
                                                                                     

 
 
 

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

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

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

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

 

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

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






DISTR. RESTRICTED UNIDO/IC
ENGLISH 
NOVEMBER 1934

APPLICATION OF ALTERNATIVE FUELS FOR 
INTERNAL COMEUSTION ENGINES t IIP DEFRA Dl'N .

DP/IND/82/001

INDIA

TECHNICAL REPORT *

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

acting as Executing Agency for the United Nations Development Programme

1/
Based on the work of Antcn Cernej 

Expert in fuel introduction in internal combustion engines 
under the post ll-C'2

u!<jM
h  i  '  i « i n  1 . 1 1 r i  ' .  i  : i f  *  r r . i O ' 1  ■ ' P o u t  "

P A V O

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

* This document has been reproduced without formal editinc.



rCPI

1. Proposals concerning methyl fuel use in vc-hi: 
ke engines. Power outputs range 
sion only. Piston diaJs range i?9o e 1C5 -r with C] 
bowls:
- CO tro ,
- cylindrical PB ’cowl hyp
Phe nest interesting aspects:
- ignition
- performancies
- outputs

2. Pual fuel operation;
Here the nixing procedure is 
sals for approach.
HP injection related'ed to :sethyl-fue

4-■ X'O and notsntial
' ̂ Q C O 3 "»

DP-InH-HHP-_AM new results.
Piston engine mechanics and balance. Approach bo ' 
tions.
Approach to piston bowl design for PI-diesel engi: 
into account: injection perferrancies swirl, soul;
OS CT. ft 'V 'Lc  0 1. Z*s X cJ .^ 2 .0 0 .S 9

Needle lift neasurnents ami practical approach to 
injection calculations.
.Experimental approach to fuel atomize cion in bene: 
experiments. Screening effects and differencies 
Sauter mean droplet dia’s defined by calculation • 
practical bench test experiments.
.comment t'CSS i ■ - v
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bCx, Inf-THCC measurments.
Tonics ceint i arc -omt o as cors urgent selecl

b; Ii? for the bemining of the conn on work.

rone £

?C ;= Tueat CH^CH iay be added to diesel oil 
/ — .

up to
out addition of a combustion improver ;nexaroiritrat, 
nitrat). However, because of water presented, starting, warm-u- 
period, idling, long tern low-load operation in city-drive 
application, stops intervals and transients the above cited 
percentage may be reduced on 20 ,G. Thus for vehicular engines, 
combining other fuel saving techniques with 2C 4- 25 :■> methyl 
fuel doping, P.C 4- 2y .1 diesel oil in-field consumption rate 
may be reduced.

Practically for vehicular application, without: glow 
plum assistane t combined with'ceramic comb, chamber isolation
(All) or sc ark imiti-: .̂ 1 — 20 b CI

amount, 'j V1 ri mix1
■. Glow rl v fT— e-»orsini.c isci

-  and . s p a r :k  p lu g t e c h n iq u e s  wi l l  be d i s c u s s  i n  T O -P IC  1 .
7̂ 0 *r*a d u a l f u e l  i r  T Qri -f* 0 <■*h n io u e  w as o m it e d  b e c a u s e  o f

h ig h f-i T O f c o s t . M V. * ■ "0 2? P 3 S "U z  0 d i s t r i b u t o r  t e c h n iq u e  w i l l

o n c e a g a in to u c h e d  i n  T O P IC  1 (S e e  th e  f i r s t  r e p o r t ,  C e rn

19S3. ). One new approach with view cium imiti on and methyl 
fuel doping control in dependence of the HP nume control rcc
position will be shortly explained in TOPIC 1, as well.

According to the forementioned in the TOPIC 2, the atten
tion will be paid to dual mixing technique only. Thus, up to 
25 % by volume methyl fuel mixed with diesel oil is considered,



The s~sten fcr surclying nv~ehyl fuel/gasoil

Fig.l shows a diagrammatic sketch of fuel mixing system 
proposed.
Potential problems:
1.1 - reiativeiv modest decrease of diesel oil consumption
1.2 - first cost increase
1.7 - because of methyl fuel tank, dead box increase and two

different fuel to tank in.
l.u__ unknown reaction of specified engine (Cl, swirl, bowl ..) 
1.9 - unknown methyl fuel water content
l.o - vapour formation (cavities) in fuel pump (pump gallery) 

and in low pressure system may produce injection irre
gularities

l.t - starring (se pos.5+6 or/and JX) and warm-up periods
1.8 - service life of HP pu£p —
1.9 - fuelling increase for the power output given 
1.1C- -ur'ec-charmed version is omited
1.11- PVT and PHCC exhaust emission increase
1.12- Vapour lock between fuel tank and LPP (Pig.l)

because of very short time on desposal only, it’s the 
best way rc srart with the problem denoted under 1.-.

Problem 1,-L - unknown reaction of specified engine (related 
to points 1.2, 1.5» 1*6, 1.7, 1*9, 1*11 also)

Por the engine selected, when turning methyl fuel - diesel 
oil blends, its reactions have to be investigated at first.
It is not because cf obtaining ideas about the best blending 
rations only. Horever, in order to decrease the lab- and the 
engine first cost (what must be changed ?) as well as bo save 
the research time, preliminary organized engine test bench 
experiments may not be omited.

Por the sake of forementioned we need:
a - simple prepared fuel blends 
b - on test bench experimental programme 
c - selected instrumentation on despo’sal 
d - evaluation criterions .. -



Fig.I Diagrammatic skech of dual fuel 
- nixing and injection system

1,2 - flow control
3,^,7, 9 single'direction flow valve
5 - 32 fuel supply line for starting (alternatively)
6 - existed small hand pump 
8 - mixing line
10 - injector leakage overflow line 
M - pressure gauge (during experiments needed only)
S - sample checking (during experiments needed only) 
. F - fuel filter:.
LPP - existed, low pressure pump 
HPP-1 high pressure injection pump 
I - injector •
IX - mixer (alternative for Fos.5)
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Point 1.4— a. Prevision?! Mends ore no ration

In a simple fuel container (see Pig.2) selected cerpene 
to be blended, have co be tanked. The amounts of the single 
"fuels" nixed is recommended as follows:

CH2OH 
p  by vol

D I E S E L  O I L  

G  by v c l .

* n i T T )
■ i

ley vcl
2 0 7 5 y

'Troup A 2 C 7 0 1 0

2 0 6 5 I p

3 0 v 6 5 5

Group E 3 0 6 0 1 0

3 0 1 5

Unfitunately, it is verv v/eli established fact that CH,CH
will not go into solution with'diesel fue I ,  especially not
in the presence of water. However, an on-board emulsifier cs 
produce unstabilized methyl fuel - diesel oil blend (Pig.2).

Emulsifier (Fos.?, Fig.2) use normally chemists in thei 
lab’s and it may be borrowed for short time. 'The fuel in the 
tank (Fos.4-, Pig.2) must be kept at reasonable temperature, 
what can be dene with water cooling flow (Pos.l, Pig.2). Jus 
a narrow plastic tube (Pos.p, Pig.2) serves as a vent pipe 

stretching out of the lab. To prevent (vapour) cavities the 
distance between low pressure pump (Fos.9, Fig 2) if existed 
and fuel tank (Fos.4-) has to be short.

Fuel temperature in the pump sump can be high as Sp °C 
and oecuuss of known phenomenon during spilling and fuel flo 
wing into the barrel (Fig.3), the pressure flucuaticns may 
produce cavities, thus injection irregularities and the me
asurements in error. For the information Pig 4- shows CH^OH v 
pour saturation pressure vs. temperature as well as for gaso 
line. Only to menttion, Fig 4- demonstrate also clearly, the 
cold start problem v/hftn convert to methyl fuel.
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Pig 2 Diagram 
on-board

water tank 
emulsifier 
sealling cap 
fuel tank 
pi ciStric tube 08 
tube
fuel consumption 
measur. device 
fuel filter 
low-'pressure pu...p 
high pressure pump 
tube

tic skech of 
emulsifier

14 - overflow' leakage tube
15 - pressure control *t rp 1 ~ rgl
16 - pressure gauge
17 - thermometer
13 - oil sample
19 - fuel sample
20 - inductive needle 1 -T4- iiii ̂

measurement
21 - induct, bridge
22 - registration

H? tube 
in,j ector
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eve»poraa tien and

Fig 3 effect of spilling and filling on cavities 
formations in the sump, vs. time

Fig V  Vapour- saturation pressure vs. 
temperature
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Fig i explaines very clearly, -̂'nrt the valve (Fcr.lp, Fig 2) 
ray not be oaited, but its opening pressure has so be adjusted 
at p .=0,15 - 0,7 bar above the ambient ore. Cr. the contrary, 
if the low pressure pump hoes net exists the supply pressure 
valve (Fos.15) could not be installed and provisionary mea
sure must be undertaken to cool the sump hody from outside cr 
to press fuel air. In the later case is the test way to com
press the fuel tank (Fos.h, Fig2) taking into account the 
fuel measurement device.

To the HP pump (Pos.lC, Fig 2) and to the injector (Fos.13) 
special attention, must be paid. At first to be sure, that 
fuel mixture tested corresponds exactly to the wanted one, 
therefore the fuel sample checking (Fes.19). To have idea 
about leakage ’(in order to avoid expensive redesign) sample 
(Foir.t 18, Fig 2) is very useful. Fuel consumption measuring 
device (Fcs.2_}_ must be of high accuracy v.'ihh error of rene- 
atibility less than 1 3 (under all testing conditions).

The HF pump and injector itself, must have surplas of 
capacity in order to ensure a resonable duration of injection 
and satisfied fuel atomization for the all fuel mixture tested. 
The later can be done by readjustings or, if need, by changing 
the components of injection ecuipement.

V.'ith the first fuel chosen the injection parameters have 
to be investigated tut with the fuelling changed. It can be 
done on the engine in operation under next conditions:
- needle lift registered
- ITT marking
- pressure before injector
- accurate measur. of fuel consumption rate
- pump rod position measur. for loads and rotational speeds 

given.
The later way is recommended. Tamely, the afore cited 

measurements accomplished with in-cylinder pressure diagrammes 
can enable the later '■navoidable analysis on the whole, resi
des that,., we have the pusibility to avoid the missmeasurements, 
for example: afterinjection, if happend, we change retracting 
delivery valve at once.
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It is also very useful some precalculations, to obtain 
the idea about the fuelling and other injection parameters.

For precalculations approach we need:
- supposing the same engine efficiency we calculate the fuelling 

for our mixtures chosen. Here, for outputs given 22 fuel 
consumption rate must be known

- 12 calorific value must be known, per example in the Furore 12-f. 
ranges 42?~0 - 425CQ kJ/kg.

- neat methanol has lower CV than 12
xkJ/kg kJ/m kg air stoichiometric

kg fuel
19600 154-90 6,46
42600 55600 14,5

g to add 15 .0 water to methanol we decrease the 
e. Per expample, adding 15 h water to CH-CH we

CHXHt>22

If we are go in 
calorific valu

kJ/kg kJ/n-'1
CH-OE + 15# H^O
(methyl fuel) .16510 1-5^

(it is assumed in Germany 
fuel in ceoendence of the

that the water content in methyl 
production, ms7 reach (till) 15

volume).
Thus we can now calculate- the fuelling for ery mixture

riven.
- Using short programmes for fuel injection calculations (Pro

gramme I and II given IIP) we may traced the potential errors 
in before hand.

Point 1.4 - b. On test benm experiments programme
■ ■

It may be suggested the bellow programme presented:
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5tcrtin~

Colorific value per volume of diesel oil is 2,2 times per volume
higher than the value of CH*OH. Relative to diesel fuel one w >liter of neat methanol requires h-,4- times mere heat of vapo
risation. Since the large fuel flow and high vaporisation 
heat figures, methanol needs 9,3 times more heat than diesel 
fuel to evaporate. Besides that in the presence of water ignition 
temperature increases onward. Thus, neat methanol (latest data) 
approaches Cet.ITo 3 but adding water 1C -5 bp vcl. rc 
Cet.lo ranges about 1,5 2. Ignition tenperorure increases
with water content increased:

CH-OH

CH7CH + 5% water "by vol. 
IH^OH + 105 water by volume
CH.CK + 205 water by volumeo
OH^CH + 305 water by volume

ignition temperature -78 oo

(stoichiometric) 
1* d8C o o

11 -85
rt IOC o o

It 51C c„

AH 3.1 ov3 T .9 n t ic n s i s f i s c t i s  C.3*SST*’ c "* ** 
in OH engine. One of the important goal, d 
in BHD noted:

•ring process
.•■/it

increase of self imnition oronertv.

Thus in our experiments we may not neglected this fact.
It means we have to compare the ignition quality for the spe
cific engine, when fuelled with D2 and with our mixture selected.
One of the approaches to study starting is mere time consuming 
but enables very deep insight into the whole process. Ilcrever 
for the friction analysis such approach may net be cmited (net 
our subject). For IIP as a scientific institute is to be re
commended (perhaps for the next future). Forementioned is the 
reason to show the whole procedure snortly.
To study starting. Approach 1.

Instanteneous effective torque.may be written as follows:

- (wi'~ m " -  m")

where:
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Co - instantaneous angui 
During start period engine is 

'Jflt*c&Q instant, potential

ar velocity 
disconnected, 
energy torque

■7 m o o

Tnus:
'tit - m  - 77i inst. frictional torque

0J», frJRsiniot + ur[R*£*'(i-*»*«'3 

R - f-m T V i - f ; V

v/e may:
- follow the ignition stability
- follow firing fouling
- to adjust properly advancing
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1
i

' }j
i

- fellow effect of switch-on'c
- calculate the frictional ins

n n  <■; -> 3

4- ■*-u CLAW. L/ «

fuc
los

(For much more information see TOPIC h > *

■-_A To stud'/ starting:. Accroach 2.
A. 3

Comparable starting period measurements with 22 fuel m i  mixture 
selected under the sane ambient - and adjusting conditions.
'..her. reached rated smed the start period is eccorr.rlished.
7he 'rest way for such measurements is the pen recorder trace 
registration of engine rotational speeds.
Howex-er, for different fuels may not be avoided:

- the advance readjusting
- start fuelling change

to find cut the shortes start period. In the case of too high 
do, ( oi, )/dc< or/and p „ in-cylinder the selected advance of 
injection may be kept during starting and warm-up periods only. 
Che solution for changing the 'beginning of injection in engine 
ooeretion may not be difficult. However, the first price incre
ases.

To stucy warn—uo oerioc

curing warm-up period may be recommended:
- to observe in-cylinder pressure diagramms to follow

o or irregularities * max- to measure THC exhaust emission (when possible equivalent 
C7ZQ diluted by ai^ during calibration). Here tc be men
tioned: dealing with CK2CH in warming-up peri.cc: the next 
correction is valid:
every C-atom in THCO produces error in reading by factor
2/3

Again comparable measurements are needed.
The best way is to find out, by means of startings and

warming-up periods, the max possible 2'dy'̂  
analyse for potential improvements. Per example: swirl ratio 
decrease may help to improve starting, change in nozzle orifices 
distribution or/and dia’s may control the rate of evaporization 
and with this, the rate of temperature decrease before ignition,

:ntent cr/srx
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here is no doubt that the compression ratio (CR) increase m?y
help to greater extent for better startings, ilorever, with CR
increase >:e only compensate the "lost" because of CH-CH dope i.
CP. = 16 may not be applied with CH^CH content of 50 t> 'ey volume
Probably f?.=15 - 19 'with swirl decreased is core .promising
way for higher C3,CH + water contents and engine may benefit✓from high compression, assuming reasonable max in-cylinder 
pressures. (Refers ignition neat methanol/air stoichiometric 
mixture drops in-cylinder temperature’ for 122 °C. It merns 
that we have tc increase CS up to 25 which produces a high 
in-cylinder pressure).

Max. in-cylinder pressure may be diminished by prolongated 
injection and with this decreases thè temperature drop of com
bust. mixture as well.
Combining:
“•z.rcx'ss.ŝ s CR ' *
- decreased £?. (swirl ratio)
- prolongated injection period
we may increase methyl fuel content without first cost ir.cres'.

5'tsr‘fcxng 2nd vicr*!T“U"C period sire dumirsc oointis Cor sdesd 
investigations. However, in the case of low possible content 
of methyl fuel because of starting (warm-up satisfactory), 
seme other means are also on desposai, per example, diesel oil 
start, but it complicate the operation -aia switching-on 
cue.

- A r* or “ —’

To studv er.mine neriormancies

r rogramme related performancies is stringent dependent on engir. 
application. Thus, the sane programme could net be applied 
for vehicular engine and for engine coupled with water pump.

IIP intends to apply CH^OH + water + D2 mixture on the 
next tv/o vehicular engines:
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Make
Combustion chamber 
Bore x stroke [nml 
Swept volume [dm ]
In row
Compression ratio 
Bated, power [k’l

Bated speed [rpn]
Mean eff. pressure at 
rated power [bar) 
Minimum fuel consumption 
rate [g/kWhl
Minimum fuel consum;
rate at [rpmj
Fuel consumpti on ra-
(calculated) [ g/k'
L c ss t  1oading
' ^ T
V. culated) [rpm,

open
092x120

a

6 cvl.
1 : 17 
S2,B5
.«A

2 SCC 

?,5S 

265 

sziCO

open
0103,58x120,6; 

6,c?5 
6 cyl.

pr- QSJ

1-CC

¿•cc

c ,co

279

> Zi.ro

2°8

Comb» chamber A 
(old version laimler-benz)

Fig 6

Injection pump MICO 
(EGSCH - Typ A) 

Injector d holes MICO 
(EC3CH ILLA 15C3 18?)

Comb, chamber E 
Cold version Lyland)

In.iector -- holes
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Looking at the data collected it could not be avoided to 
nenttion, engines selected are remained behind in developement. 
forever, the fuel consumption figures look very disappointing.
It seems to be rescnable at first to reduce the fuel consumption 
rate in diesel oil operation. Per exanrle:

ated to its height. Applying 5
_ i • .

■ine A has pxs î on i*xn&3
■ine v has even 5 piston
• c,e  q 1so changed rei

riston r nms
ovality, the both, first cost and fuel consumption rate may 
be decreased. It is especially truth at higher piston veloci
ties (than 9 3/3), having in mind that 75;» of the neat friction 
losses is related to oistcn croud.

Pig 7 shows the ring set wb'ch may 
be recommended.

• Here is only one very small 
subject touched but certainly must 
ve mere then one. lust comparing 
with other up-to-date engines may 
be concluded that fuel consumption 
rate is to be reduced up to 15 
turbocharging and speed decrease 
out of consideration.

?iS 7
.vowever,
- rotational speed decrease with piston stroke increased
- turbo-charging
- swirl and scuish decrease with injection pressure increase 

and less dependent of rotational spjed
are characteristics of the modem vehicular engines. Morever, 
dealing with vehicular engines, better matching to the vehicle 
demands may save still more fuel.

With above cited potential fuel reduction in mind, may 
not be exaggerated to put the question about the course of 
investigation. To save 10 5 15 y 32 fuel with mixing technique 
with first cost increase or at first to reduce the high diesel 
oil consumption rate and to obtain more modem competitive
engine?
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_n any case to obtain perf cmanciee - for decision - the 
next programme may be proposed:
1. Full load characteristic
7. 7- 7 cf full load characteristic
’. pC of full load "

Idling1 stability
Fesides standard data measured, TEC and soot measurements have 
to be included.

