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/

DP/ID/SER.A/Y1B

RESTRICTED
6 November 1987
ENGLISH

APPLICATION OF ALTERNATIVE FUELS FOR INTERNAL
COMBUSTION ENGINES, I1IP, DEHRA DUN

DP/IND/82/001/11-04

INDIA

Technical report: Basic study on ignition behaviour of methanol,
related to the onset of combustion in methanol fueled two—-stroke
S.I. engines and C.I. engines*

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

acting as executing agency for the United Nations Development Programme

Based on the work of Dr. Gerard de Soete, expert in combustion studies
in C.I. engines

Backstopping officer: H. Seidel, Engineering Industries Branch

United Nations Industrial Development Organization

Vienna

* This document has been reproduced without formal editing.

v.87 91523




EXPLANATORY NOTES

* Yalue of local currency during the period of the mission:

* Unusual technical abbreviations and acronyms :
I.I.P. = Indi&.: Petroleum Institute (Dehre Dun, India)

C.I. = compression ignition
D.P.G. = delayed pulse generator
H.E. = high energy '
L.F. = low energy

P.M. = photo multiplier
S.I. = gpark ignition




ABSTRACT

Title :Basic study on ignition behaviour of methanol,
related to the onset of combustion in methanol
fueled two stroke S.I. engines and C.I. engines.

The activities during that three-week  return mission have

been :

1. The first part of the study, relsted to the ignition of
methanol vapor/air mixtures by hot combustion products,
being in progress, the hitherto obtained results have
been discussed. Proper interpretétion of these results
needs (1) some complementery experimental checks, which
have been effectuated during the mission, and (2) urgent
installation and finalisation of the nptical visualisa-
tion equipment (Shadow-cinematogréphy and photomultiplier
me asurements) which until now 2re not operaticnsl.

That part of the study, alreacy well advanced, is to be
continued.

2. As to the second part of the study, reléeted to s3zark
assisted ignition of licuid methanol spréys, & detsiled
research programme has been outlined &nd discussed with
the counterpart staff, The hardware parts, required for
the adaptation of the ric¢c to that second phase, should
be prepared or ordered &s soon 8s possikle.
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INTRODUCTION , N

» As outlined in the previous reports (references 1 and
2}, the GENERAL PROJECT ACTIVITY is to carry out research
and development work on' automotive C.I. engines, stationary
C.I. engines and small two stroke S.I. engines, 3llowimg
application of &lcohols as replacement fuels. In support to
the applied part of the project activity, it has been agreed
to start @ fundamental sub-activity, aiming &t the under-
stending of some typical methanol combustion phenomena playing
a role in the engine, at the Engines Laboratory of the I.I.P.
in Dehra Dun.

During the expert's f£irst mission in November 85/Ja-
nuary 86 (see reference 1), one of the tasks precisely
consisted in preparing the concept, construction and equip-
ment of an experimental rig for the iavestigation of the fol-
lowing basic phenomena :

l.Aauto-ignition of premixed alcohol vapor/air mixtures
by hot gases, simulating the hot residual géses of
the two stroke S5.1. engine. )
2.Ignirion of ligquid methanol sprays by H.E. sparks, as re-
lated to the phenomenon of spark (or glow plug) assis-
ted ignition in the four stroke C.I. engine.,
&t the end of that first mission, a detailsd coastruction
and equipment onutline was handed to the counterpart staff
(see reference-1, appendix 3. and a tentative calendar of
fisralisations was established in common agreement with the
counterpart staff.

Substanticl r2tard having been accumulated in 1986 ia
the manufactmring of the rig, the expert's second mission
in Hovembe r/December 86 (see reference 2) mainly consisted
in the following tasks :

* Agsist the countecrpart staff in order to implement
the assembly of the experimental rig and its equipment
* Cefine a detailed outline of the trials constituting
the research programme for the first part of the study
(ignition cf methanol/air mixtures by hot gases)




* Make instrument calibrations and start the preliminary
trials.

At the time of the expert's third mission (i.e. the actual
one) the research work relative to the first part of the
study (ignition of methanol vapor/air mixtures by hot gas)

had a'meady &cceptably well progressed, with only a small
retard with respect to the calendar fixed in reference 2.
During the present mission, the expert's activities mainly
consisted in
* Discussion with the counterpart staff of the hitherto
obtained results.
* Performance of some experimental checks needed for
proper interpretation of the results
* Giving guidance for the set up of the optical bench
for laser-shadowgraphic visualization of the combus-
tion phenomena
* Redaction of a tentative research programme for the
exscution of the second part of the experimerital study
relative to spark assisted ignition of liquid methanol
SDrayse.

As far as the first part of the ‘studv (which is now in pro-
gress) is concerned, the trials suffer from the fact that
an important part of the measuring equipment is still not
available (especially : the absence of a high voltage power
supply for the use of a P.M,, as well as 2 suitable camera
for shadowgraphy recordiang - the existing one being shipped
abroad for repair).




RECOMMENDATLIONS

1 .Recommendation adressed to the Dirsction of the Indian
Institute of Petroleum.
Notwithstanding the fact that the financial support gran-
ted by Project DP/IND/82/001 has come to an end, the
execution of the already well started and reasonably
progressing basic research programme related to the use

-

of methanol in engines should be supported and continued.
Main motivation is the necessity to acquire good under-
standing of engine reléted methanol combustion phenomena
2s a condition for the optimis&tion of specific techno-
logies aiming at increased use of methanol as an alter-
native fuel. In this phase of basic, parametric "up-
stream™ research, the E;xgines Laboratory of I.I.P. can
play a leadding role.

2. Recommendations addressec¢ to the Project Coordinator
~ and to the research staff of I.I.P.'s Engines Laboratory.
. 2.1. To graat the quality of the rese&rch and to improve

the interpretation of the findings, a&s well as to avoid
umecessacy waiscas of time, an effort should be wada
to implement as soon as possible the optical equipment,
especially with respect to the use of 2 photomultiplier
and a fast freming camers,

2.2, To ensure a start without delay of the second part of
the study, related to spark a8ssisted liquic¢ methanol
spray ignition, & suitakle high epergy spark circuitry
should be ordered or constructed as soon as possible.

2.3, The adaptation of the exwerimental rig for the exeru-
tion of that second part cf the study cannot ke finali-
sed before the end of tne trials of the first part.
However substantial gain in time can be made upon pre-
paring in advance the hardware paris required for that
transfomation,




2.4. As a general rule, whenever parts of equipment have to
be ordered in foreign countries, and especially when
ordered in the consultant's country, it is recommencdable
to send copies of the orders to the consultant’s office.
This will enable him to prompt e execution of these
orders according to the calendar given by the manu-
facturer, which may result in avoiding unacceptable
long delays of delivery.




I. MAIN DUTIES OF THE JOB

&. General Job description

In 1985 the expert had been asked to assist the research
team of the Engines Laboratory of I.I.P. in the followiag :

1.Consultation and advice on the establishment of an ex-
perimental testrig for basic studies on alcohol com-
bustion related to two stroke S.I.engines and four
stroke C.XI. engines.

