of the delay in commissioning of the
bench are as follows:
1. The bench was supplied by the firm (Cussons Ltd.,England)
without manuals. The manuals were recelved at IIP only in mide
January. Only after getting the manuals assembling of the
pench might be completed.
2. The most important version of Ricardo diesel engine
designed for methanol research and provided by two fuel
injection pumps - that is direct injection unsupercharged
versicn, could rot been startad even on diesel fuel as it had
low compression ratio equal to 12.5. Two other versions - spark
ignition version and indirect injection diesel engine version
are not quite suitable for methanol research. In spark igni.
tion version compressicn ratio is equal to 9, which is below

the value at which high anti-knock ability of methanol may be




utilized., Application of indirect injection diesel approzch

to small size high speed enginesoperating on metrhanol is mot
advisable as with high anti.knock ability of methanol opti-
mized spark ignition version may have highxr efficiency than
optimized indirect injection diesel version in rather wide
range of operating conditions. In addition to the main reasons
due to which commissioning of Ricardo bench w:s delayed the
following observations are of importance:

1., Dimensions of Ricardo engine: diameter D=80,26 mm, stroke
S = 828, 9 mm are rather far from dimensions of truck, bus and
tractor type diesel engines, which are major consumers of
diesel fuel in India. Dimensions and some other parameters of
Tata, Ashok Leyland, Zscort and Eicher diesel enzines are

given in Table 1,

ble 1
Model Application D,mm S,mn £ Ne Type of
(main) rem combustion
chamber
Tata  trucks and 92 120 17 2800 open
buses
Ashok- trucks and 103,38 120,65 16 2400 open
Leyland buses
Escort tractors 110 120 17 2000 open
Eicher tractors 115 150 177 1650 open

Basic design of Ricardo engine is not suitable for the modifi.
cations aiming on the change of cylinder bore and especially

piston stroke,




At the same time, it is well knownthat results of experi-
ments on single cylinder engines may be applied with certain
reservztions (and provided certain preconditions were set up
ami followed) to multi cylinder engines only in case when
mzjor engine sizes are_the sgme in both the ¢asas, Therefore
Ricardo engine can not be used for R work on engines, which
are major consumers of diesel fuel in India. At the same time,
there is considerable scope of performance improvement in
diesel engines, especially those of truck and bus models.

2. Spark ignitionr version of Ricardo engine can mot be con.
sidered 2s research engine as no alternative parts are pro-
vided to carry out E&D work. According to performamce curves
obtained from the firm, incicated efficiency of gasoline
version of the engine at mean  engine speed is'sufficiently
high ( 40%). However at high speed range (N> 3600 r.p.m.)

efficiency undergoes sharp decrease whichk should not be the

case if performance is optimized for the whole speed range,
test bench is properly designed and assembled and measuremerts
are accurate,

3. Indirect injection diesel engine also can not be consi-
cdere=d =2s research engine due to the same rezcsons 25 given above
in p.2. Brake efficlency of indirect injection diesel engine
version is lower thap that of gasoline version in the whole
speed range am full load conditions which should not be the
case 1f both the engines are equally well optimized.

L. Performance of unsupercharged direct injection diesel

engine version is not given as it could not be run at all,
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5e Performance of supercharged diesel engineworking on
diesel fuel shows sharpo deterioration with increasing speed.
Supercharging pressure is too high for such a small size
engine (sizZes teing close to those of car dlesel engines),It
{s evident that no proper efforts were wade by the supplier

to optimize working process of airect injection supercharged
dissel engine working on diesel fuel. Even if such a work is
done, it will be difficult to find any reasonable application
for such an R& work as no small size diesel engine is h.ving
pressure c¢f supercharging equzl to 3 bars. From the comments
mzde above it is clear that rather well.known consulting firm
Eicardo amd Co. supplied to IIP engine which can not te used
for research on the UNIDO Project. In expert's opinion strong
actions should be taken against the firm which was not willing
to cooperate in correcting thke mistske done. Meamwhile to
utilise at least part of the equipment supplied the engine
should be changed. There are several options,

1. At IIT, Bombay single-cylinder research diesel engine was
designed awd partially fabricated, This engine is in many
respects more advanced than the engines available in the world
market - Sich as Ricardo and AVL encines., Therefore it is
advisatle to undertake actions for its fabrication., This engine
may be used for research on application of alcohol fuels to
Indian make direct injection diesel engines, The features of
the engine designed at IIT, Bombay which make it more advanced
than Ricardo and AVL diesel enginec are:




a) Option to use unit-injector or conventional fuel
injection system.
b) Possibility to change independently timings of:

inlet valves, exhaust valves, injection start.

As ccmpared to Ricardo engine additional adventage 1is,
nossibility to adapt the research engine to different bore and
stroke in the range of Indian make truck, bus and tractor type
diesel engine sizes, Fabrication of the engine after certain
revions of its design may be undertaken with the help of Proto-
type Development & Training Centre at Rajkot or any other
proper enterprise. The expert initizted activities in this
direction before the end of mission.

2. Ricardo 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 P-une,

3. As a result of visit to AVL GraZz expert came to con-
clusion that specificati-on of Universal Single-cylinder
Experimental Diesel Engine should be prepared by IIP and
AYL should be approached to find out the cost of swh an
unit and period required for the supply. The engine should
be supplied with the parts necessary to simulate operation
of Indian make truck and bus diesel engines anmd also to




certain extent future requiresments of the country's trans
portation system and agriculture. Similar recomrendation

was made by expert at the end of his mission as UN-SCO
expert in 1981.1982 and also in interim report on the
current mission. Choice between options 1 . for the use
on UNIDO project should depend on cost and time factors,
However, expert is of the opinion that option 1 should be
materialized in any case as this may benefit mot only current
UNIDO project at IIP but also future projects andin general
diesel engine research activies in India, which are of a
"importance. Al1so hard currelcy may be saved,

Ootion 2 should be used immediately as Ricardo test bench
was supplied to IIP more than 3 months back and is not still
used to fulfill the project aims, Due to drawbacks &n supply
stressed above, the results of work done according to p.9

of the programme (Appendix 1) may not be directly used to
the benefit of the project aims, Though design developed

at IIP during expert's mission (see part 5 of the report)
can not be tested on Ricardo diesel engine, experience gained
in designing may be of use for tests on the other engines -
such as Kirloskar AV.97 or similar, flegzrding m: thods of
diesel engine tests used in Engine Laboratory the following

observations vere made by expert:

1. Performance parameters obtained on the same model of engine

in different tests vary from each other Oy more than 10%. Even
character of change of englne parameters - such as for instance

specific fuel consumption is different in di fferent test runs,
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Parameters obtalned at IIP Engine Laboratory are in general
worse than those claimed by manufacturers ani also worse than
parametars which une could expect to get on engines of parti.
cular type. For instance in tests on Tata (model §32DI)open
type combustion chamber diesel engines fuel consumption
measured was in the range from 20t€ to 227 gms/h.p.hr., whereas
minimum fuel consumption at full load was in the range from
195 gms/h.p.hr. (n = 2400 r.p.m.) to 202 (0 = 2000 T.p.m.).

In some other run minimum fuel consumption was observed at
1000 rpm, The same magnitude of variation was obtained on
Ashok.Leyland (model ALU-370) open type combustion chamber
diesel engine, Very low excess of air (down to 19%),

high exhaust temperatures (up to 780°C) and high soot emission
(up to 8.5 Bosch units) were measured on dairect injection
Ttruck alesel engines. In no case power output claimed by
manufacturers of truck and bus diesel engines was obtained

at IIP after correction of parameters according to Indian
standard conditions.

Below the reasons for the stated above aras discussed.
There is no doubt that most of Indian make truck and bus diesel
encines are cverfuelei with a result of poor efficiency, high
smoke and high thermal loading. This may be one of the reasons
of fast deterioration in engine parameters, for instance, as

a result of nozzle orifice cocking, increased blowv.by etc.




In the region of low air excess diesel engines are

generally very sensitive to any change in engine conditions
and also in atmospheric conditions. Dehra Dun is located at
the altituce of~600 m. Atmospheric temperature in summer

time may be higher than hOOC. Uncer these conditions to get
accurace results in performance tests is rather difficult.
At the same time accurate performance test is precondition

to any other tests, tests on application of alcohol fuels,
inclusive. The most reliable way to find out if engine
assembly, conditions of all engine parts, timings are proper
is to carry out accurate performance tests and then to compare
results of these tests with standard performances of parti-
cular engines. Unfortunately stamdard performances of most of
truck and bus diesel engines are not available at IIP Engine
Laboratory. 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 nozzles, check of eff-ctive area of
nozzle orifices, inclusive. For this purpose constant flow
(pressure) bench should be designed and fabricated.

2, Calibration of fuel injection oump with the injectors of
the particular engine. Taking tnto account above said acout

low excess of air at full load conditions,sharp ard unequal




rate of change in indicated effictemcy witi air.fuel ratio

in different engines, expert came to conclusion thet dlesel

engine tests at IIP Engines laboratory should be carried

out at conditions o=, Here o5 1s relatize alr fuel ratio .

(excess air coefficient) at standard conditions., Hence cyclic

delivery of tte pump should be properly adjusted, Then

equations (8) ana (9) from the lecture on correction of

diesel engine parameters for standard conditions delivered in

1981 and made available %o ITP Scientists in writing should

be used to correct measured pover output and efficiency for

unsupsrcharged diesel engines, liechanical efficlency necessary

t> calculate correction ractors may be determined either by

motoring or by William's line method., There is correction

procedure for supercharged diesel engines in the same

lecture,

3. Check of conditions and proper setting of valves, Lits

seats and timings,.

L, Check of nozzle tip reach.

5. Check of friction losses.

6. Cneck of rate of blow-by and maximum compression pressure,
Instraments used for mezcsurements siould ensare inaccu-

racy not more than: 0.5% for torque and fuel consamption, * 1

rpm for speed, % 50 for exhaust temperature measurement, ¥ 1%

for air consumption measurement, Change in temperature of

cooling water and lubricating oil during tests sould not be

more than 20, Exhaust back pressure for diesel engines on

test bench should not te more than 0.03 bar., Perilodic




calibration of all instruments used shouli be mace with the

help of specially kept sophisticated equipment available from
instrumentation section of the Laboratory. Only after getting
performance parameters close to the standard ones research
on alcohol fuel application may be attempted. During the
tests 1t is advisable to return neriocically to certain control
conditions (say rated condition and low speed high load
coniition), to make mezsurements of parameters and to compare
the parameters with those obtained at the start of corres-
ponding research programae, This may help in checking if con -
siderable change in engine conditions took place in the
course of research programe, If there is no reguirements
specified by manuracturer or following from the aims of the
test, 1t is advisable to run diesel engine on berch with dis-
connected fan witﬁﬁéir cleaner and exhaust muffler, These
condi tions should be stressed in any technical report along
with atmospheric conditions, In conclusion it is necessary
to stress that experimental research wark on diesel erngines
has meaning only in cases when proper conditions of engines
are ensured during test programme and if necessary accuracy
and repeatacility of me.suarezelts are obiained, In many
cases it is advisably to go for multi-factorial approach and
mathematical planning of experimen:s, In special cases even
on single-.factorial experiments statistical aporoach should
be used to get reliable test data,

Tw§$%%ggestions shoula help to increase diesel research

standard at IIP Engine Laboratory.




1. To organize short term course in test am calibration
procedures and methods. It is worth nNoting that number of

text books and monographies in these lines are avallable in
Russian. Therefore now days it 1S essential to have at

least few engineers who know technical Russian language.

2. To send two-three enginezrs for a period of one to two
years to AVL, Graz, Austriaocrarother well established engine
R&D fim or lavoratory for detailed training, On 25th February,
1985 meeting of leading Engine LaboTatory Scientists was
organized by project coordinator, Mr. S.3inghal, 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 project coordinztor
Dipl.Eng, H.C,Wolff and Dr SHadzimirski,both UNIDO Experts on
the project,took part and contributed to the discussions,
Expert hopes that the discussions held would be of help in

future research activities,




Part 2. Brogoting ideas relatei to main aims of tie

2roject =2nd Training Activities:

Main aim of the current UNIDO project is to save diesel
fuel by partial or full substitution of it with methamol. In
expert's opinion any other activities to improve diesel
engine efficiency and other technical parameters z21lso serve
to achieve tne project aims, Workshop "Perspective of alcohol
fuel utilization in IC Engines™ organized by IIP at the end
of October 1984 with participation of Govermment J<ficials,
scientists from a number of Universities, colleges, institutes
and some speclalists from industry played positive role in
promoting ideas of alcohol utilization in piston engines.
Expert took part in the workshop, made presentation
"Utilization of methamol in diesel engines currently under
prodaction ",chaired dne of the workshop sessions and mace
Su-gestions regarding most practical ways to use pure methanol
in diesel engines at concluding session of the workshop. Later
on presentation was elaborated and prepared in written form
(sea dppendix 2), In the presentation comparative analysis of
properties of diesel fuel and methanol was given, especially
of those affecting enzine performance jarames=rs, Classifica-
tion of all methods to use methanol in diesel engines was
also presented. Greatest attention was paid to methods to
use pure methamol in diesel engines currently under production,
As a result of detailed analysis of these methods the expert
came to conclusion that the following methods seem to be

most practical ones at the current stage:




1. Conversion of iiesel encine into external mixing spark

ignition englne,
2, Charge stratification insice combustiorn chamber amd spark
ignition of the charge.

Jse of methanol with ignition improver is attractive in
the sense that no major changss in diesel engine design are
required. Unfortunately cost of fuel with ignition improver
still is too high. Therefore work should be continuec by
experts in chemistry and corresponding oranch of chemical
engineering to increase efficiency and decrease cost of the
ignition improvers. Two other methods - use of glow plug to
ignite methamol injected into combustion chember ana use of
hot surfaces to ignite methanol should te further investigated
as their practicality is not vet clear. More research and de-
velopment work is needed to find out if these methods may
compete with those recomrended above. It was stressed that in
application of the methods in which heatea surfaces are used
to ignite methamol it 1S necessary to avoid high consumption
of electrical energy and do not interfere in optimized mode
of air-fuel mixture formation (which is the case tn the
method saggested at IIT, Macras - reference2lin Apoenaix 2).
On 11th February 1985 2-hour lecture wJtilization of methanol
in diesel enginas” was delivered for staff members
aml research scholars at IIT, Bombay., In this lecture all the
methods to use mechanol in diesel engines (partial substitu-

tion methods inclusive) were analysed.




In general review of publications made, reports of ULIDO

experts (A, Kowalewicz, A. Cernej, P.Eyzat), report of
Ad-buc Expert Group Meeting on Modification of Internal
Combustion Engines for Utilizecion of Synthetic Fuels,
discussions with Prof, H.P.Lenz during visit to Depa:tment
cor Internal Combustion Engines and Antomotive Engineering,
Technical University, Vienna and also discussions held with
TP Engine Laboratory scientists helped the expert to
finalize programme ol activity on the project, While doing
so it was taken into account that during finzl stace of the
project pure methalol L-stroke engine stould te tested,
Taking into account recessity to work on saving diesel
fuel, expert prepared lecture "Modern trends in diesel encine
development" (Appendix 3). This 2-hour lecture was lelivered
to staff members and research scholars at IIT, Bombtay on &th
of February 1985. Special emphasis was made on those ways
to improve diesel engines parameters which are not still
utilized in vast scale in India, In addition to training
through presentation at workshop and lecturing, training of
ITP Engineers and Scientists (B.P.Pundir, Dinesh Kumar, A.K,

-

Aic=1, Z.7,5insk-21, 3.Cag) wzs accomzlishes cv {ntivizuel ze
group discussions {n the lines of the expert's activities
(see Appendix 1) and also on engine cycleé modelling, ways to
improve diesel engine parameters, ways to increase standard
of research activities at IIP BEngine Laboratory and also

in the lines of development and performance improvement of




diesel engines, OSome sucgestions regarding detailed tratining

of Engine Laboratory personnel were also made in the previous
part of the report. It is necessary to stress in addition that
study tours and short-term fellowship (mostly at UK Universi-
ties) provided to IIP scientists according to the project
documents, though of substantial use, camot sarve the same
purpose as one to two years detailed training in well established
R&D laboratory or firmm. This is true because of educational
system prevailing in India. According to expert's knowledge
obtained during expert's tour standard of RXD work at some

of Indian firms is sufficiently high, Therefore if it is
aifficult to organize detailed one-two years training of

IIP engineers abroad this may be possible within the country
itself. This kind of training may fill gap between engineering
educational system and reguirements of high level RZD activity.
Also certain kind of technical books vith detailed information
about design, engineering methods of stress analysis, methods
to assess efficlency of all diesel engine systems,test methods
maey be of great use for training purpose. This kind of books
are not always available in English as the firms in USA, UK
and also in some other countries are not prepa~ed to share their
FExD experience with outsiders. At the same time, the type of
technical literature under discussion is available in Russian.
This agaln proves necessity to have at least few engineers in

command of Russian language,




At the end of previous expert's mission at IIP, Dehradun

a book on development of truck diesel engines was translated
by Dr. H.C.Dhariwal from IIT Bombay and edited by the expert
who happened to be one of the authors of the book, Unfortu-
nately the book is not yet made available to specialists in
the field of diesel engines research and development, IIP
scientists inclusive, During the mission actions were taken

to make the book available to few concernea specialists,




Part 3: Comparative gnalysis of engine c¢vcles and parapeters
with diesel fuel and methanol

