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PART 1 CONCERNING THE INJECTION AND COMBUSTION OF METHANGL

I. INTRODUCTICN

With the rapidly rising costs of crude oil uncertainity of

supply,rational economic c~ises and the doudbts surrouncing the

Aquantits 17 aride recoverable at a res:znable cost si-nificsnt

changes rel=svant to world uel supply will taxe place irn future

.I» sapa areas tme fuels will change from the more conven-

tisnal nvdérccarton fuels to alternatives such as alcohols and

jg evars= il in them create in significant changes 2as rega-=

specifications(Cetane number,volatility,arom=-

, calcrific value,etc.)e

Tigh =zoeed itruck and light duty diesel engines are not fuel

o8

talerarnt,s-) *»ig is particularly the case concerning alcohols,
ma nyrm ths —athanol in a DI diesel engine a dual fuel or a
glow T

1z aparoach is required to overcome the poor ignition

isted ignition has to initiate combustion.The ignition
Tmality,Tuel injection,combustion,engine outputs ard service
Yives zrs -—ainly influenced by those telow cited differences
“atwezn the nroperties diesel oil and nethanol fuels:

51 is nonscomponent HCO fuel arnd quicxkly evaporates at
le 3a2fined temperature.
ail is a multicomponent HC fuel and evaporates within
Lelired <acnerature range.
2.,"ne calorific value of methanol is 2,5x loWer than that of
llezal 21l 22,
3.llethanol evaporates at a higher temperature than diesel fuel,
4,The evaporation temperature of methanol is nuch lower in
respect of 95% dest. temperature of diesel oil,
5..ethanol reeds a “igher temperature for ignition
6.7he cetane number ratio Diesel oil D2/methanol is nearly 10.

7.74e density of methanol is lower than that of D2,

C:‘-.‘:l',.e ',':..S’.‘"E’".f:/ " " " [

0,T™e comnressibility " higher " »

“U.Ine pressure wave " lower n "
pronagation

velncity
11,Tne lubrication quality of methanol is poor and the lub
quality oi dJiesel oii is suificient concerning fuel injection

- o
L2
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"
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12.Corrosion attack is more likely when with methanol than with
diesel fuel.

a result of the above cited differences the following zust

tr -

congicdered:

The erergy reguired for an ignitable air-tuel nixture wh

~— @ W

P

W
scerating with metranol is wigher by “=mctor T Ter compared

wi+y -he same "point" of diesel fuel-air mixTure. .

o
-

Tor tre use of methanol fuel injection equinnent changes or

cr
[&]
(1]

3~ least new settings will bhe reguirad
-tne increased fuelling
-and tc coapensate for the higher fuel omnressiszility.

c) Teduced igniticn quality of the fuel will norzally result in
.orse TEC (or/and THCO) emissions ir practical sperationes
e«vern though steady state hot tests have zqown little change.
mn4s is because of cold start,misfire and cold cperationes.
Cold operation may have an increasingly severe effect on
2elay period,risfire and late combustion.

»igfire and svontareous ignition or knock ~zve 40 be =xamired

under:

—conditione of cold operation
~-iov partial loads
~-transierts

"1l ininal” ot steady state bench verifications in laboratory

conditions are insufticient.Under automotive legislative test

c7cles TTC emissions are frequently increased by 25-4%;

d) The "equivalent" diesel fuel consumption in service operation
may be similar to that of diesel fuel alone if misfiring and
late combustion are avoided.

e) Poor injection,ccld overation,misfirirg and Zong time low
rated speed operation with methanol may initiate excessive
wear,

£f) T™e lawer ralorific value,higher compressitility and lower
Pressure wave prcpagation velocity of methanol when compa-<
ring with that of diesel oil cause:

-nrclongated injection

-different reaidual pressure

~~ltered iniection tinming

-amall differences in mean integrated injec*ion pressure

-“ecuced max, iriecction pressure
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-spray penetration and fuel atomisation may be greatly
influenced
-rore leakage overfliows btecause of lower density.

II. The fuel irnjection syster under consideration:

“we IIF lab.,to the methanol fuel le of the lub. oil s doped.

g wa
If separation and excess of wear are really avoided txii

[}
[\
(93
g
2]
(o]
!

22 pay ce acceptable.

t

ct
N

[1V]

itheut crawings on ¢éisposal adhock measurerents detic
system uszed:
.olinger dia 4 7 mm

(Bl

.Tax. stroke of plunger ~9mm

.st-cke for theoretical discharging 6 mm with tangential cam
.Cocmon inlet and spill part of 3 mm dia.

.Gead volume of TDC plunger position

o 205 2L a0 [
.retraction volume 30 mm’ (Atlas =p6mm)
Jizad volume of the relief valve 800 mm3 cap.,
i,nick nressure tube $2x600 mm with volume of 1885 333

(O S TR S ]

N

a,injector dead volume ~900 mm

12,%0tal fe2d volume ,~ 3500 mm3

11.ratio {re*t.vol:tot.vcl) 100=0,36

12.rozcle =oles 3x0,26 mm.

13,nydraulic needle ratio $3/46

14.presetting of the follower~ 2,8-3 mm.

15,.f1ellirg 75 mm3/stroke at 750 min~! (camshaft) measure
ergine operation,

M
fun
ja |

III., General aporoach:

a, The start of injection is rainly influenced by:
l-omening injector pressure
2-residual Py
Z-~gperational sceed
4~-injection system used
S-cam=-followser presetting
6—compressibility of the fuel used
7-vressure wave propagation velocity

With conversion to msthanol usually the rasidual pressure




increased but because of the points 6 and 7 t-e start of injec-

tion is often delayed.Timing compensation is easy attainable,

ama rrahlamg *ere may he expected with the widened steed range .
r~ar an ~Svancer has 1o be used,If tre rateé speec is less

than {or 2quel to) 20C0 rpm the timirng device can be normally
avaiied, T+ zhould be mentioned trat using advancer injection
equinment is more expersive arnd some uncertaintvies concerning

timirg e+ill rermain,roreover,with igh in-cylinder peak press-

§4

a2t ~igher speeds it is advisable to avoid an advancer and

-r

)
To accens “igher fuel consumption,

Setaréed timing may be of benefit for tetter ignition and to
inersase oressure if,because of prolongated injection late

S stisn Jces not occur.If so,tne best procecure is to shorten
trs ‘nisetion period while simulteneously naiataining the same-

P

Convertirg %o methanol as fuel injection period is normally

very nigh influenced because of lower calorific value.Cperating

with retharol for the same power output the engine has to be

2,5% more fuelled or with fuel 2,5x more volupetrically uetered

“han tnat which is case for diesel oil;this means that the

period of injection isgprolongated However, the leng injection

neriod causes late combustion and higher thermal loading on -
the combustion chamber walls.This may not be the problem with
tuned Gown engires..oreover,if the max, mean effective pressure
is reiatively low an injection period correction and a remat-
ching zay b2 urnrecessary.

“owaver,when sperating with diesel fuel at reasonable levels of
mean pressure and conv:rting to methanol tre fuel injection
system *23 to oe rema.ched.wit» fuelling increased care musat

4 imcae TAr A A= avA tea Salloawer
= 3 "7 . Sozanm o a . lovwer,

- 2l v




The loaded part of the cam increases and so the possibility
for very hign wearing at the contact.surfaces as Fig.l shows:

vk-velocify diag.

_ Fig.l Telations cam=follower and fuelling

Eertz contact pressurse

i A
[
| permissiblg limit
5 175C N/mm
[ Sa.fety
;-
' } o
-t 7

f
pk-Fuel pressure diagram above the plunger.

In Fig.l point B depicts the start of geometrically defined

' delivery ; with diesel oil and point C shows the end.:.ith

me ‘hanol the end of discharging must be removed to point Z.
Betwcen the point Z and a.gafe distance must be kept, according
to Pig.l. A

Removing the point B on the left the average discharge velocity
Gecreases and the duration of injection additionaly increases,
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1f B-R shows too long period of injection or/and the safe limit
A is resached is only to do:

1-increase the nlunger dia.If it is still possible to use in the

injection pump.

2 -increase the full plunger lift if the new delired -amshaii can
Usa2d.Thus C-£ distance is lenghtened

5-ctange the cam form With the larger angle ¥ {see Fig.l)

‘-reduce the retraction volume if possible

~ircreagse the total "flow cross-sectional area oI tre injector.

B 1B

~ie is particularly important for the nozzle holes,when

3
r

tossible,because of the spray development.

T+ geeme that the most suitable way of reducing the injection
Teriod is to use possibilities of points 1 and 2,

“etraction volume can be practically reduced only if:

-av+er injection is avoided

~-the injector needle closing velocity is still acczeptable.This
~ears that the average pressure reduction rate befor the

~ozzle during the spilling  should be kept at about 150 nar/1°CA.
-existed value »as not the ratio hv/dv too small (Figz.2)

The volume retracted —

2
v .4

«h =constant

R

ddv

Pig.2 The Piston of the relief valve typ ATLAS

After injection takes place a snubber valve may be used but it
should he matched to the specific system (Fig.3).Dia 4d has to
be defined according to the law of reflection.In this way
backward pressure wave intensity can be reduced.The dead volume
nf the cnuther valve *ag to be kept as small as possible
especially)when methanol 1is-to be rsed.




Baclkword pressure wave [bar/
a snubber valve

e

Retraction volume

Porward
P, [barl

| 4 <di<dh

Fig.3 Snubber valve
Producers:Bosch,F&¥,CiV,VTS-ilaribor)

Lately (See "Steyr" publicatiorzs).
Spubber valve was used as to increase *he irjectlon pressure.
“owever,it is of bernefit only in a oo <ively narrow region of

speeds.horeover,with methanol as alled "reflection

w
@]
(¢]

chargingﬂ may be poorer than that o

Tf should to be noticed that since zethanol is a more compre-
ssible fluid attention must be paid to reduce the dead volumes,
The possibilities are as follows:

~-in the cap of relief valve

-in the high pressure tube

-in the injector holder

There 15 a basic rule:"Reduce dead volumes in the high pressure
System)as much as possible,but do not increase the flow resist-
arces and do not convert the potential energy into the kinetic
..0de hefore the nozzle holes".The latter nhas to be given seri-
ousl consideration when working on injection design.

The so called correction witw the module of compressibility
oA
LV ;&C ~— "conpressible flow"

nan only be reduced by V (dead volume),The coefficlent of
conpressibility of methanol:




‘Qummon > GQIESEL c1r ( 1,33 1077 o/x 0,59 1672 0/¥ )

is the main reason why operating with methanol the ahove modul
is getting important, oreover,tecause of the lower calorific
value (2,5x less trerm tvat of diesel o0il) fuelling nust *e

rastically increased.”o avoid late combustion,efforts aust

Ve pmade to reduce the irnjection period and this may be achieved
with increased 2ressure rise or wit» dp/dt in the above modul,
Thus,with methanol toth factors V and dp/dt,in addition %to the
coefrficient of caapressibilitylcause the unwanted prolongation

of injection.

Agairn when,operating #ith methanol the theoretically defined
modul of discharging

V2
fAk"V/: AY (see also Fig.l.)
4

Ak-plunger cross-sectional area
vk-instantaneous plunger velocity “hich denends on 1ift presse=-
ting,cam form and speed is greater than those for diesel oil

there is no use in increasing only Ak or/and V1138 the increase of

the discharging rate does not always means a grow*h of inijection

rate.ioreover,it may te that only the duration of injection

‘Ilncreases and tven in turn the thermal loading of the combustion

chacter and the specific fuel consumption.In such a case the

Peak in-cylirder pressure is relatively low and the pressure

diagram is extended.This may present a specific problem if the

engine is getting higher up rated.