’itérions. Point 1.Ü—d

The most important criterion is to estimate the benefit 
of the quantity cf diesel oil saved via blending and compare 
it v:ith:
- first cost increase
- complications with dual fuel system in practical service
- potential diesel oil using ether techniques
- possibility and troubles related to methyl fuel tank location

r- 'T A q; r* ̂ "ûhi aq
- reasonable fair engine characteristics matched to vehicle 

operation demands (startability, polutior, fuel consumption, 
transients, torque back up, stability, oil degradation ant 
change interval cf the oil, service life, reliability in ope
ration).

For the information:
Investigations

added to diesel 
missfiring and

of IFG (IHI-Î), SKVi (se AIF - TcpCyn) shoved 
?C r of CH^OH (engine demandent) may be 
oil, the larger quantity may produce stsrti; 

knock problems. (See also MUZ i5, 19SZt).
2. Hicardo News "V/orld wide Engine and Fuel Relationship" re

ported: *' : e -
"Up to, say, 50/j could be used by blending with diesel fuel 
or in a dual fuel engine where the alcohol was carbureted 
into the cylinder and the mixture was ignited by an injection 
ofddiesel fuel. Alternatively, ignition improvers additives, 
such as isopropyl nitrate may be used, but the quantities 
required, up to say 20 # make the process prohibitively 
expensive. The best solution would seem to be a multi -fuel
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engine such as KAN FM which, on an energy resis 
on pure alcohol fuel, would give a thermal effic 
to tham of an 131 diesel engine"
3. "Instituto di Macchine e Technologie Meccanic 

(Italy) reported:
"lest have been made on a serial truck ermine 
gss-oil/nethanol mixture containing up t o  ’C 
with and without the addition of a combustion 
Max. ranged / CH-CH by volume..

;n ouerr ting 
1 ant

i T1 - 5 *Z:

[rpm]

oil/

tion).

Conclusions of "Instituto di M. e T.K.":
- without fuelling: increase, addition of CHTCM -re 

output drop and specific thermal consumption ico
— adding ignition improver and more then 35/ of MI 

the results obtained shov/ed that besides cf fuel 
the startability was not improved because of a v 
cooling effect. Thus, ignition improver effect 
by cooling

e: cover

- additional reason for higher specific thermal ccnsurr.pticr.
rate whan mixing methanol was it cooling effect, •Mich docs not 
increase the volumetric efficiency in CI-ITA engine.
(Sea also KTZ' 44- (1933) 1)
(Using turbo-charged version CH-CH may be used for air ceding 
and in thi3 way to increase the volumetric efficiency. 

Morever, charge-air cooler may be ocited which produces : 
first cost decrease and also box volume may V a reduced).

the
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It was mentioned earlier that CH-.0H need, for the sane dieselDengine pov;er output, nearly by factor 1C acre energy for mixture 
formation than that in diesel fuel operation.

However, is more useful to consider the mixture formation 
history for stable ignition, as well as for low loan operation. 
V.'hen comparing diesel fuel and CH^CH related to Cl engine ope
ration problems. The coarse comparison results in:
- diesel fuel may be ignited at -CR=lp, without any problem, 

supposing a reasonable low 5H ratio
- neat methanol, for the same combustion chamber, asks C?:=25,Vwhat is toe high because of high in-cylinder pressure. Again 

the difference between diesel oil operation and neat methanol 
approaches 1C hut now in CH ratio» It would not be difficulty 
to explain this evidence.'

In order to ignite the neat methanol in diesel er.srine is only
to combine:
1» !o cema-nsate the temaerature before ah? iwrition related 

to temperature drop because of high heat of vspcriseaicn.
2. To decrease the heat tranfer in the preignition period
5. СН-.СЯ vaporization control in preignition period
d. To start injection in more fovourable ambient for ignition.
5. To conserve more heat in the combustion chamber "is islc- 

lation
6. Ignition pulse from outside
However, combining 1-2-3-^-5 A

or 1-2-5-л-б E
may produce successful ignition in neat methanol operation. 
Morever, method В is much more within reach than method a be
cause of the next reasons:
- to conserve more hea.t, ceramic isolation is unavoidable, but 
: we have not the heat on desposal before the ignition.
However, heat may be accumulated during starting.

- the self ignition with very sensitive fuel is nob easy to
control under all operation conditiones. Ter example knock 
operational problem in heavy load at high ambient temperatu
res.
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- cerami
However,
related

1»

.ts are still our future
onfess , that the method

;o the first cost and may be nere relea
less expensive 
bis in the ser-

vxces.
Porenentioned depicts that the both A 

to be considered, E for the first neat noth 
engine application and A method as a. follow 

Is to be mentioned, the suggestions gi

and E method have
.and. use in diesel
'in£T one.
ven in the TCPIO 1

are restricted related to:
- IIP considers TA version only
- only single fuel, neat CH^CH has to be tanked
- the attention will ba paid to the aforecited method E
Point 1

r

The net heat- of evaporization of methanol approach 1110 kJ/kg 
and that of diesel fuel 250 kJ/kg only. In crier vo ignite neat
methanol in diesel DI engine., our experimentai results showed
that 03 ratio must be at the least 25 supposing cold—starting
ability at reasonable low ambient temp-aratures also, be apply
_z combustion chamber and CE=17 in dies el fuel operation with
HA version.
It means that up to 8 units the compression ratio has to be 
increased. To apply •03=25-26 the main drawbacks is a hisrh mec-
hanicai loading.

However, to support the ignition some compensation of tem
perature drop is still desirable. Herever, the net compression 
pressure will not be increased although rhe geometrical C3 ratio 
becomes higher. As was .jet recommended in the first report 
(1985) C3 may be enhanced for up to 2 units without mech. leading 
increase.

Point 2

To „decrease the heat tranfer in the preignition period, 
the next may be suggested:
- swirl, ratio (S3) decrease (it was also 

the first report)
- light designed, cast-iron piston

jet recommended in
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It is no coubt, that converting ~o neat methanol, 3?. ratio has 
to be decreased. Doing that, results in:
- reduced air notion save nore heat of compression into combus- 

tion chamber and with this the temperature before ignition 
increases

- the ignition stability will be improved
- with SR reduces volumetric efficiency increase in NA version, 

more power output and higher compression temperature because 
of mere air introduced

- less thermal leading of the parts formed the combustion cham
ber

- better control via injection
However, the rate 6f SR decrease must be considered v.ith 

FCINT 3 together. It is not reasonable to decrease to much 3R 
ratio with spark plug supported, but still in this case related 
to diesel fuel operation, SR ratio cay be reduced for at the

and modified cam shape cf HPT camshaft.

Point 3.1 and Point 6

Fuel film deposition on combustion chamber wall is well 
known method initiated by HAN with H-process. Further cevelo-

It is well established 
thermal conductivity than th 
fere the ignition mere heat 
cf cast iron piston with cut 
three piston rings set (lot 
pression rings, spring loads 
heavier than of Alu-allcy one.

Point 3

It may be done by means of fuel film dispersion on combustion 
chamber wall, discontinued needle lift (still in develcpenent),

pement of /-process ' nd its modifie/-miens are ..ell
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no’.' also, thus no need for a background.
The fuel deposition on in-piston bowl wall is connected with 
spark-plug igntion. This is the reason, that in this point the 
spark-plug ignition procedure may not be onit-rd.

Fig 9 shows well known KAK combustion chanter cf FT! engine.

Fig 9 Combustion chanter cf engine 
L 92Cd F?-:

MAN-F1* combustion system has been derived from the diesel engine 
and is excellently suited for operation cr methanol or other 
alcohols, b-cause this hybrid system benefits from high diesel 
compression, direct infection and nonthrctlirg output control 
while ignition of the fixture is ensured by spark-plug as in 
the otto-cycles rig ? (Method E in this report).

The control mechanism in the proposed method E is projected 
on separation between injection- and mixture formation functions. 
To do this (during injection) fuel was deposite in the wall 
of the spherical chamber. The spark-plug is situated on the 
opposite side of the injector end its electroc.es reach the fuel 
film zone.

The most important features of method E may be the follows:
- CF. ratio as for diesel engine
- direct injection with single hole injector
- vail fuel deposition
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- spark plug ignition
- range of piston dia. /85. f /150

Cne part of the heat of evaporizuticn is taken from com
bustion chamber wall in engine operation. It means that one 
part of the heat transferee to the wall cones tack in the 
process increaseing its efficiency. Thus, converting to methanol- 
. broke th rmal efficiency must be better than in diesel fuel 
operation. To support this statement the Tig’s 1C and 11 are shewn.

methanol engine L92C4- TM compared with diesel 
engine L92C^ I', constant speed 6C km/h. 
Methanol thermal equivalent fuel consumption 
decreased for 1-

Pig 11 Fuel consumption of FAN city ?ur> with methanol 
engine D2C66FKUII compared with diesel engine 
D2C66KUH, urlem cycle. :ethanol thermal equivalent 
fu 1 consumption decreased for c» v
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The above figures depicte:
1. At higher loading sore fuel saving vith methanol. It conclu 

sion supported the heat come-back in the cycle.
2. Converting to methanol fuel, saving may reach up to 10# in 

general application.
The heat drop cause by methanol vaporization may be used 

for mean effective pressure increase or/and for better natchin 
to the vehicle demands.
Fig 12 support this statement.

Fig 12 depicts:
1„ Converting to methanol max. torcue increases up to 6,5 >

N

N o S o o t

Fig 12 Full-load characteristics of methanol
engine D 2566 FMUH compared v/ith 
diesel engine D 2566 MUH

but its speed position is much more improved by ±2 a.
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2. Torque back-up in methanol operation reaches ~C 2 and. in 
diesel fuel operation 22 2.

5. Sootless exhaust in methanol operation, still one support 
more, for torcue tack up increase.

Morever, converting to methanol the parts forming combus
tion chanter are less loaded, thus the service life of spark 
plug electrodes will be extended. Spark-plug is of specific de
sign but all other ignition system is normal transistored high- 
-tension ignition system, used in automobiles.
The bellow cited may be recommended:
1. Combustion chamber is spherical with small gaps for injector 

and spark-plug. Tor given piston dia. and CH=18 all other 
proportions ar'* very simple to obtain.

2. Ignition system is normal as for modern engines used in auto 
mobiles.
The exertion is the spark-plug which maybe purchased from 
FCSCE.

3. Single hole injector
d. Using the programme sent last year (1933, se the first repo 

fuel injection may be very accurately calculated. Korever, 
fuel spray - combustion chamber wall contact in the program 
enables to follow the fuel derosition.

Foint 5.2

In order to decrease the fuel quantity in the combustion 
chamber before the ignition needle lift event may be modified, 
Fig 12.
During injection at high loads, using system in Fig 12, the 
nozzle discharge areas may be changed, Fig 13.

In the preignition period the discharge area a and time b 
may be accomodated to the specific demands. In our case we may 
control the injection quantity before the ignition changing a 
and b, Fig 13. It means we control the temperature drop before 
the ignition also.
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Fig 12 A - Two-spring injector, E - Bosch 
injector with control plunger , 

Area | C - pintle nozzle

Nozzle discharge area change 
during injection

Pig lr Nozzle discharge area change 
during injection

’ xr. the system A, Pig 12 the bottom spring control the ope
ning pressure, at AE point, Fig 13 the upper spring starts with 
compression. This system was developed by PAN. Eosch used other 
approach, E Fig 12, here a small piston C controls the point AT 

>• in Fig 1^. The diameter of piston C is smaller than needle dia,
J thus the f u d  acting on the both, controls with pressure the

needle lift.
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forever, the system shown is very useful in low-load opera
tion. Over-fuelling or inertia-supported fuelling is prevented. 
Eecause of low pressure levels nozzle discharge area renains 
snail and the injection period becomes prolongated. At low-loads 
and low speeds the system shown in Fig 12 may be solution to 
avoid misfiring.

The same events may be followed by single nozzle.

Fig. 14- Idling speed, fuelling 15 cm''/cycle
a) simple-hole nozzle £0,25 mm
b) simple-hole nozzle £0,63 nm 

ĥ _ - needle lift
The reason for the needle lift change may be explained in Fig 15.
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Taking into account Fig 15 and Fig 16 the self control 
HP pump - HP line - injector may be clearly observed.

’vAc’ WS " are insta^teneous velocities respectively 
J5 - fuel density

Following the expression given the philosophy about needle lift 
control and fuel deposition may be explained.
Dealing with spray tip - comb chamber wall contact control via 
injector, the injector springs have to be adapted (Fig 12) to 
our demands:

/

6 0 ,2 5 m m

'ig 16 Self-control between p-T, Ps and h.,
(se Fig 15). Note pIIfc pIIa, thus i • 
Pjj events a — b could not be compared 
related to amplitudes in Fig 16

The next expression shows:

where:

p.-, Pc ~ art instanteneous pressures in the crcss-secti-a O O
onal area AS and before the nozzle hole respecti
vely
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XI - injection period 
X2 - area of fuel film deposition 
X- - history of fuel fils deposition 
X4- - preignition fuelling 
"3  -  injection pressure

(“oints XI -f X5 nay be calculated Only using Programs 1, sent 
IIP, se« the 1st Report)

In the first Frogramne sent, relations related to spring 
are onited. Therefore the additional indorsations ere triven 
bellow (se also the book Cernej-Dobovisek).

- spring force, Fq.j. - spring opening 
- effective flow-cross-sectional 

holes area
ot “ injection oppening pressure 
0p - spring rate, A - area 
i - hydraulic injector rati*

force
nozzle

Fig 17
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A t
jrdS
*

irdx
*t

Fig 18 Spring force accomodation 

Fig 18 shows:
- in order to change the opening pressure v/e change the spring 

precompresion
^ot2 ” rotl’ "max2 ” ^maxl

- in order to change the toth, opening pressure and spring rate 
increasing the needle lift also we have:

"ot7 " ?otl’ ?max4 ” ^maxl 
Injector spring design.
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Fig 19 shows omith-diagramme for the spring wire steel of 
middle quality. Today max. quality approaches:

/̂ !=x = 65C'nJC and = 55^0 N/cm^
Using the max.steel quality but middle quality in production 
we calculate:

^max
T ~= 50CCC N/cfflfcUiOA ana r  =w

* ¿O I
i i_____> ! 4 Г  j£L .1
4 6 8 Ю * Ю  t*

Fig 19 Middle spring steel quality

Defining h and h- we have the next expressions: o x ̂ ca jc
^max

h + h- « h. -------о itmax i,max ^
c w

C D

d  - g - / w  ■ ¿ ■ ' f
vr-

C2j

d - spring wire aia
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D = see Fig 20

1  * t; (  o )  ( i f
(3)

Fig 2C Injector spring proportions 

The active coil number naj  be calculated as follows:

g-2- Ds • F„u0 + max
i,max

where:
G-cf*

2G = 8,5 10° N/ce

% -  1  ~ 7s  ( i f

w

(5)

The whole coil number zu as:

z * z + 1,5 u ’

The spring lenght at max load:

(6)

1 > (zu + 1)*d + zu 'S (7 )
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ihere: s * (0,15 t 0,3) >1

The first eigen frequency as:
r *

/?c = 0,8178-jrr.

^  i - b i  ■ h ' - ~ ' [ c m i

(3)

(5)

Taking into account oscillations of the spring results in:

*  'tw  +  4 , 5  • ‘f t ? 6 ’- §A (40)

where: V
§x[cm] the amplitude of the first harminic

The penetration of the spray tip is directly dependent on 4p 
(pressure drop et nozzle hole) ana indirectly on pTT (measured 
pressure before injector).

The pressure drop 4  P nay be calculated using one of three pro
grammes given to TIP. However, to get idea about relations bet
ween A p  snd p-j Pig 21 is presented (se V.Dall-Hicardo)

^Scr

Fig 21 The relation bet
ween A p calculated anc 
Ptj measured



'  . r f x .  J

3?

Note: Before the needle lift control according Fig 12 we nay
analyse the pump-injector self-control,

Auv,, delivery pulse of HP pump influenced by connecting chanel 
(HP tube ) reach the injector area deforced. Two He’s control 
the fuelling events at injector:

V ~ ¿ u - A - f PE - p z ) ' ^

nvh) *Fe -  c-hf +Fir * p fA *

(se book Cemej-fiobovisek) but only are at the pump:

~ vo + f i - V ) - n  = C < d ? (  Vo + z s - V )

d, - plunger dia.
V - defined velocity at geometricaly defined start of delivery c

(prelift setting)
/3 - defined can shape 
y  - angle

It means according to above Eq’s that injector possesses 
a very high influence on the whole process being represented 
by two ¿c’s. It was the reason for needle lift control application

Point a."
Modified cam share of HP? camshaft

In the past as well as still nawaays the people are trying to 
control the preignition fuelling by means of nccified can shape.

fuelling
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To do this can shape has to be modified according to Fig 23.

The shape in the region -c-v defines the prefuelling. However, 
still today no practical applications af the can shown in

Retarding the tiring fuel starts to penetrate in combustion 
chamber later, when the temperature of compressed air becomes 
higher and therefore the in-combustion chamber ambient more 
favourable for ignition. It means that the ignition delay beco
mes shorter as well as fuelling injected till TDC smaller.
The aforementioned said supposes:
- late combustion and knocking are avoided under all operational 

condition
- product

during expansion stroke reached reasonable high level in 
full load operation

- conventional in-cyiinoer peak pressures
- reasonable high pressure rate increase
- exhaust gaseous emission figure tetter or the same as for 

diesel fuel operation

Fig 23 modified cam for devided fuelling

Fig 23, thus this way may not be recommended.

Point i

To start injection in more favours ambient for ignition
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- fair fuel consumption figure in lov. load operation also.
The above cited in neat methanol operation is possibly 

to reach only applying:
- spherical combustion chamber
- single hole nozzle or pintle nozzle
- spark plug ignition control
- matched ¿R
- mat ched CR
- matched injection events

To improve engine performances is to be completed with:
- investigations concerning injector controled prefuelling
- retarded timing
- optimization of fuel deposition

Still one benefit from the proposal given may be a modest 
demand related to fuel system power capacity. Thus, the both, 
fuel consumption and first cost may be reduced. However, the both 
have to be investigated, lov pressure and high pressure injection. 
It can be acne by calculation at first ana then optimised solu
tion can be applied.

Tonic 5

Cne inductive tranducer of a high sensitivity 50 kHz for 
needle lift measurements was given to IIP as well as the sketch 
for appropriate bridge.

Unfortunately IIP not disposes of an appropriate bridge 
which as well as various tranducers may be purchased by us.

The inductive tranducer given was suitable for injector 
selected, fiin. tranducer which may be produced in the lab. 
conditions is 04 mm outside dia. It should be taken into account 
that 5CC coils in one direction and 6CC coils in another one 
have to be put in, as well as outside and inner isolation.

Last year we trained pressure measurements before the inje
ction and this the both, pressure and needle lift. In this way 
the main parameters of injection may be recorded. In the first 
report rig test bench for (yV.A) of injection was suggested, 
and completing that all calculations can be made.
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Korever, the needle lift measurements are unavoidable tool 
for accurate calculations.

Based on Woschni results Dr Ivan Filipovic developed before 
7 years two practical programmes for simple fuel injection cal
culation.