As stressed above, two ways to use pure methanol are
most practical for diesel engines currently under production.
Charge stratification inside combustion chamber am spark
ignition of the charge was successfully used in application
of methanol to diesel engines by MAN (FRG)-IM process (details
are given in Appendix 2), In this case fuel is injected on
combustion chamber walls (so called "wall wetting" principle),
It is supposed that in this case for heating amd evaporating
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 combustion is 10 times more than that
of diesel fuel. At the same time there are other methods
such as dual fuel injection into combustion chamber volume or
glow-plug ignition of fuel injected into combustion chamber
volume in which most of the heat spent to heat and evaporate
methanol is taken from alr charge itself. It is of substantial
interest to find out efrfect of these differences in source of
fuel evaporationheat on cycle and engine parameters,

Also according to camparison of other properties in case
of diesel fuel and methamol (Appendix 2) there are other sub-
stantial differences - such as differences in extent of change
in number of mole due to combustion and also in composition

and specific heat of combustion products,




The second practical way to use pure metharol in diesel engines
currently under production is, as mentioned above, conversion
of diesel engines into external mixing spark ignition engines,
In this case complete evaporation of methanol may be achieved
in special evaporator (Mercedes-Benz approach), Introduction
of vaoourized methanol through inlet svstem decregses amount
of air charge sucked into cylinder. Change in number of mols
due to combustion of methancl is also quite different in case
of external mixing 2s compared with internal mixing,
Also compression ratio of engine should be decreasgd in case
of externzl mixing anc spark ignition as compared to all
Content «f methanal

modes in diesel operatioflvapour in fresh charge affects
comparession work,
To get the same power output as in diesel operation air fuel
ratio in spark ignition external mixing version of engine should
be decreased. Hence specific heat and adiabatic exponent will
change accordingly. This will also affect cycle and engine
parameters,

To find out the effects outlined above set of calculations
were carried out by the expert,

-~

o7 the calculztizns:

-

|72}

1e To find out effects on cycle parameters of differences
in the properties of methanol and diesel fuel-such as, ratio
of number of mols prior, in the progress and at the znd of

combustion, fractlon of three-atom gases in the charge and

hence its cpecific heat, evaporation heat.
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2. To assess the change in ciesel engine parameters as a2 result
of its conversion into spark-ignition external mixing engine,
Conditions and details of study are given in Appendix 5. Four
cvcles were considered : one with diesel fuels and three with
methanol. Three of the cycles considered are relatea to

internal mixing, one to external mixing., Iwo methanol internal
mixing cycles differed by the accounting for heat taken from
charge to heat ana evaporate methamol. Main findings may be
summarized as follows:

1, In case of internal mixing and fuel evaporating aue to

heat supolied from the charge methanol cycle is inferior as
compared to diesel fuel cycle, Inferiority 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-
methanol mixture is highar than that of air-iiesel fuel mixture.
The res Alts obtained show that negative efrfects of greater
specific heat and latent heat in case of methanol prevail over
nositive effect of greater change in number of mols due to
combustion,

The fact that in reality even in engines in which fuel is
~+syzized in corbustion chamver volume (snd hence is evanorated
mostly due to heat taken from the charge itself) when compared
with results of caleculations proves convincingly that more
efficient air-fuel mixing and combustion may be obtained with
methanol tihan with diesel fuel,

2. In case of internal mixing and fuel evaporation due to
othervwise wasted heat methanol cycle is slightly superior as

comparei to diesel fuel cycle in terms of efficiency amd




considerably superior in terms of mean cycle pressure. There-
fore modes of air fuel mixing in which methanol is directed
to combustion chamber walls should be prefered (such as MAN-
M process).

3e One of the promising ways to use pure metharol in diesel
engines currently under production is conversion of the same
into spark ignition engines with external mixture formzcticn
and evaporation of metharnol in speclal evaporator utilizing
part of the heat rejected into cooling medium (Daimlera

Benz approach) or with exhaust gases,

Cycle of such an engine is more efficient than that of
vith internal mixing and fuel evaporation due to heat taken
from the charge in s»ite of lower values of compression ratio,
excess of air and also mals ratio.

In addition to the effect of regeneration (use of other-
wise wasted heat to evaporate methanol)decrease in compression
work not only due to lower compression ratio but also owing
to presence of methanol wapours having high specific heat
plays positive role in getting hign cycle parameters,

L, To get mean cycle pressure in spark ignition external
fael air oizing methamol engine the same as in bass dizsel
enginevit is sufficient to decrease excess of alir by 15%.
The main reasons due to which excess of air should be decrea-
sed to get the same power output are decrease in efficlency
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 Astwk Leyland diesel engines
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at rated conditions are rather low, one comes to conclusion
that methanol versions of these engines at rated conditions
should be supolied by mixture close to stolchiometric one,
More detailed anzlysis of different effectsis given
in Appendix 5.
Zesults of calculations and analyals made cover points
5 and 6 of the prograrme (Appendix 1), In addition to this
expert carried out complete derivation of set of equations
for computer modelling on assumption of charge consisting
of two parts: a) mixture of air with residual gases; Db)
equilibrium combustion prodict for stoichiometric air-fuel
A0 (B0 ORE RO ions Sased on ths mode ]
While it is possible to increase accuracy of cycle
parameters comparison due to accounting for heat exchange
;nd also that of dissociation. According to expert's ex-
perience no change in main findings of calculatisas considered
in short above may be anticipated. Still modelling of this
kind, that is consideration of certain extreme cycles (say
with ideal air fuel mixing, equilibrium combustion products,
with or without heat exchange, etc) are of great interest.
25 they mz=4e 1T possible to differenciate effects of diflerent
factors and hencéganderstand deeply experimental results,
Also calculationsof the kind outlined above help in

finding out the best practical solutions of certain problems

and proper planning of experimental research activities, This
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may be proved by the results of calculations described in this
part of the report. On the basis of calculations it was possia
hle to come to conclusions that wall wetting ir case of internal
mixing ana also conversion of adiesel engine into high compression
ratio ( € =12) extenpal mixing engine with comolete evaporation
of methanol in evaporator working on otherwise wasted heat

may be benefitial,

In direct contrast to the result of consideration of
extreme cycles, experience gained during last 20 years shows
that attemrts to model actual air fuel mixing and combusction
so far proved to be practically useless. In spite of the
fact that dozens of models (some of them very complicated and
computer time consuming) were developed in different countries,
no model could stand check by comparing results of calculations
with basic experimental findings. While comparing results of
cycle calculations with few expernhental indicator diagrams
all the investigators claim good accuracy, though their
approaches and initial assumptions are quite different,some-
time eapposite. This Maccuracy™ is obtained with the help of
adjustinz coefficients. The main reasons of uselesaness of
the models alming to simulate actual ailr-fuel mixing and

combustion in diesel engines suggested So far are:

1. Lack in proper understaniing of governing physical and
chemical factors, especially lack in understanding of basic
laws of turbulent heterogen-eous combustion.

2. Extremely camplicated nature of air-fuel mixing amd

combus tion processes in diesel engines.
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3. Great variety of design versions of diesel engines which
1s impossiblie to describe by some universal (inevitably
simplified) approach.

Modelling is fruitful as applied to some of the processes
andi diesel engine systems for which basic physical understam ing
is 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 accoumt mechanical
and thermal leading.

Expert hopes that the corments made may help BEngines Laboratory
scientists to fina most fruitful lines in devoting their time and
energy. There is great scope of improvement of diesel engine
parameters in close cooperation with industry. Not all R&D centres
in country are still sufficiently experienced. IIP Engine
Laboratory with its good experimental facilitles may benefit

2% work in diesel engine industry to a great extent.



Part 4. : Desiguing of Methanol Version of diesel truck

ad bus eng._n_es

As truck and bus engines are one of major consumers of

diesel fuel in India, expert felt that at final stage of
project more efforts should be made to substitute diesel

fuel for methanol in these engines. Almost all previous
efforts at IIP Dehra Dun, IIT Delhi, IIT Madras, IIT Bombay
ad other institutions were dedicated to small size, small
power output diesel engines. This opinion was also expressed
by the expert in interim report (Appendix 4).

out of two options mentioned a@owve the expert choose
conversion of diesel engine into external mixing spark
iguition engine. 1In this work experience obtained by the
expert while converting diesel engines into spark ignition
gas engines could be utilized- Referemnces 16,17, Appendix 2.

Other reasons for this choice are given below.

Three options of converted diesel engine into extemal

mixing spark ignition engine may be considereds

1. Engine with carkturated methanol.
2. Engine with central body methanol injection having
mechaical or microprocessor controle.

3. Engine with special evaporator ad gas-air mixer.
In cases 1 ;nd 2 spiral type evaporator may be
installed between carburator (Central body fuel injection
device )ad engine inlet.




In spite of personal involvement in the matter of

acquiring necessary carburator and central body methapol
injection system, no hardware to implement two first options
could be obtained (Bosh Co. at PRG, Mico Bosh office at Delhi
ad other firms at Delhi were approached). At the same time
the equipment required (at least in gasoline version) is
definitely avallable in the market. Therefore this equipment
could had been purchased in the austria through UNIDO, Vienna.
Also spark igeition system suitable for the use of high
compression ratios could had been obtained. Then the
equipment could had been modified for methanol application.
The main reason why stratified charge intemal mixing forced
ignition approach (MAN-FM process) was not chosen for
experimental investigation was related to faxcilities available
at IIP. Work on methanol application to diesel engines was
going on at IIP without puch of actual interaction with
industry. & the same time MAN.FM process a_pplication
requires major chages in engine design, which cannot be
accompl ished with the help of IIP workshop.

During second business tour the expert came to
conclusion that it was quite possible to organise coopera~
tion with big and experienced firms- such as Kirloskar 0il
Ltd and ashok leyland. It is wortlwhile to mention that
only TELCO R&D Director K.G.K. Rao declined to meet the
expert during his visit to Rune and discuss the matter of
converting Tata truck diesel engine into methaol fueled




engine. Strange as it is, he happens to be the only
representati{re of industry in advisory committee of the
UNIDO project on methamol application. (See Report on results
of business trip to Delhi, Fombay, Rune, Madras- Appendix 6).
This should be taken into account in further work on the
project. To implement two first options the expert made
necessary calcul ations ad found main dimensions of several
types of evaporators extracting heat from exhaust gases amd
from cooling water,spiral type evaporator working on heat
of cooling water inclusive. Sketch of the last evaporator
was prepared by the expert. Then drawings of evaporator
were finalized by the drawing section. In fig. 1 overall
views of the evaporator are gliven. Unférhmately while
implementing the design electric heating element was not
incorporated mﬁo warming jacket of evaporator as suggested
by the expert. This heating element may be used during
engine start and warm up. After obtaining carburator and
central body methanol injection system tests should be
carried ocut with and without evaporator to £ind out
performance parameters and also to investigate lubrication
&d wear in both the cases. It may tum out beneficial

to redesign inlet manifold while implementing two first

options.

Third option could be materialized with the facili-
ties available & IIP and hardware available 4in India
(except M gh compression ratio spark ignition system and
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precision gas pressure regul ator)e During first business trip
to Delhi expert visited different firms to £ind out hardware.
As a result of the trip materials for mamufacturing tube type
evapcrator were procured ad also quotations for iganition
system of 6-cylinder in-line engine were obtained. Later on

the system was procured.

As this system is not suitable for high compression
ratio operation it will be necessary in the course of first
trials to decrease compression ratio of methanol wversion
truck engine down to 8.5 = 9 to avoid pre-ignition by putting
additional gaskets between cylinder block and cylinder head.
0n acquiring necessary ignition system gaskets may be removed
to make greatest use of high octane rating of methanol. On
aquiring materials it became possible to finalize dimentions
of the multi-tube evaporators Calculations of heat transfer
and rate of methanol evaporation were performed by the expert
during £irst month of the mission. These calcul ations made
it possible to find ocut necessary surface of heat exchange
and hence to design the evaporator. Also simple strength
analysis was performed. All the dimensions and sketch of the
evaporator were then handed over to drawing section to
finalize the drawings. 1In f£ig. 2, overall view of the
evaporator is shown. Aafter fabrication it is essential to
check if evaporator is leak-proof before its test. Pig. 3

illustrates lay out of the methanol version of Tata and

Ashok Leyl and truck engines. Engine with minor modifications
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may be fueled by M 100, LPG, LNG or CNG. The most complicated
design is needed in case of M 100 as substantial amount of
heat supply should be ensured to completely vaporize fuel.
Maximum heat power output of evaporator in this case should
be equal approximately to 14 KW. After engine is heated
necessary heat supply rate may be ensured by water circula-
ting through engine cooling system. The evaporator is
connected in sequence to engine cooling system. For starting
and warming up special circuit with electrically driven water
pmp and water heater is provided. For this purpose due to
evident reasons power of heater may be considerably lower
than 14 KW. Also heat of exhaust gases may be used for
methanol evaporation during warm up. This additional

exhaust gas heat exchanger used during warm up is not shown
in Pig.3. During bench tests control of the engine may be
ensured by changing resistance in gas supply line and by
mixture throttling. Thus optimum change in mixture strength
at all operating conditions may be determined during bench
tests. Then autometic control system should be designed.
According to expert's experience it would be possible to get
change in mixture strength with operating conditions close

to optimim one by change in position r . throttle if special
precision gas pressure regulator is usei, which keeps cutlet
pressure of gaseous fuel in narrow limits. By changing
spring forces ad valve areas of the regulator it will be
possible to adjust nature of cl;a:qe in mixture strength to
the desired one. Throttling device should be used to adjust
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maximm gas flow to particular engine. Also approach used
by Mercedes-Benz may be tried -Ref.18, Appendix 2.

Changes in dimensions of combustion chanber to decrease
compression ratio down to 12 were found by the expert.

Estimated "dead vclume® in Tata diesel engine is ecual
to V@ = B8.58 cm3, volume of combustion cramber to 41,28 cm3
and total clearance wolume 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 drawingsof

the engine were available.

In f£ig. 4 sketch of combustion chambers of diesel engine
#d methanol engine is shown. Cylindrical combustion chamber
with diameter Dcech = 63 mm and depth Hc.ch = 20 mm will

ensure compression ratio &£ = 11,8.

New dead volume Wi' may be found as
2

wWe=wa _3;_ @cech @ - De.ch m) & = 8.58 - 2 (6.3%.6%)0,1
= 8,29 c:n3

Above "d" for diesel, "m" for methanol engines, <S_c:].--cle.:-u'anr.'e

between piston top and surface o.f cylinder heal assumed to be

equal to 1 mm. Volume of methanol engine combustiun chanber

4 2
Ve.ch = E-D%Q—"-ﬁr-'-‘- (H.ch + gcl) = -B—Q%-S-i 2,1= 65.46 cn3

[ )
Then total clearance volume Vo = Wwe.ch + W = 73,75 cxn3

Compression ratio 5
?r L) [ [ 4 2
E_Vh-;c\b ; vn-—niﬂ- sp.i_i_“;;’..i.zz = 797,71 cm’
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Aboves Vh is swept volume, Dcyl- cylinder diameter,

+
€= Blo2 2l =18

5p - plstom stroke

In case if K.ch = 19 mm £ = 12,3.

In case if thickness of the gasket is equal to 11 mm three
additional gaskets will decrease Compressiom ratio from 11.8
down to 9.17. Of course with the gaskets sltape of combustion
chamber will be not favourably, also turbulence intensity
will decrease. So one caanot expect to obtain good
performance parameters. Still in expert's opinion start of
work should not be further delayed. For first trials this
approach may be justified. Aas it was impossible'to purchase
special electrically driven feed pump for the supply of M 100
from tank to evaporator under pressure greater than 2 bars,
as temporary solution plunger feed pump installed on high
pressure diesel engine pump may be used. With plungers
removed to drive the cam shaft and feed pump small high speed
electrical motor may be used for the purpose.

Tests of Tata diesel engine at canditions A = 0(5
were performed before Changing over to methanol version under
expert's supervision. Correction of power and specific
fuel consumption by equations suggested in the expert's
lecture delivered in 1981 and avallable at IIP wasapplied .
In table 2 results of different tests of Tata model € " diesel engine
carried out a IIP Engines Laboratory are presented alon,
with last test results. It is evident that in the last

tests better fuel consunpéion was oktained. Reasonsie
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Table 2

Source of BSFC at rated
information condition
gms/h.p. hr.

Minimum BSFC at Speed corresponcing
fudl lozd con- to mirimum ESFC,
ditions, T.p.m.
gns/h.p.hr,

Report of UXIDO
Expert A.Cernej, 208
NOV- 1 981+, p01)‘+0

Report of Ualu0
Expert A.Cernej, 216
Nov.198%, p.163

Engine Laocrato-

ry exparimenss

with different

diesel fuels 221-227
carried out in

198L,

Engine Lavorato-

Ty exXperimen:s
carried out in
FebMarch 1985 9
under expert's 5
suapervision

195 2L00

196.202 t000-2000

179'5 1600




1. Thorough check of nozzles.

2. Frecise calibration of the pump with working injectors.
3. Sufficiently accurate measurements of fuel cConsumption
and other parameters.