In order to reduce the injection period the flow capacity of
the injector has to be investigated, both theoretically and
experimentally.A*t a start the following rule seems to be valid:

Vc'z /AAZ :—f—(--.'-é
—'V:-=X—’/“A' 3 o

Vcl and V,,:ltart fuelling and increased resp,

44y and  MAr:The same for the nozzle holes cross-sec.flow
areas,

The eiven rule consgiders +he same fuel and reasonably high load.
On the contrary, if the fuel is to be changed the changes in the
mixtnre {ormation and 1 the c) tustion rate nust be appreciated.,
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Besides that, with low ratings there is no reason for the nozzle

flow area to increase at all.
injector adjustments can be satisfactorlly accomplished only,
with the accompaying flow rate measurements,Zue test bench

~easurements gshow Fig.d,

DiV. O, 1 .\mm
{or needle
+11ft setting

pressure gauge

2,
[ Injacter _F:
valve ‘

-
v
P

Filter
Stop watch
. AY
00 /2%bmgr |
| T oump 4 0>/ nin
EE AR 2N

A7 measuredq--uy

p=const. At=const.=30 sec, 4p=const=1CC bar
Fig.4 Flow measurements of tre nozzle ~oles

Jealing with diesel ergines steady state test bench flow
c.eagurements -ay not be ommizted.For the nozzle alone,injector
nolder,tubes,intake and spilling ports etc. the flow capacities
are very icportant.rfor the nozzle the recessary diagram £ig.>
iz given,




10

’E!fective flow area (4A)

7 7 jfor the matching

i
| peedle 1ift

mar 4

Pig.5. Zff. flow area of the nozzle vs, needle lift.

TIa region I the control flow area is on the needle seat and

in region II,the nozzle holes control the flow.Here it should
be mentioned that the zeometiry jncreasaed flow area does not
meap an increase of eff. flow area,This is especially ao}if the
small nozzle holes are observed.The inlet hole resistance and
the hole roughness may have a large ipfluence upon the flow
capacity.Improvements can Ye made by lapping as was explained
in the IIP Lab.

with increased hole flow areas the cross-sectioral area around

the needle tip has to be checked (Fig.6% at the fuil lift.

"

(A

Required A » 1,7-4,

Al-minim.geomet,flow area
around the needle tip

A.,-total geomet, flow area
“ of the nozzle holes

Fig.6 Relation of the injection flow areas.

If the required ratio (Fig.6) is not achieved the fuel flow
will be smothered at Al and the some of potential energy will
be lost.Small correction here may produce gocd results Pig.Te.
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I7, Troposals for t-e system considered

(vatering technicues)

With cegard to the measured data collected the followirng find-

ings may be of interest.

l.Cperating with methancl the reakx in-cylinder pressure at rated
power is lower by 20-25% compared with that when diesel oil
was burnt. ‘

2. Three nczsle holes and a centrally located combustion chamber;
by means of an intake swirl port form the air-fuel mixture
ignited by glow plug. »

2.7he output is relatively low.

4,No overheating was observed

5.The in-cylinder pressure diarkram is rather stretched to be
3imilar to that for late combustion

&.zxcess of leakage fuel injector overflow was observed in
methanol operation.

7.The measurements of glow plug surface temperatures are in
progress, |

8.The test bench droplet distributiorn measurement demonstrate:

-with methanol Sauter mean dia. is less than with diesel o0il,
spray developed under ambient pressure but was ventilated
using a simulated air swirl.

9.Although the pressure diagram streched and the peak presgssure
low and the energy delivered into the glow plug was incalcul-
ated;the specific diesel equivalent consumption fuel rate
cperating with methanol was 2% better than that for diesel
fuel.This result,if correctly measured anc evaluted is
encouraging.Hcwever,the in service operation determined fuel
consumption is of wmore importance

10.No glow plug burning out was observed.
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1l1.The engine compression ratio 16 seems to be too low for
partial load range and for accelleration from zero to full
load because of misfiring,Because of the manual start,it seems
impossible to increase it from 16 to 18.However,an-electrical
starting device can be introduced.
12,As yet detailed attention,to the cold-starting and warming-up
characteristics has not been given;misfire or zZnocking were
ot observed (at full load).
12,No0 experiments were performed when usizg small quantities of
che vegetable 0il mixed with meshanol.
i4.After runing the engine for about 200 hrs. the piston chamber,
cylinder head and cylinder liner showed no cracking or other
demage.
Taxing into account the above findings and the data collected
in Section II the frllowing proposals may Oe zade:
l.%oncerning the nozzle holes a rough caiculation showed:

:V /'dj/-y ap =

o CZZc Z -7 2 J
DO F 200 Pl s

AV.nectedt =75 mm YVeyel

AU —> [ ~13,5214 %CA (2722800 enone )

Although the value of 13,5°CA for 750 rpe. 3eezs to be high it
nay concluded’that with such injection time the engine may

operate satisfactorily. Again, it demonstrates the low engine power

output
However it may be of benefit to increase diameters of the holes
to 0,28 mm.The increase proposed, ranges about 15-16% in

eff.flow area but it has to be confirmed with the measurements
1egcribed in Fig.l4

2.With regard to the calculated plunger 1ift for a delivery of
2,8 mm it can be seen that the ratio:6:2,3 is extremelly high.

Besides that,2mm of the max. lift must be reduced because of the
limited Hertz permissinle pressure (See Pig.l).
7t seems reasonable to adopt a plunger dia of £9ma.
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3,The sum of the dead volumes of the high pressure system &mounts
te 3500 -n} and this is increadibly large for the engine consid-
ered .This is especially so)because of the compressibility of
methanol.

zeducing he tube length (if possible),inserting the relief valve
spring and reducing the interior diameters of the retraction val-

ve cap)is likely to reduce’whole dead volume for 25% or to 2800
ggi.Ir the high pressure tube can not be shortened it is reason-
able to reduce it inner dia froa ¢2 mm to 1.5 mm. because of the
jow fuelling level.In *this way the tube dead volume will be reduced
by 825 mm’ or by 78%.

However,with reduced inner dia. of the tube the volume retrac-
kted may not be changed (Vy=const).

In any way check the tube acc.Fiz.3:

'y
&l

. !
Tt =80
b T—E/;? ‘

Fig.8 End of the tube.

4,In respect to the fuelling 5f methanol and the system dead vo-
lume bf only 30 m13 is unsufficiznt.lf after injection in engine
operation was réally avoided {because of lcw rate of spilling),
the residual pressure,although not measured,seems to be too
high.Actually,the sufficient nozzle leakage overflow observed

is a gobd signal of the excessive residual pressure.In this

case the fuel pressure diagram has been shaped acording Pig.9.

rig.9 nesidual pressure in excess and undefined .




t may be recommended with the dead volume of the nigh pressure systenm
unchanged, to increase the retraction volume ty ol)s.%owaver,if the
dead volume can be decreased (if‘s preferable) tx £

an the reli

1}

vailve wiston nay be unchanged.

5..;aedle o7 the injector snould be redesigned accariinz

ck

0 ?ig.lO.

xt=
f

_r___;, —_—

Fig.1l0 UNeedle tip proposal

Ine size X nas to be defined in agreement with the injector
nroduced,
“he movable parts of injector rave a mass in exess,the traasmitting

.. . .y - .
igit cante omitted (Figl.ll).

80

Pig.11l The transmiting stick

This proposal is given not only because of the needle seat service
iife,out to "Corona™ formation and to overheating and "oles coking
can be produced.

£eiiith increased plunger dia. as well as with increased nozzle flow
area ticing —ay be retarded and removed foward TZC,.In this way

the faster burning velocity cf methanol fuel may adopted and at

the same time late combustion avoided.

7.3ecause of the lower evaporation temp. of methanol as compared
with that of diesel o0il, the pressure in the pump gallery "1as %o

se ircreased and the more efficient zallery space cleaning undertaken.
furing exveriments in engine operation the pressure and tempera-
Ture ~easurements irn tre wallery are to he recommended)as well as




-
\n

a2 lookirg glass,to supervise fuel vapour,

.ir matching tre injection to the specific engine demands is no

zse to bhecin immediately t-e running engine,

The nroo-iure is as follows:

—co.lect --e cata and organize the Yamk (drawings,fuel properties,
senarats :ata of some test benches=-A nozzle etc.).
tachnigiues,catculate the injection parameters of

~e possible combinations

' 1
rs
ot
tp
H
1]
[i]
-b
3
Q
D 4
ct

~evalua+t: the calculated data and measure the injection paramete-
sstex chosenyon the punmp test bench.
-eva_uate azair tut with a runcing engine

i)

anges,lcng term tesiing on the separate vench have to

(Acout 5UC m,see SAD-truck producer praxis).
All tre i:zermz cited above have to be improved in IIP.
Iarcratory =1uivrent was explained together with the measuring
nrocedu-es, "rae tooks were presented
-irfactisor au¢ carturation of fuel

¢ calculations

=¢rontet turning
“me éiazran: relating to the matter considered were given and tae
discugsions srganized.
with diaz,iravings and interim reports the training was supported.
9.Spray~tize penetration and its arrangement i the combustion
chamber.. are nostly influenced by injection and by comtustion 1t~
self .“owever,when converting to methanol,spray-time penetration
Will be higher and the fuel-comb. chamber contact may increase,The
latter may not te a problem with relatively low loads.However, with
upratings the heat release rate may be poor)especially in cold
operations and with full loads,

Atomization of met»anol may be coarser than in the case of diegel
0il.This finding may be urexpected but there is an explanation

for this (cougulation).

The heat of evaporation of methanol is 1109 kJ/kg and that of dies-
el 251 xJj/kg or by factor 4,4 more energy needed for methanol fuel,
Further,the calorific value of methanol amounts 19.565 kJ/kg and
that of diesel o0il 43,1C0 kJ/kg or by factor 2,19 more fuelling
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considering the metering by weight.The result of the aforementi-
oned is a poor methanol ignition qualilty.

t'oreover,the time wren the methanol will be widely applied in
service operations "tre ceramic engines” way be already in the
series productisns.it means not the adiabacity’but the isolation
of the combustion c*amter components and the exhaust portis.

The combustion c-arter of Di-diesel engine isolated with ceramic

experirents we ta*ed only the piston combustion chanber
accordinz =

ATI Ceramic

Tiz.12 1Isolated piston comb.chamber
(VTS-Maribor - TAM)

KHD patented t-e¢ ceramic piston for truck engines shown in

Fig.13 ,using toux~ened partially stabilized zirconia for isola-
tion.

with the piston presented in Fig.12 we concluded that the fuel
cetane number could b: reduced by factor 2-2,5 for the DI diesel
engine applications.Thus,in this way energy may be saved and the
igrnition quality improved.i.ixing the igmition improver (kerobro-
80l) with methanol fuel and isolating the combustion chamber- the
ignition plug may omitted.Further experiments with isolated piston
bowl are in progress.it may be recommended that IIP aleso takes
the ceramic icto consideration.

Recent develotments in electronic techniques give the possibility
of measuring isnition delay witrout engine modifications and it
should be possible to use these a8 the basis for a new system.It
may be of interest i.. zetvanol operation for larger diesel engines,
Regarding +“» *yce N7 discel engire a modern injection system hasg
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to meet the following requirements:

-Figh injection pressures to achieve short irjection ceriods,
effective atomization and effective fuel dispertion.

-Triargular-s+aped law of irjection with high zaxizum ratsz and

short end 27 infection.

—Jonstant commencement of injectionm,comnstant injection nalidd,and
constant celivery vclume as a function of speed at a cimstaznt

- -3 v - -
ffective plunger zircke.

valuma or-:racteristics without instatilitizg as

he wrole operating range cf the injectiorn system.
The most important —easures taken *c imorove cocbustion of DI=-

diesel ergires are ag follows:
-late comcencezent of iection
-h*gh coooressian ratin

-core eSfective air uziilization.
C

-znz2ent of injeetion and the ~izh

Y}
[¢]
ct
W
(9

ct
H-

¥
()

|

mn i
'

{d

(R 2
n

'..J

O

o]

n
)4
(a0
8]
[}

(=0

irn 522311 ignition 1ags so the fuel

2
as ithe cocrencezent of comubstion and during cozdbusticmn.-his

ea’is *= = zrac= er z227tustion with lower tressure rise.

razuirspents for late start of 1

renely s»ort injeczion ;eriod)to prevent conmtu
4

\

fuel spray row -ave ernough erergy to penetrate the air mass even
at low sreeds,so larger‘diameter “owls are possible.