MODEL I

/
Infsctbr

p r e s s u r e

S k e t c h  sf* •
f i x  a t  d i s ' f a n o e  X .

As for input data, the total transient pressure px (Fig 1) 
at defined distance x must be registered (or stored), rut also 
for the system given we collected the next input data:
- effective cross-sec. injector flow area vs. needle lift ( (^A^)
- fuel properties ^
- in-injector dead volume
- forces and geometrical proportions of injector (see nomencla

ture.
The whole calculation is based on the well known d*Alembert 

solution for the pressure wave transport:

P *  P0 + Pv + Pr C D

It means, the total transient pressure measured at distance x 
may be written S3 sum of: forward directed pressure wave p , 

receding pressure wave p and residual pressure pQ.
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PX ' P0 + PXV + PXT

pressure at the injector inlet:

PII = po + Pllv + pIIr '5 )

The sane may be drown as sho'-n in Fig 2.

Fig 2 The sketch of pressure events at
measuring distance x and at injector 
inlet

Based upon the Fig 2 and afore cited the next ecs. for calcula
tion of injection events, may be written:
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- mass continuity equation describes the injection function:

if j*  ' / 4  -*4 -  f i * vt ] ' z r v : w

based upon the equation of needle notion (inertia due to 
mass of the injector moving parts (m^), forces due to control 
spring (?ot)i k, c0fc) fluid pressures are included), we 
may write the next two eqs.:

¿7? m[ P r  ' Fob * A x  p B - h,- 'C e k ] '4 r i (5)

dh±
d t

V,-
( 6)

- where p, may be calculated as follws (Fig 3)

- total transient velocity at II - II (see Fig 3)

- receding pressure wave

( ? )

(8)

(9)

where is :

F ( h i ) t  -  F « ) t . t ( 10)

forward directed pressure wave measured at distance x may 
be written as follows:

f a  s F it) = p r-p 0 +№(1) (n)
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where is:

* a.
- lav; of injection as:

( 12)

(13)

- integrated law of injection as:
%

2 C ■ / * \ d *
%

(140

The unknown values ia eqs. 4-14 of model I are:

PII’ 7i’ hi’ ?b ’ WII* " W »  w t̂ +x/a)’ s W »  *(t - */&)» Qc i qc. 
Solution of above system of eqs. y* = f(x,y) may he found using 
P.unge Kutta approximation (4— step) and variable time step.

'ODZL II

For the system where the residual pressure tends to crop 
bellow the fuel vapor pressure Model I could not give satisfacto
ry results. Here, the Model II was developed in which the both: 
the total transient pressure px at distance X and needle lift 
h^ were registered and used as input data .



40
needle velocita may be written ss follows:

V,'
hi** ~ ht*
~ T Z r ~

• en

mass continuity equation in injector

* [ & •  tot -  ( /A b -  fìk) ' ¡ / f \ )  ~ A z ’K J  &~Vb

the total transient injector inflow velocity is:

receding pressure wave nay be written as follows:

h / ? t + â )  *  p o ' f s  + F U ' â )

where is :

a.

the ralation for forward directed pressure wave at 
x nsy be written as:

FC4) * f x -p Q + W(4)

where is:

W i h - W ( f § i ) . _ *C a

law of injection:

L - ^ f a

fuel quantity injected per cycle:
%

S c d *

(15 )

(15)

(17)

(18)

(19)

distance

(20)

(21)

( 22)

(23)
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The unknown values in eas. 15 t- 25 of model II are:
vi’ PII’ wi i * w(t+x/a), F(t), F(t-x/a), qc , c q .

For numerical solution of above system of eqs. a 4-step Kunge- 
Kutta approximation may be applied using variable time step 
(se listings II appended).

Xomenc lature

(A)
AC(AT)

Ax (AX)
A*2 (A2)
r* ( r r  V }

*ob
hi (I(5),HI2) 
2. f ■■"Z) 
n (a: )

PE (r2)
po

P Tr

Px (?X) 
Pz (F2)
px r ’ W^  C « T , r K Q )
P * ,F(t) (F?,?VX) 
Pn  (Kl))

PjTp» ”( 3 )
C'.TI,FDR)

pIIv, F(t-x/a) 
(FTL,PDV) 

%  (QC) 
t, t^, t/5
vt (Y(2)/0 
Vv (VB)
•’II ( W I I )

- velocity of sound
- high pressure* tube cross-sect, flow 

area
- needle cross-sect area (see Fig 5)
_ -- IT (f II II
- spring rate
- opening force of the injector spring
- needle lift
- mass of the injector moving parts
- pump rotational speed
- pressure
- pressure in the injector sack volume
- residual pressure
- receding pressure wave
- forward directed pressure -wave
- pressure at measuring distance x
- in-cylinder pressure
- receding press-wave at measuring distance
- forward directed pressure wave at dist. x
- total transient pressure at II - II 

(at injector inlet)

- receding pressure wave at II - II

- forward directed pressure wave at II - II
- low of injection
- time
- needle velocity
- injector dead volume
- total injector inflow fuel velocity
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- distance between press, tr. and inject.(see Pig 1) 
1/ (PT<CB) - bulk nodul of elasticity 
.A*. (Ar-SAE) - effective injector flow areaC O
A)p= fcAb)max

(AMÆ) - max. effective injector flow area
(RC) - fuel density
(X) - instantaneous value
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G x . t c b l a . t z d t  n e r e t t e
m o c / e f  £

О 2 4 6 «  IO 12 14 1-5 ’ e 2C

^ 4C m̂ ]

0 2 4 6 3 1 0  ?2 1 4  ( 6  18 2C

(se listings I)
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(see listings II)
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(se listings II)



47

Topic ?

Laser doppler effect (LEE) cay be applied only by accom
plishing:

- the correct selection of epical depth
- the calibration

According to the principle LDE enables to define:
- the range of droplet velocities in the spray
- the degree of turbulence
- velocity change of the spray investigated
- spray penetration tiae -
- density of droplets per unit volume
- droplet mean dia
- droplet distribution
- droplet shape

For the nozzle hole d-,,' in-cylinder pressure p and pressur 
before the injector prT given v;e define the next dimensionless 
parameters:
- the velocity at the nozzle hole exit

V ~ { % (  pK-fi)

- v.’ecer number
■ V2, -ct6

r ,

- ¿apiece number
dg ■ (fg

LP -

- density ratio

M - j£e

where:
4  " 
A  -

fuel density 
in-cylinder air 
fuel viscosity 
fuel surface to:

density

[ ■■ /niion
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For

~  * o ,a s  F ,

2.0

* ( $ )  ■ Ç
-0,4 -zn*

(5)

where: F^*Ct0l9 ; n^=0,8 for p2^0,7 KFa 
F^s0,003 ; n^aO,^ for pz <.0,7 KFa

The coefficient in Eq (4) may be calculated as follows u 

For p2<  C,7 KFa
, / s0.€2 ~o.oe -o,os -0 ,Z  

№  = 138,88 ( j jk r )  ■ u  'U / e ■ M (6)

(7)
The mean droplet velocity at distance x may be approximately exp
ressed as follows:
For x < x ^  gr

Lp -M (3)

where: n^=C,5 for Pz>0»7 KPa 
n1»0,225 for p2^C,7 KPa

For x>x^, gr

where: D^=3 ; m^=l for pz>0,7 KFa
3^*0,22 ; m^»Ot4-5 for pz^0,7 ‘’— a

Coefficient in the Eq (8) may be calculated as:
-A*

where: K^*0,17 ; b^»0,285 
Kj.2,295 i b^.0,13

Fuel concentration may be

for pz>0,7 K?a
f o r  p_^3,7 KFa 2
expressed as:

(10)
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Cm-Sm/VBL ’ ®m ^ S / m 2s / ; Cm Ag/m^/
and the mass of one droplet:

v  Ss*7k ; v dl-®'6
and finally:

„ yy, / number of dronlet ,
“ a ’ V * *  7 ----------p -------------------------- /

The concentration expressed in number of droplet per unit 
volume may be obtained at any distance r of the spray ax±3 also.

n - n m - e x p [ ~ ( f ) t] C u )

where:
„ ez , , , c ,i . .n . ,£c= n  - We. -LP - M (12)

where:
^=0,8 for pz^C,7 KPa 
n^-0,4- for pz4  0,7 KPa

The possibility of application of ITZ in connected with poly- 
dispersed spray.At the some time in the optical direction we 
have abotement and dissipation of emission.Therefore,the decree 
of influence of heterogeneous dispersed spray on the measurement 
has to be estimated at first.For purpose of estimation of spray 
influence the optical depth may be used,expressed as follows:

r  ......................

where: a«radius of droplet
L«lenght of optical depth 
l»mean distance between droplets
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Dissipation is too large for T > > 1  ,thus LIE method could'nt 
be applied or the large error of the results of measurement has 
to be tolerated.
The prerequisite related to a small error of measurements 
supposes:

^  * 1  ......... (14)

L=23=2xtg c£/2 
Using the. Fig,

t

1,5

lenght of optical depth, 
shown and Eq (13) results in:
On-*- k i

-7T- d iZ (15)
where:

Sauter mean dia. d^^l^Sd^
Fig.3 shows an example of optical depth obtained by experiments.

Fig.3 Optical depth by measurement vs. distance x for various 
nozzle holes d*. and pressures
1- Pll=5 MPa ,PZ=0,5 MPa ,dB=0,3 mm
2- Pii=20 MPa , pz=2 MPa , dB«0,2 mm
3- Pu*20 MPa , pz«2 MPa , dB*0,5 mm
4- P H  «20 MPa , pz»0,5 MPa ,dB=0,3 mm 
5~Pjj*80 MPa , Pz»0,5 MPa ,dB=Gt3 nun
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Approaching to *T*=1 the informations of the movement of some 
droplets may be lost because of a large optical depth.Optical 
depth shown in Fig 5 was calculated bat also checked indirectly.
Spray tip velocity along x axis in shown in Fig 4-. Max. velocity 
equals fuel out-flow one at the nozzle hole exit.At large distan- 
cies x and low pressure pjj,droplet velocity approaches zero.
It's well established fact,that our attention must be paid to the 
spray characteristics in the period of ignition delay.At the end 
of ignition delay period the tip velocity or "velocity of mean 
Sauter droplet" may be reduced till 20 m/s.Therefore,the applic
ation of IDE method is important for low spray velocities also.

4oe

Fig.A- Spray tip velocity vs. distance x
1- p^jsSO MFa ,PZ=0,5. Mr a ,dg»0,5 mm
2- pjj=40 MFa ,PZ*0,5 fra ,dg=0,5 mm
3- Pjj=40 MFa ,PZ=C,5 K?a ,dg=0,3 mm
4- Pll=80 MFa ,pz=2,0 MPa ,dg*C,5 mm

Droplet concentrations characteristics-n vs. lenght of spray-x 
are shown in Fig 5» It may be seen that the concentration changs 
in a quite large proportion.However,IDE method is effective for 
relatively small droplet number per unit volume.
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_  . . j » /

I
i«1

I

Pig.5 Droplet concentration vs. distance x
A “PII=50 KFa,pz»2,0 M a ,dk=20 jnm ,dg=0,3 mm
X-Pjj=6C MPa,pz-2‘,0 Mr a ,dE=0,3 mm,djc=28 ̂ m
O-Pj j=20 K?a,pz=2,C MPa ,dB=*0,3 mm,dJc=40
o -Pi i=6C *0?a,p2=C ,5 MPa ,d3=o,3 mm,d^*dO /*m.

The m m .  volume for analysis anproaches G,C02-C,0025 nm-7 and
TLthe max. concentration ranges 4C0-5C0 droplets/mm .The later 

said supposes rig test experiments under pressurized ambient.
t

Pig 5 shows,that the above requirement related to concentration 
was reached at:

x 7%, 35+^0 mm
TAK approach for x4d0 mm may be explained as follows: 

-measurements at x=50 nan and at, x=70 nm 
-analysis
-using the data measured,calculation may be applied for 
shorter x distancies.

The volume mean dia. of droplet for diesel oil D2 ranges 2C+1C0 
jfcm.Therefore,the range of 5-500 j i x i of dispersed droplets is 
of interest.For the purpose of calibration helps disperser 
producing monodispersed spray of about 5ytm droplets dia.
Fuel spray applied in diesel engine is unsteady with duration of 
about 2+5 as,but the pressure range increase (dpjj/dt) may 
reach 60+70 MTa/1 ms effecting very drasticaly all character
istics of the spray.
LDE method may be applied in rig test experiments for fuel spray 
investigations,supposing the bellow cited characteristics of it 
instrumentation :
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-velocity range 2Q+4C0 m/s
-max. droplet concentrations of about 4CC droplets/mnr 
-droplet dia.'s of 5*500 /dm 
—spherical droplet shape 
-period of measurements 10+15 es
-max. velocity of changing of parameters investigated 300p/lms. 

IDE may not be applied for spray analysis at x^40 mm.

Examples of calculation

1.Diesel oil D2
Fuel density 840 kg/6i^

" viscosity¿¿^g=2tl»10“  ̂Ns/m^
" surface tension (T^aO,028 N/m 

Nozzle hole dia. dg=0,4- mm - 
Pressure before nozzle hole pjj=600 bar 
"In-cylinder" pressure pz=4-0 bar 
"In-cylinder" temperature TZ=110C E 
Air "in-cylinder" density ^=12,57 kg/m-5
Spray angle:

i  .  D ,■ W* ' 31 ■ Lp°'°7- M
Weter ngmbgr^

<Tf 0 , 0 2 8

laplace number:
L>

J% cf8 d l  _ -J
? kO ' 0,4-iO ■ 0 ,028

Density ratio:
A _  _ J Z G 7

MoM

(2 ,1 - 10*)* -

0 ,0  I S S

« 2 * 3 3 , 3

Thus:
hq f  » 0,OH2 ■ ( h t-IO *)0'** ( 2 i Z ^ 3 ) ° '° 7 0 ,0 1 5 5 ° '* -  <2,2 3 0 S  

Potential core end: X q r = C  °̂ 8' W e * *  ^  ~

* 2,85-0^ t0l(i,G't06)O''2S- (2f23,2)~0,i/' 0,0155°'6  ̂ 11,^7 mm

ex'- 25, % ' "

Volume mean droplet dia.:
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-C rZ€C -cje>«73
Lt

, -<J073
■ 24-33,3 ~

d k ‘ 2,21 d g - (M - ty t ) • V  
= 2,2f- O,440%- ( O 'O ISS - 

= 3^^/>5
Sauter mean dia.:

032 a l M - d k * 5-0/ 32 ¿««h
Specific dimensionless flow at distance x= 90 mm (x >  x^) may 
be calculated as follows:

\Z ,-o,t . ..-2n,
2 s - o ,a s - F * ( % ) *
*  = 4 * S -cte< 9 ‘ 2 ' W ^ ' 2- • <5«ii

- 7-4 i»

= 2, 2/2 • *0
Spray tip velocity at distance x=90 nua is calculated as:
^  - « r x / t f * - * ) '• ( &  • ̂

2 tA i. 3 
*  72,02 r»/s

2.Methanol

Weber number;.____________4
^  774 (  ¡/wi (Coo~ito) id>) 2, 43-40

GHjCE density J°g=774- kg/nr
" viscosity ¿¿'..-G,4- * 10“3 Ns/m^
" surface tension <T *Cy021 17/m 

All other date as for the aforegiven example with diesel oil

)-4CT J
0,024

Lanlace number: .
/  _ 774-0,4-40 *■  °>021 _ „ r  J f

Density ratio:
M -  0,0161,

Spray angle:
t f  f  - D , V ' }*- L f ’  H

* O.OH2- i' 4,0i»’/|£,<'7
The end of potential core:

rru

O.S
0,0464- 0,343 35,4

-  2,25- 0 ,4-10l- (  2,43-40*) °a S - (  4,06- 40<f)  a<f- (0 ,0 1 C 4 )  
~ 2 2, & m m
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Volume mean droolet dia.:
< /* -* »  A  l ? ™ ; ^  ,.-4-3

=  2,24- O'tr-fO ■ (  0,0484-- 2, ' f t - 40 J • (  r , 06-40 y

-  2 5 ¿urn
Sauter mean dia.:

2 * #4-£>•«/*- 37¿um
Specific dimensionless flow at distance x=9C mm (x >x ) may 
be calculated as follows: 
f a . ««5-- ^ Y # ; 2 !■?*■ -Sic

= 0,t2S 0 ,0 f e *■ ̂ ^ d § ~ ) * f C 2, 42-40C)  • /6-4
= <̂,4£-40^

Spray tin velocity at distance x=90 mm is calculated as:
i v ■ ^ 7  * ' * '

-2 -0 ,8

2 Ï?
4

r j ^ { 6 0 0 - £ o ) . 4 0 S (  ^ 0 € ^ J ° '4- 0,0<€9--2- n r

=  4 7 5 ^  ">/s

Note : All expressions derived serve for the both,experimental 
arrangement and avoidance of measurement in error.

For methanol let's calculate the parameters related to LEE 
experimental application.
gQ (see Ec 4.) may be calculated as:

Qo~ -$<} ’ V

i f  ( f t - p t )  ~ / 4 *  ( ^ a>- g ° ) « ’ s * 3  k  ?  

f ?  774 V * 3
3 73-774= 2 ,e e f7O2-10 * Ary,*S

-S
' 10 ~ -2, 8 f 7 0 Z - 1 0 ^  * 2 r7,2g-

(T/u = /yerO 'ipp -̂2.c* T » - T v s T s * i r 7 J *f ' » 3

P*
m - i  ■2s3- ï ï - 4 ô // •e,33-'fo~12 h i

n  -  ~  =  °>Sr72f?
*  P k ~  6 , 2 3 - i 0-*2 9C,G

drop/» 4-s 
mm 3

(Note * 10^ mm^)
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It means that we nave less than 4CC droplets/mur ,thus related 
to tijjj TfTrc for the distance 90 mm selected,may be applied.
Optical depth

d ? L
■ h

i  -  2 X- ^  j  *2-90- 0,313 =57,4-2 m*,

îo define 1 we calculate:
90 C dt + z)* 'T f * 1 *

( Z S + { f - 5 0  f - 4 0 *

* 10Ĉ

X
gg ■ = S ,Z £

z

4$$ ¿um
s .

Some disturbancies caused by screening effect may be expected. 
However.because of low C some corrections may be arplied.» n
In order to define the optical depth we have to equalT=1 
This calculation gives L=1C,7 nun

Auxiliary needle lift measurement technique

Needle lift measurements may be performed using strenght gauge 
technique also.If one appropriate bridge and a small membrane 
strenght gauge exist the other arrangements are very simple.
However,the needle lift diagrames recorder suffer from:
-some nelinearity (what is also not important)
-seme other oscillations may be noticed in needle lift diagrames 
at the end



I

o ,3

“ * *1 .5- r '

To be
worked cvC

force f~

C- spring rate -  const. 
— openiYŝ  rce = con si;

3oC A ?
•Stren̂ kt

reiistonce
di\ayiqe

— Mill

The Fig's shown explain the arrangement

How to calculate in.iector holes ?