4. Application of scientifically justified correction
factors for conditions o =)

By the end of expert's mission methanol version of
Tata model €82 truck engi..ne was almost ready for trials. It
would have been possible to perform the tests during the
mission provided engineer associated with the project worked
on it during the whole mlssion period. Unfortunately he
could spare less than one month on the project work, as he
was engaged in other research activities. PFurther work
should be conducted with the help of Dr. S. Radzimirski,
UNIDO expert, who 15 essentially specialist in spark icnition
engines. In conducting the work it is necessary to take
into account that ignition system procured by far is not
the best suitable for the purpose. But that was the only
ignition system available in the market. Mach colder spark
plugs are needed. According to expert's expertency, Bosh-320
or Bosh-340 instead of spark plug corresponding to Egsh=225
should be used with compression ratio 12. Also gas pressure
regulators avallatle were desigred for LPG.TWHoll and was
approached to get gas pressure regulator suitable for
methaol operation. Hence further efforts are required to
obtain necessary hardware:

SUor
1. Carburator of 'Zenit-Stromberg type.
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2. Central body methanol injection with mechanical amd

microprocessor controls.

k Transistorized ignition system suitable to operate at

high compression ratios.
4. Precision gas pressure requl ator.

Further work should be conducted in close Coeoperation
with Ashok Leyland. Representatives of the firm exrressed
keen interest in development of methanol- LPG- ING- CNG

versions of their truck and bus engines (see Appendix 6).

Corresponding agreement was drafted at IIP during

visit to IIP of Chief Engineer, Research Mr. A.S. Subramaian.
(Appendix 8).



Part. 5 3 Activities directed to _research in other modes
of methanol application to diesel engines

In part 1 of the report glow plug methanol diesel engine
work at IIP was discussed. To promote this work further
some design work was carried out by Mr. Dinesh Kumar under
expert'’s guidance. 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 it tumed out
that direct injection version of the engine cannot be run.
Volume of prechamber constitute ~ 10X of total clearance
volume. Shape and dimensions of prechamber were chosen in
such a way as to locate it in one of Ricarilo research
cylinder head holes provided for location of injectors (two
injector holes were provided to enable investigation of the
dual injeciion method). Because of space limitations shape
of prechamber is not the best one. Alsc it is not possible
to locate standard glow plug. Therefore, special glow plug
was designed for the purpose.

Pilot injection should be done into prechamker
(10=15 % of total methanol ampunt,; with the help of small
plunger diameter pamp and single hole nozzle. Main injection
into main cCombustion chamber should be accomplished with the
help of bigger injection pump and nozzle having the same
number and position of nozzle orifices, as in base diesel

engine. Flunger di ameter and nozzle erificCes area should
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be increased as compared to diesel wversion to obtain duration
of injection not more than 24-26° of crank angle. Alsc
pressure of injection should be kept equal or slightly greater
than in diesel fuel injection to ensure necessary fuel sprays
propagation. It is expected that starting will be obtained
with the help of glow plug, ignition of fuel-air mixture in
prechamber and ignition of mixture in main chamber by hot

gas flow from prechamber into main chamber. After warm up
glow plug may be switched off if design ensures high
temperature of prechamber throat. Efforts should be directed
to getting low temperature of nozzle and high temperature of
pre-chamber throat. Also position of throat holes directing

buming gases into main chamber may be of some importance.

In the method described above mode of air fuel mixing
in main chamber where most of the fuel is injected,does not
underg considerable change which is the case when IIT,Madras
hot surface methanol ignition system is implemented. (Ref. 22
appendix 2). As compared to ignition of methanol by glow
plug installed in the main chanber (Ref. 19, Appendix 2)
in the approach just described considerable electric power
supply saving is oktained. The method under consideration
was suggested more than 20 years back by Soviet Scientist,
Dr. V.N. Svobodov ad successfully used for a fuel having
cetane number equal to 3. Hwever, no research has been
carried ocut with methanol.

It is suggested to conduct milti-factorial experiments
using at each speed following governing factorss




1. Amount of fuel injected into pre-chamnter.
2. Injection advance for pilot fuel.

3. Amount of main fuel.

4o Injection advaice of maln fuel.

Maximam ampunt of heat supply should correspond to
that introduced with diesel fuel. Variation of pilot fuel
should be substantially less than that of main fuel. Minimum
amount of main fuel should represent light load conditions.
It is clear that this experiment may be conducted only after
successful development work which should ensure stakle
opetation of the warmed up engine with glow plug 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 nimonic insert (£fig.6), ceramic
insert into aluminium alloy piston (fig.7) and ceramic insert
into cast iron piston (fig.8) are shown. Design work has
been carried out by Mr. Dinesh Kumar and drawing section
under expert's quidance. Experience of IIT Mardas studied
during business trip to Madras was used while designing
nimonic insert piston with air gap. Some recent publications
show that very soon the kinds of pistons shown in Fig. 6-8
may be marketed. Restriction of heat rejection into cooling
medium may help to increase compression temperature and

promoie methanol igeition. Hence it will be possible to
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ensure better stabllity of engine operation at light loads
and to decrease electric power supply to glow pluge Also
plston surface ignition of methanol may be attempted at least
at high loads. To find out effect of hotter surface of
combustion chamber on methanol ignition expert during wvisit
to Bombay with the assistance of IIT Bombay obtained as a gift
FSZ plasma coated Kirloskar AV-1 diesel piston (thickness

of coating 0«4 ~0.5 mm). This pistn may be tested at IIP
Kirloskar glow pnlug AV-1 diesel engine. Fcr the same purrose
2 cast iron piston assembles were obtained as a gift from
Kirloskar 0il Ltd, Papne. It is well known that due to lower
heat conductivity cast iron may ensure higher combustion
chamber surfzxe temperature. Also BZ plazma coating of

cast iron pistons should be attempted as temperature expansion
coefficient of BFBZ 1s mich closer to that of cast iron than
to a.luminigm alloy. Hence one may expect greater reliability
of coatingf%ase of cast iron provided proper techmology of
Coating is applied.

Detalled information about ceramic industry and ways
to get and to use nimonic metal was obtained during business
tour. The information was passed over to IIP Engine Laboratory

scientistse.

While performing tests with versions of piston
characterized by higher surface temperature, it is necessary
to take into account the following s
1. While coating piston to avoid high rate of wear, it is

advisable do not coat outer piston head surface located




between piston top ad first ring.

2. Decrease in volumetric efficiency and increase in
compression work may take place. Net effect of all the
factors should be studied experimentally and alsc by

calcul ations. Por the last purpose single and vwo zone cycle
mdels 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 mske calcul ations for

the whole 4-stroke cycle as with semi-adiabatic approach,

it is esseatial to f£ind out effect of increased heating

of the charge during inlet stroke. Also increase in enthalpy
of exhaust gases may be of interest for further application
of supercharging and turbocompounding. To £ind out effect of
increased surface temperature on cycle parameters, calcul atons
should be performed at dif ferent values of surface parts
temperature. In all cther respects method of calcul ation
developed earlier and described at IIP Report No. EL 0582,
January 1982 may be applied. Prior to computer analysis

IIP scientists are advised to read part 6 of the lecture
*Modem trends in diesel engine development” (Appendix 3).
Use of two-zone model for aalysis of send-adiabatic engine
pexformance is justified by increase in charge temperature
a1d hence greater effect of dissociation on cycle parameters.
once agair, expert wants to warn that calculations are aimed

to better understa:ding and planning of the experimental

vork rather than to prognosis of actual engine cycle.
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Some design work was carried cut in the lines of
application of dual injection-unstabilized emulsion approach.
Some of the methods are given in short in Appendix 3.

In fig. 9 cross-section of injector body is shown
designed by Mr. Dinesh Mumar and drawing section on suggestion
and under supervision of the expert. 1In this case mixing of
the fuels may taeke place in sac volume itself. Therefore,
possible separation of two fuels (in particular case, that
of methanol and diesel fuel) is almost entirely elimifiatéd.
One-way valve is provided to ensure proper operztion and
flexibility. Separation may take place in spring room of
the injector body where leaking fuel mixture may be accumil a-
ted. It will be necessary to find optimim solution for leaking
fuel connection. Closed type injector body may be tried.

In this case after some time of operation combined loading
of the needle will take place. Computer simulation and
experiments may help to modify injection system for new
conditions of operation. As a first version two pump
system may be recommended for this dual fuel operation with
provision to change independently injection pressures and
timngs of supply of both the fuels. It will be of interest
to £ind out effects of |

1. Advzice of diesel fuel supply with respect to methaol
supply.

2. Retardation of end of methanol supply with respect to

the end of dlesel fuel supply etc.
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Also other fuels combinations may be investigated

with this design. K.(S Diesels from Rajcot may be helpful

in fabricating the injector. This was revealed as a result
of preliminary commnic ation. Unfortunately the expert

could not visit K.5 Diesels during his work on mission

and finalize the design with the manufacturers.




Part -63 Comparative analysis of fuel injection and
Somization in case of diesel fuel and methancl

Short analysis of results obtained prior to the start of
expert 's mission was given in the Introduction to the report.
It is necessary to add that as in technical literature there
is no information related to atomization of both the fuels,
in spite of the shortcomings of the experiments carried ocut
it is alvisable to finalize report after application of
Corrections to particle sizes and methanol injection rates.
Though results may not give quantitative relation of particle
sizes to rate of injection, some useful comparative analysis
m3y be made under supervision of Cr. A. Cernej during his

third mission on the project.

Below short information is given about comparative
analysis of fuel injection with both the fuels. Work carried
out during the mission in these lines consisted from two

Parts °

In first part expert developed an engineering method
based on theory of similarity for approximate choice of main
elements of fuel injection system to feed diesel engine by
methanol instead of diesel fuel (Appendix 7).

As a result of this work most important changes in fuel
injection system were outlined. These are: increase in

piunger diameter and speed, increase in effective area of

nozzle orifices and increase in retraction volume of delivery




valve. Quantitative recommendations were given as regards to
these changes aimed at obtaining the same injection duration
and pressures with methanol as in case of diesel fuel and
getting at the same time necessary inCrease in wvolume of
methanol injected (by 225 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 jnjection
system elements in computer modeling and experimentation. Hence

time and expenditure are saved.

Also necessity in wear resistance and reliability tests
were stressed at the end of the report. The quantitative changes
in fuel injection system dimensions obtained by the method
developed may be considered as extreme 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 results of analysis given
in part 3 of the report and Appendix 5. Therefore, in second
part of the work on fuel injection, experiments were carried out
by IIP scientist Mr. A«K. Aigal under supervision of the expert.
These experiments were aimed to ensure normal development of

injection process for necessary methanol supply.

As a basis of comparisaon fuel injection system with cyclic
delivery of diesel fuel equal to 44 m/cycle at rated camshaft

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

systems are given in Table 1.




Flunger Number Diameter Delivery Cyclic

Fuel diameter of of valve delivery at
apl nozzle nozzle retrac- rated
mm orifices orifices, tion conditions
o] volgme mm3 Jeycle
mm
Diesel 7 4 0.23 37.6 44
Methanol 9 4 032 68.4 100

Cam profile(hence maximum plunger speed Cpl max)and high
pressure pipe were kept the same for both the cases. However,

as delivery period was longer in case of methanol injection mean
plunger speed during delivery period was greater for
altemative fuel.

Comparison of dimensions Chosen shows that product dpl.
Cpl is increased by ~ 1.84times, whereas it should have been
increased by 2.25 times to get the same duration and pressure
of injection. Nozzle orifices area i1s increased by ~ 1.94times,
whereas it should have been increased by 2.18 times. Delivery
valve retraxction wvolume 18 increased by 1.83times instead of
225 times. Also volumes in delivery valve chamber, pipe and
injector were not changed. Naturally injection pressure
Characteristics are different with both the systems (both the
fuels).

Two sets of experiments were carried out'at constant rack
and at constant delivézy.

The main findings of research carried out may be summarized

as followss
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a) Nature of change in cyclic delivery Qcycl with cam

speed is quite different with both the fuels. 1In case of

diesel fuel Ocycl essentially increases with speed. Hence
correcting device is needed to get necessary engine torque
increase with decrease in diesel engine speed. In case of
methanol cyclic delivery change with speed is more favourable.
This may be seen in fig.10. In analysing this result one should

take into account greater methanol compressibility.

b) PFuel injection system chosen for methanol ensures greater
rate of injection and injection pressure at all the speeds.
At the same time almost in the whole speed range injection
duration is longer with methanol (fig. 11,12). When compared
with results of analysis based on theory of similarity cne may

expl ain phenomena cutlined above by the following main facts:

Volume in delivery valve chamber was not increased in
case of methanol as follows from theory of similarity. Also
nozzle orifices area was increased to a lesser extent tham it is
necessary to keep pressure of injection the same as in case of

diesel fuel injection.

These two factors alongrith greater duration of delivery
period and higher mean plunger speed ensured higher injection

pressure.

Longer delivery period and higher maximm pressure of

injection are reasons for longer injection duration. Deviations

from recommendations which follow from theory of similarity
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were quite intentional as with too great inCrease in plunger
di ameter and speed contact pressure between cam and roller
follower may exceed permissible value. At the same time
slight increase in duration of methanol injection as compared

to that of diesel fuel injection canot be harmful.

More detalled information »n the work will be given in
IIP report which is now being prepared with expert's participa-
tion.

Future works
1. Investigation of fuel atomization with both the systems.

2. Choice of pamp lubrication system and injection system
durability test. Special measures should be developed to

ensure high durability of nozzle and pump.




Part =73 Work done during wisits to different institutions
and firms

information about work done during visits is given above
and in Appendixes 4 ad 6. BHere it is however pruper to

summarize results of work dcne:
N

a. It has been found that AVL research diesel engine may be

considered as one of two major cptions for IIP Engine Laboratoly.

be Cooperation lbetween IIT Bombay, IIT lladras and IIP Dehradun

in the lines of UNIDO project was initiated.

ce Cooperation with Ashok ILeyl and in the lines of UNIDO

project was initdated.

d. Part of nardware necessary to implement project aims was

acmired {(scne of it as g fts) at Delhi, Bombay, Fune.

®. Work to finalize design &d fabricat« Indi@ make single-

cylinder research diesel engine was initiated.

£e Know=hcw and informetion in the lines of UNIDO project

were laarat =md communicated to IIP sclentist.




Part -83 Concluding remarks and recommendations

1. Vast and detalled information related to the use of
alcohol fuels in piston engines has been accumulated and
analysed with high competence by UNIDO experts and IIP scientists
prior to the start and in the course of implementing the

projecte.

Attempts were made to inform Government of India aand
relevant scientific, industrial and educational organisations
ad corresponding specialists about World activities in the
field of production and application of alcohol fuels and
di fferent technical and technological aspects of the use of

alcohols in piston engines.

Special publication under title,“Alcohol Fuels Engine

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

It is however expert's conviction that greater effort
should be made to come to definite decisions at Government
level regarding perspective of use of methanol in India. In
case of positive decisions are t sken, industry should be
encouraged to start serious R&D in the field concerned. At
the same time policy in oktaining methanol at economical price

and in sufficiently large quantity should be finalised.

2. -UNIDO project at IIP in the most important direction of
methanol application to diesel engines have been ging on
without actual cooperation with industry. At the same time,

it is evident that only on the basis of close cooperatic: with




industry serious R & D work may be carried out and most of

the technical prokblems conceming the use of methanol in diesel
engines in India may be solved. Therefore, during the mission
efforts were mxle to initiate cooperation with industry. It
has been found that some big and experience firms- such as
Kirloskar 0il Engine Ltd and Ashok Leyland, are willing to

Cooperate.

Vice-prestdent of Kirloskar 0il Engine Ltd, M.S.Chandorkar
expressed interest in application of methaol to one of the
last advanced designs- AV-57 single cylinder diesel engine
which undergoes tests before marketing. As heat rejection to
Coolant is restricted in this engine it may be recommended to
apply to this engine glow plug approach,small prechamber glow
plug approach inclusive. Representatives of Ashok leyland
(Executive Director,Product Development & Quality and Chief
Engineer-Research) expressed keen interest in development of
pure methanol external mixing spark ignition engine on the basis
of Ashok Leyland truck and bus diesel engine according to
expert's suggestions. As has been planned in the course of
mission this engine with minor modific ations may be fueléd by
different gasecus fuelss methanol, LPG, ING, CNG. Represent atives
of Ashok Leyl and agreed that this multi~fucl ability of basic
design concept is very important at the current stage of
alternative fuel application to engines under production. Draft
of agreement to cooperate was prepared and agreed upon. Initiation

of cooperation with two above mentioned firms is cne of the

achievements of the mission.




3. Work in alcohol application to diesel engine is going
on in nunber of other than IIP institutions. Work at IIT,
Madras and IIT Bombay may be of interest for UNIDO project.
Therefore, dquring the mission cooperation between three
institutes was initiated. Agreement to this effect, if
properly implemented, may be to the benefit of the project.
Initiation of the cooperation with both the institutes may be

also considered as one of the achievements of the mission.

4o Prior to expert's arrival two directions of application
of methanol to diesel englines were tested at IIP Englines

Laboratory.

a) Methanol fumigation in inlet system of light duty diesel
en¢.ne.

b) Glow plug ignition of methanol in single cylinder 5 hep.
AV-1 Kirloskar Diesel Engine.