Several parameters of tre tasic comtustion systex can be designed
to provdde a =*3rt comtustion duration with contirol of the initi-
al characteristics, when “igh pressure injection is availadvle.
These include:

-minimiza~ion 0 *“e isritisn delay period *y increasing conpre-

+ m

ssion ratio (especiaily on NA engines) control of ir-cylinder

W]

ir —otisn and 2nnsrol of fuel spray properties
~Optimising the uel-air mixing process through the use of
sntimize? air mo<ion,a larger number of spray plumes and higher
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air velocities.
-reducion of ithe tail-off of heat release rate at the end of
combustion bty minimizing t-e amount of wall impingement fuel,
ty matching fuel penetration to combusticn bhowl size and rtroc-
“erzozg-T&L,

viiire shacp cut-nff at the end of injection (See Dr.ier:

Tarirer—=Jo%: .2ere),
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1. Introduction (Ono Szassenz

Concerning with small engines attenticn is given to the
problem of adapting these enzines:

- to burn modified fuel gqualities
- to use alternative fuels
- to reduce fuel consumption

2. Alcohol

vhen using alcohols (Zthanol or Methanol) we meet eight
main problem:

~ poor ignition quality
- poor lubrication ability
— considerable tendency to cavitation and corrosion

ENGINE

- aggression toward slastomers
- counsiderabla increase of fuelling metered by
FU=L volume

INJEC- - increased zompressibility of the alcohol fuel
TION in the nigh pressure dead volumes
SYSIEM - luw evaporation temperature (cavities, gallery

eaviroment, overflow at nozzle)
- low density and increased leakage

The geven last points are mainly related %o injection

equipment but the following new developements my also e
considered:
- 0il lubricated in puap driving

- meagures related to cavitation and corrosion
- registante elastomers
- compact pumps

The main problem is the poor ignition ability of the
engines, In order fto overcome this we have S possibilites
at our disposal:

- pilot igniticn

- doping of ignition improver

- glow plug
spark plug

- M™M-gpark plux - process
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In the possibilities above cited, there are still some
likely variations.
Por the porpose of completition it should be mentioned,
that "heat isolated engines" with combustion chamber wall
temperature of about 700 CC’are "automatically" dispoced
to accept alternative fuels.

37 S
25 ;3 52 PS?
I -
—F
N 2
' 7
1 . 7
: s
1 ! L7
4 ! Y

PISTON AYL.LINIR
e Tens |
7SZ=taghered .
Siystasilized || TALVES
lyrconia

/  PS2

‘1.5 or coating

Pig.l Sufficient isolation with PS52Z ceramic
to maintain 7CO Oc of the comb, chamber walls

Altough ceramic isolation may be applied, low rated speed,
startings and cold operation problems still remain. Hdowever,
~uel consumption will be reduced and rlow plug service life
will be improved.

All the forementioned metrods, for alcohol conversion,
have their advsntages as well as their disadvantages. At
this time it is mot completely clear which conversion will
be the test.Uafortunately it seems, that independent national
solutions may come {"island solution”) in dependence of
~ecources, fuel consumption and of the rafineries on desposal.

‘or engine producers 2nd carriers =nis is no joryful prospect.




However, for very large countrics such as: Brasil, Tndia,
China etc. a resonable compromise is possible.

One of the main disadvantages of the pilot ignition
system was,that it had two separate injection pumps. For
small engine systems it is too expensive, pilot fuel matering
control is difficult and the pilot injector hecomes overhe-
ated. MWM solved this problem with ''rressure 4istributor”
and installed only one sirgle pump ICT coth, methanol and
diesel o0il injection.

WM - pilot injection system with cne single pump and
pressure distridbutor ig shown in fig.Z. “he low pressure
puzp 6 (in tig.2) may be ommited, if diesel oil tank (small
one) is elevated.

wwii solution (123u)

- :

"y

1 (—-§\ f= = ' .nressure distributor -P
, ~ .

. SS '} 2-standard nozzle holder-
1‘ | 7 T -methanol injection
' --nozzle holder for

I
| pilot ignition
. n-high pressure pump for
l* methanol
* Z.low pressure pump for

-
[Levansawe

E methanol

l £-1ow pressure pump for
l diegel fuel

‘ 7-diesel fuel tank

I 3-methanol fuel tank

|

,6,/@ 4 |
N - _\l ‘ ll ,____.J
—r 1l
~ 8

Tg.2 Only one fF pump gerves, by means
nf P distrisutor, the main and the

pilot injectisn




-24-

The pressure distrioutor may be small and directliy
connected vith the injector inlet - 2. Instead of a glow
plug, & pilot injector was installed. The pump 4, as before
operates with methanol and its “impuls”, by means of distri-
butor 1, serves both injectors.

“he injector 1 as "pencil” nozzle may replace glow plug.
Vote: because of th2 cooling problem the injector ?* has to
be removed as far 2s possible,almost to the combustion chamber
edge.

Tube X connec+ed

. Standard plunger
A ] abec
|

/s !7
ey ~3 |k
e, to cut off
Irjector 3 — |11 iy
cted
: e __4::?ne | Por pistor
i a used
, -J I e —
g - to cut off
|
K=for TDC of a ——d
iy i
~ Tube '
Injector 2 connegted z=gtandard sieeve
conn. c-spring

Pig.3 Pressure distributor, see ?g.2

Ja 7g.3 the pregsure distributor is only sketched and a
more accurate correspnonding drawing has %o be made. In the
design the following shonld be considered :

- the distributor may be smaller than that shown in Fig. 2

- the connection "d", "e" and "f" may be mutually (along
the circle) dislocated

- the connection "d" may be omited and the body "g" can de
twisted directl—- sn injector 2
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- the dia. of the piston "a"™ has to be small, its 3troke
short and the whole dead volume ¥5,as small as possible

- the role of the spring "c¢" 1s 1in ?gving piston "a" at
3DC, the diesel oil injector startvcontroled by the spring
in injector 3

- the opening pressure of injectcr 3 has to be 10 = 20 %
smaller thar that of injector 2

- the sealings were not considered in Fig.3.

- deaeratetion and first fillings have to be solved

- the insert & may te easily changed

faving the pressure distributor and the appropriate
pencil nozzle we may also have the possibility for comparable
dual experiments, witi glow plug and with pilot injector.
fiere, there i3 no need to change the cylinder head.

If the engine has some ceramic, see Fig,l, then is pos-
sible to cut off diesel "fuelling” in an appropriate way
in warm oueration. thus, the pilot serves only for starting,
cold operation and lcw loads, “his may be done by blocking
the piston "a" with "m¥, Tor the s ationary applications

-~

this could be very promising.

3, General 2pproach - combustion

Some significant features of methanol:

1. Compered with vegetable o0ils the combustion of methanol
is "cleaner” but a small quantity of vegetable oil may be
doped to methanol for the purpose of lubrication.

2. Methanol may be produced on a2 large scale and from rene-
wable resources, it may be storsd for a long time and handling
techniques in service and distribution nets remain
conventional.

3. Zeing monocomponent liocuid fuel methanol gquickly evapo-
rates at 65 °C, Diesel fuel nossesses a boiling region of
176 = 370 °z,

4. vompared with diesel oil methanol has:

- 2,3 7 1lower stichiometric ratio (kg air/kg fuel burnt)

il J
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- 10 X lower cetane number

- 2,5 X lower calori.ic value

- 4,4 % lower density

- 4,42 X higher nheat of evaporation

- 5,54 X hizher cooiing of stoiciiometric mixture during
evaporaticn than that of gasoline

- 5 % volume incr2sse b¥ combustion comparing with
gasoline

- H/C high ané i3 "doped" with "O" (oxygen)

Cur conventionzl diesel figure of heterogenous mixture
formation and fizure of fuel spray significance may not be
appliea tc methanol. With diesel fuel the first HC compo-

nents to evaporarte, initiate ignition. With methanol a glow

)
plug or pilot fuel initiates the beginning of combustion.

b
The quick evaporaticn or rapid "gasification" of methanol
forms a mecre homecgenous mixture,

The ignition delay may not be highly influenced because
of the high heat of evzporation. A higher air-fuel ratio in
methanol operaticn or a higher inert mass presented does
not allow a hizh decrease of temperature. This statement
in our experizeants has already been demonstrated.

Cxygen "dOpedj with high H/C ratio’methanol fuel reveals
better conditions for oxidation and thus, for faster sootless
combustion. Just having a significantly lower
boiling point than that of diesel fuel the evaporation is
rapid and vapour distribution in the combustion chamber is
very fast. The latter means, that here more air-gas mixture
has to be considered together with the more homogenous "fuel-
-oxygen" time contact than that, found with heterogenous
diesel o0il-air mixture history.

From the consequences of the above there is one very
important point, to be observed, that the more homogenous
mixture accelerates the flame propagation or combustiorn.

This "disadvantage'" we have to use for our benefit. It is
useful to remember, that for years we’ve learnt about diesel
oil, and row we mugt learn how to live with methanol fuels.

“owever, some experiences have alredy been collected
and tnnse of '‘nterest may be reported 2s follows:
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-

- with methanol the form of the piston bowl as well as the
intensity of the air swirl are not of special importance.
Morever, the swirl intensity may be reduced, sc the keat
transfers to the combustion chamber wzlls.

- spray macro distribution is not as important as that Jfor
diesel fuel. Thus, converting to methanol and Incrsasi
the fuelling, one or two nozzle holes may be added withcut
any special difficulties in operaticn. This means that
the nozzle holes mavy be increased (supposing that icnition
is not disturbed).

- with a faster injection rate the optimum timing has to be
retarded nut when operating with methanol the cprtimum
position rfor the injection end does not depand on fuelling.
Surning alcohols in a DI diesel engine may not demand change
of timing with the engine load.

- using the combustion chamber igolation with ceranic and
nign injectionrate of methanol with a shorter injection

pericd and with retarded timing the propertiss o2 methanol

offer the following:

L

; our dream may becomes trath in accelerating ccmbustion
2 the piston moving down

5) licht engine design “of interest especially for pas-
sanger car applications

¢) zootless exhzust and thus the catalytic TIC removing,
it means less pollution including noise emission

d) good combustion efficiency

e) less energy for the glow plug and increased glow plug
gservice life

£) upratings with turbocharging without air cooling

g) less scot emmitted by torque back up matching, for truck

applications. The CO - exhaust limit at low speeds and

higher loads may be also increased in methanol operation.

4, Experimental approach

1. The measured methanol specific consumption rates have to

ne reduced as follows:




10 my - Ok - 10 g
=400 Ta [ . 1q1)
pe =] LkW'/\.
e
., - i—kg/’h] - methancl consumption rate as measursad
n R J
Iy - methanol waterless i S5 e
’5:-); :( Tiesel o1l calorilic value ratTlo
re l L:wl - power output as measured

2. For the porpouse of comparison with other engines deve-

loped, the calculation of the equivalent rer cycle burnt
specific fuel mass is useful:

h—m, Hne 1 [ mg / )
2 | Teyele | )
Hor Vi Lém=cycte
my '\:_mg/cycle] - per cycle burnt fuel mass
7 ¢ de.! - swept volume
a0 3 :

3, Tor the both diesel oil and methznol operation the next

diagram has to be evaluated:

lAir/fuel ratio

n [romj

; —
——— dlesel o047 /__,,__: 160 load
methanol ‘\ — T T T~ 0% load
i —_— — = 50% load
ii — — ——=—= 20} Ipad
!

4, Specific consumption rate (eq.l)
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By | lg/kwh]
s

—_—_— diese_l oil

metharnol

1]

— = 13 load

~~ 503 load
——=

; ~, 205 load
methanol ! . ///

R n rpmj

be= 1ow ratec¢ speed

— ——diesel 01:1

6. In the generator, water pump etic. applications the same
has to be done along the rated line as Zollows:

,-{ Rated power for
‘ 100% \ truck application
i 7 80 '

\

// S0 \

Sy nooem
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7. A comparison of the mean effective pressure between diesel

0il and methanol operations:

| Do barn

100%e the equal power cutsut

e — at rated power
— —— diesel 0il . —\'/\ )

methanol 50%/e |
x —_— —— —xf
| |
| 1 I

rated power speed

8. In cylinder peak pressure:

-— rated power

100°/}/

— — Gdiesel o0il -~
| ~
methanol ; s

9. The following diagrammes are useful:
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N
zethanol AN
—7— AN
— — — diesel o0il
[ N

Eq;z
13 Par 1005> nethanol (only)

Z
Z

N

nopmi




-32~-

10. Exhaust gas temperature:

T, LC :
T T3 . gggeghgugsﬂssra ted

—>x 100%

i
____ methanol-

___@Cissel o0il

nrpm

11.

| THC

—_—
— — —=-==120%

L _nirrpm
L" Low rated speed

Note: because of CBHB/NZ calibration procedure and FID response
considering TChHC components do take:

THC = 2/3 TECO
(7ID output) (measured)

with THCO components 1D was'nt calibrated.