Fuel injected per one cycle or fuelling nay be expressed as 
follows:

&  ~ b e 3G00 • n * Z  ¿ z [ c y c le  c y lin d e r 1 • • . . ( 1 )

where:
b_ /gA'vh/ -fuel consumption rate €
P /kW/ -power output

/s A/ -rotational engine speed 
z =0,5 - 4  stroke eng. ,=1 -o stroke engine
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j

r

injection quantity in T-time ,nay help significantly.
Siegfried and Ahmed developed the formule for spray tip penetrati 
on as:

AS^-0,327 . ,*• _ oi
HAD

ergs' ' H0 ■ R e t l  M 0 0

• P - a i r  d in% thf
fr/eHty

where: A^-increment of time /s/
Lf - ^ • a _ '̂ o • da

dd / 9,
Eq (4) was derived recently,where only in-cylinder pressure but 
without air motion was respected.
Prom Sq (¿0 nozzle hole dia. may be obtained: ,zi

20327-10S-S,t -'}*°1 AT*3’ I St j'

« ‘’"ij— ¿L— 1 a  I2°.3S ĈQS
3 ’

.095

t l
Mv  «  f  •  •  •  • (5)

The fuel velocity at the exit of the nozzle hole may be calculated 
by: ___

w„ = U p  21 -IQ1 px>\ ■Pc 1

'I A l  S i (6)

Prom Eq.'s (2) and (5) we obtain the number of the nozzle holes as

................. ( 7 )

Dia fS dga (see Fig 1) may be 
calculated by:

[cm]
( 8)

The simple approach shown,may be 
useful by CH^OH application 
also.

1
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After aforeshown calculation, the choise related to needle seat 
dia (d •) or needle opening pressure (?o) has to Ъе done.
уhen the bellow cited data are known:
-d„ needle dia (Fig 1)
-p2 max in-cylinder pressure
”d3A sacic ^ole dia (И-К 
-Pg needle opening pressure 
-p_ needle closing pressure
needle seat dia. (d_.) nay be calculated as follows:

Sonetines is aore convenient to use an accustomed hydroulic 
ratio (see the book Cernej-Sobovisek,"Injection'’).Icing that, 
seat dia. f i d -  known and the needle closing pressure nay be defin-5X
ed as:

n -  Qj’ fds, * cfsa)  0,5 ■ P t r, , — j
r*---- -----------------  ¡M r  a ]

H o w e v e r , in je c to r , hole dia. (d ) must be examined related to 
cavitation also.
Thus minim, (d^ ^ ) nozzle hole dia. to prevent cavitation may 
be defined as:
For ld/<id>  3 (see Fig 1)

For ld/dd £3

where :
Kjj /-/ -coefficient of overloading (1,1*1,12)

/°CA/ -duration of injection
Supposing the avoidance of cavitation phenomenon,the max. 
velocity at the nozzle hole nay be calculated as:
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(15)

where:
\  ̂ coefficient of friction in the nozzle hole (X=G,C2)
To obtain the effective cross-sectional nozzle hole area in 
dependence of needle lift two locations must be considered: 

-flow area at needle seat 
-flow area at nozzle holes

The both types of needle tip will be considered:

Geometrically defined cross-sectional flow area of the nozzle holes

For the cross-sectional flow area of the needle seat (see Fig 1) 
the next expression nay be derived:

The expression (15) cay be applied for the both needles,Type 1 
an l^pe 2 under condition:

The expression (16) may be applied for needle Type 2 under condit
ion:

Type 1 Type 2

(WO

(15)

respectively
u < 2 (d ; - d J  
" sin /3

(16)

d0, > ir -ü s ir) /3 2
respectively



Discharge coefficient of the needle cone-seat area (Pig 1) depends 
on quality of surfaces and ranges 0,77-0,9»Discharge coefficient 
of nozzle hole may be calculated,as shown bellow.
Ratio of geometrical flow areas of nozzle holes and sack hole 
(see Fig l-«fd ) nay be expressed as:

m n
/5. 17)

and pressure ratio as:
v - ft* ~ f L

Pa (18)

where: pga-instantenecus fuel pressure in sack hole
P Q - i n s t a n t e n e o u s  i n - c y l i n d e r  pressure

x value is limited related to'cavitation,thus (x_=x____ ):— icax grenz
v _ 7- y zm * 2 y - ? V  
sr' nz ~2 2 f ----- f-i (19)

Coefficient y  nay be found by means of Tabeles in dependence of 
n and rims.
Furthermore discharge coefficient of nozzle hole nay be calculated 
as :

~ U ~ r m 1+ 2 Y i- 2 v ' N  Ih r xh (21)
eren.z

or in other case:

where :
Ÿ

/ /  - lm

x> X,
Cren Z

(
\ )

( 20 )

The pressure in the sack hole may be expressed as follows:
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at first the mean flow rate to be defined:

(25 )

The pressure in the sack hole:
S O -  ( ' ■ A  + f t - f i

103 ( ^ ¿ F j ) 1 2
And effective flow area of the injector holes:

.(24)

( s u*fz/)L - (M s r F t ,  )*-
lcm'1 ■ (25)

Sack volume of injector may be calculated as:
. c4\ f  f .  dsa . dsa \ . 4 f  ¿№ÏÏ
Kra= ^ i  i " gtya ....... C26)
Expression (26) is valid for:
-r* *s dsa-for nozzle Type 1 and 2 (for Type 1 —* dj^C) (see Fig 1)

7.1 Controlled singl-hole nozzle (CSEIT)
The function of controlled nozzle as improvement related to 
ignition was jet explained in the section-neat methanol use in 
diesel engine.Hewever,pintle nozzle suggested may not be used 
because of cylinder head.Existed cylinder head to operate with 
CHjOH can not be replaced so easily.This is the reason to show 
one different aproach for the use in lab. experiments.
Controlled singl hole nozzle has not the aforementioned drawbeck, 
namely, fuel spray may be directed fairly independent of nozzle, 
holder axis.Thus,existed cylinder head may be used and fuel spray 
deposition area on the wall of piston bowl may be optimized.
In experiments with CSHN,KAJT tryed four goals to reach:
^-cylinder head of methanol diesel engine must be the same as for
diesel oil operation

-controlled effective flow area
-at low partial loads more fuel dispersed in air
-at higher loads more fuel deposited on the wall
Fig 2 shows the idea.
Difference between one conventional nozzle and CHSN may be 
explained by:



I

I
?ig 3 Fuel jet patterns of a controlled single ’̂ole

nozzle at different positions of nozzle needle (hj_)

i

4
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no sack hole
- short toward needle axis directed single hole eme:
n o z z le  seat surface

- needle tip immersed into nozzle hole
Pith (CSHIT) snail needle lifts,seat -low area becomes mailer

ergy into kinetic form,before seat area,ma;? produce unwanted

Is to be mentioned,that at position x (see Pig 4) some fi
llers (fuel filters) couverte to much potential energy iuto 
kinetic one.It may happen! converting to methanol because of 
fuelling increased.In any way, before seat area only small pre
ssure drop may be pernited.

To obtain more informations about ratios of f lo w  areas,fig 5 
is presented.

’«ïhen b e fo re  th e  n e ed le  3eat s lo p e  o f any f r e e  a rea  v s .  n e ed le  
l i f t  becomes s m a lle r  tha n  th a t  o f  l i n e  a (see  f i g  5 ) , in  h e c to r

than that of nozzle hole,thus,fuel spray obtaining a high velo
city in the seat area unhampered penetrates more toward the ce
nter of the piston bowl,being dispersed more in air.

pressure losses as well as uncontrolled fuel spray direction. 
To have idea-about above said',by black coliored surface demon
strates Pig 4 the relation of kinetic energy converted.

black coliored 
part of kinetic 
energy

Pig 4
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Injector 
ILLA 15C 3 166

Fig 5 Flow areas vs. needle lift
a — needle seat flow area
b — entrance flow area of sack bole
c — nozzle holes flow area
a,b,c - geometrically defined
d — effective flow area of assacoled injector

Coefficient of discharge^ vs. Reynolds number is presen
ted in Fig 6.As parameter fuel pressure and relative needle lift
"/^nax were useci»

means: measurements were performed without 
nozzle,thu3 this data are valid for nozzle holder.

For seat area given coefficient of discharge decreases with no
zzle hole dia. increased.The later said has to be considered 
charging the fuel also,Fig 7 demonstrates the aforementined.Fig 
7 demonstrates also, that for test bench measurements of inje
ctor effective flow area is no use the increase the pressure drop 
over 100 bar ( as well jet recommended in the 1 report).

ïïith controlled single hole nozzle seat area must be seriously 
considered.To give morw information about it Fig 3 is presented. 
Fig 8 demonstrates a high conversion of potential energy into 
kinetic form of the needle seat area,when low needle lift w a s 

set.In other words,lov/ering the needle lift fuel velocity incre-



6 Coefficien of disharge vs, 
DLLA 150 S 186 — injector

Reynolds

g 7 Coefficient of discharge vs. relative r.eedle 
lift with nozzle hole dia. and pressure drop (&p) 
at nozzle hole as parameters
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Jig S Velocity change along seat area for variuos pressure 
drops (on the left) and pressure change at various 
points in dependence of relative needle lrft (on tne 
right).The later measurements mentioned are valic. for
nozzle hole dia. 0 0,365 mm, &p 
1®1»5 mm.

max=4CC har>hrqv=0,4 mm,

ases drastically,hut in seat flow area.This is the reason that 
controlled single hole injector was suggested hy Kil.

Jor most practical cases:
2,5<l/d^d,5

ss 0.8 if seat flow area >  l,7*nozzle flow area D  - Aand l(r
Under above conditions the penetration of fuel spray can be 

obtain'd from the following equation:

r 1/2 1 1/2 _ 1/4
S * 13,6 (££-) • t'dj • ( p £ )

L *) o
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where:
s - penetration distance of jet /in/
Ap - mean effective pressure drop across injector/ibf/cq.in/ 
f b — density of gas in bomb or engine cylinder /Ibn/cu.in/ 
t - injection time /sec/ 
d - injector orifice diameter /in/
T - mean temnerature of gas in bomb or engine cylinder /R/£
The above 2q. was derived for ciesel fuel injected in auescent 
compressed air.However,calculating the fuel velocity and repla
cing the fuel next expression may be used:

1/2 1/2

The both expression given for spray penetration may be co
nsidered as very approximative ones.The reason to show then was, 
first coarse estimation of spray-piston bowl relations, 

ïïith:
- book translated,explained and given
- training : theory and praxis
- practical measurements
- first report
- additional material sent as appendices
- three programmes for calculation giver.
- needle lift measurement completed
- second report
may be considered the engineers being dealing with f 
duction are fearly well informed related to diesel f 
as methanol use.

el intro- 
el as well

7.2 Injector wear

Although injector wear was not included in the topics,during 
subsequent discussion related to lubrication and wear, some 
recommendations about injector wear were wanted.Thus HP-pump 
and - tube out of cosiderations.

Locations of injector wear (see Pig ?)
1. Leedle seat
2. liozzle holes
3. I'eedle-body sliding area of n o z z le
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't. Injector spring-seat area
5* Sealing surfaces on injector holes-r.osrle tody 
6. Sack hole
,. IVeedle lift upper seat
3. Stem (b)-needle contact surface 1 2 3

1, IVeedle seat
A. Hammering of surface layer accompanied by v/ear 
3* Contact corrosion
C. Erosion
D. Cavitation (in specific case only)
2. Chemical corrosion

2» Nozzle hole 
A. Cavitation 
3* Erosion
C. Chemical corrosion (C:eking out of consideration)

3» Nozzle needle-body sliding area 
A. V/ear cause by sliding friction
3. Corrosion
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4» Inrector soring seat area

A. Contact corrosion
B. Chemical corrosion

5. Sealing surfaces or. injector holder-nonzle body 
A. ereticai corrosion

6, 3aclchole 
A. Cavitacion

7. I'eedle lift uurer seat
A. farmering of surface layer accompanist by wear

3r.3.i needle contact surface 
A. Contact corrosion
1A Same rime of surface layer accompanied 
IB by "gar 3nd contact corrosion
a) Forces effecting needle movement may b

»• ÎTd2n •. + ?„ + c *h. - . 0  1 4 Ptr = P i r T Tv --- V---
¿Âl927"tiuÀ C n T ,'? V< C  •f*T’iction fuel
force force pressure

■balanced, as :

Th® both surfaces b' and b "  nay be homersed. one
At closing (point x, Pig 10) masses of needle,star: and'/half 

of spring have been accelerating toward the -aeat. feedle velo
city becomes largest at point x (see Pig 1C).Although,mx. 
needle lift with high speed engines amounts C,25 *• 0,5 mm,the



dependin'* or. theme I trsatnan of the steels used,caused sous sn
ail dislocation of the surface layer.At the sane tine contact 
corrosion attended as a snail high cycle relative uovenents 
between tno retalic surfaces.2he later said is the rain reason 
of seat near.

V.'ith greater nasses,higher steeds and loner stiffness of 
norrle body seat area,contact corrosion nay produce a very short 
service life of injector,esspecially nher dirtyness in oil and 
bad surface texture in production are attended (see Fig II).

73

; o
oscillation at seat area

CS1C Jorre Sion

time
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Pi- T9 **■ — —
The reason for cavitation 
ing into details.Erosion 
and is getting higher trc 
oil is mostly promoted if

is very './ell known, thus we are not go 
ecor.es higher v:ith dirtyness in oil 
rT’-' tire.Chemical attack with diesel 
water nrerented.

c nor t c omn ns

The main drawback -is lest of s = all'!ng at r.eedle seat.Some 
increased man. needle lift is rot important hut accompanied 
decrease of nosale opening pressure may be of influence.
Lost of sealing may produce :
— increased soot emission
— increased IHC emission
— increased fuel consumption
— increased thermal loading 
-increased cylinder-piston-rinrs rear
— decreased power output
— nozcle hole cocking

Inspection

1. Comparing the surface x of 
injector tested with new one

2. Increasing opening pressure 
of injector - p0 for 10 bar'at 
first,than with constant oil
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2. "os2le hole wear

2 A Cavitation

Cavitation wear will be considered for the both,nozzle 
holes and sack hole.Fig Ip depicts the cavitación v/ear of

Phase 0
Before injection
Sack volume filled with gas
Phase 1
Pirst opening phase of needle 
wear at the bottom of sack -----ZC'irS -aT?ACZ/D
Phase 2
Flow cavitation narrowst 
cross-sec. seat area 
Cavitation attack at sack 
circumference
Phase 3
Total pressure drop in 
nozzle holes.Plow cavitation 
in nozzle holes
Pjj-fuel pressure
h^ -needle lift

Pig 13 Cavitation wear in 
nozzle holes after 1CC0 = 

ration.

fa  / '\
Pig 14
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T*»nozzle holes after 1CCG = operation.! 
-sectional flow area of nozzle holes

easured effective cross- 
increased by factor

A." I ■
exporienc

or tun 
ed wi

a
X .U
tely cavitation wear of nozzle holes may he 
h some ciesel engines.Converting to methanol

cavitation, wear nay increase noticeably.
To give more insight in the cavitation v/ear of nozzle ‘'.oies, 

Pig 14 is presented.Pig 14 deary demonstrates the locations 
of potential wear of cavitation.ilelated to injection wear in 
nozzle holes is much nore important then in sack hole.

Prosion in the noezle hole increases with impurities 
content (in fuel) increase.

Concering chemical corrosion must be taken into account 
the temperature also as well as gas attacking.

Shortcomings 
The main drawbacks:
- decrease of fuel injection pressure
- decrease of atomization intensity
- decrease of injection period
- decrease residual pressure •
- increase in fuelling
- change in fuel spray penetration history 
The above cited results in:

- increased scot emission
- increased THC emission
- increased CO emission
- increased fuel consumption
- decreased power output
- piston demages
- late combustion and thermal overloading
- increase of noise.

Inspection
1.Before testings, if any change,the new injector has to be 
checked related to cavitation in nozzle hole.The same must be 
done converting to methanol.

Puel pressure in injector has to be deternined.lt may be 
done by calculation or by measurements.By measurements or by 
calculation needle lift diagrame has to be accomplished also.

Haring the both :pressure-ar.d needle lift diagramne it's 
possible to determine three positions accor ding to Pig 14.
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On rig test bench (see drawing given in the first report) 
Q=f (h.,-) measurements nay be performed.However,here pressure 
drop rust be accomodated to corresponding presume diagrame.

a q  * * ¿ u f  • ( y  ■ A i

raeasurec TCT eeasured /s/
usually CALCULATE
2 ► M g 3
i’-fuel density
f i - f i  - & p  -pressure drop

<uf -may be determined for any pressure drop &P wanted 
D o in g that,results in diagrane shown in F i g  15.Harked points 
A'indicate the beginning of decrease in effective nozzle hole 
flow area (^u/).

_____ _______________Pig 15 Harked points A'depicte
start of cavities formati—  
in the nozzle hole

- pressure in injector 
P2 ~ simulated in-cylinier pre- 
ssure(for measurements only 
P2=ambient)

-eff. cross-sectional flow 
area of nozzle holes

5  6 : ■5 20

* N-fct =2-

In order to avoid some uncertainties related to cavities 
formation in seat area,the additional measurements have to be 
performed.

Cutting the bottom part of nozzle body (by grinding only) 
area of needle seat can be measured, acc. to Pig 16,

Por the diagrame Pig 16 s h o w n , s e a t  area is not critical 
related to cavitation up to h ^ l  mm.Comparing the both,?ig 15 
and Fig 16,may be concluded,that nozzle hole0 are much more 
inclined to cavitation wear then needle seat a.,ea.

2. with injector tested the best inspection may be 
measurements at hir with =100 bar=cor.st.,supposing that



0 , 4 »

such data before testing existed also.By comparison wear of 
cavitation may be estimated.It's useful curing testings,via 

measurements to follow cavitation wear vs. time (if exi
sted), measurements r-onticned. are yet explained in Report/
1.

= 2.2-.
^  -5 V ; „

k
i  5 -

3  4  S

*  ■ ». * -

F ¿5 
*  s : . nt is:
11 . .  T.

N

•Î 20

p^=200 bar p^=2S0 bar p^=200 bar p^=280 bar
P2=1C0 bar P2=20 bar P2-IOO bar P2*20 bar
wear=0 wear 17 mg wear=0 wear 15 mg
'---------- v----------
to study cavitation
at sack circumference

_/ u.
to study cavitation 
wear at sack bottom

Pig 17
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?ig 1? explaines the procedure how to study cavitation at 
sack circunferer.ce and sack bottom.

5. Heedle - nozzle body sliding area

Here wear of sliding friction will be considered only. 
However,sore negotiations must be made at first:
1. It's inpossibile to measure the clearance between needle 
and nozzle hole (sliding hole) at various positions in order 
to calculate mean effective one.LIorever,so defined says nothing 
about the leakage and reapitibility of. measurements is very 
poor.

To solve tvis problem the bellow shown method nay be sugg
ested.

Again Q ’ M  ' f f  f i f

substitiling^*. =1 results in
a IT

- producers nominal value let say
d-, liii.i •

This A d  may be defined more effective 
and easily measured as follows:
Q ~ overflow leakage quantity in time At 
at defined pressure drop 4p ( Ap«pi 
because of p?=l).