Further R & D is required in both directions. Work in
first direction is advisakle to continue in close cooperation
with ashok Leyland with corresponding field trials on Ashok
Leyl and buses at Madras. Work in second direction should be
continued in cooperation with Kirloskar Oil Engine Limited,
IIT Bombay ad IIT Mgdras. The following bench trials should
be mades

a) GQow plug ignition of injected methanol in AV-1 diesel

inctead

engine equipped by cast-iron piston,of aluminium alloy piston.



b) Glow plug ignition of injected methanol in Av-1 diesel

engine equipped by FSZ pl asma coated pistone.

c) Glow plug ignition of injected methaol in AV-1 diesel
engine equipped by nimonic insert-air gap piston.

d) Glow plug ignition of injected methanol in AV=57 cool ant
heat restricted diesel engine.

e) Small prechamber pilot injection surface ignition of
methanol in AV-57 engine. 1In the course of the mission most
of the hardware necessary to implement these trials were either
acquired or acquiring of hardware was negotiated and agreed

upon. Also design work was carried ocut.

of
It will be'interest to optimize swirl and position of

sprays with respect to glow plug. Before apny trial is
accomplished test bench should be modified according to
expert 's suggestions to improve accuracy and repeatability of
me asurements. On AV=57 diesel engine if installed on Ricardo
bench rate of injection may be determined and optimized in

the course of tests with the help of Tsnita chanber.

Work ocutlined 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

hydrocarb~n and CO emission.

Only after these trials it may be possible to assess if
milti-cylinder diesel engine glow plug approach should be

investigated.




Se In the course of mission test bench versiocn of pure
methanol extemal mixing spark ignition engine was designed
and fabricated on the basis of Tata truck diesel engine. 1In
this engine methanol 1s evaporated completely in multi-tube
type evaporator prior to its supply to gas-air mixer through
gas pressure requlator. With minor modifications this engine
may be fed by LPG, ING,CNG. In the same lines &shok Leyl and
engine version should be fabricated in close cooperation with

the firm.

Also the following versions of extemrmal mixing spark
ignition engines should be testeds

and
a) With carbturator spiral type evaporator.

anJ

b) With central body fuel injection systestpiral type

evaporator.

Spiral type evaporator was designed and fabricated during

the mission.

Hardware (Carburators, central body fuel injection system
witn mechanical and microprocessor control, transistorized
ignition system suitable for high compression ratio operation,
precision gas pressure requl ator) should be importedé as it is
impossible to acquire these in India. Thorough comparison of
three versions of external mixing spark ignition engines
carried ocut on Ashok Leykand engine in cooperation with the
firm should be made. On the basis of this comparison

optimum version should be chosen.




6. In the course of mission dual fuel approach with single
injector was developed and corresponding design work carried
out. The injector as applied to Escort tractor type diesel

engine may be fabricated by K.S Diesels at Rajkot. Then test

should be carried cut in cooperation with Escort firm.

7. In the course of mission engineering method of choosing

fuel injection system elements was developed. Experimental

comparative analysis of injection process with diesel fuel

and methancl helped to recommend extent of increase in plunger cross -
Sechwarea , Dozzle orifices area and retraction volume of

deliver valve (by 1.92-1.94times).

Work should be continued to compare atomization with
both the fuels (both the fuel injection systems) and emsure
proper pamp lubrication system and durability of pump and

nozzle.

8. Direct injection version of Ricardo single cylinder
research engine cannot be used for work on the project.

Therefore, it is recommended:

a) To carry out short tests with evaporated and injected
methanol in spark ignition version of the engine. Unfortunately
results of these tests may not reveal best methanol engine
parameters as Ricardo firm supplied engine with compression

ratio =9, which is too low for methanol application.

b) To install on the bench AV-.S57 Kirloskar engine and %o

carry cut experiments as outlined above.




¢) To take strong actions in order to get in short period
properly designed ad optimized diesel versions of Ricamdo

engine suitable for methanol research.

S. Standard of diesel engine performance test and research
should be further increased aEI"IT?.'pngines Laboratory in the
lines outlined above. Qne-two year training of two-three
Engines laboratory engineers in well established firm or

laboratory may be of great wuse to achieve this aim.

10. Number of engineers and scientists working in the lines
of diesel methanol research should be increased to achieve
best implementation of corresponding project aims before

July 1986

11. It is recessary to improve successiveness in different

international experts activities to the benefit of final

project aims.
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Appendix 1

PROGRAVME

of work of UNDC Expert A.S.Khatichian on project DP/IND/82/001/
(IIP, Dehra Dun, India),

Period of assizmment: from 11 October 1984 to 10 April 1989,

1. Visits to Vienna Technical University and AVL, Graz to study
the research work in progress at @orresponding laboratories
and to discuss problems pertaining to the fulfilment of the
project.

2. Participation in workshop - "Perspective of alcohol fuel
utilizacion in IC Engines" at IIP, Dehradun.

3. Study of research and development wrk completed and in
progress at IIP, Dehracun, UikID0O expert's reports inclusive.

4. Development of the prograume of activity in cooperation with
colleagues from IIP Engines Latoratory.

5. Analysis of engine cycles as applied to the fueling with
diesel fuel and methanol.

6, Theoretical analysis of the cange in engine parzmeters as
a result of diesel engire conversion into pure methanol
engine with external mixing ana spark ignition.

7. Deslgning of methanol evaporzator for ap lication to engine
as in 6 above.

8. Designing of engine parts necessary to convert a 6-cylinder
truck diesel engine to work on pure methanol with external
mixing znd spark ignition.

9. Designing of engine parts necessary to convert Ricardo
research engine into pure methanol engine with small pre-
chamber and pilot methanol injection.

10. Desligning of injector to be fed by two fuels.

11. Comparative analysis of fuel injection ana atomization in
case of diesel fuel and methanol,

12. Redesigning of engine parts to fix ceramic inserts to faci-
litate methanol ignition and combuscion.,

13. Visits to Indian Institutions ana firms to discuss and solve
arovlezm: relevant e the programe,

14, Training of kngine Laboratory personnel through individual
and group discusslons related to the programe,

15. ?reparation of the reports on expert's activities,

UNTIDO Expert. A .5 ,KHATCHIAN,

Approved by: Project Director, Dr.I.B.Gulati
Project Coorainator, S.Singhal.




Appendix 2

Utilization of methanol in diesel engines currently
under production

A.S. kKhatchian,

Professor

Moscow Automobile Maintenance and Highway Construction
Technical University USSR *

Properties of methanol differ to a great extent from those

of diesel fuel Table-1 (1) - (9). Considering mass ccmposition
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
stoichiometric amount of air are considerably lower in case of
alcohol fuel. Consequently calorific value of stoichiometric
air fuel mixture is almost the same in both the cases. (slightly
lower for methanol as applied to conditions of external air fiel
mixture preparation and slightly higher for the same fuel at
internal mixing conditions). Therefore one may exﬁect at

least preservation of power output in case if pure methanol

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 e@arbon and particukte content are negligible in

exhaust of pure methanol engines.

Turning over to problems of fuel injection and atomization
one should stress lower calorific value per unit volume

viscosity, surface tension, and higher methanol compressibility.

* Qurrently UNIDO Expert at IIP D.Dun,India
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-1 Properties of Methanol and Diesel Fruels

Parameters Methanol Diesel
Mass fractions of : c 0.375 0.87
H 0.125 0.13
0 0.5 -
Ratio of number of mols before and after
combustion for stoichiometric mixture 1.2 1,065
Fraction of three-atom gases in stoichio-
metric combustion products 0.35 0.26
Density at 20°C kg/m3 791 840
Lower Calorific value in MJ /m3 15780 35700
MJ / kg 19.95 42.5
Calorific value of stoichiometric air-
fuel mixture (P=1 Bar, t=20°0)
- as apglied to internal mixing :in 3638 3461
xJ M
- as, applied to external mixing in 3175 3475
xJ M3
Stoichiometric air/fuel ratio in kgs
of air/kg of fuel 6.55 14.55
in kmols of air/kg of fuel 0.2242 0.496
Heat of evaporation (1.C13 bar) in k.!/kg 1104 250
Boiling point/range (1.013 bar), °cC 64.7 170-360
Vapour pressure (at 37.8°C) in bars 0.37
Octane number : Research me thod 110 -
Motor method 92 -
Cetane number 3 45~55
Viscosity (20°c), @ 0.6 3.3
Molecular weight 32.04 180.200
Relative volumetric fuel 2.28 1
consumption for the same heat input
Electrical conductivity at 20°c, m—1 4,4.10‘5 10'3
Miscibility with : water good poor
e «-<-- hydrocarbon fuels poor good
Ignition temperature, K 743 473 =495
Plash temperature, K 284 348
Inflamability limits, vol % 6.7-36 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 times 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). Due to this maximum injection pressure
may be even higher for methanol injection in spite of greater
fluid compressibility (10). To overcome considerable increase
in injection duration when methanol is fed to diesel engine
increase in plunger dianeter and velocity may be recommended.
Both the measures will be more effective in reducing injection
period if they are accompanied 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). 1In case of methanol
injection adjustment of retraction volume of delivery valve may
be necessary. Also retardation of injection start with load
decrease may be benefitial to impmve ignition conditions at
light loads. * Lower viscosity and surface tensim tend to
ensure finer atomization of methanol as compared to diesel
fuel. There are no reasons to expect considerable changes in
spray penetration in case orf methanol injection, Specific
heat of fuel vapour is lower and thermal conductivity of both
1igquid fuel and fuel vapour is higher with methanol. Much
higher are saturation pressure and diffusivity. Due to the
differences stregssed abae one may expect higher rates of

heating, evaporation and airfuel mixture fom-ation in case when

* Droblems of lubrication, durability and safety are out of
the scope of this paper.
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methanol 1is being injected into diesel combustion chamber.
However much higher latent heat in case of methanol tends to
hinder methanol evaporation, especially when rate of heat

supvly from the charge or combustion chamber walls is not
sufficiently high. Applied to equal heat delivery with fuel,

b tent heat 1is almost 10 times higher in case of methanol

as compared to diesel fuel. Decrease of temperature of
stoichimmetric 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°cC

(12), (13), (14). 1In case of injection into combustion chamber,
local decrease of charge temperature may be quite high and as
evaporation rate depends on temperature conditions in fuel

@ rays this may affect rate of evaporation and air fuel mixtur
formation considerably. The effects discussed above may be res-
ponsible for greater increase in ignition delay when 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 mas t important negative property of methanol is its low
cetane number. According to different sources CN &£ methanol

is equal to 3-4, It is felt however that standard cetane rating
engines and corresponding methods of rating are not suited for
alternative fuels with properties differing from thee of diesel
fuels to a great extent. Due to considerable differences in

properties of fuels at equal ignition delay amaunt of ignitable

mixture formed durdng dely may be quite different in case of




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 ignitability of fuels widely
differing from each other by properties. One of the promising
approaches may be assessment of ignitability by amount of

heat released during kinetic phase of heat release (15).
Discussing ignition problems it is important to stress that
methanol being resistant to self ignition due to compression

is rather easily ignited by hot surfaces.

Regaréing combustion 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 methancol as
compared to diesel fuel and this tends to ensure greater cycle
work. Unfortunately fraction of three atom gases is also
greater with alcohol fuels. As stressed above much greater is
heat spent to evaporate fuel. To £ind out overall effect of
these difference on cycle parameters calculations were performed
assuming Pa, Ta, £ , 11,1, P,, X = idem.

Here : Pa, Ta-pressure and temperature of charge at the start
of compression ; Ei - compression ratio 7L1 - compression
exponent ; F, - maximum cycle pressure ; ¢ - relative air
fuel ratio. According to calculations efficiency of cycle in
case of methancl is lower by 7.5%. Difference in mean cycle
is less (4%) as calorific value of methanol alr mixture at
conditions of internal mixture formation is higher than with
diesel fuel. With diesel fuel maximum temperature of cycle

is higher.




One stould take into account that differences in actual

cycle parameters may not ceincide with the above findings

due to the effects inserted by dissociation, cooling losses,
actual air fuel mixture formation and combustion processes.
Te is reas-natie to expect that the above mentioned processes
may he better organized in case of single camponent fuel-such
as mechanol, than in case of multy component diesel fuels,

espcialiy at high load conditions.

Properties of methanol discussed above where taken into account
while deveioping 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 discusxed be low,

namely methods of use of pure methanol or methanol with ignition
improver. In these methods either 100% o£ 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 igqnition engine with

external air fuel mixture formation:

This method is best suited to open combustion chamber diesel

engines. To implerent this method it is necessary ¢

1. To decrease compression ratio down to 10-13 depending
on engine size and speed by machining of bowl in pistoh.

2., To remachine head of cylinder in order to fix spark
plugs instead of irjectors.

3. To ensure fixing and driving of distributor instead of
fuel pumpse.

4o To design, fabricate and Imstall fuel evaporator.
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Se To install carburettor, fuel injection system or
gas ailr mixer on induction system.

6. To solve problems of engine starting, heating up and
control with modified air fuel mixing and combustion

systems.

In application of this method experience gaired while conver-
ting diesel englnes 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) . Ip 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 1s possible to use quality control in rather wide load range
and aprly quantity control only in the range of loads close

to idle conditions (18). More complete and timely combustion
in comparison with diesel engine ensures rather high efficiency
in spite of decrease in compression ratio, use of richer mixtures
and throttling at light loads. Smokeless wxhaust, low noise

and low emission are advantages of methanol version of the engine

as compared with base dieselengine.

when engine 1s designed to drive electric generator or to be
installed on tractors and iocad construction machinery, precision
and all speed governing 1is essential. To meet requiremmnts

of such a governing gas air mixer with special type throttle




valve may be recommended Fig-4 (16) (17). Essential features
of this design is splitting of mixture intc two equal streams
and directing these streams 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 conditim s

when governor controls amount of air fuel mixture supply

to the engine.Axial force acting on throttle shaft is almost
zero because of symmetric design and alsoc torque developed

as result of action of aerodynamic gas forces on t hrottle

is negligible. Due to both conditions base diesel engine
direct action mechanical governax 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 commerciélly available ignition
improvers amount of the improver to be added into diesel fuel

to obtain necessary QN is quite high Fig=5 (2). In spite of
considerable content of nitrogen in the additives no increase

in NO, emission was observed. By proper choide of additive
amount it is possible to avold 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
co0 and CH emission 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
improver 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
ignition may be obtained by retarding start of injection
without fear of impemmissible 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 1is one of important directions of
reasearch work to make utilization of methanol in diesel
engines practical.

Use of glow plug to ignite methgnol injected intc gombustion
chamber :

The method may be applied to direct and indirect injection
diesel engines. At IIP suceessful attempt has been made teo
apply this method to direct injection esingle cylinder

Kirloskar engine (19). It turned out necessary to supply

at least 0.18 Kw power to glow plug at all operating cendit.ons.
Increase of efficiency was recorced at high loads as compared
to that of base diesel engine. At light loads efficiency
suffered because of difficulty to ignite poor air fuel miture.
Hence stability of conseguent cycles was not sufficiently high.
In case of indirect injection engires 1t is possible to
switch-off glow plug at full load conditions. However well
known low efficiency c¢f indirect injection engines 1is the
reascn why this method will not find wide use in practice.

Use of het surfaces to ignite methanol :

This method was developed tn UBSR by Dr. V.N. Svebodov (20;.

Its principlile is illustratec in Fig-7. Filot injection cf low




cetane number fuel is done intoc small pre=charter (3=-7 % of
ckarance volume depending on engine size.). Major part

of the same fuel is being injected into main chamber located

in piston bowl. Starting is made possible due to the use of
glow plug installed in pre-chamber. After short period of
engine operation throcat of pre-chamber gets heated due to

£1low 0f combustion products at high velocity from pre-chamber
into main chamber. Glow plug may be swithced off soon after
engine start. At all running conditions ighkition in pre-chamber
is accomplished 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 method was suggested (21),
(22). In this case electrical heating of the pre-chamber

wall 13 utilized. whole fuel is injected througn pre-chamber.

Charge stratification inside combustion chamber and srark ignition:

The best results in application of this method were obtained

on MAN diesel engines with so called FM=-process Fig-8 (7),(14).

In spite of high compression ratio detonation does not occur
as ignitable mixture is being formed first dlose to spark
plug and after ignition-close to flame front. Heat to
evancrate methancl is partly taken from spark plug electrodes

and combustion chamber walls. For methanol medel of FM diesel

enagine spark plug with three gide ele ctrodes was developed.




It made 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 compared with base FM=MAN engine fed
by diesel fuel. Shorter electrodes have lcower 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-mthanol
diesel engine. 1984 Kalifornian diesel engine emission
standard can be satisfied with the use of catalyst, durability
of the latter being not affected byt he comtent of soot,

sulfur and lead in exhaust gases (7), (14).

Conclusions @

First and last of the mthods considered above seem to be

most practical at the current stage. Use of ignition Improver
needs development a@f sufficiently cheap and effective additives.
Practicality cf two . - other methods is not yet clcar.
More research and development work is needed to find out if
these methods may comp ete with those recommended. 1In appli-
cation of the methods in which heated surfacss are used to
ignite methanol it is necessary to avoid high consumption of

electrical energy.
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Appendix 3

i ve t

1. Tendencies of development of truck and car diesel engines

.2.

established in 70-5S, accordirg to prognosis, would continne in
80-5. The main priorities are: to save fuel and metal, to

decrease emission and noise with accompanying increase in

durability and reliability. Though the directions of parameters
improvement seem to contradict each other new scientific and

technical jdeas proved that it would be possible to arrive to
reascnable compromises giving definite priorities to different
Parameters in particular cases depending on areas of applica-
tion and service conditions.