2 .Guidance on research activities related to combustion
studies in the engine, including high speed photography.

3.Trainiang on fundamental combustion as applied to

engines.

wWhereas tasks 2 and 3 mainly have been executed duriag the
expertts first mission in November 1985/January 1986 {seec De-
ference 1) task number -one ., by far the most extensive, has
constituted the partial objective of the first mission &and
the exclusive objective of two further missions : one in
Novembe r/December 1986 and the present one in October 19387.
For more clarity, we provide in what follows & short over-
view of the evolution of the subject of task one :

a) puring the first mission :

** the expert defined , 1in agreement with the counter-
part staff, the objectives of basic study, comprising
two parts
- PART I : Investigate the ignition behaviour of pre-

mixed methanol vapor/air mixtures by hot gases. De-
termine the limiting temperature and pressure condi-
tions of selfignition, the selfignition delays as
well as the relative burnout of the fuel. This first
part of the study may throw some light on abnormal
combustion modes of methanol appearing in two stroke
S.I. engines.

-« PART II : Investigation of the characteristics and
optimization of spark assisted liquid methanol
spray ignition, related to the onset of combustion
in the C.I. engine.




** pDetailed description was providaed by the expert of
the experimental rig to be constructed and the
measuring techaiques to be used (see r=ference 1,
annex 3), in order to meet the two objectives of
the study.

b)at the periode of the second mission

Substantial retard had been accumulated in the cecnstruc-

tion and outfitting of the rig and its preparation

for the e:mcution of the first part of the study.Thers-

fore, the expert’s activities were :

** Agsistance to the counterpart staff in order to im-
plement the assembly and the equipment of the experi-
mental facility.It should be mentionned that, 2lthough
at the end of that mission, the rig was functionnal
and the trials could be started, its optical part
of measuring equipment was stil.: incomgslets ia that
(2) the cinematographic high speed _amera was out of

erder, (b) no laser had as far been ordered and (c}
no high voltage Direct Current power supply was
available for the P.M. Any way the trials of the
first part of the study could at least be started.

** Redaction of a detailed research programme , des-
cribing the successive trial series to be run for the
execution of Part I of the study(see ref.2, annex 3).

** Description of, and assistance for (a) calibration of
the apparatus and the diagnostic techniques and (b)
the preliminary trials of Part I of the experimental
study.

At the end of that second mission, and apart from the
optical complement of the trials, the first part of

the study, relative to the hot gas ignition of methanol
vapor/air mixtures, was ready to be run.
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B. Status of the project at the beginning
of _the present mission

Although started with some retard with respect to the calen-
dar established during the second mission, a fairly amount
of work had already been done ; some hundred fifty indivi-
dual trials had been effectuated, covering partly the work
r=2lated to series A.1 and 4.2 of the research programme
(described in reference 2, annex 3). However sowme difficulties
appeared to exist in the interpretation of the results,
mainly related to (a) the relative imprecision of the igni-
tion criéterium (due to incomplete equipment) and (b) the
fact that neither mass of methanol injected nor injection
rates and durations had been determined.

As far as the optical equipment was concerned :

The fast framing camera was stillunder repair in the U.S.;
The D.C.power supply for the photomultiplier is still not
available:;

The laser (4 watt tunable argon ion laser, Spectra Physics)
had arrived

C. Objectives of the activity beiag reported on

The objectives of the activity during the present mission
appear as the logical consequence of the foregoing situation.
They mainly consist in the following points :

a - Enable the research team to finalise the remainigg trials
making part of the f£irst objective of the study (homogen-
eous methanol/air mixtures ignition) by :

* discussion of the findings obtained until now

* making some supplementary experimental checks to
help the interpretation of the results

* indicating improvements in the treatment of the
results

* Define the trial series still to be made for the im-
plementation of part I of the study

*» Giving guidance for the realization of the optical
bench for laser-shadowgraphic visualization of the
ignition phenomena.




b - Prepare the start of part II of the study, related to
tiquid methanol spray ignition , upon giving detailed
outlines of the research programme relative to it.

II. TECHNICAL ACTIVITY

The expert joined I.I.P. on Priday 2nd October and left it
on Tuesday 20th October 1987 (see Traveling Schedule in
Annex 1)

His contacis at I.1.P. were mainly with the UNDP Project
coordinator and with the research team of the Engine La-
boratory , especially with Mr M.Abraham (see Annex 2 :
Senicr Counterpart staff).

A.Discussion of the hitherto obtained resultg

The trials effectuated hitherto suffer from the incom-
pPleteness of the measuring equipment, this situation
making their proper interpretation difficult if not im-
possible . Indeed, since neither shadowgraphic visualiza-
tion nor Photomultiplier output is available until now,
the only possibilities to track selfignition of the me-
thanol/air mixture is (1) the pressure/time evolution and
(2) the variation of the burnt fraction F, as a function
of temperature and pressure. Actually @ light emission time
track, although available from & photoresistor does not
reveal the slightest signal : this does not prove the non
existence of light emission (linked to ignition) but oc-
casionally only shows the sensitivity of a low voltage pho-
totransistor not to be sufficient to detect the light emis-
'sion (already relatively weak in the case of alcohols) ac-
companying ignition nf the mixture.

1- The observed pressure/time track

Bven when injection is effectuated into a relatively hot
gas (1000 to 1300 K), the oxidation of the methanol/air mixe
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ture does not cause @ sharp contrated pressure rise which

could be used 3s the indication of selfignition and from

which an ignition delay $ could be determined (seereferen—

ce 2, fiqure 9).

Ficure 1 shows @ typical example of the measured pressure/
time evolution with and without injection. 's injection
starts,one observes an increase of the pressure (compared
to the one that is measured without injection) due to one
or both of the following factors:

* the progressive increase of mass in the reactor (that part-
ial pressure however is partly compensated by the cooling
effect of the injected mixture, see Annex 3, equation 3.3);

* the heat release and subsequenc temperagure increase due
to oxidation of the methanol.

To some extent at least, there always occurs some oxidation,

as shown by the measured values of F, (see next point). The

absence however of a less or more sharp pressure rise (like it
is usuzlly observed for selfignition of homogeneous 2ydro-
carbon/air mixtures) tends to indicate that we 3re not dea-
ling here with @ clearly defined, sudden combustion affect-
ing the whole methénol/air mixture at the same time. One
should remind, that ignition does not consist in a trans-
ition from "no reaction”, but in the transition from slcw
oxidation to fast oxidation (or combustion).