2. Tor every type of injector leakage time must be accomplis
hed.

i tmin * .
tmax*

A p - 100 6

[s]

[s]

Volume V,line 1 as well as p must be the some as for engine 
producer.Time observation of leakage is not only because of to 
much overflow.LIorever,the danger comes from to low leakage, 
leakage overflow,although unwanted related to injection, is 
anavoidable related to cooling and to lubrication of sliding 
ports.Kany stickings and seizures of injector needle are known 
becouse of to small overflow leakage.



81

3. Cue must be sure (or to check)that heat treatment of har
dening v;ns conplct-d '.vith very deep cooling (-55°<3 î* 5 = ) • 
This is important treatment for the both: needle and nosole 
body.The reasi-ui for that is rest-aucteuit which by increased 
heating r.ay be transformed into mart en sit. This process is 
accompanied (per example) by increase of needle dia.,v/hich
may produce total *t ̂  ~ c.  ̂̂ iJdw Ui c.37j (A d=C).If happend,extreme high
friction prOCUC-'G n v ° 0 3*f- m -- rr “ -*-**• —) seiure.

A high needle '.'ear c occrrod in one type of vehicular
diesel engine with now injector supplier.The inspection had 
performed ccc. to hi" 1c.heosurenents gave evidence about zo- 
btfullhest treatment of needle (see fig 13, b) although the 
diameter of noumle body mas '’stable" during heating up period 
(fig 18,a).Thus needle - nozzle tody gap may decrease in ope
ration (see fig 13,i) n%?t in the praxis at random accured, 
The reason for above investigations were:
- two needle seizure in servis operation
- unstable idlin'-; nith about fifty engines accompanied with 
increased fuel cor.suv.ption rate in low load operation.
4# Any kind of deformation cf-nossle body or needle increases
friction accor.p 
a) The cap x in 
torque.The same

.nied with wear inseased#
fir 19 must be tighten carefully v;
may be recommended when fasten inj

ith order 
ector — cy

linder bead.A high friction r.ay b noticed Tilth many injectors
acc ¿c.

The reason for t'-at; is to high torque by fastening in cy
linder head cr by injector assembling.
b ) Any overheating may produce increased friction and Inversly 
increased friction produces higher ’̂eating in slicing area.

Poor cooling of cylinder head,etc.,may uroduce overheating 
but with increased wear of sliding part especially at low- 
speed and lov/ load operation, overheating may occur because 
of hot gas penetration in the space y (see fig 21).fhen ins- 
tanteneons fuel pressures drop under in-cylinder gas press
ures (see Fig 21) for any time (or angle o<*),hot gases pene
trate into space % accompanied by: overheating,needle "colo
uring" and in the end,by r.oszle holgcocking. (Till r.ov/ j.7 re
asons are known related to nozzle hole cocking).
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3. According to Tig 22, infection in cl system is coupled hydra■ 
u lically • During injection,leakage flow although vo ~ — -  I T  r.

«3  i . - C J  J _  * 0 . 0
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Pig 22
only one connection of HP system with ancient...her. leakage flow
X l l ^ r ^ ^ S  0 S  X
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1 U 0X1121ff C0C2709S0S V c ’ f ^ A r ^ - P - ' 7

Although,leakage flow rate must he higher at ’-'i~’’er speeds 
related to higher pressures pTj,the fuelling corrected will he 
lower beacuse of tine (see Pig 23).

Pesidual pressure p0 will be influenced also and unwonted 
corrected.The time between two cycles is a long period and the 
closed HP system has still connection with ambient via leakage 
flow.It may hare a high influence in methanol application as 
vras (in the first Pweport) yet explained.A high wear and lower 
fuel density,accompanied with CH*CH evaporizaticn in the upper 
part of sliding area,may produce leakage flor;,at low speed- 
-low load operations,more then 20 $4 of corresponding fueling.

To avoid the abov^cited leakless injector may be the solu
tion (still in developement).Pig 24 shows diag.sketch of lea
kless in,lector.The first results have been encouraging (soot 
emission decreased,torque back up increased,injector is getting 
smaller,higher injector closing pressure,less expensive system). 
However,retraction volume of the retraction valve must be 

matched to the demands of the closed system as well as the vo
lume VA (see Pig 24)../her. matching was poor (Pig 24,a and b
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>ith good matching (see c 3rd d,Tig 24) a pronissing results 
are achieved.So decrease V«t as much as possible filler K was 
used.
6, Using experiments to define eff. leakage flow area vs. 
pressure pjj the calculation can ’cc made for the all injection 
parameters wanted. It may he a snail rodul added to the over
all injection fuel progrannc.lt's  to he suggested to use the 
s *t1 programme sent as much accurate one.

Is to be mentioned that ’wear increase with higher content 
of very fine dispersed dirtyness in diesel oil.

Shortcomings
The main drawbacs:

- change in fuelling
- unwanted change in residual pressure
- change in injection pressure
-unstable infection parameters at low speed-low load operation
- load dispersion at low speeds 
The above cited results in :
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- soot emission increase at lovr speeds
- poor torque back up
- nozzle hole dockings
- increase of fuel consunption rate
- unstable idling operation
- increase in GO emission at low speeds
- some decrease in power output

Inspection

The points mention in negotiotions 1 - 5  said all about 
inspection.The most important are leakage flow measurements and 
pressure drop in time.Doing that Pig's 25 and 26 may be obtai
ned. v

Pig 25 shows the time elapsed in /s/ vs. diameter clearence 
Ad for pressure drop 550-500=50 bar.This diagrane may be used 
for^A determination.

Fig 25 Time t elapsed 
for 50 bar pressure 
drop vs. diametrical 
clearance needle- 
nozzle body

Fig 26 Relationship of fuel lea 
iage in needle-nozzle assembly, 
against diametral clearance for 
various rotating speeds 
5 - 1100 rpm HP pump 
1 - 700 rpm HP pump

In the end,related to other types of injector wear,may be 
said; they are much more concentrated foward change of injector 
opening as well as closing pressure.If may effects the whole
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injection events cut also the timing.

However,related to engine performances,the largest inoact 
nay have decreased closing pressure of injector.b'ith decreased 
pressure difference at the end of injection,fuel is poor dispe
rsed and introduced in the very favourable ambient for cracking 
having no time to complete the combustion.nozzle ^ole cocking 
and a high soot emission are the results (see Fig 27).

Fig 27 Fcor dispersion of the fuel because of a low 
pressure difference at the end of injection (low closing 
pressure).

Is to be mentioned,that the decrease of injector omening 
(as well as closing) pressure may be effects by spring itself 
but the reasion is often the wear an the spring on needle 
contact surfaces.The inspection is very easy to perforr.e by 
checking the injector opening pressure change.

A short overview - system testings

In endurance tests the service life of fuel injection sys
tem under fuel load conditions may be determined depending



89

upon the sain influercir.g factors of peak pressure and (cons
tant) rotational speed,

However, in practice, it is the service life expressed in 
hour3 run (h) or in distance driven (km or miles) which is of 
interest,The prerequisite for determining the service life is 
the knowledge of data given the percentage in distribution of 
load during operation in field,A simple classification unit 
suitable for field-use,was taken to determine this load dist
ribution,Using this method,a two-dimensional tine distribution 
can be obtained for the control-rod travel/rotational-speed 
rerfornarce characteristics for all thp possibile applications 
of the pump.

Using load-collectives,and the theory of the linear failure 
accumulation according to. Palmgren-kiner,a procedure was deve
loped for determining the service life from the full-load life.

The relationship of service life to full-load life represe
nts a characterization of the collect!ve,Hultipication with the 
mean driven speed results in the so-colied "fuel-load distance"

VZ settee /h/ ^  (kn)service _ --- (kr.) service
full load/h/ service /h/ full load /h/

; 4 * i  a ic * w/t

?ig 28 Relationship of 
service to full-load life 
VZ versus rated output 
total weight(statistical 
evoluation of 96 results 
with trucks).

•* JT t
✓ 5/’ 25- -*►

ffS
i  4 5 à :C

Pig 29 Pull-load distance VS 
versus rated output/total 
weight
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Example Truck 6 k'V/t at 10 / 7S q̂=270
Service life 5C0.000 1cm,testing for injection system
5C0>0C01_ ]_35Q =

270
V21ri=4,5 The method shown is more applicable for thelw
the whole system wears using the next shown procedure
1) 35: > ^nax n=2/3 nT: +1/3 n-p*'*max emax
2) 15/ full load tt H II

3) 15/ r ena:c * emax
4) 2G>; “"max n.-

1'*Eax
5) 5;> ^emax 1,03 n?* emax
6) io ;i idling ^min

pump
1000

Tr^T*

1 4 2
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TOPIC 3

Prorolsas related to:
"Glow plug supported combustion 
in neat methanol operation"

1, CR- Compression ratio
Ir-cylinfier pealc pressure measured demonstrates very low 

values related to TI diesel engine operation; peak pressure 
reached hardly 50 tar at rated power.lt means,besides of rela 
tively low rated mean effective pressure,that - in methanol ope 
ration compensation of CR drop was not applied.

Peak of compression pressure for CR=16,5 is quite enought 
high for diesel oil operation.Rowever,converting to methanol, 
because of 1C times more energy needed for mixture formation 
than that ir. diesel oil operation,effective peak compression 
pressure mill be considerably lower.This fact askes for CR 
compesation when CE-CE is to be used as fuel.The more CE^OE 
doped and mimed with diesel oil the larger CR compensation 
requirement.In the case of neat methanol CR compensation requ 
irenent reachs 'the max value (Pig 1).

f

Pig 1 CR sufficient for stable ignition at starting when 
diesel oil-CE-OE blends are used in diesel engine(without 
ignition improver)

Some disproportions may be noticed by peak in-eylinder 
pressure and neat peak compression pressure ratios.
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A simple calculation nay show that neat pea!: compression 
pressure amounts of '3bout 40 bar at rated power.lt means that 
oforementioned ratio amounts 1,25,what is pritty low for DI 
engine.Llorever, in-cylinder pressure history nay be as
shown.in Pig 2.

Pig 2 In-cylinder pressure diagrames: 
— --------  diesel oilt
--------- methanol

The in-cylinder pressure aiagrame for methanol combustion 
shown in Pig results in:
- late combustion
-  sm a ll amount o f  J p x

(x - instanteneous piston velocity)
- unstable low load operation.

CR compensation is also required when using methanol in 
ST engines.

To demonstrate the later said,some T.7 experimental results 
are presented.77/ used the both techniques with methanol: 
carburation andfuel injection.The results of both techniques 
mentioned as well as results for gasoline use are shown.

Piston temperature measurements we re made with a 1,6 1 T.7 
gasoline engine.The engine was run on the test bed in different 
versions with regard to mixture formation according to the use 
of different fuels,such as gasoline (regular),GH^OH,L! 15 
(15^ CH^OE + 85/j gasoline) and ethanol.
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It was found,that with .*‘15 ( o n ly 15.̂  CĤ C!T was mixed) piston 
temperatures were about 10°C lower as compared to engine opera
tion on gasoline,provided the engine build up was kept practi
cally unchanged.

The temperature rise found v.'ith the carburetor version,when 
this engine was operating on CTT-OH fuel,is due to the increased 
compression ratio 12,5 compared to S.5.As the piston tempera
ture depends on combustion temperature being lower with alcohol 
fuels than with gasoline fvxel.the influence of increased cornere- 
ssion ratio is partially compensated,

A further increase of the compression ramie towards 15,4- was 
achieved using fuel infection versicnC 5 points compared v/ith
gasoline operating on CH-OH with £  increased,the thermal effi-

✓
ciency was evident .Comparing with gasoline -,■> power output inc
rease was measured.

On lower with COExhaust temperatures were 90 «- 12C 
emission increased.

The Pig's 5 and 4- show with gasoline engine also,that "last
of compression" must be compesated,It'= no 
application without CR compesation.

This aooendio: was oresented only to den:

•:ee rto fray CH^CH 

ate that the
same happend with 51 engine also related to JP. lost by CrT̂ CH 
application in "existing engines",

Algthouh Pig 4- presents piston temperatures for 31 engine,
CP, was increased by factor 1,6 in CH^Om operation comparing 
with gasoline,Only with this increase top piston temperatures 
were the same for the both fuel3,

h'ith diesel engine in CH^CH application factor 1,6 results 
in C?v=25,6 for the same top piston temperatures (t^) as in 
diesel oil operation,This very approximate comparison demons
trated the need for same CR compensation in methanol operation.
Prorolsal Converting to methanol CP ratio must be increased 
for 2 units if glow plug is to be used.

Increased CR ratio may help to:
- improve startability
- decrease operation of missfiring
- decrease fuel consumption rate
- decrease energy consumption of glow plug
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Injection

More advanced injection to ignite methanol is a consenue-.ce
of:
- high ignition delay of methanol
- large quantity of fuel injected in tve combustion chancer 

before ignition
- start of injection In less cor.vinient conditions for ignition

The solution nay be controlled injection as 'was yet explained 
in this report.Controlled injection is not so difficulty to rea
lise using two injector springs or the injector with hydrauli
cally controlled needle lift.The both systems are shown as '.veil 
as explained in this report.Using controlled injection,the fu
elling in the pre-ignition period decrease same docs in-cylinder 
temperature drop also. Thus ,better ignition and improved low— 
-load operation nay be expected.

Ir. this report,the system t/ith single hole injector for con
trolled injection is shown also.^oweverjto apply single hole 
nozzle swirl ratio and combustion chamber cowl must be matc
hed.Using existing engine some of controlled injection effect 
rosy be realized with multi-hole nozzle also.

lumber and distribution of nozzle ’■'o'es have a great influ
ence on diesel engine operation.This influence increases with 
energy for mixture formation increased,as is the case in 
CH.,CH operation.lt's of interest to remember,that in methanol 
operation the best results were obtained when the same inject
ion system was used as for diesel fuel injection.lt means 
nearly by factor 2 prolongated injection period.This fact res
ults in late combustion only.Converting to methanol the ground 
rule may be:

o< period of injec. 
diesel oil

o(. (1)
methane I

if no change in the mixture formation process.
In the most suceesful methanol diesel engine L920¿F.T/ (see 

p.232 "Neuen Zrafftstolten out der Spur")’'.*! by first matching, 
doubled plunger dia. and nozzle hole cross-sec, area comparing 
with diesel fuel operation (engine L92C4FI.). Ricardo institute 
in "Ricardo news" reported,that converting to methanol the 
capacity of fuel injection system must be increased.*or the 
mixture process unchanged,our experiments s-owed,that the 
optimum may be reached nearly for the condition -river, b; no I.

r
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Thus injection rate must be increased comparing mith diesel 
oil injection.ro»ever,t’-e v.’-ole injection system rust be ma
tched,acc. to increased duelling and injection rate ( retrac
tion volume,dead volumes,plunger pre-lift setting etc).
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3. Sv.'irl and sevish (¿1: and db)

‘•nth some combustion charters 
high heat transfer to the contuse 
this unwanted cooling of compress 
ability as veil ss cortv stion etc 
f-virl intensity nay he reduced ir 
of higer velocity of-flare "rs': 
flane).but decrease of sv:irl n.cy 
of missfiring and to increase th =

intensity produces a •
*• ̂ V* % 5mber vralls and v;ith
ed air. It decrease ■A % « ^ fa m -A _
tilinv - ™ •" T 0. operations.
. ucs'*auol operation because 
etion and ccmbustiorCron-sooty 
help to reduce the appearance

decreased.
As a ru 

- converting to r
As a rule of thuuh,it - m to w o •

e reduced in aucunt of 2C;j.

¿1 Con̂ vs*tion. cr3mc02?

33st iron ir.stead cd ?.lu - 
more heat into combustion ch 
cteristics vill he improved:

ton nay help to conserve 
rg this,the next chars—

— startatility
— low load operation
— reduction of fuel consumption because of additional veat 

returned to the combustion process.
The above propolssl ray rot be of any problem, namely 

"Zirloskor" reported,t’-at just ir the engine considered a r. 
cast iron piston vas applied (see Appendix sent).

About pC'CO sviss franks costs ceramic overlay or. the pis
and on the cylinder head ("jplasmc-Techr.ik" bv;iss),but is no 
use «hen any producer in India doea'nt exist .TTo’vever, it 'll be 
of interest to collect information in India v/here plasma-tech-' 
nique has been praotisized.If any, it's possibly to get much 
better isolation.To be mentioned,that some tool producers have 
been using ceramic plasma-coating to increase the service life 
of their tools.
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a. ômritcving or. technique

engine.
ignition quality of dies

methanol (-becouse of cool

1 combustion smace does 'r.t- 4_ ___ - л „

It's well estacilis’-ed fact that using methanol 
points must be considered:
- starting
- low load operation
- cold operation
- transients
when methanol used in ciesel engine.

Using nixing technique,the igritioi 
decreases in the presence c 
effect).

If extra good isolation 
using glow plug,stable starting and low lead operation ’with
out missfiring could'nt be realized.

For good starting switching on technique nay be proposed , 
although not for vehiculor applicatlon.tTowever,per example,for 
•watering purpose it's still possibly to apply sv.it-hir.g-or. 
technique.Switching-on technique enables during starting tc use 
diesel oil or.ly.In low load operation wit’-, load increased qua
ntity of met’*ar.ol doped ir.creses also.In full load operation

■ a V  q  p- c  "  "  +• r\ %  4 »•

: o.imr ol rack: of
Hr punp.Uhe engine considered has a single governed speed,thus 
rack position is load dependent so does the piston 1 also.Ihe 
fuel volume "closed" between the inlet of the pump зит.р and 
fuel distribution FD,nust be as small as possible.-her.

sump of H? pump are good a very good mixing of duels 
mixed may be obtained.This mixing is produced by filling and 
spilling process (Fig 7).Pressure diagrams shown in Fig 7 de
pletes that in the sump of HP pump a high fuel turbulence exi
sts. However,the temperature in the sump must be low because 
of methanol presented,Hissfiring may be produced by methanol 
cavities promotion in the sump а!зо.

V.'ith the small single cylinder engine the low pressure pump 
was'r.t use,but because of cavities formation,if high tempera
ture, sump volume must be pressed.Uith low pressure pumn and 
overflow valve,the fuel pressure in the pump sump may be kept 
over CH-OH evapc’*!zatior. point.Overflow valve and short cinput

ethanol only is in ,7 0 C "bed. • Л diagrammatic sket
on technique is shovrn in ?ig 6.
The piston 1 ('see Fig 6) is connected with



Fig 6 Switching-on technique
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of low pressure system he! 
colling.

setter nixing as ell as in better

Fig 7

6. Valve tiding

■lining fairly satisfactory for very slow speed,as for sta:
would be theoretics 
and close at botto: 
at bottom center a

ly that intake valve should open at top center 
center,whereas the exhaust valve should open 

d close at top center.But with high speeds it
is necessary to advance the opening of the exhaust valve and 
retard the closing for the intake valve in order to:
- reduce the work of exhaust
- induct r.ore ar.ount of air.

Overlapping of the closing of the exhaust and the o p e n in g  o f  

the intake valve makes possible:
- the scavenging of the clearance space
- the cooling of combustion space.

ii'it'n single cylinder engine considered 15C0 rpn is fairly 
low and timing optimized with overiepp decreased nay produce :

-  better starting
- more stable lo w  lo a d operation.