A1l these trends accompany considerable incresse ir number

and share of diesel engines produced. Total nurber of diesel
engines produced annnally in the world is approaching 10 million
and in USSR to 1 million, which constitutes about 10¢ of world
production, Number of models j:ncreasedconsidembly especially
those designed for cars. In 70-S nomber of car diesel engine
models produced in Europe increased from 3 t0o 17, 1In Jdapan

4 firms are producing car diesel engines. In USA first car

diesel engine was introduced by @MC in 1977, USSR is about

to join diesel car market with Lada diesel car, The sane
tendency is wvalid for India,

Qualitative developments is even more remarkable than that
of quantitative ones, There are severel reasons for this,
Pirst is the effect of energy crisis and enorrrous increase in
oil prices in 70-S. Due to these factors developed countries
managed 10 decrease oil Consmption considerubly, In 1982-683

0il consumption was reduced by 20% as compared to 1979.




US reduced i%s consumption from about 925 million tonnes/

year in 1979 to 750 million tonnes in 1983 and is expected to
reduce further by another 100 million tonnes/year by the

year 2000, Amorg other measures the reduction in oil consumtion.
In US was due to reduction in car sizes. US has 100 million
cars and gasoline accounts for about 504 of tatal petroleum

consumption. The number of 4-cylinder cars has increased
from 10% to about 50%. Second resgon was smoke,noise,emission
Tegulations introduced in meny countries, Afier few years
of liberslization of these regulations Dbecause of energy
rises during last few years there is considerable stringenting

of the regulations especially in USA and Japan, In table-t

passenger car diesel emission requirements are presented for

USA.

Pederal , g/mile ICalifornia, &/mile
x §Particulate ] HC RCO § MOy fParticulate
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¢4) 0.6(1) o041 7 1,980 o6

1985 0,41 3,4 1,0 0.6V o417 7 1,002 o4

(1) A1l altitude requirement (2) 100000 mile NQ durability
requirenent (3) Particulate standard of 0,2g/mile delayed for
2 years (4) NOy waiver from 1,5 g/mile given for diesel
or innovative . technology.

The third reason is expansion in the successful uge of

computers in the field of diesel engine development. As
Engels put it - necessity is more helpful in develomment of

science then dozen of universities, So there was necessity and




this kelped to advance science.

Two examples of successful use of computer modeling may be
sufficient to prove stated above, Use of finite element or
finite differences methods in modeling of temperature,defor-
mation and stress fields calculations in many diesel engines
models ensured decresse in engine mass upto as high as X%

without any sacrifice in strength and reliability. The same
methods helped to increase specific power out put of truck
diesel engines by upto 80-100% with considerable decresse in
specific engine mass acrd ensuring high durability andr reliability.

Sewond area of successful use of computer modeling with respect

to piston engines is that of gas and fuel flow modelirg.

Development of experimental facilities at least kept along if

not overspeeded development of computer modeling. Due to develop-

ment of sophisticated instrumentation, datg processing systems

and engine tesi automation not only engine testing has been
accelerated and made more precise but tnere ,camé%ife areas of
experimentation which hardly were explored before. As an example
studies of turbulence in diesel engine combustion chambers may
be mentioned. These studies help in spphistication of inlet
port and combustion chamber designs to improve efficiency and

antismoke ability,

After tbhese genersl comments 1<t us consider some important




directions of truck and car diesel engine development.

1. Turbocharging and combined supercharging may be considered
as mein direction of diesel engine development. If properly
applied they save fuel and metal. Unfortunately this main

direction of truck,tractor and car diesel engine develommernt

is not yet ntilized in India. During number of years there was
some unwillingness to use turbocharging 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 for decades. During last 7-8 years use of super-
charged models in truck and tractor diesels has increased to a
very great extent. Now in many czses new base models are
éupercharged ones. This applies for instance to new farilies
of tractor and truck diesel engines developed and put into
Production in Kharkov and Yaroslav diesel eogine factories.

Sometime engineers and scientists in India argue that super-

charging is not perspective.in this countiry becauge of specific
road, traffic and maintenance conditions and hence much smaller
pover of truck diesel engines as compered to developed countries,
in Ry opinion this is not correct as with efficient small
size turbochargers available number of small size supercharged
diesel engines are under production in the world which have

efficicncy better than that of Indian make truck diesel engines
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by atleast 15-20%. Hence supercharging and other modificaiions
may be used to save foreign exchange., According to different
sources from 40 to 70% of foreign exchange in this country is
spend to import oil and diesel engines are one of major consumers
of the same. Advantages of supercharging are well known,
Therefore let us consider some difficulties in application of
supercharging to the enghnes operating in wide load and speed

ranges. In Fig.1 points of truck 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 m8ximum value. The same is

true as regards to turbine efficiency. With decrease in engine

speed supercharging pressure drops comsiderably. If turbine
is designes in such a way 8s to ensure high supercharging
pressure at low engine speeds thap with wide speed range
operation exhaust work may get too high at l}igh speed range
and hence efficiency and power output may suffer considerably
at ccrresponding conditions. Also smoke density will be

very high at the same conditions. To overcome negative

consequences following from difficulties in m8iching erngine
and turbocharger performances there are many ways. First and
most promising way is to obtain compressor and turbine
performances which can be better matched to diesel engine

operating conditions. Also engine desigan may te matched to




turbocharger performance. In fig.2 fuel cyclic delivery
corrector is shown which decreases maximum fuel delivery when
engine speed gets lower then maximum torgue speed. Fig.3 shows
how this effect is obtained. This type of diagram type actuator
help to avoid excessive smoke a8t low speed range, Fig.4 shows
combined effect of iwo correctors which help to get high torgue
back up and to avoid deterioration of process at low speed
range.

Combined turbo and resonance supercharging may also solve the
problem. Scheme 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 charging of
the engine at low speed range. Decrease in volumetric efficiency
at high speed range is benefitial es supercharging pressure is
high at these operating conditions. This helps to keep maximum
combustion pressure at all the speeds élmost the same.

In case of conventional supercharging systems increase in
maximum cycle pressure limits engine boosting for a given

engine structure. Pig,7 shows improved matching of turbocharger
and engine in case of combined supercharging. In case of Low
boosting impulse type supercharging system may help to obtain
better engine performance due to more efficient use of pulse

énergy at low speeds.
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Considerable atiention is now paid to €omprex supercharging system
(Fig.8) as in many respects it may be more efficient than conven—
tional system (Fig.9 and 10).

Two stage supercharging and Hyperbar systems are stillconsidered

to be too expensive and complicated for the use on truck and car
engines. To improve transient response of the engine several designs

were sugsested (Fig.11 and 12). 4lso Ccmprex system ensures good
transient response (Fig. 13).

During last few years it has been proved that in case of high
boosting diesel engine,speed derating is benefitial. In our
experiments om 8V truck diesel engine designed to develop

500 h.p. at n = 2200 rop.m. ( D/5 = 140 /140) derating down

to 1800 r.p.m. made it possible the increase of efficiency
b§,5-7% a8t full 1load conditions. Also maximum piston tempera-

ecreased substantially. Improved Zurbocharger
ture'and engine matching conditions enabled to obtain torque

back up equal to 30%, Minimum fuel consumption at full 1oad

was equal to.152 gus/h.p. hr. which corresponds to brake efficiency
41%. It is worth noting that air to air intercooler has been
used in this case as in almost all the modern supercharged engines.
Use of air to air intercoolers is Justified in supercharged

engines even When supercharging pressure is rather low (1.5 bars

and more). Intercooling ensures decrease in engine 22ris thermal

1°8ding, decrease in emission and efficiency improvement at a

&lven engine rating.

Almost in all car diesel engiries waste gate sysiems are

being used to meet requirements of wide speed range operation.




Supercharged engines are provided by rather wide simple
shape combustion chambers. It has been shown by cur experiments
that diameter of combustion chamber may play decisive mle in
limiting specific power output of engine. In case of small
diameter combustion chambers located in piston thermal loading
of cylinder head as well as that of piston may be too high.

2. In case of unsupercharged diesel engines choice of the
combustion chamber shape #d domenstous may affect diesel
engine speed rating, efficiency, levels of particul ate ad
other hazardous components emission. Also rate of pressure
rise and diesel engine hoise emission depend on the type of
combustion chamber to a great extent.

According to experience gathered so far one of the most
teneficial combustion chanbers suggested so far is that of‘
Doitz diesel engine. In fig. 14 ad 15 corresponding mode of
alr fuel mixing is illustrated. Only two nozzle loles are
used and high sword intensity is obtained due to the use of
effective helical inlet port. According to our measurements
charge velocity in combustion chamber may reah 60 ™ /s.
Inspite of rather low volumetric efficiency and high dead
volumes of combustion charber brake efficiency and mean pressures
are at least not worse than those in Daimler-Eenz (D-B)
cylindrical combustion chanber, which has considerably higher
value of combustion chamber to cylinder diameters ratio and
hi gher volumetric efficiency. it the same time, softer
combustion and lower noise emiss:on is obtained with Doitz




combustion chamber as compared to D-B combustion chamber.
Starting ability of Doitz diesel englnes is better tham that
of MAN engines. Unfortunately even medium supercharging in
case of Doitz combustion chamber is accompanied by unadmissible
level of cylinder head thermal loading. Great efforts are
being made now-a-days to meet smke ad emission limdtation by
special combustion chamber design (Fige. 16,17,18 & 19). Number
of combustion chambers shown are impractical as regards to
production and local overheating. Some of them may found use.
This is the case witii combustion chanmber shown in Fig.19 which
ensures high local turbulence in prewall reglon and thus
shortens after burming increases efficiency, decreases smoke
density. Also efficient engine operation in wider speed ramge
is made possible as compared to conventional cap shape combustion
chamber. In geheral, while designing conmbustion chamber, it is
necessary to decrease dead wolumes as much as possible. Small

overlap period helps to achieve this aim.

3. Great attention is being pald to optimicing of injection
process. It was shown in our experiments that increase in
injection pressure ad injection duration shagrtening is
beneficial only in case if it is not accompanied by substantdal
increase in amount of fuel supplied with decreasing rate.
Conditions of air fuel mixing and combustion for fuel portions
supplied after igition with decreasing rate were found to be
unf avourable. This may be seen from FPig.20 and 21. Special
design of injector shown in Pig.22 helps to increase the




pressure of nozzle closing and thus shortens final injection

stage. Here A<z md high pressure built in space 5 by the time
spilling starts helps to increase needle closing pressure. To
ontimise injection process controlled hydraulic loading of the
needle may be used. We developed injection system which made

it possible to chage inj ection pressure and shorten injection
process to a considerable extent on running engine. Simdlar
effecc was employed by CAV England Fig.22a. iccording to
experiments carried out for exh particular engine there are
optimum values of injection pressure and duration. In our
investigations it has been found possible to decrease smoke
density by several times ad increase efficiency by 4-6% at
raed conditions of supercharged diesel engine while keeping
maximim cycle pressure unchamged by the increase in injection
pressure. At low engine ad swill speeds increase in injection
pressure did not bring about improvement in efficiency and

smoke density. Hence, flexible control of injection process

&d timing for truck and car diesel engines may be of

importance especially in case of stringent pollution limitations.

The latter demand the modes of injection process ad
timing change with operating conditions which cannot be met
by conventional injection systems.

4. cefore, electronic control ad electronic injection
are now considered to be viable solution of the prmoblem of
flexible control of injection timing amd injection process
as awhole. In Fig.23 overall view of injection pump with




electronic gove or is presented. Fig.24 illustrates block
diagram of el=ctronic govemor. With this kind of equipment
it is possible to take into account precisely not only
particul ar engine characteristics but also thermal conditions

of engine operation, atmospheric conditions etc.

Pig.25 shows the same kind of system in case of unit-
injectors which can easily ensure very high injection
pressure. One of drawbacks of unit-injectors is difficulty
to control injection advance with engine speed. Electronic
govemor and special design of helics on plunger (Fig.26)
ensure proper contml of injection advance with speed. This
is essential in car open type combustion chanber diesel engines.
Great attention is attributed to accumul ator systems with
electronic control. In Fig.27 design of electronically
controlled injector is shown developed in USSR. To ensure
fast response el ectromagnet operates light valve. When it
opens hydraulic force 1is being developed which opens nozzle.
Therefore, injector is known as electric~hydroulic type. Valve

motion is controlled by microprocessor.

Microprocessor control of injection process improves
engine efficiency at some operating conditions upto 5-7% ,

decreases emission, smoke density and also stresses acting on
engine partse.

Se There is considerably increase in nunber of diesel cars
being sold in the market, especially in Italy, W. Germany and

France. By the year 1990 around 15X cars sold in the World




will be supplied by diesel enginey 30X of these amunt being
open type combustion chamber diesel engines. 1In Fig.28,29 & 30
types of open combustion chanbers and injection systems are
illustrated. Aaccording to Ricardo Co. analysis wall wetting
type combustion chamber is beneficial if one strives to achieve
reasonable compromise between engine parameters such as
efficiency, noise, emission, mechanical lcading of engine parts,
cost of fuel injection system, starting ability etc.

upen type combustion chamber car diesel engines heve
following advantages as compared to engines with divided type
combusticn chambers.s
1) Lower fuel consumption- upto 10-20% in city operation
conditions.
2) Lower heat rejection to cooling medium and hence
railator sizeﬁ'a_fJaster W 3rm-up.
3) Lower thermal loading.
4) Better supercharging ability.
Disadvant ages
1) Lower specific power output and maximum to rque
(by 5-10%) due to difficulty to optimize injection
ad swirl in wide engm%’sd?;tge.

(NOx emission is lower
S

2) Lower emmpto 50%).

3) Lower peak cylinder pressure and engine noise
(upto 10-20 bars). |

4) Lower fuel injection system cost.

HoWever, almost all of these disadvamntages may be

overcome by the proper use of microprocessor control ad
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controlled superchargings Fig.31 stresses importance cf inlet
duct design in cases of car and light duty diesel engine
'operating in rather wide speed range. Fig.32 ifllustrates one
of the recent developments in the fileld of car diesel engines-—
IVE CO supercharged diesel engine(power output 68 KWat
4200 RPM, maximum torgue 216 nm)uith plastic head and gear
drive covers. In addition to the use of plastic covers
to decrease noise cylinder blo¢K js male in two parts
separated by resilient gaskets that damp hich frequency
vibrations. As may be seen from Fig.33 minimm fuel
consumption obtained without fan, muffler ad air filter is equal
to 230 gw/kw.hr, which corresponds to about 38X brake
efficiency. 1Increase in power output as compared to
unsupercharged indirect injection version is 34X and increase
in efficiency-18%. Ford of England claims increase in power
output by 104, in maximum torque by 84 and in fuel
consumption upto 24X in direct injection 2.5-L diesel engine
(model PSD 425, power output 50 KW at 4000 rpm, maximum torque
143 nm, compression ratio= 19) as compared to indirect
injection version ( ramsit 2.36-L). Reasons of improvements
obtained: lower heat losses to the cooling, higher mechanical
efficiency (no pumping losses during compression- expansion,
lower compression ratio), use of ram effect by proper design
of inlet manifold, refined swirl port, 4.5 mm low inertia
needle. lLow noise emission is obtained by proper ribbing of
cylinder block, expansion controlled pistons (reduction of




clearance to 0.008 mm) selective assembly of pistons with

four skirt sizes to match to the measured cylinder bores.

6. One of the most important directions of development
which is considered by some of specialists as revolutiom in
the fleld of fiesel engine application is development of
compound engines incorporating adiabatic diesel engine. First
of all it is necessary to stress that diesel engine strictly
speaking may not be adiabatic. Eve if we imagine engine
parts fabricated from materials with negligible specific heat
and very low heat conductivity,temperature of parts surface
may not follow charge temperature and flame temperature at
the same time. and, it is known that charge temperature is
considerably lower than that of flape. If we assume surface
temperature to be equal to so called heat exchange average
temperature of the charge, then integral heat transfer may be
equal to zero, but : i.nsta’%:aneous heat
transfer wiil not be equal to zero. There will be heat loss
by charge during first period of combustion-expansion and heat
galn from the walls during the following part of expasion
when heat utilization approaches to zero. Hence, even if

one xhieves integral heat transfer equal to zero, this will
not exclude effect of heat transfer on cycle efficiency. Also
one should take into account decrease in wolumetric efficiency
and increase in compression and exhaust work while considering
effect of reduction in heat transfer on engine parameters.
Results of modeling do not coincide with experiment al results
due to the fat that while modeling investigators do not take



into account properly actual conditions of heat transfer and
especially high radiant component of heat tramnsfer in diesel
engines (instantaecus share of radlant heat transfer may be

as high as 0.7 -0.75).

Above stated does not mean that utilization of wasted
heat cannot bring about considerable improvenent in engine
parameters. In W. Germany E1CO developed diesel engines
with restricted heat transfer and obtained high diesel engine
efficiency (upto 43%)e.

While assessing this result one should take into acount that
also decrease in friction losses was obtained in E1CO engines.
Decreasse in heat losses with coolant creates conditions for

efficient use of exhaust heat in povwer turbine.