12.

LCO LIMIT
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Wwith increasing torque back up in mcthanol operation
check point A - lowest full load speed

13.

l} NOx as NO,

—_ 1005
- only

—— diesel qil l

— methanol

EE—
I

I

8

=2

14,

— — ddieael oil ;. ~ o

nethanol | \_ h

nirpm

— ———

15. The values in diagramms 11, 12 and 13 are not "as

mea3ured”, Using the data from diagram 3 the measured con-
centration in ppm hag to be recalculated as stoichiometric.
Without such recalculations the presentation of only the
measured data, has no significance and can not be compared
wiuil the other coresponding collected data.

1l€. Timing and injection period

Por the one static timing set, we needed for all the

experiments




y timing [*CA]
!
| 160%%

20%s

L i n{rpm]

[~

low rated speed

™is can be done with measurments:
- of needle 1ift
- and with accurate TDC position marking

in cylinder
pressure diagramm
needle
1if%

Timing

P [ocalats

I A TDC-rmarking

injection period ‘;j

’//aﬁ - nirpml

veedle 1ift is to be constantly observed while the engine
is in operation,because of:

- certain possible irregularities

- after injection problems

- oscillationsg of the needle at low speeds and with low

1oads
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.

17, Pelline in engine ocperations
mm?>
crcle 100/,
/ I 0
—_— S0
20

x nirpml

With measured temperature and pressure of the methanol

fuel in the injection puzp supDly gallery. Having a low eva-
poration tezperature in warm operation (especially with
single cylinder engine) fuel vapour formed may cause settings
error. This is especially the case,when both spilling and
intake sleeve port have 2 common Zallery. In gallery then we
may register the next diazram as measured with low pressure

quartz tranducer:

evaporation

’ P 6ar and condensatiop

™

pu=const. gset

— ¢ [CAl

intake port
closing

As regards vaporisation,it may be,that our rack position

was in error.

18. While the engine is in operation ig advaitsable to
check the oil in the injector pump looking for methanoly
1aakless element sets have to be used.
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19. In order to prevent the evaporation at the injector
leakage overflow, the overflow tube has to be connected with
the filter fuel outflow.

20. The temperature of the glow plug must “e observed and
the glow plug energy consuption measured. in the case of an
external glow plug power supply its energy must be incalcu-
leted in relation to the fuel consumption rate (25 was done
in ZIP).
21. In cold opecation THC has to be measured as shown in
point 11.

In order to check for misfiering two technicques may be
used. Observing the in-cylinder pressure diagram or with
T3 measurment. In transient operation misfiering offen occurs.

Pe B

. transient
tkw)

/
| ///
%

v

n

ey

The rack position from A to B may be changed in C,1 s bu*
the engine may responsed by misfiering.

5. Fuel injection matching

Converting to a methanol fuel system will be influenced
by:
- 2,5 X fuelling
- the different physical fuel properties

The best approach may be as follows:
- calculation
- test bench, out of engine operation, matching
in engine operation approval
- fixation of data matched

C Q w »*
L]
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Having no other input data and converting one diesel
engine to methanol operation the best initial approach may be:

\fginjection = \7Oinjection (3)
period of period of
methanol diesel fuel

for the same rated power outputs.

However, to achieve the start condition (3) and to
avoid mismatchings, we have first to consider all the
injection events by calculation. Here we have 2,5 X more
fuelling by volume, higher fuel compressibility and some
lower pressure wave propagation velocity.

The tools in hand are:
- plunger dia.
- ratraction volume
- cam
cam-follower prelift for delivery
- dead volumes

 ® A O O P
|

- nozzle holes cross-sectional effective flow area

The plunger dia. must be increased by about factor 1,5.
Injection system operating with nethanol is very sensitive
to residual pressure,esspecialy at low speeds. The results
may be unwanted poor torque back up.

It seems rescnable to keep up the residual pressure
level at about 1 = 3 bar over atmospheric pressure.
Accogingly,the retraction volume has to be matched.

The cam shape and especially the max. stroke can not
be easily changed, if is not provided beforehand.

Cam-fcllower prelift for geomet. defined commencement
of delivery, has to be increagad. The limit here is the per-
missible Hertz contact pressure of the cam tip (as explained
in Part I).

Dead volumes has to be decreased as much as possible.
The posasgibilities:

- smaller inner tube dia. (seefor resistancz)
- gmaller de-d volume in the relief valve nolder by inserting
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The second most effective tool, besides plunger dia.,

are nozzle holes. They may be increased in dia. - as first

attempt - by factor

1,2 = 1,25, Here, depeﬁding of the

geometry proporticns and combustion chamber, may be of

ben®fit to increase
S without increased
persion.

also the hole number (instead of 3 take
dia. of the hole).because »f fuel dis-

It may be suggested at first: to increase the plunger

dia. and nozzlie holes, to correct the retractin volume as

well as to reduce relief holder dead volume (anR=50 -~ 70 mm
By calculation’

%)
all the influencing parameters have to

be checked and the appropriate correctons introduced. All
the input data calculation procedure are in the two books

presented.
Ffor the systeax
experinents have to

Dyvr =
=r1

Pg ~

and presetings chosen,the pump test bench
show:

before the nozzle

in the system

needle 1lift

injection period

change in the retardation
fuelling

injection low

Sauter mean dia.

spray penetraiion

Check for after injection and needle 1lift oscilations
at low speeds. Check for injection irregulaties of very low

loads,

Note: the system means that the tubes and injector must
be the same as for the engine.
The above diagramms have to be made for full load at:

power rated speed

max torque speed
lowest full loaded speed

Separate has to be evaluated:

- J2an pIT
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- max pII
- ratlo maX Prr _ .5 less as better
mean pII
R d 5 O"‘ i ] i i
NI i am>/ vA}..averase injection velccity of

fuel

Attention must be given to the nozzle holes, their number,

space distrhution and @ dia. depend not only of fuelling
and of injectisn period wanted. Morever, with methanol the
sprav-air motion history at various speeds and at all possible
loads,must ne considered. Thig is not because of combustiOn’
but because ~- iznition. Spray penetration and dispersion

2 extent on the operentional regime. Thug,

n increases with speed increased, 2s does

depend to a lar:z
spray peactratic
dispersion. 3wirl intensity also increases with increased
speed, 3¢ we have enough energy for combustable mixture
formation =t 2izner speeds. Now the position of glow plug

o= injizctor pilst spray have to be adapted (the same happens

with the c¢nanszi fuelling).

air motion
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At low loads and/or at low speeds,penetration X decreases
as well as air swirl intensity W, thus, at the instant
appropriate for ignition we dont have sufficient methanol
concentration in the vicinity of the hot glow plusg. The con-
sequence of this is misfiring. This assumes 3 3low plug sur-
face temperature TID'Z»7OO °c. Thus, air motion test rig
experiments and spray deviation observations have to be
complieted. Cnly in this way can we make any decisions con-

ceiiulng:

- the distribution of the nozzle holes

- the dia. of the nozzle holes

- the number of the nozzle holes

- the air swirl intensity need

- and for the positions of glow plug and of the injector
given to follow the ignition events with regard to opera-
tional regimes.

Only the total effective flow aree of the nozzle holes

gives us the computation,as well,as distance X in dependence

cf time, )
dowever, we must a2lso consider the application in service,

The most difficult matching may be for truck zacrplications

znd the most simple for the socalled sirzle speed control

engine,as in power units for generators, water pumps etc.

full load
/ =
Ve

LR lkw] —

1
\ Cmisfire¢:_3 Pa

_nrpm

B-max.rated or
rated end speed
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My
ad

is not importante to speed shifting. Thus, our discussion

D-grade of the line A - B which ranged about 10 = 12 #

’.
(]

concerning the influence of the speed variation on spray
and on swirl developement, may be ommited. Thus, we onl=
have to consider the influence of loading at ccnstant swirl
intensity. This mezns that we may now increase the injection
rate and avoid the low spray penetration at low loads.

The swirl intensity mav be decreased, if needed. At higher
loadsigggs(PA), we Tay expect more fuel surface evaporation,
but mayvybe of little iamportance.

This discussion directes us once again towards the
question of faster injection.

After negatiations beetwen IIP and fuel injection
equipement producers (after all the considerations mentioned)
two or three sazple nozzles may be purchased. Here the pro-~
viding time is rather long.

In engine test bench experiments we have to investigate
timings observing fuel consumption rate, in cylinder peak
pressure, exhaust tamperature and combustion frregularities.
Cold start and ccld low loads operationhave to be checked.
Here a hand advgncer, is a very useful tool making possible
the timing alternation;"as a running engine. With one speed
control in methanecl operation the optimam timing for
alllloads may be easily defined.

The fixation of data matched means, that we are obliged
to repeat the fuelling pump test bench measurments [VC=VC(n)j
but now,with gtandard equipement (test bench nozzle, tubes
etc.). It is alsc very useful in any contact with injection

equipement producer.

NOTE: because of the short time at our disposal, the
time needed for data collection and for the experiments,
this report is brcken,

-~

6., Some aspects pertinet cavitation attack

Operating with a methanol fuel injection system one frequen-
tly suffers from cavitation. Two types of cavitation may be
sncountered, the rirst is caused bv the high out flowings
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and the second one is influeuced by the high reflected
pressure waves.

The first type usually attacks: spill and inlet ports

of the pump sleeve, plunger helix and the top edge, gallery
walls opposite the spill ports, and nozzle holes,

Just before the commencement of geometry defined deliverx
the outflow intake port area is small and still decreases
witn increased plunger velocity. This results in abrupt eva-
poration in the high velocity outflow, accompanied by conden-
sztion. This process can be seen in the next figure.

Gallery

{cavitation
attack
spilling

Sleeve

Plunger

9,*/,5 bar

cavit. attack
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At the position shown D3 P,

Velocity x\/i— (p‘_P“‘)

Methanol has a low evaporation temperature.

A3 a consequence:

cavitation

i a;.‘. -
/ \\,\b\aCk inlet port

T ~

. 7
st :, - }é
ot ———— 7]

b Al mm?] |
! intake L"__r/’d

\ port
l spill port
— Y['CA
]
deliver |

The same happens by spilling,but with much higher
intensity, thus,the gallery may be also damaged by cavitation
(as shown).

The main task in injector design is to keep the fuel
energy (during injection) as much as possible in potential
form and to transform into kinetic’by nozzle holes:

9
3 =P1L ~ P
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Just because of the later again the cavitation, but
now in the injector orifficies.

The second tvve of cavitation is closely connected with
opressure waves after the 1injector needle closes., The re-
flected pressure wave developed after injection, if high
enough, may produce cavitation 2% any position in the high

pressure system,

Fressure in the system

‘ pressure in the systen

¥ [°CA]

At cam angle "a" very fast avaporation accompanied by
condensation "b". However, manv zystems in operation showing
the same figures, did not suffer from cavitation. Only then;
if the reflected wave are high, such a process is followed
by cavitation.

To avoid the cavitation attack the very fast evaporation
has to be avaided.

1. The high pressure reflected wave may be reduced by a
snubber valve. During fuel delivery, as shown on the next
figure, the fuel flowes through all holes. By spilling only
the hole "y" is operativ and t:te reflection is smoothed.
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high pressure
tube

—s— Snubler
valve

- —relief

valve

reflected
pressure wave

hole

|
|
|

forward DeWe
Y e Yy

The hole dia. 'y" has to be matched according to diagramm aj,
Py usually ranges about$C.2 = ¢ ¢,6 mm.
2. Some improvements mar de achieved by lower plunger ead

velocity. B

(=]

comencement
of delivery

corrected
cam




~46-

3, To prevent the high cavitation of spill ports and plunger
helix edge a prespilling plunger may be used.
a-a
X
/

7Y

During prespilling the plunger shown decreases max. pressure

waves,

4, 2y constazt pressure relief valve, the residual pressure
can be matched high =spnough and in this way cavitation may
be aveoided.