2—- The variation of F,_ with tempe rature

b

The same lack of clear-cut transition between slow and
fast oxidation of the metheanol/air mixture is shown by the
variation of the fraction burnt (Fb) as a function of the
temperature and pressure of the hydrogen combustion products.
We like to remind, that the hot gases into which the metha-
nol/air mixture is injected, are obtained by the combustion
of hydrogen/oxygen/nitrogen mixtures and théet therefore the
pressure (Pv) at the start of ignition and the temperature
(TV) are linked to each other as well as to the adiabatic
combustion temperature of the hydrogen mixture (Tad)(see
referace 1, knnex 3).
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The adisbatic combustion temperature Tad is supposed (as
usually done) to affect homogeneocusly the combustion pro-
sucts at the end of combustion , i.e. at the moment the
pressure reaches its maximum value (Pmax) ; Its value is
used to estimate the subsequent temperature values by &
first approximation relationship :

T = P.T i/pmax (1)

as has been discussed in reference 2. The value of Tad

should be detemined with some precision, e.g. by cel-

culation uein; an appropriate computer programm taking
into account that pressure is varying during combustion.

Although such a computer programme is available at I.I.P.,

no values of Tad have been computed in that way until now.

Therefore, in what follows we shall use approximate values

of Tad » computed for constant pressure combustion, the

reactants being at standard pressure and temperature.

The thus calculated values are somewhat too low, and should

be corrected in the future by the mo appropriate comput-

ation. For the hydrogen/oxygen/nitrogen mixtures utilised
in part I of the study, these approximate values &are given

on ficure 2.

The fraction burnt is calculated from the CO and C02 for-
med, according to equation (8.13) of Annex 4. Typicsal examples
of Pb/temperature curves are provided on figures 3 and 4.

* Figqure 3 relates to the case where total injection of the
methanol/air mixture has been used. By "total"” injecticn
one should understand here, that the injection valve hes
been closed after egality of the pressure in the reactor
and in the injection cylinder has been obtained . In that
case a maximum fraction of the initial amount of methéenol/
air mixture (%) has been injected. Por the detemmination
of o, see Annex 3. Under these conditions, the injection
duration is nommally quite long, which bears as consequence
a) that the oxidation of the methanol/air mixture is "dis-~

tributed” over @ relatively long time, since it is
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controlled by the injection rate and dquration. The
injection rate (Di) strongly decreases with time
(see figure 3.5 of Annex 3).

b) the temperature in the reactor varies substantially
between the start and the end of the injection ;
therefore it is difficult to define a meaningful
value of a "mean" temperature T between start and
end of the injection.(For that reason, the tempera-
ture at the start of injectior_l, 'rv. has been plotted
on the abscissa of figure 3)

* Pigure 4 relates to the case of constant duration in-
jection, the injection valve being closed after a preset
injection duration t*. Apparently the advantage here
is the possibility to select short injection duratioans,
avoiding thus occasionally the methanol oxidation to
be controlled by the injection rate and duration. Trials
of that type dad nol bz2en wadebefore but ouly during

cne @ission. .

wWhether the methanol/air mixtures oxidation is controlled

by the injection rate or not , it any way is at least part-

ly controlled by its anixing with the hot gases , which

(1) controlls the heating up of the methanol/air mixture

but (2) at the same time imposes a severe dilution on the

latter.

From figures 3 and 4 one deduces tne following features of

the methanol oxication :

a) The fraction of methanol burnt (Pb) increases wit': tem-
perature of the hot gases. Pigure 4 shows a continuous
increase, whereas figure 3 shows a sudden and impor-
tant change in the slope d(rb)/d'r ., which might be rela-
ted to a transition from slow oxidation to combustion,
i.e., ignition,

b) The ratio C0/CO, in the methanol combustion products
passes by a maximum : increasing first with increasing
combustion efficiency, it drops rapidly to small values

when Pb approaches unity.
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B .Improvements and complemeutar! checks

From the discussion of the already performed trials

and the experimental scenario used, it became clear that

there was a need for (1) some complementary experimental
checks and calculations and (2) some important improve-
ments and implementations of the experimental rig.

1- Experimental checks and calculations

a) Looking for the possibility of detecting sharp cut

b)

c)

4a)

a)

ignitions, it was decided to utilise less diluted hy-
drogen/oxygen/nitrogen mixtures (compared to the ones
that have been proposed on table 2, annex 3 of reference

1) in order to reach higher temperatures and pressures

in the combustion products.

It wds also decided to use preferentislly constant
duration injection, for reasons explained in Section A,
A theoretic2l and experimental investigation has been
carried out to get infommation on the injection duratio:
as a function of reactor pressure and tempereture,

the injection rate as a function of time, and the fraction
of methanol/air mixtures injected as a function of
injection duration,

The deteils of the procedure and the results of that
investigation are given in Annex 3.

Calculation of more precise values of combustion tempe-
ratures of the utilised hydrogen/oxygen/nitrogen mix-
tures will be made by the counterpart staff, using

an appropriste computer programme accounting for pressure
variations.

Improvements and_implementations

The general scenario followed in &ll trials implying
the previous compression of the methanol/air mixture in
the cylinder prior to the opening of the solenoid in-
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jection valve, a prehe&ting of the cylinder up to &bout
70°C has been installed to prevent any condensation of
the methanol vapour during compression.

b) A very necessary implementation will be the acquisition
of a suitable high voltage direct current power supply,
suitable for the utilisation of the photomultiplier.

A sensitive emission pick-up probe seems indeed to be
indispensable to judge abtout the nature of ignition.
Inquiries as to the availibility of this kind of power
supply have already been made.

c) During the present mission, the optical bench for sha-
dowgraphic visualization, comprising a 4 watt tunable
argon-ion laser and an a-focal lenses system has been
set up. Advice for installation and use has been given.

However, the visualization still requires the return
of the fast framing movie camera, which has been sent
abroad for repair.

d) The infra red analysers of C~ and coz,actually used ,
present a rather coarse sensitivity, too coarse indeed
to ensure sufficient orecision in the detemination of
the burnt methanol fraction. It appesrs that, at least
in a next future, no substéential imnrovement can be
expected in that matter.

C. Future trials previsions(of part I)

Taking into account the research programme outlined earlier
(see reference 2, annex 3), the experimental results obtained
hitherto , as well as the slight retard in the execution of
part I of the study, previsions have been discussed with

the counterpart staff. Apart from the contiauation of the
actually ongoing trials aiming at the eftfects of temperature,
equivalence ratio of the methanol/air mixtures and the quanti-
tirs of them injected, the éffects of the following parame-
ters should be preferentially looked at :
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* The compression ratio ia the iajection ~ylinder. Increa-
sing the end pressure (Pi,e) results ia faster injection
rates and faster turbulent mixiag with the hot gases.

The endpressure pi.o may be iacreased by iacreasing
the total volume of the injection cylinder or by de-
creasing the endvolume after compression.

* The comparison with hvdrocarbon igaition,

Trisls having shown relevant effects of one or more of
the variable parameters during metheanol/air iajection,
should be duplicated with hydrocarbon/zir injection for
the sake of comparison.

In order to simplify the calibration procedure of the in-
jected mixtures, 2 gaseous hydrocarbon {butane, propane)
could be utilised.