Is to be recommended to use calculat. programme for timing 
optimization at first.
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7. Conclusions

1, Glow plug supported combustion,when turning methanol in di
esel engine,could 'r.t be recommended for vehicular applications 
without ceramic isolated combustion chamber.
2, For diesel engines in watering application when fuelling with 
methanol,to obtain better startability and low load operations 
is to be recommenced to:
- increase CR in to 2 ♦> 3 units
- apply switching-on technique
- apply cast iron piston
- reduce swirl ratio for obout 2C'j
- optimise injection with increased methanol injection rate,for 
obout 5Cp

- optimise nozzle hole distribution using calculation programme 
related to spray tip - piston bowl wall time contact
- estimate by calculation a potential benefit with overlapping 
decreased .
3, When good matched for diesel fuel operation,a small H? pump 
has no capacity to deliver two times more fuel or the pressure
diagranes correspond to Fig S

Thus,using separate modul in fuel injection calculation pro
gramme,with pre-lift and cam form given,the permissible in-ba- 
rrel pressure diagrane must be compared with effective one or 
to suffer from very fast cam-follower wear in the TIP pump,When 
decreasing pre-lift,the mean fuelling rate will be additionally 
reduced and period of injection still more prolongated.
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A. For any application after-injection pher.onens must tie abso- 
iutlly avoided.Again,calculation programme nay solve this pro
blem or needle lift measurements.

Permisible pressure contact
Acc. to Fig max. permissible pressure in the barrel of 7\? 

pump nay be calculated as follows:

Fig 9
Expression (1) was derived from the v/oric of otipeh T.(see 

K1Z Ho 1 1980, bIfZ Ho 5 1978) but using contact permissible 
pressure of 1700 N/mm^ in the every point A considered (see 
Fig 9).

«hen calculating by Eq 1 for various angles ^  max.permissi
ble in-barrel pressures may be obtained (Fig 10).
Using:
- effective in-barrel pressure diagrame obtained by calcu
lation or by measurements after refraction valve (because of 

simplicity)



- beginning of delivery known (pre-lift)
— period of delivery known.
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Pig 10 Max. permissible in-barrel pressure v.s. can angle 

The next Pig 11 diagrames should be conplited

Pig 11

3y injection matchings,particularly when fuelling increases 
for pre-lift given or/and pre-lift increases for fuelling 
given.

How to increase OR ?

■ CR by existing engine may be increased by:
— thiner cylinder head gasket,somtirnes the problem because of 
small”top clearence

or/and
- piston with noufinished crown.

To do that piston producer must be contacted.
In Pig 12 not complitely finished piston is shown,which has 

to be purchased,V/ith thick line in Pig 12 nonfinish-d surfaces
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F ig  12
are shown ; 0 d^ serves for finishing in II? workshop (see t 
and c in Pig 12).With primitive model c (thin sheet) evry simple 
conbustion chamber cay be produced.

During our experiments per example we used (1978) comb, cha
mber volumes : 98, 100, 102, 104 and 106 cm^ali of them produ
ced as explained above.

3»* to avoid after - injection

Although needle lift tranducer given operates,the needle lift 
events are hardy to follow,becouse of a bridge .Phis is specia
lly the truth looking for after infection phenomenior.

After injection nay after happend when: •
- increasing duelling without change of retraction valve
- increasing fuelling without increase of needle hloe dia.'s.

The simplest way is to calculate injection processor to 
follow, experimentally.needle lift diagranme^Only at rated power 
the above experiments have to be performed.

After injection may be avoided by:
- increased retraction volu: ,but if decreases t%e capacity of

t
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the n? pump
- or/and decreased dead volume (mainly decreasing h? tube imer 
dia.).It is to be recommended,inner dia to decrease on 1,5 mm 
(for the Kirlaskon engine).It nay help to reduce a high influ
ence of compressibility of methanol upon injection period as 
well as upon pressure drop at nozzle holes*

In créa s ed l'JE er.if.sion with ean effective pressure increased

normally with o increased TCH exhaust emission decrease*- e
The reason for t’-at is higher temperature with pg increased end 
'with this better complitation of combustion.

Is to be considered tvat,when late combustion happerd altho
ugh without miss fir in g , TC£ cay increase 'with loding insreased. 
It nay be still one evidence for late combustion*Hovrever,when 
2HC concentracions measured are not reduced at stoichiometric 
ratio,the later said may not be truth because of a very high 
dilution at low loads.

Generally about sc ray tin penetration* s' 
-single controlled srecd

Lrl ar* ¿  «U. 1 ̂  ̂—  ̂  Cw

.'ith sin cl: cylinder engine E intensity oecoi , U i. .3 V U

and independent of mean effective pressure .SE promotes: 
- heat release control with better mixing
- more ccolicg of charged air.

For the more deposited on the 7/ail o f piston bowl a high 
swirl intensity may control heat release rate only when tempe
rature of the bowl sustaines evaporization.VTith constant swirl 
intensity and fuelling decreased,wall temperatures also decrease 
becoming the lowest at starting conditions.77̂ en wall temperature 
drops under critical value for fuel used,deficit of fuel eva
porized is evident and stable heat release is not more possible. 
Kore heat for- evaporization need than released via combustion.

Generally more deposit of the fuel on the wall may be expe
cted with:
- smaller cylinder dia*
- higher injection intensity
- low injection intensity Pig 13
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I because of cc.se core of the spray (had dispersion),darter 
near, dia. becomes greater or nV product increases although ve
locity 7 is reduced.
Ill because of high intensity of injection,7 becomes higher 
and although d-^ decreases,product m7 again increases.

The aforementioned was the reasion for controlled injection. 
ITanely,with controlled injection at low loads and starting nore 
fuel is despersed in air tut 'at higher loads nore fuel deposi
ted on the wall of piston bowl.

Cavitation erosion on diesel in Section "urro

The wear by cavitation erosion is of importance for fuel 
injection systems,espetially when operating with methanol as 
fuel.

Cavitation attack is mostly pronaunced around spill port 
(plunger,barrel and wall of gallery).To prevent it the easi
est way (although not always succeful) mai* be the use of safety 
screw,see Fig l4*Eaving,per example,radioactive isotope P-59 
and operating with methanol at rated power fuelling,it's po
ssible,on a single way,to study' the tendency of wear,usir.g 
just the safety screw as a most subjected to cavitation attack.

Relevant investigations were performed in Graz (Austria)using 
the test circuit shown in Pig 15.

The experiments showed that,at the beginning the wear runs
to mg quantités,however it was reduced by a factor of roughly
2 9CO after a run-in time,Pig 16.Pig 16 showes that,the wear ;;e-%ached 4 mg, in 1 = time interval after starting,approaching to 
only 2r5^g/h after 25 hours of operation.In order to detecte 
such a small quantity,fuel was poured out,the whole system 6 
tines v/ashed out and the new activeles fuel tanked in (point
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2 and 4).

*—v - - v

lÈ ^  NV

S e J e t ,  s e t * * ' / m a c ù  

c f  m i l  ¿ e a r i n g  

s t u {

■ b a r r e l

-£±y 14 Safety screw apposite spill port

tJ
Li fJ1

Fig 15 Test circuit for the diesel injection pump 
I T  - low pressure pump 
HP - high pressure pump 
A - inlet duct 
D - pressure duct 
U - overflo?; duct 
S - radioactive screw 
UV -overflow pressure valve 
K - cooler



ATT — balancing 12ilk and cooler 
5Z — scintillation r.cas. %ead 
SSI - measuring device 
ZR - printer
SC — strip chart iscoreer 
3A — lead isolation

i v e a r

C;£—

' t ím e  eperx t ¡cn

Pig Id Tine-dependent process of the wear by cavitación 
erosion on a safety screw of the infection pumps.

Fig 17
Fig 17 shows the section from the front of the polished 
safety screw after 4-4,5 h's of operation,v;hich was subje- 

ted to cavitation.(For more information see the l3  ̂Report)
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Single cylinder entire in snr.rk nlug version sr.d S/D ratio

The small engine considered has the ratio stroke/core=l,375,
mean piston velocity at rated power of 5,5 m/s and swept volume 
/surface cylinder ratio cf 2 cm.

Simple calculation may show that,when using higher stroke 
max, in-cylinder pressure (for the some expansion pressure sh
ape) must he increased (CXI increased).CX increase,when spark 
plug is to he used,may not he necessary,hut lower peak in-cyli
nder pressure in methanol operation results in poor efficiency 
asking for compensar.tion of Cm loss.

The existed small engine may he modified to use spark n'1 
instead of glow plug.For the first experiments it may he cha
nged only,After successful test related to-ignition and low 
load operation finished the following improvements may he per
formed hy matching: 
a)in;jection period
a-)spray penetration,distribution and atomization
c) nozzle holes-arrangement and r ole dia.'s
d) C?. ratio for better efficiency
e) SR ratio for better volumetric efficiency
f) c2st iron piston application
g) coabustion chamber modification
h) spark plug (position,spark duration)

Spark plug arrangement may not he more expensive than of 
glow plug offering bellow cited advantages:
- single fuel operation
- some engine for the both fuels,diesel oil and mef'.anol as 
well as for their blends.
- smallest change when f u e l charged 
-relyahle start under cold ambler 5 conditions
- stable low lead operations and transients with small ТСГТ 
emissions.

In order to support abovecited APPENDIX XI is added (not in 
this report,for TIP only) related to "XCXATSU,T experiments 
with spark ignition assisted diecel in multi-fuel operation 
(Automotive Engineering,November 1733),

i
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^Approach to niston bowl desing for 
DI-Biesel er.dr.e"

Because of:
- many subjects considered
- relevant background not brought v;ith
- anticipated long tern visit of expert 
all in TOPIC 5 considered,nay be dors 
and by heart only.However,when need,add

in combustion subjec 
in very short version 
itior.al in forrations

related to the subject 5 u 6 S 5 - * W ereafter.

1. Swirl ratio - SR

Average swirl ratio is defined a the rotational speed of
air at TBC of compression divided by the en 
be measured and calculated by averaging the 
ined from a number (17) of swirL profiles at

ine speed.lt nay 
swirl ratios obta- 
V3ricns axial lo

cations,
owiri ratio CD0*1 1

t

Average swirl ratio

d-
n

\ ;

(2 ')

or average swirl ratio nay be expressed as follows:

35 IT • R • n • 3T
(2)

where:
w - ensenble-a/eraged nean swirl velocity at radius r 
R - bowl or cylinder radius 
n - engine speed /rpn/

If it is assumed that air rotates like a solid body at TDO 
the equation above reduces to :

Swirl ratio vortex sneed 
engine speed

'which has been used almost exclusively 
due to the difficulty o f obtaining det

w 3C (3)r ■ n-5T

by r,ary invest!gat
ailed swirl velocit

c
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profiles,

en measuring speed od

ii

W-f F 1

i - to , - = wwheel (4)
Substituting Zq, 4 into Zq. 3 results in:

SR =
engine

Thus,measuring n. and dividing by no
W  , —

(5)

:E m y  be obtained.

2. Fuel array aoccrodaticE

In the first reocrt as ’.veil as in this report ~.*ny appro-
ac'es ar; riven related to calculati W  -i. •_ tin penetration
V/e used otie shown in the Isu report (see Appendix and exantle 
shown).Ihe whole procedure was explained as well as calculati
on in the listings sent.Ihe whole programs consist ofi

ealeulation cf injection para:
i. u Cj. injection system
da ta for calculation of cisoe
data for calculation cornersti
data for calculation cf spray
data for calculation fuel dep
As nay be seen in the diagra

15° report),tine or angle fuel contact history of spray tip 
- wall of piston bowl was presented.In this v;ey fuel deposi
ted on the wall nay be calcula ted in depends nee o f crar.l: angle 
Llorever,locations and areas of fuel deposition r.ay be defined 
as well.

However,in the programme sentt
upon spray movement was not included,because 
HE anta.But fuel tin deviation ray he calculate

IT ̂
( v 1* report)1 swirl
led, because of net

Be 'c f
—  .o •' ,'  ’ T ■ • i' ; o  ^  o  f1 'Or
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Angular momentum or
moment oí* momentum : All = • \ v<* -r“ cr

n¡- j
(per unit mass) ** 0

as';

Average angular me men tun : AH = ~ '¿ E l (All),.
*• i=l

This calculation may be performed using one separate additi-o ■*“oral modul (was r.ot sent in the 1" ° Bepcrt).
The calculation programme of fuel tip contact is most impo

rtant one related to spray - bowl natching.lt may be concluded 
that,many different ccnb. chambers are successfully used, but 
only with spray history mate*-ec.Spray history matched under
stands :
— speed and load derencer.t matching
— infection period,beginning of injection
— injector holes pressure drop
— low of injection
—  atomization
— contact areas on piston oovrL v.s. crank angle.
By means of above matched and followed calculation 
performancies,is to be defined'(for the combustion 
chosen):

of engine 
chamber -

- nozzle hole distribution
- nozzle hole dia.'s
- position of injector (if not existed)
- injector open - and closing pressure
- retraction volume
- HP tube dia» and lenght
- plunger dia.
- effective plunger lift
- pre-lift setting
- swirl intensity^inlet (duct) port desing.
The above procedure described followed by some refinings by ca
lculation is especially important when:
- piston bowl could'nt be properly designed because of existing 
stroke, 1/r ratio and piston cocmpresion height.
- capacity of existing pump is limited but larger HP rump 
could'nt be used because of space on desposal.
- position of injector could'r.t be changed because of existing 
cylinder head.
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Only after abovecited procedure:
- rig test experiments
- on engine experiments 
may be the following steps.

3. Combustion chamber shape

To change combustion chamber modifiging the bowl shape is 
normally more difficulty than to desing a bowl for the new 
engine.

In the first case must be considered:
- existed CFH - see F ig  2
- existed r/1 ratio see F i g  3,d
- accomodation height of piston (Fig 2 and Table 1)
- gudgeon pin outside dia*. $ d_ (Fig 2)
- space for the balacing movement of conrad small end (Fif 3,d)
- piston crown thickness 3 (Fig 2)
- piston top clearance
- stroke and block of existing engine.

Thus,the depth of piston bov;l TCI) (Fig 2) for existing 
engine depends on many factors.

TA3E12 1
Max.mean
effective
pressure

/bar/

max. specific piston 
loading
max.rower outnut/kv7 / 

ÎT* D2/4 cm2

Accomodation
height
DL=£D

<  8
8 h 10 
> 1 0

<0,185 
0,185 f  0,22 

5- 0,30

<  20 
20 *• 30 
30 t- 35

The bowl shape acc. to Fig 2a was suggested for neat met
hanol combustion.This combustion chamber is typical represe
ntation of combustion ~ fuel deposion on the wall - single 
hole nozzle - high swirl.The bowl has a high height CCD (see 
Fig 2) and may not be applied for existing engine.In this case 
modification must be performed acc.to Fig 2b.However,only 
accurate measurement now may show if single nozzle hole may 
be used.(Very after three holes are needed)
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Fig 2 Piston proportions for diesel ITA-^T engine

Fig 2a Spherical piston 
bowl

oiston bowl

CC
D
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Generali? is valid,the scalier piston dia. the deeper piston 
howl,for the 31 diesel engine.

Fig 3 shows the varions versions of omega shaped bowls .All of 
then have been successful? applied but piston dia.,nozzle holes 
as well as swirl ratio separately matehed.For the bowls shown 
in Pig 3,b,c and d four nozzle simetrically distributed holes 
are used.Swirl of middle intensity.Chamber Pig 3,d asks for 
some higher swirl and more fuel deposition on the wall.Chamber 
type b,was yet applied in methanol combustion but with the pi
lot ignition.

Very after,dependent of CPE given(see Pig's 2 and 4) inner 
shape of piston must be modified.In Pig 4,c was the smallest 
hieght CPE on desposal.Somtimes,design Pig 3 may help to dec
rease the outside dia. ofv gudgeon pin and to obtain more free
dom for the design of piston bowl.

To folow the effect of circular motion of air swirl inten
sity has to be changed.For the purpose of experiments masked 
inlet valve may be used.Ilaske'd valte may be produced very 
easily acc. to Pia 5.

Fig 5 Masked inlet valve,angle x  must be defined 
experimentally

The combustion of sqttish and 3Wirl in the types of bowl 
Pig 2 and Pig 3,results in a toroidal air n.tion around the 
piston axis,Intensity of squish increases witn the clearace of 
piston oyl. head decreased.

- l i S T
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Pig 6 shows open D3 new combustion chamber as a simplest one, 
cut is more difficult to natch the fuel injection system to it. 
Again one time.combustion chambers usually have a sbane to 
conform to the spray form.

Pig 6

Till now open^oombustion chambers were considered only.Open— 
-chambers shown have the bowl dia.'s of about one half of piston 
outside dia. 's.The excentricity 3„ (see Pig 5) must be experine- 
utally defined related to swirl intensity desired and volumet
ric efficiency,Sonetines injector position existed and possibi
lity of nozzle holes distribution effects the excentricity 
also.

F ig  7 Comb, chamber of l 'A ll engine 19204 PL!

HAH combustion chamber shown in Pig 7 is of open type also.It 
has spherical bottom of the bowl other shewn in Pig 3 toroidal 
bottom.



It may be interesting to compare till now shown and discu
ssed with iomatsu combustion chamber (see- Appendix 2I,r.ot in 
this report).The combustion chamber is of IJexicar-hat type and 
Pig's 2 and 3 shown the whole arrangement for CH-OH use in di
esel engine.lt may be still one time concluded that,many com
bustion chamber may be developed but every time,fuel spray hi
story as well as swirl-squish interaction are decisive factors 
for the success,

It is of interest to mention that,the

119 _ .

both producers: L2L2 and ZED have the open combustion chamber 
but top of the piston is r.ot flat.23 with cylindrical combu
stion chamber has a flat top of piston.

The newest developements of combustion chambers and pistons 
have been concentrated on saving the fuel and on increase of 
multi-fuel properties.The both mentioned means to save the 
heat or to reduce the heat loss.Ceramic components are still 
our future and investigations showed that,heat loss may be re
duced with conventional materials also.

Per example: ^
IIA-DI diesel engine,diesel fuel,swept volume Vrr= 1 ► 2 dm'’,mean 
piston velocity x_,,=8 *» 10 n/s at pp=7 bar,specific fuel con
sumption rate may be correlated as: 
for Alu-«lloy piston: 
b o=(210-m* 0,0158 ) - ! 2 / g/lc.Th/ 

n - /rpm/ , VH /dmV 
for cast-iron piston: 
b =(2C5+n*0,C158)-12,4-Vu /g/t'./h/
It's of interest to see the influence of heat loss reduction or. 
combustion chamber and piston design.I'orever, the strivings are 
directed to change the combustion process and to accomodate 
t^e infection,hut row toward reduction cf heat losses.
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Fig 9 shows the participation of corresponding piston areas 
on hea* transfer ( l o s s ) at TDC position.Fig 10 shows that in 
cold operation volume (top land clearance) approach? 13,1.

The investigations showed in Fig's 9 and 10 were evaluated 
related to fuel consumption and mean effective pressure.The 
results obtained v/ere^aore then of interest,what can be seen 
in Fig ll.Fig 11 depictes that top land clearance dead volumen 
has a largest influence upon the both:
- increase of fuel consumption rate A b „e
- decrease of mean effective pressure Ap.,*
Further on,it may be also concluded that the both,heat isolati
on and combustion process with less heat transfered to the walls 
have a positive effect on engine performance figures.Doing above 
cited,engine will be effectively prepared for the use of alter
native fuels also.