11? \wa\/’KJ!!‘;¥
~—CA

However, the latter method seems less promissing for

small engines and for the methanol operation. With small
engines the appropriate P,=const rellef valve is not so easy
to develop and the high residuzl pressure produces a high
leakage overflow between the injector needle and nozzle,

S. .he best way to avoid cavitation may be by appropriate
matckhing. Nozzle holes, relief valve, end of delivery etc.
have to be adapted to each other.
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7. Injector - some aspects

Immediate contact with the combustion. chamber has

only injector.

7.1
In cylinder head “n orcder *o avoid overhe-
production,the clea- sting the clearance x has

rance X may increases® to Se k2pt as small as
followed by needle
geizure or/and by
nozzle holes

coking.

possible,

7.2. If the seat y is sloping at w high pressure contact
takes place followed by the nozzle body *twisting. A result
may be irregular needle o:osing’orten accompanied by piston

crown melting.(see in the next Fig.)
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7.5, The nozzle needle fit has to te kept =2 5 sma2ll as
possible. However, using methanol the lubrication in this
region is poor, therefore the clearance tetween the needle
outer dia. and the nozzle body hole must be kept constant.
Both needle and nozzle body are carboenized and hardened,
but if rest austenit exists, during operation 2t hizh tem-
peratures the tranaformation of austenit into ma2rtensit
(at > 150 OC) occurs; followed by the increase of the needle
outer dia. “‘ne result may be the game as in the case of 2,

iherefore the finished heat treatment maxr be proposed 28
follows: 5 B at =60 oC, deep cooling.
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7.4, If overheating still takes place 3 nozzle cap shield
may be unavoidable.

lcap shield

b— .

S
|

cap shield

/

i % Qi /4
|
|
|

NN

only noz
i 2le
tip i3 discovered

o _M.____._o-1

Cap shield is made from berylium bronze or from stainless

steel.

7.5. Injector leeskage overflow is needed for cooling and
lubrication. With a constant volume retraction system this
leakage also controls the residual pressure in the high pre-
gsure dead volumes. The forementioned residual pressure

correction depends on:

a) operational cl=22rznce, needle - nozzle body hole
b) operational density of the fuel uged

¢) retraction volume and dead volumes

d) operational speed and load

with methanol and with small retraction volume but
larger dead volume, the injector leakage overflow, at low
speeds and full loads, mAy amount to 1,5 % of the fuelling,

sut at low loadz =m-v amount to 20 ¥
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Now we must take into account the low boiling temperature
of methancl and prevent fuel vapour formation in the overflow.
To save the fuel and to prevent boiling, the overflow ocutput
has to be connected to a low pressure system, possible after the
fine fuel filter.

mhe new injector desisn, prof. Indra invention, claias
faster needle closing 5 means of overflow ccmmunication.
The same was reported some years ago by American BSosch but
with a residual pressure constant system (po = const. ).
Tndra developed hiz injector for the residual pressure vaTri-
able system or with the sonstant retraction volume (Vq=const.),
as was predominantly used. .

decreased overflow
_ : a
Vot 7 7olume by inaerting e

overflow oy
stoped up tput

valve

h=increased

" Relie? valve piston

i Vauu before

with overflow oyt
stopea up put

— PTcAl
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Prerequisites: - small mass of injector moving parts
- the retraction height “h" must be precisely
calculated

- dead volune Vo must be small

£
7.6, ~“he mass of “he injector moving parts influences:

- the 1ife of the needle seat

- needle oscillations
-seats high frequency oscillationes and "corona"” phenomena
~needle closing znd opening velocities

The moving mass amounts:

m-.j

(p

1}

M+ My _,.tzma

N\

'F%)

~ 1
m{'\\'\i. + ?S*Ck; :d_ll‘:
“ 4

123

} hifnm]

~7['CAl

1 &

The later eq. is valid 1 - 2 and 3 - 4, thus the mass ;5 5

controls the needle lift.
With higzh mij the needle 1ift appears as shown in the
next Fig.:
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0hiﬂn"ﬂ high Irequency

1”7  oscill,

12g% frequency oscill,

In this case may come to the "corona" formation of the event 2.
The corona 1s the aznnular instanteneus fuel droplet mist.

7.7 sning and closin ressures

_hke ziznificance of the fuel atomization in diesel en-
gines, 2s mentioned before, when operating with diesel oil
is zuch mcre cutstanding than that found with methanol.

Thus, the opening and ciosing pressure are also unimportant,
4S an arguc:nt for, see the recent “Volvo" findings.

After 1CC0 hours testing the new methanol diesel enzinsz,
the inspec=ion showed a drastic decrease of the injector '
opening pressure., Zefore the long term test, the opening
pressure wa3 adjusted at 147 bar, but after testing it rarzad
from only between 41 and 118 bar. This means that the closing
pressure dropped to 35 and 100 bar respectively. With such a
pressure decrease and with diesel o0il the engine could not
operate at all, and exhaust soot emission would be extreml-
high. Thus, the "Volvo" findings was still more evidence,
to show now intense the methanol combustion might be. Spray
dispersion was not of a great importance, once, ignition
was completed.

Sowever, the methanol spray time events have a large
significance, for the ignition 2nd the stable first step of
combustion without quenchings, and that in any way under
all operational conditions. In the experiments mentioned,
the "Volvo" engine had 2 pilot ignition or stable diesgel

o1l ismition 2s =upport.
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Tl Ad A
[y etege)

ubtedly w= have to think over the reasons for such
an enormus pressure decrease in the space of 10CO hs. ope-
ration. Horever, it should be menticned that the opening

ressure decrease in *he methznel operation was also reported
p L

el swhere

in=-cylinder
pressure

Vo (2op)

«s— needle fift h,

{ A

? ' .
gpring \ Cr himax

| 'Fe
| J
Becauge of the fluctuating spring force in the presence

of the methanol vapour - mist and contact friction, consi-
derable wear at A may be experienced. The leakage overflow

01 is very often accompanied by evaporation, With decreasing
spring force the point P may be reached from where D-1 isg
lower than the in-cylinder pressure. If the needle is still
open, the hot &ases turst into space "b" heating up the needl?

and nozzle body. ‘the consegquence ig still more evaporation




e overflow. In this case the

se of C2 leak=

and an increase O
pressure increase in the volume B might not be of any help.

See Tigs. X1 and XZ2.
It is hoped that these findings initiate the idea, that

the whole process must de sccompanied by nozzle coking. ZOW
ever, this problam could not pe expected with methanol as
fuel. Cnl;y in the case, where methanol - vegetable oil mix-
ture was used, experiments showed coking of the nozzle holes.
On the contrary , with pilot ignition and with small oriffices
in the pilot injector, mostly because of the overheating,

diesel fusl coking often occured. To avoid it the following

may be recommanded:
- the oilot injector is as near as possible to the
combustion chamber edge or still better, use bowl

seck, =S shown.

zethanol fuel
gain injector
0% of fuelling

Dflfuel
Pllot injector
10% of fuelling

-

bowl sack
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i i £ tween opening and closing
- to avoid large differences be o)

ressures e
io keep ratio "y" and to correcte the needle tip {957

Tor nilot injector:

AZQUX BTqu] g{f coss=-sectional

OW aregs of 257,

P\

oy

[

" ' dle
NEDLE "' ) nee
T.D.C, / 1ift
*max / himax
/ annular seat
flow area
corrected
needle tip

the polished wall of the nozzle noles and without inner
nib shown

sack

volunme
inner nib

|

nd not £o lar=z= 1,71 =atio,
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- to avoid nozzle dribbling..2and the phenomena shown in Figs.Xl
and XZ2.

7,8 The injector wear

s ear a2nd its consequences were discussed in 3 previous
chapter. lNow, 1in addition to the report of Pefley "Alcohol
syel corrosion and wear effects" (Ad-hoc expert group meeting)
wnile dealing with injector probleams, needle-nozzle hole
wear might not be ommitted.

In the forementioned "Volvo" expericents, a high nozzle
wear was noticed. In our own experiments we experienced . a
aigher leakage overflow after ~ 50 hs, runnings. It is there-
fore advisable to measure the overflow aad to get an idea
of wear, as shown.

Leakage nozzle
‘ overflow /mm’/cycle/ B,/'/ﬁ

ot 4 hoo_n
20 40 60 80 106 Tire in operation

new injection set

On the injector test bench (explained in part I) the above
measurment have to be completed with two further checkings.
The pressur: in the known volume should be increased
5 1C bar less thzan the injector opening pressure. 2ecause
of the leakage te pressure decreases and at 50 bar the time
should pe registered (time I'or pressure decrease from
(Pop - 10)bar te 50 bar). 3Such test bench measurments have %o
be performed after each 100 hs. of operation (see pointse A
and 5). the measurments or the test bench used calibration
£1uid 2t constant temperature (~ 35 °c)., Tn our experiments

at A we obtzined about 5,% minutes and after 50 hs., &% mi-
nutes were resistered,
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Only a small improvement may be achieved with the
pressure increase in the volume 3 (Fig. shown in the chapter
7.7) that the wear in the nozzle leading zone is not produ-
ced with the evaporation alone.

s

. rjection oump wear

Cavitation wear was discussed in the chapter 6. Wear was
noticed at sliding A, B, Bl and at rolling C, D surfaces.
Consequences:

A - the retraction volume decreases, and the fuelling back
up increases. with still higher wear after injection
.m=27) taxkes place,.
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B - unstable low load and low speed injection. The fuelling
onwards up increases, (bed torque hack up) especially
at partial loads being more erratic with lower speeds.
31 - requires leakless plunger and very often the separate
0il lubrication. The leakage at Bl pr oduces a hizgnh wea
at C and 2.
C - the wear because of the methanol - oil mixture is especilally
high toward the delivery end.
D - because of the methanol - lub 0il mixture and wear hight

changes oI injection may result.

3imilarv as for injector, the same diagramm has to be

performed (s2e chapter 7.8)

! % of methanol
' in the lub.oil

[ S

IH

L—__— e e

_____+,—————-’—'—'_4'—-"
29 0 6G 80 100 Time in operation

-y

followed. by test bench reasurments. However, the time measu-
red in relation to the calib, oil, pressure decrease from
300 bar to 1CO bar.

In some experiments with methanol the plunger sleeve
cracks or splits, The reason is still unikmown and may be
connected with some penetra-

apliting tions into the material of the

slesve,
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9, the diesel engine used for the methanol test

bench eXxperimenvs

A DI "Kirloskar” TVl - @ 3C single cylinder =2n3ine was
e

selected for the methanol ajplication

151
]
i
e
7]
’l
'3
D
f!]
I'J
"

control {at 15CO rpm) 2y watering use.

Technical data

Yo, of cylinders one

3ore (mm) ® a¢
Stroke 11C mnm .
Swept volume $,55282 iz
Rated speed 15CC rm
Xated power *,8765 ki
Specific pcwer 5,85 wi/dn”
Rated mean eff, pressure C,532 ?7/12
Rated end speed ~ 1o5C o=
Ratio /1 ,227c2

DI type with %oroid chamber and inteiz =irh swirl. .hree
noles injector with ¢ 0,26 dia. Vertical iaslizz, water cooled
and with the starting handle and decozpresscr 1:2VerT. Compre-
tion ratio about 16,5.

At first it must be recognized that ccnecerning the en-
gine selection IIP made a very Zood choise, because of the
following:

- a gingle cylinder is practically th2 best prototype for
experiments

- a single cylinder engine is inexpensive at first cost and
in operation

- DI type has the dest fuel consumption fizure

- it is wide spread engine type

- all the engine components, including the injection equipe-

ment were procuced in lndia
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Engine testing has demonstrated (previous testing):

1. with diesel oil

timing 27 ©370C

Power output *,#7% k. 3t 15CC rpm, 21
D2 o0il calorific value ~1.907 xd/kg _ :
D2 oil densitr at "o °I C,253 kg/dm’
Fuel consumption acasured by volume:

3

i-2.3 3 for 5C cm

2. #ith methzanol

- Comm -
timing 3C "2TIC

-

Power oubtput 3,275 1. at 15C
9

Wy

¥ethanol calcrific walue 1
Methanol densit~ a® ZC ~O
Fuel consutption azazzuzed D

151 53 for 1CO cm

o
a
"
4]
!
o
{n

The above m

0D
W

5 indicate substantizl gzins in fuel
efficiencw, w~hin >z=railsg with methanol. However, the re-
sults may ce zonsiizred 25 still being of an essentially
preliminary netur2 snd tais encourage moTe detalled mezasure-
aents.