In £1g.34 scheme of turbocompound engine is given. In
addition to turbine which drives compressor to supercharge
diesel engine, power turbine coupled through special drive
with crank shaft is used to utilize part of heat taken avay
by exhaust gases. Fig.35 illustrates changes in heat bal ance
due to compounding ad heat tramsfer restriction. To restrict
cooling losses ceramic parts,ceramic coating or cerami:
inserts may be used. These materials, should have low heat
conductivity, low specific heat, low density, high |
strength and high temperature expansion coefficients. The
latter is important to facilitate matching with metal parts
with which they are to be combined (Fige36). In this respect
partially starilized Zirconla dioxide is considered as
perspactive ceramic. It 4s claimed that this material al so




possesses rather high strength ad temperature shock

resist ice ability. Fig.37 illustrates Komatsu coolant heat
restricted diesel engine. In this case it war found necessary
to cool piston to keep temperature of friction surfaces and
that of lubricant at rezsonable level. Due to high lubricating
oil evaporation rate tickmess of synthetic oil film decreases
considerably in case of high liner temperature (the latter
being upto 400°C) (Fig.38). Firm however claims gpod wear
resistance and sufficiently high relisbility with proper
choice of design,materials, technology of fabrication and cil.
Practical decrease in wolat heat was 35%- Fig. 39. It has
been found that turbine (0,82) and drive(0.89 to 0-93-“;1:%&0
30,6) efficiencies are of a great importance in getting high
efficiency of turbocompound engine. Fig. 40 shows performance
graphs of basic and compound engines. It may be obserwved
that brake efficiency of the order of 50X Was obtained

in compound engine with restricted heat rejection. Considera-
ble decrease in particul ate emission due to high temperature

combustion was also recorded on engines-Fig.4l.

Traie-off curves plotted in Fig.42 show that greater
decrease in NOx and HC emission may be obtained in engine
ander consideration by retardation of injection start with
smaller sacrifice in efficiency as compared with conventional
diesel engine. Also better multy-fuel ability may stress
alvatages of diesel engines with restricted coolant losses.

Pinal alm of development is abolishing of both cooling ad




lubrication systems and reaching braxe efficiency of the

order 55X.

Cumnins firm is very active in the field. It is
Claimed that programme is rel ated to military application-
rig.43. 1In conclusion, it is necessary to stress that after
100 years of development the field of diesel engines is very
dynamic and a lot of improvement may be expected in the

Years to Come.
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rig.1. Compressor and diesel engine performance map

Nj... m, load performances of diesel engine at different
engine speeds,

nT4...0T, compressor performances at iifferent turtocharger
shaft speeds,

1 - full load speed performance with uncontr-lled supercharging

2 - constant power output performance with controlled
supercharging. '

Fi6- 2 Cyclic fuel delivery corrector actuated by pressure
of supercharging.
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Fig. 26. Plunger design ensuring
injection advance with speed
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» Pig3 0 Comventionsl with pume-injector
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Iveco turbo diesel cuts DI noise with twa-section
»ngine block. and large plastic top cover that
»acloses injectors as well a5 valve gear. The 2-L
a1t has 93-mm bore and 90-mm stroke.
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Fig.33

Performance and fuel
consumption curves of
Iveco turbocharged
diesel. showing gross
ratings withou! fan. muf-
fler. and air filter. Power
is 68 kW (91 hp) at 3800
rpm. and peak torque
216 N-m {159 Ib-ft} at 2200.
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Appendix L.

Application of Alternative rFuels for
Internal Combustion Engines - UNIDO
Project DP/IND/82/001

I.I. P., Dehra Dun, IkOIA.

Interim RepoTrt

vApplication of methanol to four-stroke
diecsel engines currently under production™

Preoared for the Goverrment of India by the
United Fations Industrial Development
Organisacion, Acting as Executive Agency for
the United Nations Development Programme

Based on_the work of A.S.Khatchian
INIUQ Expert

Period under review: 11.10-1984% to 31.12-198k

United Nations Industrial Development
Organization, Viemna.

¥ tnis document h-s been Treporduced vith}ormal
editing.
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Work done by the expert

Visit to Department for Internal Combustion Engines and
Automotive Engineerins, Technical University, Vienna,
Austria to study research activities in progress and to
discuss the problems relatez to the project.

Visit to AVL Graz, Austria to study research equimment
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 xisiﬁjthe expert came to
the conclusion that specification o Universal Single-
Cylinder Experimental Engine with Dynemometer should te
prevared by IIP and AVL should be approzched to finZ out
the cost of such a unit and period required for the
suoplye.

The enzine swould be supplied with the parts necessary
to simudate operation of Indian make truck and bus
diesel enzines and also tc certein extent future requi-
rements of the country's transportation systew and
agriculture.

Results obtained on Ficardo Single Cylincer R=search
Engine though of interest,can not be used directly to
prediict performances of Indian make truck, bus and
tractor diesel engines running on conventional diesel
fuel and on methanol, Performing of all research and
development work on multi-cylinder engines is too costly.
That is why aquiring of sultatle single cylinder research
enzine is essential.

Stuay of the Project documents and technical reports
prepared by the experts assoclated with the project

(A. Kowalewicz, A. Cernej, P.Eyzat) and the report of
Ad-hoc Expert Group Meeting on Modification of Internal
Combustion Engines for Utilization of Syntheti~ Fuels,

Preparing presentation "Analysis of the methods to use
pure methanol in dlesel engines currently under product-
{on", Text of the presentation has been finalized in
writing, It may te attached to the final report.
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Participation in workshop "Perspective of zlcohol fuel
utilisation in IC Engines®" at IIP, Dehra Dux.

Study of Engine Laboratory facilities amd research work
done znd in progress.

Individual anc¢ Group discussions on different aspects of
fulfillment of the project aims with Engine Laboratory
Sciencists (Mr.Suzhir Singhal, Project Co-ordinator,
Dr.B.P.Pundir, ¥r.K.K.Gandhi, Mr.D.Kumar, Mr.a.K.Aigzl,
¥r. S.,Dass, Mr. S.K.Singhal).

2redaring tle prograrce of the expert's work on the
project.

Analysis of the results of compar ative investigation of
fuel injection ana atomiZation in case of diesel iuel
and methanol carriea out in Engine Laboratory prior to
the expert's arrival., Dcvelopment of the sugcestions
related to the rfuture work in the airections specifiel

above.

Analysis of the methads to use methanol in di:zsel engines
and choice of the most promising practical methoas taking
into accoun: local conditions and facilities,

Dzvelopment of the sugzestions related to the conversion
of truck and public bus diesel engines into external
mixing spark ignition engines,

Preparing the lay.out schemes of Tata truck diesel engine
ci&erte: into externzl mixture forzation spark ignition
engine,

Choice of the types of methanol evaporators to te analysed.
Calculations of heat supply and evaporation rates for several
types of evaporators. Choice of main dimensions and
development of design lay-outs of two evzporator..

a) Swirl chamber type b) multi-tube type., Strength analysis
for the latter. :he materiils developed were hznded over to
an en-ineer and a draughtsman %o prepare detailed drawings
under expert's 3upervision,
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14, Preparation of list of equipment to be procured %o m=ke con-
version of diesel engine into pure methanol engine possible,
The list was handed over to an engineer for taking necessary
ctiol.

$5. Development of the suggestions related to research activities
on Ricardo Single Cylinder Engine test bench obtained by
Engine Labtoratory through UNI DO in December 1984, Designing
the enzine parts necessary to investigate on the tench the
method (process) surcestzd by Dr. V.K.Svobodov for low cetzne
number fuels in case when diesel engine is fed ty methanol is
in progress.

16, Development of the sug-estions for dual fuel diesel engine

operation - -

17. Development of the method to choose main dimensions of fuel
injection system 1in case of alternative guels based on
theory of similarity. Application of the method to fird out
necessary changes in dimensions of fuel injection system to
use methanol in5€%d of diesel fuel while Keeoing injection
pressure and duration the same in both the cases,

1€, Choice of fuel injection system elements to suit methzanol
injection requirements on the basis of experiments. Work
is in progress to compare fuel injection process with
disel fuel and methanol,

19, C lculation of engine cycles with methanol and diesel-
fuel., In case of metbanol,calculatlons vere performed for
condi tions of interral ana external mixture formulatioh,
rnesults of the calculations made iv possitles to asses: effect
of certain differences in fuel properties on cycle and hence
engine parameters. Technical report h@s been preparec on
the basis of the calculations and corresponding anzlysis.
It may be attached to the experts final report. In addition
to detailed technical recommendations which are given in the
written presentation at the workshop (to be published) and
in the technical report mentioned above (more technical

reports will be prepared by the end of the mission) it is
necessary to stress several important cod%nts concerning
implerentation of the oroject :




1) ¥Yast and detailed informztion related to the use of
alcowol fuels in piston engines has been accumulated ama
analysed with high competence by the experts and IIP
Scientists in the course of implementing the project.
Attempts were made to inform Govermment of India amd
relevant scientific, incustrial am educational orgcanisa-
tions about world's activities in the fiela of production
ana application of alcohol fuels and different technical
aspects of the use of alcohols in piston engines, Specddl
publication under title "Alcohol Fuels Engine Applications"
has been staited, which is of a great use.

It is however expert's conviction that geeater efforts
should be made to cmme to cefinite wecisions at ministerial
level regarding perspective of use of methanol in India,

In case corresponiing cecisions are taken, industry should
be encouraged to start serious #&D in the {ield concerned.
At “he same time the policy in obtaining methanol at eco-
nomical price and in sufficiently large quantity shruld 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 in India may be solved successfully.

11) Some gquite interesting research has be:-n carried out
at IIP Engine Laooratory on substitution of diesel fuel

by meth-nol., |

Tnis :esearch was however confined to small dissel erngines
whereas magyor part of a;:sel fuel is consumexz by truck, bus
=nd tractor diesel engines. In expert's opinion gre:ter
efforts should be made at the following stage of tie
project implementation to aquire experience in utilizZation
of methanol in above mentioned engines,

111) There are substantial daifficulties in aguiring hardware
necessary to carry out R& on utilization of methanol in
diesel engines, This alongwith unwillingness of Indian diesel
engine indust:y (reasons given above) to co-operate in ful-

filment of certain part of oroject aims a e the reasons why
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experience of international experts and IIP Scientists ts
not yet utilized in the best sossible w=y,

iv) As the main aim o1 the project is to help India in
solving some economical problems related fuel supply, I
think it would be proper if international experts do ot
limit their activities to only use of methanol in piston
encines., There 1s substantial scope in improving efficiency
of truck, public bus, tractor type diesel engines. In some
models efficiency may be increased by 15.20% which will
help to solve the main aim o1 the project. Also activita
les aiming to introauce supercharzed diesel engines into
Incian economy snould be undertaken with the assistznce of
incternational experts. This will help motbnly in deacreasing
specific fuel consumpt on but also to save other maderials

as well,




Beport o resultip of comparetive
sycle calculations with diegel fuel
and_pethanol,

Based on the work done at Indian
Institute of Petroleum,Dehredun b
UNIDO Expert Professor A.S.Khatchian
from Moscov Antomobile Maintenance
and Highway Construction Technical
University\USSR),
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Besults of cycle calculations with alcohol fuels as compared

%o those with comventiomel fuels reported so far in papds (1),
(2),(3) are comtradictory. Differences in properties of fuels
under considerstion ( 4 ) affect cycle parameters in opposite
ways. Some of the differences, say between methanol and diesel
fuel,tend to be benefitial for methanol cycle,whereas the oihers .

may deteriorste the parsueters.

As reported im (4), one of the practical methods to design
pure methanol engine is by converting diesel engine into spark
ignition extermal mixture formatiom engine. Prognosis of the
change 'm engine parameters as a result of such a conversion
is of interest., As a first approximation this may be done

on the basis of cycle calculationms.

Alpa_of atudy
1. To find out effects on cycle parameters of differences in

the properties of methanol and diesel fuel -~ such as: ratio of
number of mols prier,in the progress and at the end of combus~
tion; frection of threp-a:tom gases in the cherge and hence its

specific heat; evaporation heat,

2. Zo assess the change in diesel engine psremeters as a
result of its conversion to spark-ignition externsl mixing
engine, '

Longditions of the sindy,

Combustion is assumed to take place at comstant volume and
constant pressure. Maxizum value of cycle pressure in all the
eages is equal to 85 bars.

in calculations cerried out cylinder diameter (D) and piston
stroke(S) are assumed to be equal to 120mm. As heat exchange

between charge and engine parts is not accounted for,all the
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opmclusions made are valid for any engine provided compression
raetios and air-fuel ratios are the same as those taken in

calculations performed.
The table 1 conditions of cycle calculations are presented:

1adls - 1

Desig-4 _ (pa, g Ta g Jr g o g Fael nggi-:frgéggoﬁﬁa'
g;tiong & gpa K grizing Qtion heat.
oyclesd 8 0 ¢ ¢ 0 ¢

'\ 17 99348,9 330 0,03 1.6 Diesel Intermal Ho

B » “ * ® " |Methanol * ¥o

c “ " “ “ - . . Yes

D 12 98120 340 0.0424 1.35 " External ¥o

In table 1: £ - compression ratio, pa, Ta - pressure and

temperature of charge at compression start, f r= 1atio of nomber

of mols (Nr) of residusl gases to number of mols (N{)of fresh

charge, di~ excess air cefficient.

In cycles 4,B,C mean adiabatic exponent was taken to be equal

t0 1.375. In cycleaD mean adigbatic exponent was calculated as
Kin = &;—K-&, where I: and Kci are values of adiabatic

exponent at the start and at the end of compression. The same

approach vas used in calculating mean adiabatic exponent for

expansion process in case of all the cycles.

Cycle D was calculated on assumption that air fuel mixture is
formed outside the cylinder and methanol is evaporated completely
prior to mixing with air due to heat supply from engine codling
Jacket. While choosing values of input parameters for cycle D
inter relations between the parameters known from theory of

internal combustion engines (5),(6) were taken into account.




The parameters vere chogen by iterations to get mean pressure
of cycle not less than that in case of cycle A,
Set of simplified equations used is given below?

P =g e R = (1) where

Pi-mean pressure of cycle, Ru —universal gas constant equal to
6314 J /mmol.X, Ha-lower calorific value of fuel, §1 = o(4s

in ease of internal mixing and N1 = o« bo + 1//14

for external mixing, Lo = stoichiometric amount of air in

wpols required to dburn 1kg of mel,f’f is molecular mass of fuel,
Z, -volumetric efficlency, ? ( =cycle efficiency, Pk,Tk ~-pressure
and temperature of charge at the engine inlet

_ £ pa T (2)
7"—8-1%‘; Ta(i+ é/z)
7:+A7—+9Xz Tz

Ta= 1+ &2

(3)

In equation (3 ) AT is increase of charge temperature during
its induction into cylinder, y is ratio of specific heats of

residual gases and fresh charge.
_ 4 pr T L
X‘; - E-1 /QK 7-'” Zv (4)

In equation (4) pr,Ir are pressure and temperature of residual

gases at the end of exhaust stroke,

/DﬁVC:/VP/Q/ﬂﬁ (5)
where V¢ is clearance valume.
To= T (Pr/Ps) (6)

In equation (6) Pb,Tb are preseure and temperature of charge
at the end of expansion, X2b is adiabatic exponent of charge at

the end of expansion.

Kam
Po= P2/ )
where O -E/f> o PF z/Vc ) Ve 1s charge volume at the end of
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Brocedure of calculations

1.

2.

S

4.

5¢

6.

7.

NHumber of mols of airs

Hair = Pa Va in case of internal mixing
(1+ ¥ )&314T,
Hair = Pa Va in case of external

(2+ 2folho fp)(1+ )3 1% T, WAXiNG,
where Va is charge volde at the start of compression

Fuel delivery per cycle.

G, = SBair
¢ 4o

Bumber of mols of residual gases
Br = Xz‘-ﬂair in case of intermsl mixing
Nr =8r (Nair ¢ N2£) in case of external mix ng,where

Nt = _G

o

Number of mols of combustion products per 1kg of fuel
barnt («'> 1 )]
Neoz = ¢/12, WH20 = H/2 , NN = 0,79 Lo , Ng2=0,21(-1)L,

Mol tractiegrs of conponeq? in combustion products
Pi=Bs/ 5" B1, vhere 2 N1 =Ny

=1

Number of mols of components in residual gases
Bo® o ¥r

Number of mols of components in the charge prior to
combugtion

Neop = Neo2 ,NH20 = Ky20 X2 = NNp+ 9479 Hair

¢
No2 = I:Q *0,21 Hair,Nflif® = Gfc/Mf in case of external
aizxing N = 0 in case of internal mixing.
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8. Tetal number of mols in the charge prior %o combustion
[£5]
Bec = ‘231 Ni in case of external aixing
Y
Hc = ‘_21 Ki in case of internal mixing,
9. Mol fractions of components in the charge prior
to the start of combustion.

< c
r; -ﬂi/lc

10. Molar speciﬁc heat at the start of compression
Q
/HC; = _Z,/WC,, Fr in case of external mixing
Q C
MCr=Z MCy-/7 in case of internal mixing

L

11. Adiakatic exponsant xt “the atart of compression
,(’;: j+<?31$’//ﬂfz,a

12, Determining mean adiabatic exponent of compression

C
process K1m and Valuea of molar specific heat /(. and

adiabatic exponent K1 at the end of compressions by
iterations, /wcf, = /”Cv fl in case of external mixing

Cor = Z.'/"C«r r in case of internal mixing

K = 1+ &3 '/‘//_/‘7 Cr
13. Pressure and temperature of charge at the end of compression
Kem Kim =1

R=R e Te-T

14. Internal emergy of charge at the end of compression
Z/C :/M[VC’tC* /t/C

15. BRatio of pressure rise during eonstant volume combustion

A= Pa/ Pe

16. lnnber of mols of coaponents 1n tb.e course of combustion
/VCO.!- /\/COJ"/C/f‘e)G/CX J /Vh’,o- /V/-flo +//7//2}6 C x

W /1/0‘,;02_10([, Gpe =02l ko Gpe X | Ny, = Woy #4729 o ko8 pc
A/’( = A{[ A/f X in case of Nternal mixing

/V/ © /n case a/ inlerna hw'x/n;,




17.