In Fig 12 are two pistons shown.Combustion chambers are de
veloped for the less heat trar.sfered to the wall of the piston 
bowel.The piston 3hown in the left is IFA :.IT production and ma-
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terials is cast iron.The right piston presented is rodern 
Elsbett piston nade iron cast-iron or fror steel.

?ig 11

Pig 12 Cast iron I?A piston (left) and Elsbett steel 
piston (right)
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combustion chamber

jet

fhus,v:e are пет? dealing with meet nob 
Zlsbett.Pig 13 explains b%e combustion process of simple 
combustion method for better heat isolation.

Vir 13- - о — > Single jet
method for better
lation (Elsbett)
1 - position of the jet
2 - pisten (butts againts 
the Inner at A )
3 - cylinder head without 
■rater pockets
4 - bore for coolant to the 
injection r.omsle.

/

.ns concusxioti 1 as for * ▼tt^ •

1 motion being intr
щ,~\ l~l~a gases with
und the bowl cente:
combust!.on,will be

.ower

toward the wall being acting as a '’heat transfer hindrauce”. 
Air protection mantle around the bowl wall becomes thiner with, 
fuelling increased.Shis is the reason for better fuel consum
ption figure at partial loads ( comparing with other combustion 
process).It means t%at Elsbett process in the best at ’’cruise 
drive".

Pig 15 shows cross-section of oil-cooled Elsbett 3-cylinder 
car engine of 1,33 dm^ swept volume.Piston dia.=0 8C mm , 
stroke = 90 mm.

Pig 16 shov/s the combustion Elsbett chambers for truck app
lication.Cylinder design enables the increase of piston diame
ter without increase of stress on cylinder head and engine 
block.

The whole design procedure may be seen in Pig 17.
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r 1 ¿1 1' *•» o ̂ ^ r* o 4“■* -» l* J- v <-*LL «-» Ls

/ j 5 xi/ 36c pioXon v9-Locx~i2

:2 :5 --'

1 -heat isolated single jet 
DI engine 13,3 dn^S cyl*
2 -heat isolated single jet 
DI engine 1,33 dn',3 cyl*
3 -single jet II engine 
cooled Guarding air
11,- cr.;,c cyl.
4- --£cur jet Ii engine, 
without intercooling 

‘,6 cyl.3,0 c:
o -rcur jet Ji engine, 
without intercooling, 
with heat insulated engine 
conponents, 9,6 in-',6 cyl.

2C - turbocharged 17 A - natural

/T\
:f3=̂  ¡L_>r/3- h --. -

" h h -  '; K/ - '■l - >-h

a , ; - r * S  ■H? : H -— t -
1

^ ,-------------------

5*ig 15 ,Cross-section of oil-cooled Slscett 3-cyliude] 
car engine



124
A - 125 0 mm ,142 e h 
gasket diameter
B - 155 0 eel with 
142 mm gasket dia
meter and improved 
heat isolation

Pig 16 Por truck application
O— - 1 -Aluminium pi3ton

2 -Pendulating 3haft piston
3 -Structural design of the 
• new piston
4 -New piston as cross head 

piston
5 -as steel or cast iron 

articulated piston
6 -as articulated piston in 

ceramic

Pig 17

':co - -
r

VC
ssc-
XC *--

\

1 x

»
Heat saving achieved may he obtained 
by comparison of cooling requireme
nts before and after conversion •fn-w
improved heat isolation (Pig 18)* 

Thus:
1 -passenger car swirl chamber di

esel engine
2 -passenger car DI engine after 

conversion
3 -truck engine before conversion
4 -truck engine after conversion, 

using water as coolant
5 -truck engine after conversion, 
using oil as coolant

Pig 18 Cooling heat required /kcal/kW/ v . g .  car velocity /§/
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In the end it's interesting to 
see eifferencies in fuel consumpti 
on figure but no»' in field.Pig 19 
depitces that passenger car with 
Elsbett 3-cyl. engine nay have ave 
rage fuel cor.surr.ption of about 
4 1/100 kn.
1 -Gasoline engine
2 -IDI diesel engine
3 -single jet diesel engine

-ig 19 Fuel efficiency / 1/100 km/ v.s. car velocity 
/km/h/ for passrger car of the 3 diferent conbustion 
methods

As shewn here developing the single jet conbustion systen 
further for improved heat insulation resulted not only in the 
best passenger diesel car engine concering noise,fuel effici
ency end power;it also demonstrated that practically all imp
rovements in the heat balance of the engine at the sar.e tine 
nsde *he engine less expensive.

le-entrent bowls claim for the inside turbulence.Inanely, 
turbulence ir.sice the bowl increases considerably to those gé
néré ted early ir. the intake stroke.In the absence of swirl 
(see "uteyr"-if’ien,"Paros"-Sarajevo) and with the re-entrant
bowl corfiguration (acc.to Arcounains-Bicen-bhitelav) ,the 
squish induces a similar axial flow structure to that in the 
cylindrical bowl but of stronger nature.(See Perkins squish- 
-lip).kith er-entrant bowrl squish in more prounanneed.lhe add
ition of swirl,however,results in the formation of two vortices
rotating in oposite directions (3ee Pig 20).She swirling motion 
exhibited spiralling characteristic at the entry plane of the 
bowl and solid body type of rotation near the bowl base.

Per the case of the cylindrical piston-bowl (ooen combustion 
chamber) and in the absence of swirl,a squish-ir.duced toroidal 
vortex occupys the whole bowl space at TIC of compression.Inte
raction of swirl with compression-induced squish,'•’owever,result 
ir the formation of a cowr.ter-rotatir.g vortex i.. the axial plan 
in addition to the near solid body rotation of the flu.id ir. the
o ct al plane (see Isbett combustion chamber).The
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the presence or s':ter.ce of swirl,does not alter the overall 
turbulence level? which remain cor.nerable to those obtained

■ o Tin* ?iston.7his swirl profile at lliG ox compression

fin 10 Chill-re-entrant bowl with raw norde hdes 'isrrl- 
bution (5 holes). a=10,7 nr, £=24°, (3=11° ,l£=2 <5 ,f/2=7""

depends ncre or. piston-bowl georetry rather thr.r. or. the ii.trhe 
swirl fide which is better reflected or. the final or mlrr no — 
r.entuw. ox the bowl centers (Ar. -lie. -■ hit.).

r a d i c a l l y  considered re-entrant bowl i3 77 y o v c r Q  ̂ W ̂

he ton riw of the bowl and in wore diff 4 * * • * zr/.trol
tnxs ccmsustion C “7 .. ■ *- ~ : r 3

s ere needed and fuel is macro-listrib-.' X- , ' “. . .T W - ̂ • ■ C 2)" ti '*̂  03#
..ith Zlsbett arc ItA” os well as partly with 1 process ¿11111; sir 
notion is mixture contrcling.le-entrart bowl produces r n o  com
bustion noise with higher pressure rise.Zeal: i..-cylinder rrsisur- 
in normally 'igher thsn that with open ccr.hustier. cvm h e r ,”ow — 
ever, re-entrant bowl, it good watched,r.ay s'~ow ~ ~ooo :~"d co
nsumption f inure.

Cor.parirg the cot11,open and re-entrant combustion d  rwbers 
ray be concluded that open piston bowl offers -ore benefit d s n  
re-entrant one.he nay also conduce that,the swirling notion 
inside t’-e cylindrical bowl is dosed to solid body rotation 
w'dle re-entrant bowl gives to c : tip lex flow patterns .otuish, in 
the presence or absence of swirl,does not augr.ent the turbulent 
energy inside the cylindrical and open cov/ls contrary to re-en
trant configuration where turbulence generation way be observed» 

Having more complex flow patterny of ir.trq_duced air, re-en- 
trar.t bowl is less suitable related to control of:
- fuel spray patterns
- tine-space his lory of mixture formation
- heat release rate
- heat transfered to the wall.

Open cylindrical combustion chamber with ic;-g pried vo-
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;on nay be suggested for rettane I co ion ir. diesel engine.
Fuel spray pattern ray be more like Zlsbett or r.:ore like I'AIT. 
Ctherwise, u sin/p controled infection at partial loads,IIAir ne>" 
engines,lave lore fuel distributed ir. air also (like Zlsbett). 
At higher load is a large difference related to fuel spray pa- 
t terns between kA:' and Zlsbett .Further on cast iron piston and 
C!.=1S ray be suggested also (for CH7CR combustion).
As yet mentioned,sonetir.es is not so easy to apply deep co-* , t? "f"rbusticn chanter in existing engine.Three piston rings “ 

keystone,2na tapered compression ring ?C',3“c spring supported 
oil ring) is a standard today (in ciesel engines) .'Top land r.sy 
be only at ICfj Dk.Zut above said does-not help for deeper cor.- 
bustion chancer location because of:
-stroke given 
-gudgeon pin dia.
-piston compression height given 
- ccnecting roc snail end
-nin. cotton thickness of the bowl nsededt 
Rcvrever,sone conpensatior. up to-3 mm nay be ob 
nitive way.

Controlling the tennersture curing forging 
i"-3v be manufactured — itk shorter len~ht 1 ( see 
say up to 2 nn.llcrever, very often happens in s

tained on. a p:

the c o m -  rod 
Fig 21), let 
eries product on

also that some of conn-rod forged become yet shorter and have to 
be refused.7,'e've been using ¿ust refused conn-rods without spe
cial order.

The distance between the centers of conn-rod holes nay be 
manufactured shorter also in the work-shop;let say up to 1 nun 
shorter (see Fig 22).

When counterbalance weights at Bid! may cone to contact with 
piston,it may be reworked-out acc. to Fig 23 or/and counter 
•'.'eights may be field out,Fig 24.3ecause of shorter distance 1



(see Fig 22) fa =arc sin y becomes greater and the conn-rod 
nay cere to contact with cylinder liner.In this case the win
dows have to be made in liner, see Fig 25o

After Hatching in engine experiments, r.ev: connecting-rod nay 
be fabricated properly*
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22

Fig 23

Fig 25
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application pa was yet explained

J T t  ®

L e a k  l e6s b a r r e l mutt be used 
(co n ta ct m ic o )
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r o  .Dir TT>
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5-1
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I

existing jilter valve 
to  be act ¿it o;s (>ar

in sumjo
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Appendix J 2 related to the ICuIO 2

In argument with suggestions given in the ICIT'J 2 the rele
vance experiments were perfoned using Dg+CH-OE blend as fuel. 
ТАРА in-line engine v;as used and A-type pumps ¿7x8 mm was app
lied. 20̂ 1 by volume methanol was doped to diesel oil and with 
external constantly stired homogeneony unstable mixture v.ns pre
pared. Additionally internal mixing was applied acc. to the Pig 
1.Positions from 1 to 11 were replaced with stiring technique 
in this experiments.lt was done purposely in order to cheek very 
fast:
- starting
- lor: load operation
- knocking
- full load operation and transient.
Ihe experiments were performed on 27 August IÇSA.Cold star 
not completed because of conditions on desposal.

Starting,under ambient lab conditions was without ary p: 
as '.veil as for low load operation.Puel load was observed a 
23CC, 2CCQ, 150C and 1CC0 rpm.Exhaust temperatures measure 
ir. error because of instrumentation on desaosal.transients 
rved were as usual,taking into account dinanometer-inertia 
resistance counled.

t ~ns

d were 
obse-

V  r*yi— U

Completing successfully first provisional testing of engine 
reactions related to blend used,the bellow cited step of expe
riments may be suggested.

Using the arrangement shown in Pig 1 the engine perfomancies 
have to be observed,but now much more in detail.Doping quantity 
of methanol may be expected up to 3C£ by volume,it means,that 
for same power output,the fueling must be properly corvected.

Instead of very primitive flow doping pos. 8 and 9 (Dig 1) 
fuel distribution may be used (see pos. 31 - 91, Dig D  ss was 
yet explained in detail.

Doing above mentioned up to 12/5 of diesel fuel may be re
placed by methanol.

Although the princip of mixing may be successful,it should 
be estimated the all change needed, to obtain as much of their 
benifits as is economically wortwhile*
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ci:l ï to :io:

The recent rapid application of the Diesel turbocharged engine 
to railroods has been brought about by the need for better perfo- 
mance ana overall economy*

The main goods applying turbocharging "ere to:

- increase

- decrease

- decrease

- decrease

- decrease
- decrease
- simplify

X3 output
dm^ swept volume

■3nr engine box volume 
kW output

kW
g
kWh

in the first cost

~ xuel consumption
ICO km

rate (let say obout 10;j ) 
engine exhaust emission 
engine noise emission
engine production by reduction of engine types.

Although,these principles are still valid, "A engines should 
he modified also to obtain as much of tveir henifits as is eco
nomically wortwhile.Reducing,per example,the fuel consumption 
rate by TA version,is of benifit for later turbocharging also* 
Thus our attention must be paid to fuel saving by hA engine 
at first*

It may be meinti3ned,that combining turbocharging and CH^OH 
as fuel further fuel saving may be obtained and thus in a very 
simule way.



TOPIC 9

Exhaust gas on-line analysis

1. THC - THCO

Dealing with methanol as fuel,especially at low load,in 
cold operations and transients some correction must he used in 
FID outputs,when as CH-CE equivalent califcrated.lt May he done 
by calibration itself or approximately by:

''THC measured 2 ~ ''THC evaluated
In the case of calibration v;e are using the procedure acc. 

to Fig 1.

Fig 1 Ti'ith pump jm-CE of ’/mown volume should
be injected

’fe are using air instead of 17̂  when dealing with diesel 
engine.The reason for that:
- at low load operation exess air is very high,thus stoichne- 
tric ratio may be exceeded six times
- just at low loads THC concentration are important

Having Og in excess our sample gas' changes character of 
hydrogen envelope flame into more prexiced one.Changing cha-
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and so does FID output also.To compensate that the best way is 
to use the purified air as dilution gas (see Fig l).The sane has 
to be used by C_EQ dilution.On the contrary dealing with 31 eu- 
gine vrete been using ir̂  as "carrier gas".

For TEC equivalent C-Eg calibration and diesel exhaust ana
lysis we use the procedure acc. to Fig 2.

Fig 2 Preparation of C~Eg span gas
C^Eg f  must be checked by gas chromatography.he use corrr-rcial 
C,Eq for industrial annlication.According to the imrnrities pre-J osented we choose the purifier - A (see Fig 2).

Volume V^ is C~ïïg trop,which must be precisely measured in 
before hand.Tube 3 is very long stretching out of lab.After 
purefying the volume 7^ with C^Hq ,valve C must be closed to 
wait about 30'for ambient pressure accomodation in 7^.

Tie use the our special very simple anregement to check the 
accuracy of floweters,what is ver: important for calibration 
gases.

CO2 calibration gas we prepare in the same way using I'ipp 
apparatus (CaCO^+EgSO^J.To remove the water one drying column 
may be used.However,because of very low pressure by CC2 pro
duction, case must be taken related to resistances and time for 
trop spilling netting longer (ITDIR-calibration).

CO is produced using anticacid+water.Very slowly only some 
water droplets are added and the temperature of acid is to be 
observed 40 * 60°C.Again,because of low nressure core rust be
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taken related to resistances (1721?. calibration).
lecouse of very big’: carbon particulates content 

exhaust gases, some filtration nust ’oe applied.”ov;e' 
emission is only of interest at very low loadfv:bere 
emission is very low also.It means that, only two g 
nay be applied by heated up to 2G5°C*b'e use p 4 run 
and heating technique the same as shown in I.In 
measure concretly combustion air is cleaned over tv:о

ir. diesel 
er,!nO 
the soot 
ass filters 
eflon tube 
order to 
columns

(separate air generation),To find plateaux increasing T,0 flow 
rate is practically impossible with some appatuses,Therefore is 
the best way to keep about 80>i of пах. value ar.d calibrate f 
the sane H2 flow rate.
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Background can be dtpre 
’••ith E? low pressure o 

may be observed and varin 
Data measured must be 

presed as emission index

ssed only if clean air is to be used* 
ctting oscillations of diffusion flane 
tier, in the date measurened also* 
reduced at stechionetric ratio a ex-

(g) 500 = (g)'* 2 3 * * * 7 * * * *?11?
(g)fuel burnt (g)fuel burnt

Only in this way analysis is possible.

2. iro measurements

One of the very difficult analysis is or.-line I.'O neasu- 
renents in diesel engine exhaust gas.lhe arguments may be me
ntioned:
1# I"0 is of interest at higest loads but the soot emission isA
also high
2. i:0x may be absorbed,destroyed and converted by:soot collected, 
high surface to volume ratio of sample line and material used,
. Converter efficiency decreases with time
• Partially closged cappilaries in the chemiluminesonct analy
es
• Optical filter of photo multiplyer soilling
• High vacxkim needed in reaction chamber

7. Spar gas change with time (1'0/I'C7)
2. Sample flow rate decrease because of soot collected on 
filters
9» EOg loss in water trap.

In our lab praxis we use the scheme shown in Pig 4*
z e r o  g a te

exhaust
tubt
Fig 4 I'0Z on-line rea surements
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S "fcFilters shown in Fig 4- are explained in the 1 Report 
already.

The first part of sample line is heated to avoid condensation 
of water in the teflon tube (surface/volume high ).The lenght of 
heated tube approaches 1 s- 1,5 n only .Fast condensation of water 
but in smallest surface/volume ratio (two spherical glass traps).

At temperatures less than 10C°0 soot collected absorbes lCv 
and at huger than 26G°3 starts 1C.. destruction.At 900°C and with 
resoanable sample flow rate,scot collected in a column of about 
3C0 mm lenght,destroys 10,. complitelly.

Therefore,care must be token obout temperatures and amount of 
soot collected.However,im on-line measurements first sign is sa
mple flov; drop and decrease of analyser outputs.Is to be noticed 
that,sample flov/ rate has to he kept the same as for calibration.

1*0/Hg high span calibration gas may be deluted by l/> but,two 
"Oxisorb" column must be used to purity 1o and to ovoied 
10 -a* IO2 conversion (calibration in error and bottle attack).

To check converter efficiency or calibration gas being long- 
—lasting in the bottle,self made converter (IC2 —*10) nay be 
used acc. to Fig 5»

2k.ro gate.

S ta in ters steel 
tub*. 3m Lonq 

Pleated cst 7&y-7SD ̂

Fig 5 Converter 102 -*■ 10

Continuasly doping C2 in IC/lg mixture unstable calib. gas 
ITCg/lO may be produced of known concetration.However,dynami
cally produced 102/1 span gas must be in on-line technique 
continuarly used.
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TOPIC

Dynamic

During mission two engineers have been trained related to pi 
ston-nechanics and balance,One booklet (66 pages) was presented 
and translated into english.Ihe whole subject was considered in 
the way of computer application and calculation of: 
-x,x,x,(\p,p -+> f (a i )

instantenecus inertia loading
-balancing
** T-/ r » / /  T- f /TT* r" T** tr *0 'p

loading
,, instanteneous whole

-KSt =Tfi'~ ( m " + '! S l " '+ T f i " " ) instantaneous torques 
- V ( ' ' - ^ ' " '+ T ^ 2' ' +^ ' ^ ' + T ! t l ' '+V ^ ' ' instanteneous torques of :r 
-flu '.Thel calculation
—torsional vibration problem,calculation of eigen frecuenc 
resonant state only.