In principle these trials may be executed hefore the rig has
been completed for P.M. measurements and shadowgraphic vi-
sualization. However, as soon as these complementary equip-
ments are operational, they shouzld be utilised. Moreover,
relevant trial series effectuated ecarlier without these
equipments, should be duplicat=d v th them, to gain better
understanding of those earlier results.

D.Ten.ative research programme for oart I of the study

The preparation of part It of the basic study, relzted
to spark assisted liquid methanol spray ignitinn, has been
pursued on two levels during this mission.

1.Adaptation of the experimental rig

As explained in reference 1, annex 3, the same basic
equipment and rig, already ia use for part I of the study,
will be utilised for part IT. Notwithstanding that, some
imoortant adaptations have to be made ; they have been dis-
cussed from a practical point of view with Mr Mathew Abraham.
Mainly these modifications relate to the following items :




a)

b)

c)
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The liquid methanol injection device

It comprises a coaventional high pressure injecter com-
pleted with an injection pump and liqaid methanol feed-
line. Since single stroke injection is required, the
injection pump should preferentially be actnated by an
electromagnetic plunger. The pump should be chosen in
such a way as ‘o ensure the injection of variable quan-
tities of methanol, resulting in overall equivalence
ratios comprised between about 0.25 and 1.

The high energy spark circuit

The circuit frquired to feed the h1gh energy spark

of at least one joule effectively, should allow for
contiauous or descontinuous variatican of the spark ener-
gy (Es) . for example upon changing the capacity. It
may be either construct=d at I.I.P. according to the
general schema provided on figure 4 of reference 1,

or order=d from one of the two following addresses :

1) Electronic Hard logiciel

39, rue Gounod ‘

93290 Tremblay-les-Gonesses, France
2) EYQUEM

1, rue Lavoisier

92009, Nanterre, France (telex : 612622 F)
In the latter case, and since we have to deal with non
current commercialized equipment, the Counterpart staff
may usefully pass its order through the intemediats of
the exnert, who shall then be able to indic¢ates the
specifications to the constrnictor and follow up the
order.
Spark location with respect to injector.
Unlike indicated in figure 3 of reference 1 and more conve-
niently with respect to the possibility of visualization
of the ignition phenomena, sparkplug and symetry axis
of the injector should be located in the same transver-
sal section of the main reactor , preferentially in the
middle section (there where the gas injection nozzle
is actually located).The radial position of the spark
qap,with respect to the symetry axis of the injector,
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should be variable between zero and the radius of the
main reactor.

d) A schematic repr=sentation of the general scenario of
a typical trial, together with indications of the dif-
ferent time lags, is given on figuwe 4.1 of Annex 4.

2. outline of the research programme for part II

A tentative research programme for the execution of
part II of the study has been elaborated.-the details
of which may be found in Annex 4. It provides informati-
ons on calibrations to be made, calculation of the compo-
sition of the hydrogen/oxygen/nitrogen mixtures to be
used in order to create the “"synthetic” air, the measure-
ments to be made, the parameters to be varied, and out-
lines to some extend the different series of trials to
be perfommed.

ILT.CALENDAR

Actually like things are for the moment, it is not
easy to forssee deadlines for the execution of the differ-
ent parts of the work to be done in the forthcoming months.

The time needed for the execution of each of these parts

may be roughly estimated as :

1) implementation of the trials constituting the con-
tiniztion of part T of the study : aoprox. 3 months

2) adantation of the rig for the second part of the
study, including calibrations and preliminary
trials : approx. 2 months

3) Run the trial series of part II of the study :
approximately 5 months.

However, at least two of these three tasks cannot be

executed in a continuous way :

* Implementation »f the remaining trials of part I depend
strongly on the delays of getting the camera and the
P.M.power supply ready.

* The adaptation of the experimental rig will have to
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*wait"” on the ordering and the delivery of the H.E.
spark circuit.

It is to say that a compromise should be found between -
what "is" to be done and what "can already” e done...

For example : although the rig cannot be transformed

before the end of the trials of part I (including the du-

plicated trials with visualizatiorn), it is clear that

hardware parts required for that transformation already

can be ordered or constracted.

IV. CONCLUSIONS

1. After a rather long retard accumulated in the coastruc-
tion of the experimental rig, the research work relative
to part I of the study (ignition of methanol/air mix-
tures by hot gases) has started and is already reasona-
bly well advanced.

2. Unfortunately, the optical measuring equipment being
still incomplet (fast framing camera being undetr repair
abroad), many of the trials effectuat=d hitherto still
bear a provisorious character , theace are difficult to
interprete and need to be duplicated upon the arrival
of the optical items,

3. Some improvementsof the experimental meth~d have showm
to be needed and most of them have alrsédy been effectu-
ated during this mission,

4. Preparation of part II of the study, related to spark
assisted liquid methanol spray ignition has been updated.
The research programme relative to this second part has
been outlined in detail.

5. As far as the next future is concerned : the continuation
of the trials of part I, the adaptation of the rig for
the second part of the study and the execution of the
trials of that second part, will require a compromise
between successive 2nd simultaneous actions . In that
respect the expert would like to insist on the necessity
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to start without delay the construction or ordering of
a suitable H.E. spark circuitry and to obtain a power
supply for the Phctomultinlier.

6. Last but not least at all, a very important remark.
The execution of the basic research programme related
to the use of methanol in engines is well on its rails.
At the same time , the finapcial support granted by
Project DP/82/001 has stopped. It is not of the experts
competence to find or to indicate new ressources for the
continuation and implementation of this research program--
me. But it is part of the experts duties to throw the
attention of the Direction of I.I.P.,once mor=, on the
importance to continue that type of basic investig&ation
in order to acquire good understanding of engine re=lated
me thanol combustion phenomena as a condition for the
optimization of specific technologies aiming &t increa-
sing use of methanol as an alternative fuel.
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Figure 4
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ANNEX 1

Traveling Schedule

Departure from Paris on 30 September 1987 &t 0.15 p.m. by
flight AF 174 to Delhi.

Arrival in Delhi on 1 October 1987 at 3.35 a.m,
Briefing in Delhi at U.N.D.P. on 1 October 1987.

Departure from Delhi on 2 October 1987 at 7.10 a.m. by
flight PF 103 to Dehra Dun,

Arrival in Dehra bun on 2 October 1987 at 8.00 a.m.

Departure from Dehr2 Dun on 20 October 1987 at 8.10 a.m. by
flight PF 104,

Arrival in Delhi on 20 October 1987 at 9.00 a.m. Debriefing.

Departure from Delhi on 21 October 1987 at 1. 00 a.m. by
flight AF 181 to Paris.

Arrival in Paris on 21 October 1987 at 8.30a.m.
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ANNEX 2

Senior Counterpart Staff

Except for Mr C. Ranachéndran, who has retired since last
year, no changes have occured in the Senior Counterpart
staff of the Engines Laboratory of I.I.P., the Head of
which is Mr sudhir Singhal.