The calculation of the above mezsurements shows:

Diesel o0il

Engine test bench fuelling 26,1 mmB/cycle
Specific consumption rzte 274,35 g/k%h
Methanol .

ngine test bench fuelling 53 mmj/cycle
(eq. glow plug energr osut of

consideration)

tngine test bench fusliing

including glow plug €6,5 mms/cycle
Specific consumption without

glow plug c1% z/zwWt
Diesel oil eq. specific consump.

without glow plug 241,6 g/kvh

Diesel oil e~, cmacifi: 2onsums,

1)

NI
I
N
k]
A
3

including ~low - lu-
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Specific consump. of diesel oil - 274,35 _ 1,060
Spesific eq, consump. of meth. 256,5

(incl. glow plug)

Ratio of the calorific values oy volume = 2,3

Fuellinz ratio x 1,069 = 2,314

nz latter comparisons{Z2,3 = 2,34) show that the measurments

seem S0 te quite correct. Thus, with methanol the fuel con-

sumption figure shows a 6,9 % improvement. However, it should

52 zentioned that the diesel fuel consumption

2ens to be unacceptable for DI type, ¢ 8C mm and 150C rpm.

itn the avearage value the specific consumption must be

out 14 = 15 % lower.

Tne best approach seems to be as follows: to check the
rroducer data concerning the fuel consuaption, 5 engines
measuring in the factory and comparing the results. If the
consumntion rate is still so high, it seems resonable to re-
duce diesel oil consumption. Thisg mey than be the first goal
and the ccncept of the approach has to be changed. The follo-
“w.n5 must also be considered:

the eagine considered is low uprated (pesax = 5,3 bar)

- s3in=le speed operation (15CC rpm)

- scot emission by ~ 275 g/kWh of fuel consurption must be
also aigh and this part, can be coasidered as "Air pollu-
tion abatement”

- 1t is no ugse to adopt the methanol combustion to a bad

engine

- energy savings by conventionzl means could not be ommitted.
The application of methanol indicates first of all the
fuel alternation and must be complieted with the reduction
of the liqguid fuel eonsumption.
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The repeatability of the fuel consumption measurments
was elswhere estimated as follows:
Rep. error

-

n

diesel oil - volumetric - stop watch 1
sepeler c ao

o}
~

diesel 2il
diesel oil %r weight (simple method)

)

diesel oil by weight aut., meas. device ¢,5 - C,7 .

Thus, it mz2y be recommended, that fuel consumption
measursments have to be improved. rthe estimated percentzge
of the fuel gaved must be ~ by factor 3 higher than that of
the repeatibility error.

In the above mentioned common measurements the glow
plug temperatures were observed. The method: thin thermoco-
uple wire - <ilica ccated, to reduce the radiation influence.

At rated rover:

- with diesel oil, zlow plug surface temperature,

without slow »lug heating s6o °C
- with methznol, f5low rlug surface temperature

with glow pluz heating (150 - 210 W) aco °z
- with methanol misfire ehecking showed (see Fig.),at 45 %

load %he start of misfire noticed by hearing,at 33 % loa

the remarable misfire observed,at 27 % heavy misfire.
It seems that the Ricardo findings are again demonstrated.

In our case the misfiring probably started at 55 5 load ( we
did not measure THC exhaust or/and in-cylinder pressure traces).

Here is should be mentioned that our calculation smowed
with ceramic isolation that the combustion chamber wall

.

temperature {without glow plug heating) should be 7C0 °C

with a 25 air-fuel ratio. This means that up to 50 ®» load
is not need for glow plug heating at all,

The next whole figure is much clearer
17 we are going to consider the previous II'P? zeasurments and
that:
- the comparisonbetween the in-cylinder pressure traces for

the hoth fuel
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- the comparisonbetween the exhaust temperatures

- and the comparison pertirent soot emission

- marked points are iicardo findings

% Power output : diege]
4 ' sl o= [QCE ~ oil
1o — i gng Glow slug surface temp, 960

,

640

| : 60G___

| 55 2570

33.
27 o

| \ %

i P

| !

! 8 &, Power output
L L o i i 4 +- —

sped 1500 [rpm] 1650 2733 45 %5 100

The appropriate diagramms a. : shown on the following
page. Analysing the diagrams we may conclude:

- extremly high soot emission in diesel fuel operation and
the soot emissicn insensioility toward timing. 3earing in
mind the low rated mean effective pressure and sucl: a large
exhaust gas opacity, it seems that after injection takes

place., Here, onlr the decrease of the dead volumes "as
discussed before) or/and the increase of the retractea
wlume, may nelp. ALter injection in ény case must be
avoidad.




diesel oil

Exhaust 530 -_-__________——””” With methanol

. tempe I \\\\ energy s8aving

500{ \\‘\\\________,,//" methanol at rated power
425

~
- y—-

450¢
v estimated.
‘§ 100 - "””—____.___-——-——-—- diesel oil
3
+ 80 -
=
- 60 -
1+
-
gz 40 .
' methano
20 /
|
0 —>55 5779 31 33 35 Timing Ca
| 85
~[bar] =
diesel oil

60 - In-cylinder
pressure

, 210 W -glow plu;,:ethanol

56 - N
) 189,150 ¥ =-glow plug,methanol
AN
40~ ,’ * o ‘
! * 21°,120 7-zlow plug,zethanol
| / I
N W
20k |
16+ |
7% |
O—%- — 'L + + A +——— L‘r mA]
320 340 360 380 430 420 540
TDC

_he 7izs., are rzlated to ~ated power
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- very high exhaust temperature ( in diesel o0il operation)
cencerning single cylinder engine, louw speed and low mean

effective pressure, This finding demonstrates incorreat

matching of fuel injection system. -etter mztching has to be

done, but at first, by calculation {as discussed befcre)

- low peak in-cylinder pressure in diesel o¢il operation.
Frolonged injection period and too nisx resi

may produce such 2 figurc, Also €= 15,5 as
ratio is relatevely low for A trpe.

- It seems that the retraction volumz is to be too small

related to the dead volumes. ¥ith the relief wvalve filler
(se ®ICO INFORMATION VII - C4CCC, 12, 1¢78.) and with the
tube dia. 1,5 mm the figure oust Le tetter,

- for the nozzle and intake port used, 210 W has to be supply
to the glow plug. This conclusion zay be seen in in-cylinder
diagrams. For the other relations t2tween the nozzle holes
injection intensity and air swirl, *%h2 zlow Dlug energy demand
ray be lower.

If the cne relatevely largs2 pzrT of the spray impacts
directly the zlow plug, follow:i,%he 21ish surface temperature
decrease. -y low loads the spray renetration is shorterand
methanol wvapour production may be very low with also low
rate of evaporation.

- peak in-cylinder pressure in methahol operation is small
and shifted more from the 25C pesition. It seems that the
peakx pressure of effective compression is significantly lower
when compared with that of diesel fuel, The mzain reason may
be a greater heat of evaporation in methanol operationj the
reduction seems to be about 1C bar. The same amount can be
observed as compared with the peak in-cwvlinder pressure by
combustion.

“he above discussion suggests the need for a higher
compression ratio in methancl operation. It mav bYe increased
over ¢ = 18 without any problems for hand starting. In any
way the injection period must be shortened =2nd timing retarded,

- comparing the diazrams ¥ 2ad T (pe2ge H4) 1Y zeems that

Wwith diesel oil the -ower output must he Ireatar than with
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that of methanol. However, the measured outputs were the
gsame. In order to check the p(ol ) diagrams the next proce-
dure may be recommended. ‘he whole calculation mey be easily
made using the existing computer.

_he output ra2ted torque was the same:

~ N ,
LGUemax €Pemax (1)
W
Diesel oil Methanol
or: ar ¥
f WoedX o | WMed
o yiesel orl 5 methanol

The instanteneous torque #¢maybe decomposed as follows:

"

Me =", "+ W

instanteneous _ . - ;
instanteneous _ jnq+ torque + inst.torque + inst.torgue + inst. tore
P » ) i i i fricty
eff. torgue sroduced by potential klnep;c tion
) energie energie
zas forces e~ .

the same for the both fusl

It means also:

QHH\&MQiL_ = CVY\'

diesel ol

Now is wvalid:

MW = X TY [Hm]
o %

FPor our case

’ .

M = Con
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For the porpose of comparison if eq. (A) was satisfied.also
must be wvalid:

4r 47
']
ffm o f/bax) X (o )
me thane _ 5" me#h. g
ar - ar -
Mol \/73 (x ). x (=)
dieel o'l S cresel oil
+r O~

- rate of pressure rise (bar/ 9Cal with methanol

is by factor 3 - 3,5 lower than with diesel cil. Zor diesel
0il the wvalue of 7 (bar/ OCA] is unexpectedly hlgh because
of the swirl and warm operation. For methanol 2 Lbar/ O"Al
is relatively low and may increase £ill 5 [oar/ O”Al

10. Recommendations for zttending develonement

The following recommentaticns are given:

1. All experimental work has to be complieted with standard
zeasurments (preasure in the exhaust duct, pressure in the
cutlet manifold etc.). Air - fuel ratio nas to be considered
as standard and with methanol slso TizC exhausv,.

2. Read out device on the engine test bench has to be with
finer division,
3. Fuel consumption mesurements only oy weight.

4, ‘he all instruments used, as w~ell as test beanch, have to
be methodically calibrated.

5. Is no use to make the matchings with diesel engine without
needle 1ift observations.

2. Zand advancer may be very uselul.

7. Protection must be improved (no vrotating shaft sitreching
in the working area)

3. Our goal must be 7,5 = 13 % better equivalent fuel consum-

ption figure as was by M.A.N. with engines L9204FM and
S25EE TR
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Yy, We must take into account that the air swirl means neat

losses. Thus the air swirl intensity =may be reduced. ¥ow if so,
we could not more operate the engine with diesel fuel.

1C. The compression rztio r:ust bs izcreased nearly by factor -
1,12. This can perhaps be done using a cvlinder head gasket
or with the reduction of combustion oizmber. )

. . .0, ..
11. Injection perid has to be shortered and timing retarded.
Jis can be done using a lsrger plunger dia,

12. Nozzle holes have to be increszed znd maybe =1sv one (or
two) hole more added. It depends of tne whole spray-air swirl
history but also of the glow plug position.

It is to be advised that much more than combustion chamber

is the "evaporisation chamber" 7 in*tarest.
13, By calculation followed with taest rig experiments as well

as test bench matchings the fuel system can only be adoped
to the engine demands.

14. The some engine drzwings 33 w211 as fcr the injection
equipement are unaveoidavle. Thus, contact the engine and fuel
equipement producer as soon as pessible.

15. It is of interest to make a prozramme how to use the spray
test bench data. Cnly complieted witn other injection parame-
ters and swirl characthistcs the spray data can be useful,

Yere there is a need to divide the injection 1aw into four
parts and to define:

- spray distance or tip distance

- spray deviation

- dmax - max droplet dia.

- d32 - Sauter droplet dia.

- spray angle

- injection 1aw per hole and the sum for comparison.

- influence of the swirl intensitzy and the air temperature

upon the atomisation

- 0f interest are:

« First gart in the tize oI Imition d2lay
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2. Sec. pert in the time to max amplitude of injection law
3. Third part in the time of 3/4 of injection law
4, Forth pert 1/4 of injection law (especially d,_, and dzs5).

ations and

Q
Fa

:11 data collected are only useful for czl
somparison. In the comparisons we can follow the influence
el

[&]
by,

the injection parameters chaaged {diz. oI nozzle

dia. of plunger, presseting follower-cam etc. ).
“aving more data we would te able to predict the comb.
sequencies and to adopt mere accurate the Vibe fuanction.

il, Data collected for the iniection system

it was arranged that the data coliscted serves only to
Show the calculating procedure.