18,

19.

21.

22,

23,

24,
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) X
fotal number of mols in the course of combustion M:éﬁ@- A+ Bx

where J is equal toSer d depend/ingon mode of air fuel mixing
A '/Vca, + /Vo, *0,81(L, G/c"“ A/’V.! #0739 & ko G/‘. ’L/Vf

= C;;ci-—-@/c-o"f'( ch-/V;
Total number of mols at the end of constant volume combustion.

Nz PeVe/8314 T (9)

N; is found for several values of 7z’ assumed in the range
of temperatures in which wvalue of UZET expected %o come
true,

Fractions of fuel burnt at constant volume X, are
calculated by equation (8) assuming N=/4;' and J= Ay .

!

F] .
Mol fractions of components in the charge /, =/V; //Vz’
for each value of X7, is caleu.lated using exoressions
given above snd essuming /\/ /\/ and X = Xy, -

Molar speciﬁc heat of charge for each value of Xy,
2

M C = M C v,
Internal energy of charge for each walue of 7;’ and
corresponding values of Nz spa X7z
2,
Z/?/ ='/‘4CV 'éz’ ' NEI
Practions of fuel burnt at the end of constant volume

combustion according t0 energy balance equation for each

. value of '7} and corresponding values of A%/ and <%

Uy - Yo
Yor g o eles A, 8.0

- U 82 C
X - uz oc cyc .
V:l Gf’c (/‘(a - dyu) { J
Temperature of charge at the end of constant volume

combustion is found graphically by plotting relatioms

</ (ta) md Ay s f(72)




25.

P4

- 134 -

Bquations given above may be also solved by iteration using

computer programme, e
/
Calculation of Az, Xz, M CV 2 and [ie

using <7 and 2-Lz’f.ou:nd above. /”z'-‘ Ner/ Ve

Humber of mols of components at the end of combustion
ARY 7 AR T
Total number of mols at the end of combustion
Ne- Z /V(:z

¢zt
Mol fractions of components in final combustion products

2}2: (N (see 5 above)

Batio of number of mols after and prior to combustion

/v/z < /1/'3 /A/C
Temperature of cia rge at the end of combustion by energy
balance equation, /Vz £374 T2 /m /

(1- X)G/c///q-af/qjvﬂ/oe (v Uzt = Us +

Up=we Ve where Uz-",_é 42T 18 internal emergy of 1kmol of

31.

J2.

33

combustion products, Values of (fz for components are
taken from tables given in (§) and (6).

Bguation (10) is being solved graphically or by iterations.
As a result of the solution value of 72 4is determined.

Volume of charge at the end of combuation
Vo= Ny #3714 ’75.//0a
Ratio of volﬁ%a during constant pressure combustion
P Va/ Ve

Molar cpeciﬁ.c heat, /f(zf at the end of combustion
z /‘4CV Z;
(=1

z
Values of /‘szf‘- are taken from table given in (§)

Adigbatic exponent at the start of expansion
A/z = 1+ 331‘///446
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35. Determining mean adiabatic exponent of expanai:n process
Kem and values of nolar specific heat /Y Cvr and

adiabatic exponent (z at the end of expansion.
Mer = Z mcy, , Ke 1+ 8319/ MC)

36. Prel;ain-e and temperatu.re at the end of expansion

Ps=pe/5" T Te/ 8
37. Work done duang compression
'é“"‘"‘ /(,,,,-1 /1- _"7‘7"—“7)
38, Work done during constant pressure combustion
Lpecanst = Pz Ve (P=2)
39+ Uork done during expansion
hep =22 (1- <o)
40, Cycle vwork
,éc&/cge s Lpsconst t Lexp - Keomp

41. Mean pressure of cycle
/Dc,c/e /o E 7 [Aéo j)*,(: -4 /j Ji’zn 1) ,(/15.—1 [1- Ehm- 1)]

42, Cycle erficiency

A eyele

liget = G 7t
Calculations of cycle parameters in case of constant volume
and constant pressure combustion are most complicated as
iterations are necessary to find out parameters atI:he end of
constant volume or constant pressure combustion. “— cases
when mode of heat release is given in input data calculations
are simplified.
Dlacussions of calculationa reaglta,
In table 2 conditions and results of calculations are 8iven.,
The following observations seem to be of importances
1o Cyclic heat delivery with methanol in case of internal

Bixing at conditions outlined above is greater because

°f higher caloris
ic value of
81T fuel mixture,




2.

e
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This is one of the reasons why mean pressure of cycle
with metbanol 1is higher than with diesel fael by4.17%
if heat of evapcration is not taken into account.

Greater increase in number of mols due to methanol
combustion as compered to diesel fuel combustion affects
cycle parameters positively. Due to greater value of Mz’
maximum combustion pressure is obtaimed in case of
methanol with slightly lovwer heat input at constant volume
conditions in spite of greater three-atom gases content
in the charge and hence higher values of specific heat and
lower value of temperature (compare data related to cycles
A and B in table -2)., Increase in number of mols compensates
greater specific heat values. Therefore the same pressure
is reached at lower temperature and hence lower thermal
loading of engine parts. From gas equations written for

the start and end of constant volume combustion one gets

- z L
7;"72%: Mzt

As for conditions of comparison 7. éﬁ’- is the same in
(=
case of both the fuels

T2 aetpapa = /T .
7 diesel fuel M methanol

Difference in /z' is about 3% (compare paremeters of cycle
A and B in table-2)

At conditions of eonstant pressure combustion greater increase
in npumber of mols due to methanol combustion as compared to
diesel fuel combustion is not fully compensating greater
values of molar specific heat and greater pumber of
mols ( P increase by 2,28%, whereas heat input at constant

pressure is greater by 6.7%)., It is hovever clear that




4.

greater value of Mz helps in obtaining highes work done

at 0O s=const in spite of lover tewperature at the end of
combuetion, which again helps in decreasing thermal loading of
engine parts. It is worth noting in comparing combustion

of diesel fuel and methanol that differences in /% affect
cycle parameters to a greater extent ihan differences in /Y=
because during constant volume combustion differences in

molar specific heat values and in total pumber of mols

in case of both the fuels are yet not as great as they get

at conditione of constant pressure combustion. That is why
at conditions of Ve const positive effect of greater /:/
prevails as compared to the effects of higher molar specific
heat values and greater number of mols,

Fet effect of change in number of mols prevails upon two

other effecte considered above and therefore when evaporation
heat is not taken into account efficiency of cycle is slightly
higher in case of methanol combustion (compare cycles 4 and

B in table-2) Comparison of mean cycle pressure for the

same cases made above is also in favour of methanol,but
increase in/Dcycle is much greater tharn incresse in Z’cycle.
It is worth noting that 4if heat exchenge between charge and
engine parts was taken into account advantages of the methanol
cycle would had been sulstantially greater. ZThis follows

from the fact that temperature during expansion is considerably
lover with methanol as compered to diesel fuel., Difference in
T; 1s equal to 137° and in b to 49° Lower expansion ratio(§)
in case of methanol cysle is the reason vhy grester value

of pressure at the end of expansion is obtaiped.




5¢

6.

7.
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Evaporation of methanol plays significant part in cycle para-
meters obtained by calculations, Efficiency and mean preasure
of cycle are iLowered by 7.8% (compsre data for cycles B and C
in table-2). It is therefore advisable to use modes of air
fuel mixing in which methanol is directed towards walls of
combustion chamber. This will emable at least pariial utili-
zgtion of heat otherwise lost to cooling medium to bheai and
evgporate methanol. The observation made may be one of the
reasons why high engine parameters weée obtained on MAN engines
with methanol injection and M - process (%).

In case of heat exchange is taken into account decrease in
cycle paraneteré due to evaporation will be slightly less,
This may be expected from comparison of charge temperature
during expansion in cycles B and C (See tadle-2),

In case of external fuel air mixture formation and complete
evaporstion of methanol in special ewaporator (9) pert of heat
rejected into cooling medium is utilized. This helps to get

high cycle parameters. In agite of decrecse in compression
(from 1% down To 1£) and relalive air fuel ratio

Y(from 1.6. down to 1,35) efficiency of cycle is greater

than in case of intermal air fuel mixing by 1.€% (sompsr_. cycles
C and D), Considerably lower compression work due o lower
compression ratio and also due to 1lower adiabetic exponent
helps to get high cycle parameters in case of external mixing,
Though charge temperature is higher in case of D cycle one may
expect admissible thermal loading of engine parts due to homo-~
geneous combustion vhich ensures lower radiant heat transfer,

Mean pressure of cycle D is higher than in cycle A approdimately

by 2%. This proves that assessment of necessary excess of air
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for cycle D to get the same fjcycle as in cycle A vas
gufficiently preeise. (o = 1,393 differs fromo(= 1,35

by 3%, hence inacurecy of the assessment is of the order of

1% as fD cycle is proportiomal to /X ). The main reasons

due to which excess of air should be decreased in cycle D as
compared to cycle A to get the same mean pressure of cycle
ares

a) Decrease in efficiency due to decresse in compression ratio
and necegsity to use less lean mixture.

b) Decrease in air charge supplied per cycle due to induction
of fuel vapour along with air and slight increase of induction
system resistance as s result of incorporation of vapouriged
fuel-air mixer into induction system. Effect of second factor
is greater than that of the first by 45%.

Pollowing main conclusioms may be made on the basis of analysis
carried out:

1. In case of intermal mixing and fuel evaporating due to heat
supplied from the charge methanol cycle is inferior as compared to
diesel fuel cycle, Efficiency is lower by 7,54% and mean pressure
of cycle by 3,97%.

2. In ease of internal mixing and fuel evaporation due to otherwise
wasted heat methanol cycle is superior as compared to diecel fuel
cycle, Efficiency is higher by 0.3% and mean cycle pressure is
higher by 4,17%. Therefore modes of air fuel aixing in which
methanol is directed to combustion chambere walls should be
prefered. If heat losses to cooling medium are taken into account

(First mode of s
ofr compati on)J JS(cona( mode ot Comp??.ixoij

A
J would decrease and superiority'of methanol cycle

inferio-




would increase as charge temperatures in methanol cycles are

lower than those in diesel fuel cycle.

3, In getting higher efficiency at lover charge temperature
greater increase in pomber of mols due to methancl combusiion as
compared to diesel fuel combustion plays positive part. Increase in
mean cycle pressure 1is higher than that of efficiemcy due to
higher c%lariﬂ.c value of air fuel mixture in case of methanol
when internal mixing is used.

4. The fact that in reality at high load conditions efficiency
of diesel engine fed by methanol is in most cases higher than in
base engine consuming diesel fuel even if fuel 4is atomiged in
combustion chamber volume (and hence is evaporated due to heat
taken from charge) when compared with results of cycles analysis
(gee above conclusion 1) seems to prove thet air fuel formation and
combustion processes. in case of methanol may be more efficient
than in case of diesel fuel.

5. One of the promising ways to use pure methanol in diesel
engines currently under production is conversion of the same into
spark ignition engines with external air fuel mixture fofmation
and evaporation of methancl din gpecial eveporator utilizing part
of the heat rejected into cooling medium or with exhanst gases.
Cycle of such an engine is more efficient than that of with
interpal mixing and fuel evaporation due to heat teken from the
charge (compare cycles D and C) in spite of lower values of
compression ratio and excess of air,

6. To get mean cycle pressure in spark ignition external fuel
sir mixing methanol engine the same as in base diesel engine it is

sufficient to decrease excess of air by 13-15%. The main reasons




due to which excess of air should be decreased are decrease

in efficiency and in amount of air charge inducted into cylinpder
per cycle, effect of the latter being greater.

Experience so far gained in practice (2), (3) seems to be in
conformity vith the results of cycles analysis given above.
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Appendix 6

Report

on results of business trip to Delhi, Bombay, Pune, Madras
andertaken by UNIDO Ekp;art, 4.5.Khatchian fram 6th February
1989 to 14th Februarvy, n

Aims of tte trip as established after discussions with project
coordinator Mr. S.Singhal.

1. To study research work going on in the lines of the project DP/
IND/82/001,

2. To try to establish some new links of cooperation with
different institutes and firms in the lirmes of the same

project.

3. To collect technical data and to find out possible ways
of aquiring some hardware necessary to implement aims of
the project.

¥ork done during the trip at III, Bombay

1. Study of research activities going on in the lines of
the JNIDO Projectl

a) Use of methanol-diesel fuel-higher alcohols blends
in diesel engine with PSZ plasma coated parts,

b) Measurements of pressure traces and flame propagation
rates after spark ignition of methanol vapour - air
mixtures having different strengths in constant volume
apparatus. Expert took part in planning of the both
research activities,

2. DRiscussions on possible ways of cooperation between IIT,
Bombay and IIP, Dehradun in the lines of the UNIDO Project. First
draft of corresponding agreements was prepared by expert.

3., Consideration of assembly and working drawings of single-
cylinder research diesel engine and parts of the same engine
already fabricated.

AS a result of this work expert came to conclusion that the
engine designed at IIT, Bombay in many respects is more advanced
thata the engines available on the world market - such as Ricardo
and AVL engines, Therefore, it is advisable to undertake actlomns
for fabricating the engine designed at IIT Bombay. This engine
may be used for research on application of alcohol fuels to Indian
make direct injection diesel engines., Unfortum tely engine supplied
to IIP by BRicardo Co, 18 not suitable for this purpose,

It is quite understandable that the activity suggested may
benefit not only current UNIDO project at IIP but also further
gojects and in general diesel research activities in India, wvhich are
of a great importance, Also hard currency may be saved.




4. Delivering two lectures to IIT Staff members ami research
scholars:

a) Modern trends in diesel engine development.
b) Utilization of methanocl in diesel engines. .

Texts of toth the lectures will be given in exper®s final report.

5. Consulting staff members and research scholers on methanol
utilization in piston engines,

Assembly drawvings of single cylinder research diesel engine
and also psz plasma coated Kirloskar AV-1 diesel piston were
brought by the expert on his return from visit to Bombay. 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 ARAL and Kirloskar Qi1 Engine Ltd, R&D Centre

1. . ¥isits to different laboratories and general revizw of
research activities going on at ARAI,

2., Discussions on modern trends in automotive diesel engine
activities in India with ARAI dirsctor and his two deputies.

3. Study of the results of automotive diesel engime performance
tests available at ARAI, Comparison of these results with those
available at IIP (see for instance, results supplied by IIP
Scientists to UNIDO Expert A. Cernel) revealed very suostantial
differences. Data availatle at ARAI are closer to reality. As a
result of this comparison (and also taking into account further
discussions at dshok Leyland) expert came to following conclusions:

a) Review of accuracy of measurements of diesel engine parameters
at IIP Engine Laboratory should be undertaken,

b) Indian make diesel engine standard performances should bte made
aveilable to IIF Scientists,

¢) Conditions of diesel engine tests and accuracy of all measure-
ments should be made strictly corresponding to cthe Indian
standards.

d) Any work on Application of methanol to engines should start only
after getting at IIP benches performancesof the base diesel engines
close to the standard performances,

3. Study of R&D work going on at Kirloskar 0il EE&;B&J%E%? ially
R&D aimed at the increase of charge temperature by restrictl this
may help to ignite methanol #n aiesel engine,




Se Discussion of possible ways of c-operation between Kirloskar
01l Engine Ltd. and ITP on the lines of UNIDO Project with Surendea
Chandorkar, Viee President (Engineering,R&D) and his associates.

4s a result of these discussion agreement has been rech,//ed
about free of cost supply of AV-57 coolant heat restricted diesel
engine with composite piston, special designs of cylinder and
head of cylinder which undergoes different field tests before
marketing. Vice-President o Kirloskar 0il Ltd expressed interest
in results of methanol application research as apolied to this
hot runmning AV-57 diesel engine. On the request qf expert some of _
drawings of two Kirloskar diesel engines andvcast-iron piston assanbCies
vere brought to IIP by expert to save time in supply.

At IIT, Madras and Ashok Leyland, Madras

1. Study of research work going on at IIT Madras in the lines
of alternative fuel appiication to piston engines,

a) Use of adiabatic approach to fuel alcohols + diesel fuel)
operating diesel engines,

b) Use of hydrogen as diesel fuel substitute.

¢) Investigation of hot surface ignition as a means to develop
multi.fuel engines.

d) Investigation: of spark ignition alcohol engines at different
compression ratios. -

e) Application of methanol fumigation apmoach to supercharged
engines,

2. Discussions with Prof. K.V.Gopalakrishnan, Prof. P.Srinivasa Rao
on the possible ways of 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 application to piston enginecs.

L., Study of the designs of comosite piston with nimonic insert
and cylinder liner with air gap.