An organisatory change occured in 1987 concerning the attri-
bution of particular responsibilities : the three pemanent
Groups (Combusticn and Emissions / Field and Performance
studies / mubrication and Tribology) have been replaced

by "floating” groups constituted according to the research
needs and comprising the competent people for the execution
of a given task.

The Senior Counterpart Staff is actually constituted as
'follows z

Mr Ssudhir singhal (Head of the Laboratory)
Dr B.P.Pundir (Project Coordinator)
Mr M. Abraham

Mr A.K. Aigal

Mr s.N.Bhattacharya

Mr S. Das

Mr K.K. Ghandi

Mr A.K. Gondal

Mr M.Gupta

Mr A.K. Jain

Mr s.K. Jain

Mr D. Kumar

Mr s. Maji

Mr R.L. Mendiratta

Mr M. Saxena

Mr J. shamma
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ANNEX 3.

characterisctics of the methanol/air mixture injection

Proper interpretation of the combustion behaviour of the
methanol/air mixtures, supposes the injection chgracteristics
(frgction injected, injection velocity, duration, etc) to be
known, at least in a qualitative manner. In the case of the
present experimental trials, a precise a-priori calculation

of these characte-istics is not possible, mainly because the
pressure and temperature evolution in the reactor strongly
depend on £1) heat losses to the walls and (2) heat released

by the exvthemmic combustion during the injection itself.

Pirst approximation values of the injection characteristics

may however been estimated upon neglecting the two latter phe-
nomena, i.e., neglecting the heat losses during injection, and
assuming the combustion not to start before the end of the in-
jection,

Assuming the dissociation of the water vapour,obtained from
the hydrogen combustion, to be negligibly small (which seems to
be a reasonable assumption, owing to the relatively low combus-
tion temperatures one is dealing with in the present trials),
the temperature (T,) at the moment (tv) the injection starts
may be calculated from the maximum pressure (Pmax) achieved at
the end of the hydrogen combustion, the adiabatic combustion
tempe rature ('rad) of the hydrogen mixture and the pressure (Pv)
measured at tv s

Tv = Tad'Pv/Pmax (3.1)
Before opening the injection vglve, the pressure in the injection
cylinder is P ,0 and the temperature ambient (‘1'0). Assuming iso-
themmal expansion of the injected gases and almost instantaneous
mixing of these gases with the hot combustion products of hydro-
gen, one may estimate the temperature ('rr) and pressure (P.) in

the reactor, corresponding to a given fraction d'c injected at a
time t after t,.
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Iésignating by:

v the volume of the main reactor i

vy the volume of the injection cylinder before compres-
sion , 1.e. the volume of the methanol/3ir mixtaure
at TPN.

dr volumic mass of the hydrogen combustion products

at Tv and Pv

d ., (the same at TPN), thus a_ =4, T, P /T, F,, the sub-
script "o" indicating standard conditioas

d;o vobmic mass of the methanol/air mixture at T, and F_

c and ¢y heat capacity of the hydrogen combustion pro-
ducts, respectively the methanol/air mixture considere
as constant and identical

the temperature 'rr may be written as :

T = L‘; dp e Ty + ‘t Vi dio c; To (3.2)
o ) .
Ve dr € + dt vy dio c.'i.

Since both mixturcs are highly diluted by nitrogen , one may
further assume that dro = dio » thus :

(v Pv/P) + t \A
T
£ (v LPS/PT,) + "‘t"i/"o)

(3.3)

Neither heat losses nor heat release being assumed to take
pPlace after injection starts, the ratio Pl_'/Pv is given by the
following expression :

P/P,=T.n/n, T, (3.4)

where n, and n_ are the numbers of molegrammes in the reactor,

respectively at t  (corresponding at P, and 'rv) and at t (cor=-
responding at P and T_ )s

(vPTo/PT)+¢ v, T,
ver 'ro / P '1’ v




30

Substitution of eq.{3.3) into eq.(3.5) yields :

[(vp'ro/p-rh-d vl] [(v P/P) +d, v i]

(3.6)
r (v T /P) [(v PP T )+ b v /T )]

which, upon substitution of eq.(3.1), may be resolved to

vield the injected fraction ‘t as a function of P, P _ and

“« -[B+ (82 ac)®]/ 2a (3.7)

2
i

=Vevy [( PraxTo/PoTaa) + (B/PB,) = (P /P, )]

2 2
c= (vr PmaxTo/ Po Tad)(pr'" Pv)

with ¢ A = -v,_
B

When the pressure in the injection cylinder becomes equal to
the pressure Pr in the reactor, the injection stops. The total
fraction injected at that time will be designated by ¢, At that
moment (te) the injection stops, the pressure in the injection
cylimder is given by : l

P 0(1 -%) = Pr.-

i'e = (3.8)

|
f
|

P o being calculated by eq.(3.6) upon substituting o, by ol .

Prom the identity of eqs (3.6) and (3.38), the total fraction
injected (e&l) may be calculated as |

o = [-b + (b%- sac)%] s2a | (3.9)

with s a = v12+(vivrPi'°/Po) (3.10)
b=vv { [(p '°+P°)Pmax'1‘°/P§ Tad]' [(pi,o'?v’/po] }

, (3.11)

cx=v? B (P - PIT T, P, p 2 (3.12)

|
|
!
|
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The ratio B__ /T_;., appearing in egs (3.11) and (3.12), is
equivalent to the ratio Pv/Tv.h:tually, the value of the tem-
perature T, does not affect that much the fraction & injected,

3s becomes clear from figure 3.1 , showing the depemdence of o
with respect to rv for a given set of conditions.

The variation of the injected fraction of as a function of
the pressure in the reactor during injection (i.e. P,) is illus-

trated figu 5 E/
ra on figure 3.2 for a given ratio.P- rad" Pv/'rv.

+
+ +

Experimentql detemmination of the injection duration and rate.

The mean flow rate (Di) through the injection nozzle and
the duration of the injection {defined as the time, tggye Tre-
quired to introduce 95% of the total injected volume) have
been determmined as a function of the pressure in the main re-
actor in an experimental way.

The main reactor being filled with 3air at ambient tempe-
rature and an initial pressure Pr, o * pure air is introduced
into the injection cylinder at nommal pressure and tempera-
ture, then compressed tO a pressure Pi,o in an isothemmal
way. Opening the solenoid valve between the injection cylin-
der and the reactor,, injection is started at t=0 and the
pressure evolution in the reactor is recorded on the cathode
ray oscilloscope.