1. Plunger presettingC,7 mm %_‘t

2. Plunger dia. 6,988 mm Loy

i 2s Teasured 7 mq

5. Jead volume totl,

L, Zetraction volume 3C am? (P 6)

5. ¥ass of retraction piston 3,C5 2. .
&. Dead volume of the relief valve holder 765 om”
7. Zigh pressure tube ¢ 2 x 660 nm

3, 2ead volume of injector

9. aigidity of spring 110 kp/cm

10. Jeedle opening pressure 170 bar - methznol and 134 bar -

- diesel oil
11. Angle of needle 61°
12, Yax lift of the needle 0,4 om
13, Nozzle hole dia. 3 x¢ C,2
14, Piston of the engine (showed on the next page)
15. leedle [showed on the next page)
16, Fuelling at 750 rpm, rated power
diesel oil 26,1 = 27 mm3/stroke
methansl 53 mms/stroke
methanol with glow plug 60 mms/stroke

Zverflow leakage 1 = 1,2 ¥ of fuelling,

for methanol (0,53 = 0,6 mma/stroke)
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’// 1 235 | s
// 7 *7’" . ‘ hyag®0r4
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- 4 ; ’/ //A s ’ ,"’I/ ’," .
VPP IIIIIIEIDD :1
4 s /

5/ L1 0444
7 |

. 480 &

- 60°

17. Llozzle holes arranzement and riston bowl

injector tip
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18. Plunger lift diagraa

{&128[mm]
- 7874

- 7620
-7366 | /
=712 = 2794 fmm /
-6858 . 2540

6,604 - 2.286

-6350 - 2,032

-6096 _1778

nethanol
/ delivery end

-5862 ~152
-5588 -1270
-3334 - 1016
-5.020 - 0,762
+4826 ~0508
~4572. 0254

6,318 L - - -
* 10 320 330

diege s
> dely 1 Tuel

Very eng

. 350 P [°CA
+4,064-
~3,810

+3556.

I

|

+3302 Commencement

| of delivery ¢
i3,01o8 both fuei u“gr the

+2,794, |
i 2540 Camshaft
L " A

u re 4 i

310 320 330 [ 350 3805 10 15 26 erca
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12. Some additional suggestions

(A) - In the engine development we need 2150 test rig experi-
nentes performed for:

- the porpose of zomparison

- to fcliow the intensity of parameters zhzngad

- to ccllect the bank of data
-us , we need:

- swirl intensity measurement

-

- air flow in dependences of the valve

"‘,

ift
oles, injector holder,

’-..l

(%2

- fuel flow rates measurements: nozzle
relief valve, intake and spill ports of the sleeve etc.

\ - test bench fcr the purp equiped witvh a2l insirTu—entation
required.

- carburater test bench {as explained)

. (3) Zn changed ti:e pump plunger we are oblizzd to correct the
relie?f valveor-better)every change in the fuel injection system
reguires the change of the retraction volum

D

. .e azre also ob-
+iged to Zecrease the systems dead vclumes

n

5 Tuch zs cossible,
zvery 1IC mn” decreased may help in matchinz.

w

(2, “e rcust take care that the approach for the on - line
exhaust gas analysis with diesel engines must te defferent
than that of the gasoline engine. It often occured that in
diesel operation our instrumentes (after mesurements) were
out of order or recalibration showed the sensitivity decrease.

The main reason for the atove is the very fine despersed
soot particulates which "block" our sensors.

Is to be recommended:

- in developement make the THC measurement divided from other
sas zanzlysis. In developement we know that the TZC emissions
are largest at low loads,but we have not soot emission in
this region. Zesides that we must heat up the sample line

-,y

:1J measurements,

LY
'

~
-

li
[@]
Lo ]

ThC measurements we need 02 oversensitivity correction.
1Lis protlem does not arive for gasoline engines. At low
10ads we mar have r7 factor % - 5 more air than is needed

for ccmtustion, we chzngad the FID Flame cnaracter and so




L. - a A Y Y Ry e - -~ -
the 1l0M18ati00 BLLOLY CUGURTI wiad
onallity.

Por THC we need (being operating in so0o07tless ccne) only

2 N

two till three <lass filters 02 (as explalinai'. .ut the rilters

: -
have to be heated. The temp. is agtout 130U < Zi. "C. .
- Jor C, CT-, %C, 10, measurements 2T Tull r:.5 Th2 next
system ray be suggested: -
I.STRUMENTS .

axhaust duct

=—=F=tru

condenserl

/;7 o ‘glass tube

| — > —
r\| g o - o ° LQQ!'/‘

i - ‘_o. o 9 - -
d o % o 4 10 oo ao > 5 5] K n——
/ 7 ~
rubber

rubber Ms aheet and
around paper

Fr, - glass filter No 3

Fa, F5 - glass filter No 2

A - 3ome wool (mo zlass) for odservation
I3

- wool filter (as explained)

2
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(D) In any way we must try decraase the ratio:

—v T —

6/4,5 —e 2and realize ©/3,3

| ¢85
M 05
L
1 correct the tip according the min.

cross=-sact, flow ares

13. Suggestiorn concerning instrumentation

- test bench for the injector fle¢w =ztes m2ssurements 1
- needle lift inductive tranducer 3
- bridge for inductive tranducer 2
- stroboskop with camers 1
- Oscillosscope storage 2
- T4C instrument for diesel engines {(see ZZ\ prescrip.) 1
- thermocouples xit 2
- guartz tranducer calid., device 1
- precise pressure gauge e
- adapter for low in-cylinder presgsurs measurements 2
- fuel consumpt. measurements device by weight 1
- flowmeters 3
- the book from Fristrom and “estenberg 1
- new compact pump 2
- hand advancer 1
- valve test rig 1
~ gwirl test rig 1
~ piston temp. measurement device 1
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- for the needle l11ft inductive tranducer

132

—~ |
~587_, ;38 ’

£2
Sy p—-
] L i
;7 v /Y 3
H‘IJ ‘¢
25, T i
\ |
I N
.

- the nozzle tax<sn for flow measurements
X 3,27

adals

- T T " -~ ~ -
2 7i00 Liia 118 .3039

VNN

14, Iraining recommendation

.he three engeeners who have been working with me have
to be given further training in other labs.
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3, LI, M - cities in Yugoslavia
AVL, THG - Graz, Austria

™ - Hallein, Austria
J53 - Brno, ChehoslowaXia
W = Azrsnawa, Foland

B,

sineer 3, ¥, AVL, J=z, k- 3 weeks

tuel injection calculations, bank of data, evaluaticns of
exp. data, apparatus for fuel injection testings, m:itcning.

2. zngineer 3, &, AVL ™ 8 weeks
Calculation of ccmbustion processes, method of characteristics,
heat transfer, evalutions of in-cylinder pressure diagrams,
experimental approach, matchings

5. Zngineer b, LJ, TaG, EL - 5 weeks
Combustion bomb set up, registration of events, control of
processes, evaluations of the data collected.

Tn the case of agreement (ILP, UNIDO - UNDP) the propcsers
need 2 mounts in order to:

- make the detalled programmes

- arranges ths visites in the institutes mentioned

15. Conclusion

IIP is a well organized institute with high educated
men.who are cooperative and have 2 solid knowledge oI the
fundamentals. The young engineers'are quickly able to master
a sophistaced approach to engine developement. “here seems %o
be no any reason that the methanol project may be poor elado-
rated. Forever, the project can be supported only if the appro-
priate sxperts will be send in IPP.

IPP hag many scientists and higly educated young engineers.
Lowever, engine developement is a new subject for IIr and there-
fore, the project requirests have to be supported. .he need

for support is pertinent to:
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~h
LY

D2 m e e mie mm oo dm —— .S~
= UCVTLVUPYPSUCULV dpyps v
- measurement techniques
- collection of some exp. data performed

- engine desisn

u
V]
|

s0wWwever, surport is so nseded in relation to the pro-
gramzing of engine processes and to the collection of the data
used in the engine developement. -ere also only again proved
practical progracming.

Finally, it should be mentioned, that because of the lan-
guage IIP needs also a2 zood selaction of the backzrounds of the

e

German literature {(¥r-, arZ, ‘echnische Berichte).

The profile for %tha ivllowing expert has to be an engineer
with the good developement and lab experience, who also revied
constantly the coresponding Zuropean technical journals and

reports.
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Appendix A

1. Sauter means diameter (without swirl impact)
025

dzz=/24 77 S ""' ( > 3/ ) 10" [/"“J
Vasd

04 IO [’77_) -.a=23es Tqolr CI-.

g
/UZ, V V2(3oo 40)-fo% = 2487 [/s_rg]

instantaneous fuel out=low velocity

¥ = 300- ‘C’ [ /”9] - instantaneocus nressure before
the nozzle hole
P~ = 40-10’ [F/m J - instantaneous in-cylinder pressure
€ = 840 [xz/n’] - D2 fuel demsity
§. = 0,0285 [: /n] - D2 fuel surface tension
/AF = 0,001742 [us/b J -~ viscosity
g v = _ Pz 4o t10°

RTz  ~ 787 foo

= 27, §7 [kﬂ/m-"] - instantaneous in-cylinder air demsity

Calculation:

025
, G
d3g = 124 33. 2% fo” 402’5) (1+ 230 0 00Tt ﬁ)- fo =
748, ¢ 27,¢% Vq?ﬂ&!%::,/,-/o”

= 35:, 938 /(,m-,
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2. Soray penetration (without swirl impact)
946 054 s g 1923 oLy
(3 = 24, Y (g-?-) At [mm]
v

At = At = _ZL_=0,00/545[5}

360n 360 2200
6o

AY - [”CA] - crancshaft

2 [nin™t] - rot. enginz speed

iy, = 0,4 mm 2s ir <the point 1

vy = 248,8-10° mm/s as in the point 1
€. =240 kxg/m’ as in the point 1
¢y = 27,87 kz/m’ as in the point 1
Calculation:

946 3 974 L 9,23%
(_\,=2.0,4 (249’.0./0) . ( £40 ) 000104 =
| 2%,4¥

= ?O,é mm

(In the book presented vy dinension was in error)




3. Fuel input data of interest for injection calculation

D2 Methanol
Sound velocity
/e 1 1380 1180
Mcdul of elasticity
Vove- :( 1,68.10° 0,75.10°
modul of compressibility
- s -2 - -
[=2/1) 0,595-1072 1,335 1077
surface tension
L;/m] C,0285 0,021
= 0,0290 + 0,0226
Lote:
compressibiliity of methanol _ 1,333 _ 2,24
compressibility of D2 0,595

Compressibility of the methanol fuel is by factor 2 higher
than that of diesel oil D2,




NCTATIOR

FORTRAN

AC

B R

ALFA
ALS

ALAB
AMBABZ
ANT

AUPAPZ

ANV

AMVAV1Z
AN
AV

ax

A2
BRCMAX
Cor

cv

DEFI

ZLOD
Fop
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MATHEMATIC

(o0

-gound velocity

- cross - sec, flow area of the
high pressure tube

- plunger cross-sec. area

- lenght of the high pressure
tube

-~ cceficient of compressibility

- distance between the vapour
cavities

~ nozzle flow area

- injector flow area

- mass of the injector moving:
parts

- instantaneous sleeve inlet
flow area

- mass of the relief valve
moving parts

- relief valve flow area

- pump rot. speed

- srogs-sec, area of the relief
valve piston

- needle seat area

- cross-sec, needle area

- max., cycle number

:the rigidity of the injector

spring

- +he rigidity of the relief
valve spring

- Integ. step

- nmodul of elasticity

- preloading force of the injector

spring

¢
>




FTL, FTLJ, FTLJl,}

HI
HINAX

BEELIAY

Ik, IX1l, JK, JK1,
1K, IK1, L, iX,
LK1

F3B

PBO

PISPAR

PN

PO, POI

Pz

QB, QEl.