5. Dicussions on the possible ways of cooperation between IIP

and Ashok Leyland in the lines of UNIDO project with Mr.R .Famakeishnan
(Executive Director, Product Development & Quality) and Mr.A.S.Subramania
(Chief Engineer - Research),
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As a result ->f discussions it has been found out that the
£irm is interested in R& work on methanol application to diesel
engines, especlally in the development of pure methanol engines.
Suggestion of expert to convert Ashok Leyland diesel engine tnvo
pure methanol external mixing spark ignition engine was approved
by Ashok Leyland representatives. They expressed willingness to
cooperate in correspondi R&D. Also cooperation in field trials
of dual fuel Ashok Leyla diesel engines may be possible on buses
run in Madras. Detalls of the cooperation may be worked out during
visit to IIP of Mr. A.S.Subramanian, Also Standard performances
of Ashok Leyland diesel engines were considerec during the meeting.

At UNIDQ, De H

1, Discussions on project progress with @éhief Technical Field
Adviser Dr. M.Kamal Hussein.

2. Fixing the date of departure from duty-station on comple ting
of the assigmment, Dooking and getting tickets for return journey.
3. Organizing the dispatch of experts unaccompanied baggage.

One extra day has been spent in New Delhi because of non-
availability of air ticket.

As a result of business trip:

1. Cooperation between IIP, Dehradun, IIT Bowbay, IIT, Madras,
Kirloskar Oil Engine Ltd and Ashok Leyland was discussed and agreed

upon.

2. Drawings of Kirloskar diesel engines and those of single.cylinder
research dlesel engine were aquired and brought to IIP, which may be
of use for implementation of project aims,

3. Plasma coated and cast-iron machined Kirloskar diesel engine
pistons were aguired anc brought to IIP for implementing the project
aims,

L, Lectures and consultations were held in the lines of UNIDO project.'

5., Information about ceramic indastry and ways to get and use nimoaic
metal vas obtained for the use in tmplementing of UNIDO project aims,
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Expert is of opinion that the tour wodld had been
even more useful for implementing the UNIDO prdject aims
if it wvas undertaken earlier. Organizing the tour took
more than two months which is too long a period by any
staniard.

Actions to be taken immedjately to make the greatest use
of the tour results,

1, To send an engineer to Pune to get and dispatch Kirloskar
AV.57 engine amd also castings of cast-iron pistons to Dehradun,

2. To draft and sign cooperation agreements with IIT, EBombay,
IIT, Madras, Kirloskar Oil Ltd. and Ashok Leyland in the lines

of UNIDO Project.

3. To approach Hindustan Aeronautic Ltd. Sunabeda, Koraput,
Orissa and Gas Turbine Research Establisiment, Bangalore in order
to get nimonic rods for Iabricating piston tmserts.

L, To make decision and to find partners in fabricating single
cylinder research engine designed at I1IT, Bombay,

/% 79.0285

A.S.Khatchian
UNIDO Expert.
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Report on development of the engineering
method based on t he theory of similarity
for approximate choice of main elements
of fuel injection system to feed diesel
engine by methanol instead of diesel fuel.

Based on the work done at Indian Institute
of Petroleum,Dehradun by UNIDO Expert Prof.
A.5.Khatchian from Moscow Automobile Mainte-
nance and Highway Construction Technicel
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Introduction
Methanol has calorific value per unit volume 2.25 times less

then that of diesel fuel. Therefore to keep power output

of diesel engine the same Wwith both the fuels it is necessary

to incresse cyclic fuel delivery in volumetric units by 2.25
times provided efficiency is not changing due io conversion of
diesel engine to be fueled by methanol instead of diesel fuel.
In most of the publications it 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 delivery while using methanol in diesel engine,

There is no much of information as regards to optimum fuel
injection characteristics in case when diesel engine rums on
methanol., At the same time one way not anticipate necessisy

of 1increasing 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 injection sysier elements should Dbe made when turning over
to metnanol 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 ergine. 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 harmful
when changing over from diesel fuel to methanol at least in

cases of pre-wall type air-fuel miXing mcdes.
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Aim of development
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) while keeping injection
pressure and injection duration the same as in diesel fuel ~
injection,

Develo t of the ethod

In (3) theory of similarity was used successfully to find out

necessary changes in fuel injection system dements while

supercharging diesel engine or in case when fuel injection

system elements are to be chosen for the new engin. under
development. In both the cases fuel properties were considered +o be
the same in base system and the system under development. So

findings given in (3) cannot be used directly in methanol appli-
cation. However general appro2ch ugsed in (3) may be of use in
achieving the aim set above. Boundry conditions at pump end of

the fuel injection system may be given in the following form:

A CazenalySpug) BB, g T

y R @

/,,WW * Fedp Cd v 7 ERX \/4,-4-‘1’—“ “fec (9
6n M dc”” L2 L (Fo Puv) 7—/;/,,/, /Oa/” “«w 3
de#‘g;;’—"(*& - ()
In equations (1) - (4):

fpl  fd.v., fd.v.p ft are areas of: plunger cross section, passage
between delivery valve and its seat, delivery valve piston ofirks

section,passage in high pressure pip%ﬂﬂf)o is effective area of




passages in plunger and plunger barrel,Cpl Cd.v. Ct are
linear velocities of : Plunger, delivery valve,fuel at high
pressure pipe inlet; A

" is pump speed, r.p.m.

D(is fuel compressibility;
Vp, Vd.v are volumes of: plunger chamber and delivery valve
chamber ;
Pp, p, 0, 8are pressures ai: plunger chamber,fuel feed system,
delivery valve chamber;
{ is camshaft rotation angle;
Md.v. is discharge coefficient of fuel flow through passage
between delivery valve and its seat;
f 1is fuel density;

‘M 1is mass of moving parts of delivery valve assembly;

Fd.v.0 is delivery valve opening pressure;

d is stiffness of delivery valve spring.

If we assume that change in pressures with respect to camangle
and pump speed are the same for both the fuels than equation
(1) may be written in case of metharol as follows:

’{le Coly, = 61X, V. —ff &”f)Om/q]//Dp-/o,-,, +/«ub,_m7[”4km 8
/.;Pz—;"//_.so-/ad.b’. + 7/c/v/om Calv-m.

Let us introduce the follewing designations:

Pl Colm Ll l/ .
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Substituting these expressions into (5) one gets

.4
A;,:‘J'/(CPJ///;I'C,‘]:k‘ KV/‘ 6’1%%%/95 ,K-Pcf;"y_p ’/Cﬂ F/"?

-4 —
P4 f
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Let us devide last equation by /(/,.1 /\/C;J
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Solutions of eqv.a~ion (1) and (7) will be the sane if
s
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Taking into account designation (6) we can find:
ol Vi Ve fo (L_ A Vpm : A7 z den
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Equation (2) may be written in case of methanol as follows:
1 dom q//»-;/ Vu- Pdv f/v,cn Ctvm = 67 An Vd"“’ﬁ{i— rt.ft. (¥

Let us introduce the following designations:
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Taking into account (8) and (9) it is possible to represent

equation (8) as follows: /"(Vfalu y os/rv P +de“ /(/Cd
x fdvp Cdo = KyKy,, 6n o(V,(.,_&/—v #KpeKey e Ce

Let us devide last equation by Ieﬂ - Keg
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Solutions of qugtj:_l.ons (8) and (10) will be the same 1if
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Taking into account designations (6) and (9) we can find:
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Equation (3) may be written in case of methanol as follows:

6n s /;};rm :/./r/o.m (/D/o"/oglr)“/o{r,a.m/oa/ro - Om- Aa/.fzr.m (14)

Let us introduce the following designations:

Mm . - g”' . A m
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Taking into account (6) and (12) one may rewrite
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equation (11) as follows:
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solutions of equations (3) and (13) will be the same 1if:
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Equation (4) for methapol may be written:
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.Using (6) and (12) the last equati:/némay be rewritten as follows:
- od
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Solutions of equations (4) and (14) will be the same if
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Now it is possible to write down all the criterions obtained fram

boundary conditions at pump end of the system:



- 169 -

_2/_.‘{0_- -idem .ﬂi‘f——- sidem L £dv - jdem
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Comparing and combining some of the criterions one may finally
arrive to the following set of criterions, which are convenient

to use for the choice of fuel injection system parameters
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The last criterion is satisfied only ‘case if motion of
delivery valve with respect to time (cam angle) is the same for
poth the fuelse.

Linear velocity of fuel flow into high pressure fuel pipe may

be given as (4) .

-————[/Da/ °+3W/"5/]

Here: po is residual pressure in pipe,W(%) is reflected pressure
wawe magnitude at the mament, a is sonlc velocity. As all pressure

events are taken to be the same for both the fuel injection

systems change in Ct is determined by -—j%‘ In (5) the following




data is given for both the fuels (Table-1)

Table-1
5 g Fuel j
: ! H
Parameter Diesgel,D?2 iﬁMethanol i
&, m/s 1380 {1180 :
: + + i
| 5, 2 po168.10° 1 0,75.109 i
' 2 ' —a _ '
: X 7 . 0,595,107 1 1,333,107 |

In table 1:E - modul of elasticity, di-coefficient of compre-
ssibility. Data on methanol need correction. Assuming sonic
velocity to be properly measured one gets E = azp =11802-79O

9 - 2
= 1,1 10 Y and & =1/E-0,91.1079 T /¥, This velue is
2

closer to %he relationshipab=f(p) given in (4),than value givern
in table-1. In case of truck erngine diesel fuel it is more
correct to assume p = 840 kg/m3, a = 1250%13;L=D,762.10‘9€%7
Hence Ct in case of metharnol 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 fi should be increased by

%ﬁ%% = 2 times,

Naturally rate of fuel supply by plunger should also be
increased by 2.25 times., From the criterions it follows that

volumes in pump and delivery valve chambers are to be increased
-9
by 2.25 olm e 2025, 0.762.10

0,910,102
With delivery valve speed being the same for both the fuels

= 1,88 times.

the delivery valve piston cross section should be also increased

by 2525 times.




Effective area of plungerbarrel holes should te increased by
2,25 ( f‘-)o’s = 2,18 times. The same is true for effective
area of passage between delivery valve and its seat, Lxtents
in which fd.v.p. and Md.v.fd.v should changeareclose to each
other. So there will be no much difficulties in satisfying
both the conditions, Mass of delivery valve moving parts and
stiffress 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 the fuel injection system

may be given in the following form:

Ar-er=6rdolViy —;—4-4-)4‘1/},,&[ M 1y Cn — - (e}
R

yf‘ R
ﬁ'y_(ju_ﬂ%{]@"f’fcﬂ)* o

In equations (15) - (18):
Ct ,Cn are liner velocities of fuel flow from high pressure

Pipe into irjector and needle;

Vinj is injector volume;

Pinj, Pcyl, Pinjo, Pinj are pressures: in injector,cylinder,

at the start of nozzle opening, in sac volume;

‘ﬂnuo is discharge coefficients of fuel f]ow through nozzle
orifices; _

fn, rﬁ are areas of: cross section of needle gui-ding portion,

needle at which fuel pressure is acting when needle is at the

seat;



(Mf)inj is effective area of nozzle;

Cn is needle velocity;

M is mass of injector moving parts;
is stiffness of injector spring;

Y is needle lift.

In the same manner as above it is possible to arrive to

Vins
the following criterionms #‘-‘é—i&h = idem-
+

[/u{}LIIJ_ - C/ , ({‘_1,1')1"6' —:ja/em . #n Cn :ja/em“w
#z Ce }F%15 4 ehq'dﬂﬁli-;ﬂo / ;@ - Cq
.:C;FEZE_;:jaﬂen7,'—§;JZ1: Ldem / jg;i.:1[aﬂgrn -

”n n

Linear velocity uf fuel flow from high pressure pipe into

injector may be given as (4):

1

Ct = [Po-Pin +2F (- -g- )], where F is direct pressure
ap

wave and L is length of high pressure pipe,

From this equation it is clear that to get injection process
events the same with both the fuels L_ should be the same, Hence
the length of pressure pipe shouldabe decreased with methanol
by 1,059 times.

With ft.Ct greater by 2.25 times in case of methanol effective
areas of nozzle and nozzle orifices should be increased by 2.18
times., This follows from two first criterioms obtained from
boundary conditions at irnjector end of the system. To Keep
motion of the needle the same with both the fuels rn,fﬁ

M(, S(ahould be increased by 2.25 times, whereas volume in
injector is to be increased by 1.88 times.General conclusions

following from above analysis: To keep pressure and parts
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movements events the seme in case of methanol injection as compared

to diesel fuel injections

’ {
1. f£pl-cpl,fd.v.p, M, 5, fr,fn M jé' should be increased by 2.25

times.

2. (Mf)o, Md.v." fdv, (Mf)inj, Mn.o-fn.c should be irncreased by
2.18 times.
3, Vp,Vd.v.,Vinj should be increased by 1.88 times.

4. ft should be increased by 2 times.

5. L should be decreased by 1,06 times.

It is necessary however to stress that not all the changes
outlined above are advisible to be implemented. Most important
changes are: increese in fpl - Cpl, end Mn.o.fn.c ( and hence
(M£)inj). Instead of increase in fd.v.p., increase in delivery
velve retrsction volume may be adopted. After choice of these
parameters for methanol application it is advisable to perform

fuel injection process calculations for different operating
conditions by computer programme outlined in (4) and them to correct

choice of parameters on the basis of computer simulation. Final
check of viability of the choice of fuel injection syatem parameters

should be done on the basis of experiments,cdurability tests
inclusive. These last tests are of great importance as in case of
methanol injec*tion forces acting on pump perts may
increase ana wear resistance of the parts may decrease considersbly.
The latter may occur not only due to incresse in forces acting but
also as a result of the change in fuel parameters. To achieve
necessary dursbility and reliabdility in case of methsnol injection

uge of special additives in fuel itself and in pump casing lubri-

catirg oil seems to be unavoidable. tngineering method outlired



above may help to decrease time and expenditure on coxputer
modelling and on experiments by narrowing the limits of variation

of main fuel irnjection system elements.
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Appendix 8.1

WARK PLAN FOR A JOINT STUDY BY IIP AND ASHOK LEYIAND ON
CUNVERSION OF ALU=-370 ENGINE TO SPRRK IGNITED METHANOL ENGINEK.

1. Base Bngine Installation Action IIP (April,30,1985).

2. Base Bngins perfnImsnce at Actian II1P
canstant fuel delivery and
canstant excesss air power
sic
sicoke and gasecus emissions
A/F ratioe
Exh Temp.
willan's Line = Frictisna losses

Cylinder Pressure Data - m2y n~t be necessary
Discussinn with AL M=y, 15,1985,

3. Design, Fabricatisn and
Testing of Evaporator

I1P designed methanel evapsrator to be checked for
applicatian t+ Leylandéngine.

Acting - IIP

If necessary new nne to be Actien - IIP
designed.

Pabricatinsn Actisn = IIP
Testing Actien - IIP

IIP data »n heat transfer requirements of evaperatar to be
supplied to AL £or design and fabricatian
of a ceapact Unit. Mmy,31,1985.

4. Ignitian Systen, including
spark plugs,

Procure@ment « Actisn IXIP

AL to Liaissn with MICO Besch fox selectian of equipment
and getting quotations sent te IIP

5. Central Bady Fuel Injectinn S8ystem or/aend Carburettsr.
As unaer item 4. June, 3C, 1985.

6. Pressurs regulater, Fuel pumps etc.
procurement (Indigensusly ar import)- Actina IIP.
June, 30,1988,

7. Madificatinn of Cylinder Head for installatinn of spark plugs
and pressule pick-up. Action = AL (Preszure Pick-up installatioen
details to be pravided by IIP).




Mpdificatinn af piston Cavity: Actinn - AL

CR ts be 1231 AL tn check for making a cempact cylinder-cal
bawl centrally lancated vis a vis spark plug.

My, 31,1985,

9. Assembly of pratntype engine

10.

11.

At 1IIP
Actien « IIP with AL's conperatisn. July, 31,1985,
Perfarmance evaluation of Actinn « jeiatly by
Engine at IIP. IIP and AL Engineerse.
Pawer Sept .300 1985.
afc
Pmissions

Ethaust Temp.
R-t histary etc.

Installatian of the vehicle and Pield Trials at
Madras & Dehradun.

Action AL with Cospe:ztian fram IIP.
December, 1985,

Optimized engine would also be subjected to lubrication and
wear perfammance aand cdurability trials.



Appendix 8.3

<AGRIIMENT

On mutual cooperation between II1T, Bombay, IIT, Madras
and ITP Debradun for developing alcohol based piston IC Bngines,

A To find warious methods of utilising alcohol in diesel
engines vhich may help in decreasing ofl imports,

kork tq e carried ogt at IXP Dehradup

1. Conversion of truck dicsel engine into spark ignition
extsrnal mixing alcohol engine,

2. Development of glow plug version of pure methanol engine,

3. Investigation of small pre.chamber pure methanol engine
as suggested by V,N, Svobodov,.

b, Investigation of diesel engine vwith ceramic Llasert in
slston aimed to promots methanol ifgnaition,

Canditions of Cooperation

LS All the Institutions to carry ous re:earch gunded by
their o¥n resources,

2, All the Inscitutions to exchange technical reports on
the above investigations, Bach side communicates to
others an analysis of $he tachnical and scientific
rww contalned in ths reports receiwl fpom the
o TS,

IRoa XalaRa Rabitndim

r. 5,8inghsl S %'\,WL,VQ .
b4, (8Y
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