Both injected gas and reactor gas being at the same tem-
perature T, equation (3.5) now simplifies as follows:

o= P +% P Vi/V, (3.13)

The volume injected at a given time t after the start of the
injection, is thus obtained as :

Vg, = vr(Pr- pr,o)/Po (3.14)

The instantaneous flow rate I)i + measured over a small span
of time (tz‘ ti)' t, is then given by :

D, = "1‘“"1:2’ xu)/(tz- "1) - vt(Pﬂ-pﬂ)/(tz-tl)po
(3.15)
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Integration of eq.(3.15) over the time, offers an alternative
method to calculate v. ‘t

puring injection, the instantaneous value of the pressure
(Pi) inside the injection cylinder is given by :

Pi = Pi.O(I - wt) (3.16)

At the end of the injection, ¥  becomes & and the pressures
P and P; are identical; from the identity of egqgs(3.13) and
(3.16) one then obtains the value of & as :

o= - PV [p o+ (B, vi/v )] (3.17)

The value ofol c@lculated according to eq.(3.17) is shown

on fiqure 3.3 as a function of Pr' o- Upon comparing figures
3.2 and 3.4 it may be seen that the values calculated in
the cases of cold reactor gases and of hot reactor gases (res-
pectively by equations 3.17 and 3.9) are not that much dif-
ferent.

The relative fractional part injected at a given time t
after the injection started , &t/cb . is obtained from
eq.(3.14):

"t/“ = (P~ pr‘o)/(Pr'e- pr,o) (3.18)
and may thus be calculated as a function of time from the mea-
sured values of the reactor pressure at the start, during and
at the end (P_ ) of the injection; the ratio® /& is indepen~

dent of the volumes Vs and v, and of the pressure Pi o°
’

Values of ¢, obtained from the experimental values of P

r,o
and P_ _ by the relationship (see equation 3.14)
[ 4
d = vr(pr'e. c, oV By vy (3.19)
for different values of P +, are compared to values of o cal-

)
culated from values of P and P (according to equation
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3.17) on fiqure3.3. The experimental values of pr.o‘ Pr and
Pr.e used for these calculetioans are shown on fiqure 3.4.

Figure 3.3 also shows the experimental values of the in-
jection duration (t957'. ) as a function of Pr,o' the duration
decreasing as expected when the imjected fraction %.

on fiqure 3.5 the evolution of the experimental values
of the injection rates D; (ss obtained from equation 3.15)
is plotted versus the time for two different values of pr,o'
The section of the injection nozzle utilised in these expe-
riments being equal to 0.159 cmz » the initial injection
velocities are rather large (1C0 to 130 m s~1). e penetra-
tion of the jet may therefore be reléetively important. Only

optical visualization would enable one to check that.

The experimental messurements just described also allow
the determination of the injection cylinder volume (vi) £ rom
the experimental values of v_, P P and P, _; indeed,

r’ "r,0o’ 'r,e i,o’
from the identity of eqs (3.17) and (3.19) it follows :

vV: =V

i . Pi,o(pr,e' Pr,o’/‘Pi,o’ P_ _)E (3.20)

e O

+14

In many cases it maybe useful to shorten the duration of the
injection by closing the solenoid injection valve at a preset
time twafter the start of the injection. The fraction d.t* ine
jected may then be calculated by either eq.(3.13) or eq.(3.18).
Pigure 3.6 shows the values of ett* as a function of the initial
pressure Pr’ o (initial = at the.beginning of the injection) for
different injection durations t . The calculation uses the ex~

perimental values of(Pt 'Pr o) shown on figure 3.4.

4
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Fig. 3.3
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Fig. 3.4
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ANNEX 4

Tentative Research Programme ior the executicn of Part II
of the experimental study : Spark assisted ignition of
liquid methanol sprays

A. Calibrstions

Most of the calibration work (such as : calibréetion of
the sonical nozzles and pressure transducers) has already
been effectuated in Part I of the study {see reference 2,
Annex 3,A).

Some new calibrations are specific for the second part
of the study , mainly:

* detemination of the high energy (H.E.) spark charac-

teristics, and

* the characteristics of the methanol injector.

A.l.Characteristics of the H.E.sparks (high energy sparks)

Por different setting of the electrical circuitry, the
effective energy (E: ) released in the spark and its dura-
tion (0' ) should be determlned.

The spark circuit used in that study is of the type: high
voltage charged capacitor discharged without intermediate
inductance coil. In this case the energy effectively released
in the spark is close to the one cslculated from the capacicy
(c) and charge voltage V)

E_=C V2,2 (4.1)

s

The energy Es may be directly measured upon displaying
the current (i) and voltage (v) variation in the spark on a
cathode ray oscilloscope as & function of time . The voltage
v is measured over a high resistance bypass; the current i
is measured by a Hall-effect probe ore more simply over a
non coiled resistor placed in series with the spark gap. E
is obtained as :

bs
Bs ’/ ve.l.dt (4.2)
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A.2 .Characteristics of the liquid methanol injector

Owing to the volume of the main reactor utilized, 2nd in
order to obtain a range of overall equivalence ratios situa-
ted between 0.2 and 1, a pump should be selected that allows
the injection of about 20 to 100 mg methanol per stroke.

Since the amount of methanol injected constitutes one of
the parameters of the present study, the injector should be
calibrated for different positions of the injection pump plunger.

The corresponding injection durations ( 9'1) is to be de-
termmined as a function of the pressure (P) in the reactor. This
may be done for example using a light beam passing to the
methanol jet at the nose of the injection nozzle, impinging
on a photoresistor, the output of which indicating the dura-
tion of the spray. ‘

Boundaries and pemetration of the liquid spray may be es-
timated from shadow-cinematography pictures.

It also might be worthwhile to check the droplet size
distribution, using the (already existent) Malvern tachnieue,
especially in the case where different injector types should
be studied.

A3 .Determination of various time lags

As indicated in reference 1, Annex 3, B.l., the scenario
of a typical trial comprises the following consecutive steps
(see fiqure 4.1)

(1) At t(time) = 0, the low energy spark (=LE spark)} circuitry
is actuatad ; this actuation triggers the following events:

&= the release of the low energy spark (1E spark), ignit-

ing the hydrogen-oxygen/nitrogen mixture, the combus-
tion of which will produce the “synthetic air”.
b- the cathode ray storage oscilloscope which, coupled
to an x/y recorder, will make records of the P/t and
light emission/t curves (the former from the pfessure
transducer, the latter from the photo multiplier PM),

c=- over a variable delay (Tc), obtained from channel 1 of
a delayed pulse generator (sD.P.G.), the shadowgraphy
camera is triggered.
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y d- channel 2 of the D.P.G. which, after 2 selected delay
61. will provide a pulse.

(2) at t = §,, the pulse delivered by chamnel 2 of the D.P.G.
triggers the following eveats :
a- the start of the methanol injection, by actuatiag an
electromagnetic plunger driving the injection pump;
b- chaanel 3 of the D.P.G. which, after 2 variable preset
delay ,, will provide 2 pulse.

(3) at t = 81+ 82 » the pulse delivered by channel 3 of the
D.P.G. triggers the high energy (=HE) spark circuit, assist-
ing the methanol ignition and combustion.