QKL, QELl

e

imax

[& = s N
x

“‘aRmax

o

crogs—-sece 1 = I fcriwvard

dirested wave

cross-sec. 1I - II forward
Cirected pressure wave
preloading force of the relief
valve spring

nunber of the fuel vapour cavi-
ties chosen in the HP tube
needle 1lift

max, needle 1lift

plunger 1lift

max, plunger lift

relief valve piston 1ift

integer variable

pressure in the sack volume
start pressure in the sack vol.
evaporation pressure

pressure in the gallery

residual pressure

in-cylinder gas pressure

the filling cavities change

in the injector.

the same for relief valve holder

fuel density

step functions

injector volume
HP tube volume

relative plunger velocity

relief valve holder volume




VEC Vpx
VPCB1 Vpx bl
Vececl fo,cl
VPCX1l Vox ¥11
VSR Vg
VVEZ, VVKZ1 Vu
VVEIN Vkmin
o1 Wy

WwII Wt
wIIO Y110
WT, WDJ, WT2 7(t)
WTJO, WTO

WTL, wTILO,

L2, WIL3,\  W(t+ F)
WiTl, WTLI

X p ¢

XEND \rkraj
XGR \Fgr

Ir \pp

X110, X111, XIl2,
X113, XI2,XI3,
X14,XI5,XT6,
X17,X18,X13,

X,X2

Y y
110,Y20,..Y76 vy,

BI Fy

volume of the cavities formed
in the HP systenm

volume of the cavities in the
injector

the same in the ¥P tube

the same in the relief valve
holder

the whole AP volume

the in-pump volumeover the
plunger

the minimum in-pump volume over
the plunger

fluid velocity at I - I

start fluid velocity at I -1
fluid velocity at II - II
start fluid velocity at IX - II

reflected pressure wave at I - I

reflected pressure wave at II - II

the distance coordinate

end of the cycle

the boundary for removing the
effective delivery end

start of the cycle

‘eranckshaft angle

unknown magnitudes to be calculated
the start values of the unknown
nagnitudes

the impact force on the injector
needle




GRE o
GRPC Avo
I,I=ND, INLF,
120D, 1Mo,
TLOIER, ILOLER],
ILCK1, IO%L2,
IiCn3, IREC,

ISTEP, ITEST,

IXA; IXSA,L,
1V,N,1XE1

WJED n J ed
Il ny
PTLI Pr1i
QCIKIUS q

QC q./aY
3 de

RV Fy

DERY dy/da¥

-85~

the permissible method error

the residual pressure error’

integer variables

the number of diff, equations

the div. number of the HP tube needed
for residual pressure calc.

the instantaneous pressure amplitude
at distance 1i

fuel injected per cycle

mean injection velocity

law of injection

+Ye force influenced on the relief

valve
the first derivation of the variables
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NOTATION

Al - cross-sec. Slow area of EP tube

Ak - cross=-sec. plunger area

Ay - Cross-sec. arez of the reliefl valve piston
A - cross-sec. nezdle area of seat

Aq - cross-sec. sier needle area

a - sound velocity

Cob - the rigidity of the irnjector spring

Cv - the rigidity of the relief svalve spring

E - modul of elasticity

Fob - preloading force of the injector spring
Fvo - preloading force of the reljef valve spring

F(t), F(t - % ) - pressure forward waves at I - I and at
II - II, resp.

hy - needle 1lift

hiax = RaXe neecle lift

hk - plunger 1ift

hy - 1ift of tne relief valve piston

hyq - position of the relief valve piston at the closing
time of the needle

hp - the retraction 1ift of the relief valve piston

L - lenght of the HP tube

1 - cavities éiatance in the HP tube

lpé - lenght of the vapour cavity in the HP tube

my - mass of the injector moving parts

m, - mass of the relief valve

n - pump rot., speed

p - pressure

Py - in-pump pressure

Pn - pressure ir the gallery

Po - residual pressure

Poig fuel evaporation pressure

Pg - in-cylinder gas pressure

PIs PII - pressure at I -I a.d at II - II, resp.

ig - injector lezkage overflow

Qe - injectec quantity

Ge - law cf irjection
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'b = {njection volums

Vé = HP tube volume

vk = pumpe voluun:z {over the plung-r)

Vkl = relief valve wvalurme

Vox - volume of i™¢ fuel vzpour cavities

vpﬁ,b = volume oFf tn: Zuel vapour cavities ir the Iljectox

Yox - " " " " in the ™2 tube

rF2,4C —_—

VP5,kl - " ! " " in the relief valve
holder

VPE,bl - the change of the vapour cavities in the injector

vpé,cl = " " ! " " " in the T2 tube

Vp5,k11 - " " . L " " in the relief valve
holder

Ve - volume of tre TF systen

Vi - needle velocity

V1. - plunger velocity

Vv - relief piston velocity

W(t), ¥(t + 2 ) - reflected pressure wave at I — T and at
IT - II, resp.
W1y W1y - fluid velocity at I - I and et II - II, resp.

A = % - modul of conmpressibility
At - calculation time step
y(A)B - eff, flow area of the oriffices
/bbAb - eff, flow area of the injector
laphn = eff. flav area of the sleava inlat and gpill ares
' /bwAv - eff, flow area of the relief valve
~ fuel density

Gk, Bov G’l, 82, g3 - step function

Y - cranckshaft angle

Pxy - cranckshaft angle at the injecticn end
You - cranckshaft angle at the injection start
ﬁDvAvlgo = cranckshaft angle at the relief valve closing
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MATHEMATIC MODEL

1. Runge-xuta method

1. The cont. eq. in the pump:

3% =[AKU1-;;9L/’AFM/ E?'(Px-fn) - G'KVVAV')‘/SZ(P"PI) _

SAn] (1
e J360n0<\/,( )

.. The cont. eq. in the reliefe valve holder:

pr - IR
5&'[& 9“"/‘"’) s Pe-fr *ngV"’v-Acwrjsso«x Vet 2)

3, The force egv. eq. at reliefe valve:

m, ;/uA: + Colew = Av (Pe-pr) - Fuo

which can be written as follows:

dn T oy

—=[A - - - I A IS

e [ v(Pe-Pr)-Feo Cvl‘] Py (3)
and as:

d&_ 2 oy “4)

dy Y Zton

4, The eqs. for velocity and pressure calculations at I - I:

1
Wr = — [Pr-Fa+2 WH] (5)_

F(f)=/°r-Po+W('l') ... (8)




N

5. The cont. eq. in the injector volume:

d _ r . : 1 o
_ﬁ = [Ae“/f-/[“LA.)W—QsAﬂf‘%]%oxdv‘ )

3

ay
€. The force eqv. eq. of the injector:

: dld —
mt C06 (A1 X}p; -+ Ax 'PB - f-ob

At =

which can be written as:
d?f — Fz L Z
dY¥ [(A ~Ax)fg +AxPe=For - -4; c°"]3c.o7z m; )
and as:
dh = U b1 .- (9)
day 360-n

7. The flow through the orifficies and through the sack

is the same, whlch gives:

Jal’ .- (Ho
o etal” 501 p “
8. The fluid velocity at II - II and reflected pressure

wave:

w,,-~_[,b -Pr+ 2F(+-£)] o)

W(f+£)=—po_p§+ﬁ'{{-a€) <o (1)

9. The connection between the coresponding pressure waves
at I ~ 1 and II - II:
(13)

Flt-2), = FlE)y o L
a

“'\//[1‘)\,, - )4/({.4_5:—_) o Us)

y—3éo.‘h..’:
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10. The injection law:

2. - (/“‘A")'ggﬁ VZZ(PE'/D%),

11. The integ. law of injection:
w

/ .
e =V/360'14 Chot) 2 (pr-pa)-dl?
Pu

12. The residual pressuze:

Avlﬂq &V1
Po B ﬁ/u'so X Vs X Vg

where:

%Pn +Pr+ps
n+2

/)54,-.0 =

Pri =por F(t- 2L) - W(t+ =2

[~ 8

\ffr‘v,’ (2]

Ay
QV’ =Z 3601 (/{WA"" )/E,z' [PI:‘PI/

4,\-0

13. Emergency eq.:
Uo=t1 for Pez pa
Coz-1 for Pr<Pa
bx=141 for Px > Fr
Oxa-1 for pocpr

0120 for  Av(pe-pr)-hiCu-Fp <

]

O and b, <0

(15)

. (16)

. (1)

. (12)

- (19)

: (Zo)

(11)




-91-~
54 =1 For all other cases
21)
b3—0 7QDP (A1-Ax ) Pﬂ' +Ax f)a"f'op-cob 4 LO (
and’&
G..3,.-.-#1 for all other cases

If the residual pressure was less than than the fuei evapora-

tion pressure:

Po( ois (27-)

‘ke calcuclation method should be changed.
The quantity of the cavities may te defined as follows:

Voe = - Vs (P - Pois) (23)

ard has to be distributed equa2ly to the coresponding volumes:

Vi
vfélll = KL \/Pc
Ve
V?&c "TZ?"V%J  S (24)

Vfc,b = _!6— . VPC

It this case instead of eq. (2) the next egs. should be

used:

ekli [b (fuvhv,) m 6 Av "J«“"’"

GPI .0 P = Poss

aAY

(2a)

/£ was - f//oo“,ZU < \/795,1[ j

]
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However if vb‘,kll :’>Vﬁ"k1 wve are going to use eq. (2).
The vapour cavities in the HP tube are divided in m parts.

Ve
l{p:’c1 :%C_ (25)
The cavities distance amounts:
_ L . ... (26)
(= - Cp
where:
l/vo? _ Ypier _ 4 Ypses .. (13)

Ac .57
Because of the very low residual pressure the flow
velocity at the distance z=1 (till the first cavity) may be
viritten as follows:

Weaeyp = 2 _ 4 ... (28
et aSF(-é =) )
At the same time is valed:
wWit+4) - f(e-L) .. (29)

During the cavity filling the reflected wave'will be
generated and directed foward the I -1

ot + g )

The £illing time of the first cavity (lpx) will be defined

as follows:
Kq

/F(f—-—)dz‘ as  Vpge
2 Ac

-{30)

Zp,

as:

,_/_\..IL7 = 'éx, - +P1 - e (3’)




le
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But calculating with the pressure propagation time together
it will be:

z‘1=é+Afﬂ, L (x2)

The proceeure is ihe same for the all other csvities,
The total provacation time throus® the TI tube with

cavities amounts:

r v
the « Wl | Fal - (33)
=4 i=1
The forementioned procedure was for two phase fluid (air
ané liquid) but after time tp§ the following calc. procedure
should be continued only with ane component phase (liquid).
For the case with the cavities in the injector instead - -

of eq., (7) the next system should be used:

dV£;,b1 _ WLT_ AC.
dy = 3601

7 (fa
ZLL.oj pr=pos )

if is VPe‘;61é %c’,b

However if vpé,bl > vpé,b than the calculation will be

continued in using the eq. (7).
T™e fiff., eqs. 1,2, 3, 4, 7, 8, 9, 2a, and 7a are
of type:

y'= £(x,y)

and may be solved with RK - IV and with the changeable step.
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| h INPUT DATA

[mm)

~=— Delivery end methanol

= Delivery end D2

—— Commencement of delivery

W

0 10 20 30 40 50 60 70 80 90 ‘PlecA

Fig: 1 PLUNGER L“:T
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15
14
13
12
1
10

2 Delivery end D2

\Y
X2 Delivery end methanol

|

Commencement
of delivery

‘P [*CA]

20 30 40 50 50 70 80 90

rg 2 Relative plunger velocity
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INPUT DATA
,,iig"n@'
3
2
1
45 50 55 50 65 70 PICA]

re ¢ Instantanous cross-sect. flow dreas
comunication in-pump volume-gatlery
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INPUT DATA
" v
el
—
3
2
V=30 mm’
1
hey =1.06 mm‘_l/
hy [mm]

1 2
rig s Instantaneous cross-sect. reliefvalve

flow area




014

012}

aio

0.08

-Q06

a.04

0.02

[mm
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INPUT DATA

D2

Ap:100 bar
t=40 °C

0,05 o1 015 02 025 03 035
siq 6 Cross-sect. nozzle flow area
(cs measured with [IP sample)
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Fig. 7 L""'qtm‘ecticn
, D2
| 2,
i mm
SLCA ]
5+
A
3
2
1 .
| PI°CA]
45 5C 59 60 65
' method RX
Ze H=750 rpm
[mm?] fuel D2
30 =31,9 ‘mm/strok
E g:ZO.S bar
(residual presson) integrated law
of injection
20
10}
I ¥ (°CA]
45 50 55 580 o))




200

100

[bar])

rg » Pressure before the nozzle holes

method RK
n=730 rpm

fuel: D2

qc:31,9 mm/stroke

2:20,5 bar
(residual pressure)

\P[°CA)

45

50 55 60 65
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0.4

03

02

0.1

h, [mm]

rgo Needle

lift

(D2)

P 1°CA

50

55 60

65
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