The different delays appearing in that scenario, comprise the
preset delays of the D.P.G. as well as the reponse times of

the repective actuated devices. The latter should be determi-
ned in order to correct the preset values of ‘t'c P 81 and 82.

It is recommended to superimpose on the oscilloscope rscord
the pulses dalivered from channels 1, 2, and 3 of the D.P.G.

B.Compositions of the "synthetic air”

As already explained in reference 1, Annex %, A,4,1, the
previous combustion of hydrogen/oxygen/nitrogen mixturs aims
at the obtention of hot combustion products coantaiaing 21%
oxygen, the remainder 79% being dilution products (nitrogen
and water vapor). Hence one has to deal with lean hydrogen/
oxygen/nitrogen mixtures allowing for the condition :

(xoz)p = 0.21 (4.3)

Definiag the reactant molar fractions by :

as (xm)r ; b= (xoz)r’ c = (xm)r

The global combustion reaction of lean mixtures (neglecting
the dissociation products) may be written as :
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al-12+b02+cﬂ2--aﬂ20+(b-§-)02+cﬂz (4.4)

From eq.(4.4) the mole fractions of the combustion products
are given by :

(Xgp)p = (b - -;‘-)/(1 - g) - 0.21 (4.5)
(Xp0), = ¥/(1 - 3) (4.6)
(Xyp ), = /(1 = %) (4.7)

The ratio of number of moles respectively in the products
and in the reactants is given by :

a

Prom eq.(4.5) one has the following relationship between the
hydrogen and oxygen consentrations in the reactants :

(x

oz)r = 0.21 + 0.395 ("uz)r (4.9)

By definition one has the equality :

(xm_,)r + (xoz)r + (xﬂz)]r =1 (4.10)

Comparison of eqs (4.9) and (4.10) yields the following rela-
tionship between the oxygen and nitrogen concentrations in
the reactants :

‘xoz)r = [o.sos - 0.395 ("nz)r]/ 1.395 (4.11)

Relationships (4.9) and (4.11) allow the detemination of the
different reactant mixtures the combustion of which will yield
the so called "synthetic air". Piqure 4.2 shows the composition
of all the possible "synthetic air” generating mixtures, toge-
ther with teir adiabatic combustion temperature (calculated
for reactants at normal pressure and ambient temperature,) ac-
cording to reference 3. The equivalence ratio of these mix-
tures passes through the lean flammability limit and through
the lean detonability limit, as indicated on that figure.
Numerical values of reactant and product compositions are
presented on Table 4.I for some selected mixtures,
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TABLE 4.1

[(x02 )p = constant = 0.2 1]

Re actants composition’ Products

. Toq(K)
N g )| @o2 ) | X )e | BaeRat{(xy, o) | (),

1 |O. 0.2337 | 0.5663 }0.6529 0.7900 } O 2980
2 10.1 0.4054 | 0.4946 |0.6100 | 0.6571 ] 0.1329 | 2890
3 0.2 0.3771 | 0.4229 |0.5608 | 0.5363 | 0.2537 | 2780
4 0.3 0.3487 | 0.3513 | 0.5037 0.4262 | 0.3638 | 2630
5 (0.4 0.3204 | 0.2796 |0.4363 | 0.3250 | 0.4650| 2390
6 (0.5 0.2921 | 0.2079 | 0.3558 | 0,2320| 0.5580 | 2120
7(a)0.5690 | 0.2678 | 0.1632 | 0.3047 | 0.1777 | 0.6123 1920
8 0.6 0.2638 | 0.1362 | 0.2582 0.1462 | 0.6438 1780
9 0.7 0.2355 | 0.0645 | 0.1369 0.0666 | 0.7234 1280
%g’ 0.7519 | 0.2191 ] 0,0289 | 0.0661 | 0.0293 | 0.7607

(a) lean detonation limit at atmospheric pressure
(b) lean flammability limit at atmospheric pressure

C.Outline of a8 tentative research programme

C.l. Preliminary remarks

3 = The here proposed research programme presents a tentative

character, in that, during its execution, we might well come

across either practical difficulties imposing changes of
the experimental scenario, or findings which may suggest
to focuss on parameters which "a priori” were believed to

present minor importance.
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b - The outline of the research programme is dictated by (1)
the purpose of the study itself and (2) the different para-
meters on which the phenomena may depend.

(1) Purpose of the study is to detemmine the occasional im-
provement of liquid methanol spray ignition by highly
energetical sparks. That improvemsnt may present differ-
ent aspects such as :

* the possibility to ignite the spray at lower gas-
temperatures and/or pressures

* the decrease of the ignition delay and/or of the
duration of the combustion

* a3 better combustion quality (e.g. in tems of unburnt
hydrocarbons or CO/CO2 ratio in the products).

(2) The parameters to be varied are mainly :

* pressure (P) and temperature (T) of the air in which
the methanol spray is injected

* gpecification of the spray (droplet size distribution
droplet density distribution in the aerosol, etc:;
the investigation of these parameters is provisori-
ously not foreseen in the present study)

* mass (mi) of methanol injected (i.e. overall equivg-
lence ratio), geometry, duration and flow rate of
injected fuel (it is not foreseen to vary m and 9'1
independently ) )

* Characteristics of the high energy spark, especially
the released energy and the duration

* Location of the spark plug with respect to the injec~
tion nozzle (axial distance will be kept coastant:;
radial distance will be varied)

* Spark timing ( 82) with respect to the start of me-
thanol injection.

& comparison with high energy spark effects obtained on
hydrocarbon spray ignition would usefully be made.
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C.2. Measurements to be made for each trial

C.2.1.During the trial

a- Pressure/time evolution in the reactor, recorded over a
calibrated pressure transducer, linked to its charge am-
plifier, the output of which is displayed om the oscil-
loscope prior to being recorded on the x/y plotter, providin
thus permanent documents.

The signal from the photo multiplier is also displayed
on the scope and recorded.

An approximate Temperature/time curve will be derived
from the pressure/time track by the relatioanship

p/P (4.12)

T=7T max

ad

whe re Pmax is the maximum value of P corresponding to

the end of the combustion of the nitrogen/oxygen/hydrogen
mixture. The adiabatic combustion temperature will be
calculated by an appropriate computerprogramme (the
values given on Table 4.I have been calculated at con-
stant pressure (atmospheric) and therefore provide but

a rough indication.

If visible from the pressure/time track or from the
Photo Multiplier output/time track, the physico-chemical
ignition delay (di . see figure 4,1) should be noted.

b- Using an appropriate setting of the delay 'Cc (see A.3,1)
and of the framing speed, a shadowgraphic movie track
of the whole sequence of events will be recorded.

This two dimensional visualization of the phenomena
is important for the qualitative understanding of tem,
especially the effect of the distance between spark and
symetry axis of the injector. For this reason, a radial
displacement of the spark electrodes  should be made
possible. We designate by r and x the radial, respecti-
vely the axial distance of the spark with respect to
the nose o the injector.




C.2.2. After the trial

The volumes of CO and CO, (repectively : Voo d "coz)
are to be detemined . The procedure is ideantical to that
described in reference 2 , Annex 3, B.2.5,g. An occasional
sudden drop in the fraction of methanol burnt will provide
supplementary indications of the limiting conditions of the
efficiency of the high energy spark. The fraction of carbon

burmt is given by the expression :
ta
Fp = NZH/O (xco+xc02)dt/vvng (4.13)

where Do is the flow rate of nitrogen conveying the combus~
tion products to the analysers; v, g and M are the volume,
respectively the volumic mass and the molar mass of the in-
jected liquic methanol: Vi is the mo;ar gas volume at standard
pPressure and temperature ; td is the moment where xco and
xco2 drop to zero during the analysis.

C.3. Trial series to be perfommed

C.3.1. Trials with methanol injection
&As a rule, for each trial series (except for the preliminary
ones) are indicated :
* the parameters to be kept constant
* the parameters to be varied
* occasionally, some remarks with respect to the choice of
the parameters and the execution of the trials.

SBRIES 1 : Preliminary trials

The purpose of these preliminary trials is tb check the
ignition possibility of the ligquid methanol sprays WITHOUT
spark assistance. . As already stated earlier, the high energy
spark assistance, at a given temperature and pressure, may
show different effects :
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* either provoke the ignition where it would fail without
spark assistance

* or improve the ignition, which would already exist
without spark assistance, e.g. in making it faster
(decrease of ignition delsy) or more efficiemt with
respect to the completeress of the subsequent combus-
tion (unburnt fuels and CO/CO, in the products).

Logically therefore, some trials without high energy sparks
should be performed to check the possibility of hot gas
ignition of the liquid methanol sprays.

The reactor will be operated with "synthetic air" , star-
ting with a hydrogen/oxygen/nitrogen mixture that gives
the highest possible temperature (but still being safe with
respect to detonation, therefore, avoid using the five or
six first mixtures of Tsble 4.I) and selecting the smallest
possible value of 6 1° Repeat these trials for different values
of m, (mass of injected methanol).

whensver one of these tests, run under the most favorable
conditions for selfignition, provokes ignition of the in-
jected methanol, then, &S A RULE, and for all the following
trial series mentioned below, this type of test (i.e. without
spark) should be performed to yield 2 baseline trial for
comparison. Selfignition delay (di) as well as fraction of
methanol burnt (Fb) should also be detemmined for these
baseline trials.

Changing the hydrogen mixture composition and the delay
of injection ( 1) ., note the velues of T and P for which
autoignition without spark starts to fail, in order to use the-~
se conditions 1in the later mentioned series as reference
conditions.

SERIES 2 : Bffect of temperature (and pressure)
a= Constant parameters:
» spark location (x,r) and timing (32)
Select a value of "r" so that the spark is fired close

to the spray boundary; select a value osz of the
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order of the injection duration or slightly smaller
than i

* Spark energy (and duration) : select a value of E_ as
large as possible

* Injected mass of methanol : select 2 value of m; corres-
ponding approximately to an overall equivalence ratio
of 0.5

b- variable parameters : Temperature (and pressure) of the
(synthetic) air.
c~ Remarks
1.Start with the reactor being filled with pure”natural”
air at room temperature.
* If no ignition occurs (check by detemmining Pb). even
after eventual adjustment of r and/or m; and 62, then
go to point 2.
* If ignition occurs, note di and Pb and go to point 2.

2.Switch to the use of -5 nthetic air”
From Table 4.I, select the mixture corresponding to the
highest dilution by nitrogen, but still being flammable
(for example mixture n° 9) and go to point 3.

3.Wwith the largest possible value of injection delay 81, nun
the trial and check whether or not there was ignition
(using the Photomultiplier record, the value of P and
the shadowgraphic pictures made during the trial).
* If ignition occurs, note the values of di and ?b and.
and go to point 4.
* if no ignition occurs, then decrease progressively
the injection delay 81 and start again point 3.
If ignition fails even for the smallest possible value
of 61 . then go to point 4.

4.Select from table 4.1 2 much less diluted hydrogen/
oxygen/nitrogen mixture and repeat the procedure of
point 3.

Important note : For the conditions where ignition has been
obtained without spark (see SERIRS 1) , run baseline trials
without spark for comparison.
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SERIES 3 : Effects of the spark energy

- B

C—=

Constant parameters :

* gpark location and timing (82)}

* mass m, methanol injected same as for SERIES 2

* Temperature and pressure :
select three different combinations of H"/0"/N" mixture
composition and delay 81 having given different ignition
delays and Fp values (but preferentially not giving ig-
nition without spark)

variable parameter : spark energy (E:s)

Remarks

For each of the tkree unixt:une/&1 chosen, run a series of
trials with decreasing values of Es . Note the critical
values,where ignition fails to happen, as (Bs)c.

SERIES _5 : effect of spark timing

=

Constant parameters :

* spark location (x,r)

* mass of methanol injected (mi)
* Temperature and pressure

}same as for SERIES 2

select two combinations of hydrogen mixture and delay 81,
one giving weak ignition, one giving strong ignition
in SERIES 2.
* spark energy :
select two values of E_ of SERIES 3, one which , in com-
bination with the previous parameter (pressure and
temperature ), gave strong ignition, another which yielded
weak ignition.
variable parameter : spark delay (82)
Remarks :
Por each of the retained constant parameter combinations,
run a series of trials for progressively decreasing values
of the spark delay (82). Check the existence of ignition

as well by shadowgraphy as by the values of di and Pb. Note
the critical values of (52)
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SERIES_S_; effect of injected mass of methanol

a- Constant parameters :
* gpark location (x,r) : as in previous series .

* spark energy (I-:s) chose two or three combina-
tions having given ignition

* temperature and pressure ranging from strong to weak

* spark timing (6‘2)

b~ Variable parameter : injected mass of methanol (mi)

c- Remarks :
For each of the two or three combinations of constant
parameters, run a series of trials with increasing value
of m,. Note the critical values for which ignition starts

i
to fail.

SERIES 6 : Effect of spark locaction

- G e W

3~ Constant parameters :
Select two combinations of E:s, mi,sza pressure and tempe-
rature , one having yielded strong, the other weak igni-
tion in the fommer trials.

b~ Varizble perameter : spark gap location (r)

c~ Remarks :
Run 3 series of trials for which the radial distance "“r"
between spark and injector symetry axis is progressively
varied, between the two extreme possible positions r=0 and
r = radius of main reactor. Note the limiting values of r
where, occasiondly, ., icnition starts to fail.

C.3.,2. Trials with licuid hydrocarbon injection.

Hydrocarbons mostly show quite different ignition behavi- .
ours than alcohols. Therefore it is suggested to perform some
relevant comparative trials, in which & liquid hydrocarbon ’
(e.g. heptane or decane) is injected instead of methanol.
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Pig. 4.1
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Pig.4.2
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