»

tome examples 
using Do. for 73?'the 
interest for TE-CE

are given related to application,Per exanpl 
whole starting process nay be studed,of

? * p  1«A C #use as
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Himh — pressure infection

TCP IC 3

2fficiecy of diesel engine combustion depends mostly on. fuel- 
-air mixture formation.mixture formation depends in:
—fuel pressure drop in nozzle boles
-fuel spray direction relative to air r.over.ent
-beginning of injection (timing)
-period of injection 
-law of injection 
-atomization of fuel injected 
-stoichiometric ratio 
-swirl and squish
-combustion chamber or piston bowl 
-air temperature 
-pressure of air.
The all above factors mentioned are location and time dependent 
and have to be optimised via compromise between:
-fuel consumption
-exhaust emission-combustion noise 
-mechanical loading 
-thermal loading.

As mentioned allready,decisive factor is time-volume history 
of mixture formation in a very narrow soace during a very short
period of time.

1’ith diesel engine the both,air and fuel tâ
f o rma ti on.Thu s,the energy 2s needed for conbus
nation may be expressed by:

V -B v +"R "q. C D
where: 2^ - part nf 2^ given by fuel injection

3 - part of 2-, given by air motion.Z -v
A logical hypotesis may be : the higher 2 the lower 2 . 

But higher 2Z means:
-lower volumetric efficiency with 1A engines 
-higher thermal loading of the part3 forming combustion cha
mber
-higher heat loss 
-bad cold startings.
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The drawbacks mentioned were the impetus to increase the par' 

2 or to apply high-pressure injection (HPI).However,it's net 
e v>ole philosophy of H?I, still one point m o t  be considered 

lamely,with. conventional fuel injection system (Oil) using of 
:ne 2„ as v:ell as E„ for mining,’.ve experienced speed

i  Z
the sane
0 o-ii3’*rlrr“. '.nrsrti nna -» * * ; -*

~ 1) may be considered as constant with vehicular 
diesel engine at full load operations because of nearly' cons-
' \ *-

-i. r — * . a "* -■r.g.Hearwhile, the both 23 as well as are incre —
if’ speed (n) increased (see Tig 1) ; 3 Is . -- a

sn-e1s _e eve surplass but at lo-wer speeds deficit of
y: .p " m " ‘sou mixture _ormation (soot,bad torcus bac- - —;/ / •
1: ■ theoretically only 2, for mixture f emotion results in

a high pressure crop at nozzle holes.The question arises, 
dot's then with spray tip penetration related to small piston 
die.'svipray penetration getting longer and so doing fuel dero- 

the wall when absence of swirl combustion ray be
TJCOr.
ce.-̂ e
+ a £ *r'1 ~ “ 9 *

owever,depending of nozzle hole geometry 
high penetrated spray cr finer dispersed 
ich supports faster transformation of li

e may have a 
>ov'b nm.etra- 
id pnase into

vs one and better homogenisation of combustible

 ̂r.U 3 Iv.'e are
the more -* n*u c ̂
speeds.Here is
not only Hr in

it. fnr* =*
be

penetration,or. the contrary, 
;er atomized only under all 
HII philosophy wich accents

; p i r*T/ith much better atomization HP I darns 
sticn history which results in increase of 
and reduction of soot emission.I'orever,whe: 
reduced engine volumetric efficiency increases and "unrecess 
ary" heat trar.sfered to walls will be reduced also.

err.al efficiecy 
V/ i. 2T X i r. "y r' I" 31 V
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forre ver, it must be noticed that fast cor .‘mot ion can not be 
applied when accompanied with a high in-cylinder pressa re rise 
(ïip Z) dp „/dot.

TDC

Otherwise,a faster combustion may be of her 
retarded."amely,retarded timing and fast combi
in dp „/del decrease as well as p___ reduced ;
reacts.

’fears long (acc. to Parker) we connected 
jecticn period ( d ub).

a) Converting 3ome engines to PPI 
v;ithout change of timing me experienced
- dp„/dc* increase*
- combustion noise increase
- p „ increase 1 max
- "0 ,r increase
- soot emission decrease
- specific fuel consumption decrease
- exhaust temperature decrease

re
stion may result 
but only if engine

mi mm snorter in—

sr.or -i.

b) H?I,shorter, injection period . (ĉ ,,v ) st.d reta
rded timing resulted in
- specific fuel consumption increase
- max. in-cylinder pressure decrease
- dn„/dol decrease

*  ¿4

- exhaust temperature increase
- soot emission increase
- noise emission decre'se.
a ) and bj. above are the general tendecies.lhe case bj speculates
1. liming decreased -v better conditions for ignition
2. Faster ignition —*- faster combustion.
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— Ar*ATkverfeaoe e} ve very oi ten aisappoir.tinn re sû .ts ~ <;-en — 
use of engine unexpected reacts or.s . h'hus.we co~-.ron1.~e in-between:

fuel consumption :izure,e~i ssion,nechanical oud thermal loa-
dings."ere is the cues tier: v/’T  many ''ct be^n
reacted according to case b) sr; ecu lotiors v

*->/*\*  ̂ -—uOuie dii-0nii:.as 3 ~ out .¿oncorrespondirg si.^inG rone 
discussed as follows ;
x - HI11 application increases the pressure in t’*e whole 
si’s ten (retractive valve cap, nr tube,injection holder ) 
rears a high pressure drop ( A p ) at resale holes only.boon,

igh elasticity existes or/arc too ::.u

oe

hut HrI

c'isrrrsj szir *V ^ g toe
j icsr^*"resistances a hig% pressure produced by pur.p r.ay he c 

cly lost and than it's rot HIT at all.
- the more intense pressure drop at nozzle holes nay be used 

or:
(1) - better fuel atomization
(2) - longer spray penetration
(3 )  ~ the cot*: (1) arc (2)
In the case (2) we expirier.ced too much fuel deposited on 

the wall and ir. the absence of intense swirl homogenization of
cure neoencrates.

.CO ~m  case x or/ana v we ircreasec fuel consumption criy.^-ore 
energy used for injection and because of ?___„ timing was ns- 
tardet , thus the both, directed to

'Z ~ 4- ±Vr q -r- ^ ^  ̂  7̂ e; rt^  W  w. .  •- ̂  X. _  ̂  U w  W . . w

grame we ‘.-now (rig 3).

fuex consumption increase, 
b let sh.ov,* the typical cia —

•* — ■ cu ^
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F ig  3 is a typical representation of HI I of of higher A  P 
application but accompanied by shorter period of injectibn.lt 
w as the essence of our HP I undersf ending because we applied HI'I 
■ :.th shorter injection period only (acc. to Parker).Hay be not 
too short ? It was practically only geometrical redistribution 
acc. to Pis; 4.

a )
I Needle lilt b)

\ Needle U ft

ci.uk'

o(. Г*са]

Pig 4 a) conventional injection system 
b) HPI system

Let's remember that,about 3 years ago larmier lens (13) — 
lose’- investigated HP I in cylindrical 11 combustion chamber. 
Injection pressure was increased successively up to 2COO car, 
but the concluded that cylindrical 13 bowl may mot be fit re
lated to HPI.However,we may comment their results as:

"spray penetration was infavourable for the combustion 
chamber and swirl chosen when pressure drop ir. nozzle holes 
increased."V/33 the Parkers philosophy a v;rom.g or.e ?
Hhen dealling with HP I still two pcints have to be consi

dered:
1. ..‘hen fast injected instanter.eons fuel concentrations per 
unit volume of combustion chamber increase,what may results in 
droplet coagulation.
2. Very fast plus very fine dispersed fuel reouires a .lot of

■5energy .Per example: 50 msr fuelling only but despersed ur.i- 
formly in 2/*o required 55 lo/.Therefore,CP.I131 system may be 
a solution related to energy need.Only to mentions that './.Pall 
(Ricardo) calculated (for conventional system)energy need abo
ut Ip of engines power output.

On 24 June 1?84 in — Karlsruhe the newest results v.-here
'— .«r /'

d
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The essence of the report was:
- when bad shorter than finer atomized cut with the same duration 
of infection as for conventional system.Increased pressure drop 
in nozzle holes was used to increase atomization only.

.Ve may anticipate the next step of m i  cevelopement in co
mbustion:
- shorter duration
- finer atomization
but the both matched to the swirl,squish,bowl,outputs and speeds.

For the purpose of experiments r. and ? used one modern 
(closed design) conventional ounni made mossible up to
13C0 bar.

Is to be noticed, that HP I does'nt mean a high Ptjt-oX 
L;orever,the mean effective pressure during effective injection 
Pjj must satysfy the conditions:

1* P t j  >  0,6 PIIna3:



The shorter injection period the less important shape of 
injection lav;.At very short injection law of injection becomes 
one pulse only.

For the purpose of experiments Heinrich and Prescher (HSP) 
used 13 single cylinder research uA engine ; 7-5=1,8 dm^ , 0128x 
140 mm, noted speed 2200 rpm,„ CR=17,4.Related to fuel consunpti 
on firure,combustion chambers as well as swirls where separate
ly optimised for CPI-ard HP I systen.Experinents II ir. this 
Report.

Per t’-e purpose of analysis of mixture for motion and com
bust ion simple cylinder air cooled engine was used ; 012Cxl4Qmn 
rated speed 2300 rpn,2 =19»5 » piston bowl 0 52 mm.

Injection system used:
CPI
HP pump 30CSH PEoIrH /10 mm,prelift 2,8 trm. 
Retraction V^=const.=50 cm^
HP tube 0 2x925 mm
Injector PI1A 1500/86,4 holes,¿ o f=0,27 mn^
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Injector open. pressure 175 bar 
Fuelling; up to 157 m P/cycle was used
HIT
HP pump BOSCH ?Z6ChRliC , £ 15m, pre lift 1,5 nn 
HP tube 0 1,6x1150 mm
Retraction p0=const.(const. residual pressure)
Injector BlUi 145 rV, 4 holes 
Injector^f=C,11 i-0,18 mn^
Injector opening pressure 5C0 bar
".Vith “ I effective cross-sectional nozzle holes flow area (¿wf) 
was varied in order to keep the same period of injection as for 
CPI,Injector opening pressure was extreme high.However,-AltHar- 
ibor has one export engine with 270 bar opening pressure.

Here is a new approach., in HtP work.T/ith pressure increased 
we usually increased uf to shorten period of injection,tut then 
hept injection period the same (with reduced ¿*t) as for CPI - 
- better atomization.

In Pig 5 are p— ¡- presented for the both CPI and HP I system. 
It uay be seen that:

pJ-J-V )
approaching to 15-C bar at rated power.

0 2 4 6 8 .

In order to fellow spray events in I experiments 3 nozzle holes 
were pluged and fuelling reduced on ~ ^clevnor^". *

spray engine

J.
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It rears results obtained nay be used 
Ihotograph taker v/ere evaluted for 

orersting under conditions:
- sane start of injection blIC=13/°^A/
- sane 1/d of nozzle bole

qualitative 
the both systens being

- -.Tithcut sf.'irl.
Pig 6 depict the results.

Injection period
10 /°0V

Speed 1CCC /rpr/

4 Fig 6
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..'ith HPI fuel spray got more narrar and it tip velocity ras 
nearly "by factor 2 bibber than of -li.Tisi 'ferried earlier the fu
el vapour phase and in lamer quantity,ree Pig 7.

0,2 ns a(tsr s t a r t  o f  -
fuelling 20 r-i /cycle 
start of
injection 13 /°0A/cTDC
¿n.*̂ BCwiOXI
period 10 /°0A/

?ig T
’•Vith CPI,vapour phase is nostly around spray tut HPI vapour 
phase nay he observed into the spray also.

“■’ith HPI liquid pfase converts faster into vapour or&.fespite
in oeretrates longervarour ner.etration in the iron r~> - -

and core early reaches 
*..* t._

nhustion started a

;he contustion chanter nail— •
th the both GII and -*PI,’.v"'.er svirl of riddle intensity co — 

+ the sane d//°G. sunne s m t  tne sane instant
beginning of injection.lt ne ans tact v;i V. 7̂00

111 ignition delay vas the sane ,Pig 8.
G'hen HPI,conbustion starts abruptly’ in the larger part of oov.'l 

volune and the spray front .'.'.'hen OP I coreustion starts around the 
spray,77ith HPI after stable start of conbustion,vapour phase 
does'nt develope ary rore,it neans better homogenisation and 
shorter period of conbustion,Pig y.It'c in agreer.enl •Mi
ievesvlrtütions• ’.76 ro"tcrcod for 
Pig 10 shows the result of H p,

•• // -'-V tiring,of:on lu-I.

J
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Fuelling 20 mn-5 
Start of injection 13 
Injection period 10° CA 
S’virl; niddle intensity

V-t-w»
0 ni

liquid p’iase, r~n vapour, flâne
1* î

J

±



mean effective 
p r e s s u r e  L b a r ] Fean e f rect''ve 

p r e s s u r e  Z z a r ]

Ж ig 10
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The resulte 01 exrerirer.t TT

1
The both,hrI ar.d 
.der er. "ir e .rov/eve

IT srsten v.'ere testea viit.i 
, ristar, borri ar.d sv/irl v;ere

rat e ir ir oi 
Ac -.vss ;

T'n'T ± f :ut ir.lection period
L"t ¿ CUGC y 9

v;.?.s thè sane.
Telar >vas thè sane

systers,see rr "HM — -



151

'-¿'hen. United soot emission at 2 ZC3GZT units, 
pressure v;ith ZZFI rras greater for one car t% 
see Fig 13.

C - - G  ' 4 i V C

'nt *vith ■: f

^  mean i f f -  p re s s u re  -joe.

f b a r j |  H o c h d r u c k e in s p r i t z u n g

U onventione lle  E in s p r i t ru n g
C P I „

Irftut-'U
4200 4400 4600 4600 2000 22QO

v-: r—  —  CO
*•

Ginilary ,n-:en soot linited at full load nith 3ZI,application of 
HZI,for the sane poner outputs as for Oil,resulted in loner soot 
enissiors for 0 ,5  *• lfI Zosch units,see ?ip It.

p^.7,5 8,2 8,45- [bar] 7,8

--ml and 3*1 - the sane 
paver outputs

Fig 15 depictes ZHG emissions for the 
investigated but optinized related to

both infection systems 
fuel cor sumption,,
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•IwDical 1G„ dependences for diesel engine shov;s Fig 16

- 3-ror.;’ dependence on loading •
- •ve"': dependence on speed.

L"C._ emission v;3s nearly the sons for the
* ' ' ' n r

0

- 1RC"»

fig 16 l'C,_ emission,timing optimized related to fuel 
consumption
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V  -  ~  T  " 7 cvs that fuel consumption was nearly the came f; 
injector systems investigated.

?ig 17

However,Tig's IS and 19 deplete that pressure rise and heat 
release rate became higher Tilth HPX,although nan in-cylinder 
pressures v.ere lower.'“he above said produced '-isher combustion 
noise than that with IP I system.Despite of timing retarded 
(13 'hf_J ; ,EPI showed (see Jig 19) a high increase of heat relase 
at 1-J.It may be orobably decreased by better matching of in-
u r, 1;

P

PZl
Mji
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7-5 - 19
Heinrich - Preserver's conclusions:
- v/hen A  p=670 car instead of 220 car at r j z z l e  holes,the veloc
ity of fuel spray tip increases by factor 2 , sc noes iuel va
pour also
_ «*4»  ̂a 4» 4 -r* 4  ̂ -̂r-t  ̂̂  ̂U5 T ̂ p *“* ¿*> '"* H *-s ~ Qciw 0# ulbiXî n) COUl .. w  ̂  ̂ ^
drop in nozzle holes (in the range investigated)
-when A p  higher, tiding nay he retarded and with this, ignition 
delay nay be shorter
- with HPI the first apperance of the flane is around the Plane 
front .Besides that,high tenperature radiation drop faster ar.d 
the combustion period becomes shorter.
- 3oot emission decreases withAp increased.
Katsouka,Kaminoto and Kobayashi,as well as Kahn earlier,showed
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piston uOwl,j;xg 20*

It's obvior.sly clear 
swirl intensity rust be 
the fuel,It rears to de

hat, having a larger nozzle hole dia., 
i-her because of larger deposition of 
eras rare in air , sraller nozzle hole

has to he applied or for less intense swirl,fuel rust be finer 
dispersed in air.
Unavoidable shortage of CPI is a long spray distance at low 

and high speed operations.However,CDI (UAIT) system clairs to so 
Ive this problem,as was yet explained.

To disperse finer asks for higher pressure drop at nozzle ho 
les.Here is to be mention.
1. Pii/Piiaax satisfied rust be obtained at a high Pxiaar*
2* Increasing P-ri^ax* I’e3^s"*:a::ices anĉ  elastic deformation of 
HP tube increase also,Thus,HPI ray be applied when the correspo 

nding stiffness of the whole injection system exists.
3. a high p Ilnax we nee<  ̂*or Ap at nozz -̂e boles only.
The expression for a part of fuel injected AY in a tire kt ray 
be expressed as follows:

A V  s ' d t
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'/2
&\f “  const -  / u-f ■ Ap - ¿ Ÿ  fo r  /■ ? =  const frpm ]

a) AY nay be shorten with increased - shorter period of

c) '.hen decreased ¿*£ and increased Ap; AY^a y ce kept unchanged- 
-finer dispersion*

- after injection
- too high wear of cam-follower
- leakage at connection retraction valve cap-pun? body
- cavitation "'ear 
have to be avoided.

Fig 21 explains can shape matching dp /doC.=in-c:'linder pressure 
rise.

v;here : flow cross-sectional area of
Ap- pressure drop at nossle hole

duration in °CA for the injection of volume ù S

d) Every tine is possible to combine ¿u f and Ap for optimum Aîo
In order to increase A ? the below cited may be used:

- increase of plunger dia.
- decrease of ¿u.f
- increase of plunger pre-lift
- new shape of the cam in H? pump

iyPerm; .551 c ¿e
; noise Levai

c a m  s h a p e

Pig 21
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Xn. disssX engine way be of benefit to accelera

conbustion within 10 f* IS C -i , _r-—  .-« let say — 02? SuOu o
kcal/cCAr'?.It nay be ¿one by:
— reduction of nozzle hole dia.'s
— application of nozzle design acc. to fig 22.o fig 22.

[ A f i mrriZl ■ Sack hole.

I f T T

/  7  i / / ■

r  ! 1

T  5ee 
~:9 22

hi
ha ,\

— t^
im m l

. Ha 1

’ig 22 Sackle3S nozzle ’xg 25
Sacldess nozzle offers sons advantages:
-less fuel injected in the period of ignition because of retarded 
increase of effective flow area of nozzle (¿uf)  in cepenuence 

of needle lift (h„. ),see fig 23 (of interest for DH-CE also).
- TEC enission nay be drasticaly reduced.

Potential drawbacks:
-reduced service life of nozzle 

, -nonuniforn fuel distribution of
nozzle holes with, nulti-hole 
injector
-1/d nore difficulty to natch.

” ith HPI injector opening 
pressure has to be increased.
Doing that injector closing 
pressure increases also.Done- 
tines reduced hydraulic ratio 
of needle helps to obtain higher 
opening pressure.Doing that 
closing pressure decreases but

Of - 0 6 m m  

dz =(p 05 rnrtq
Usb'ali

c/z - 0 m ry)

fig 24
i'j nay be not of inportante when injected faster (see fig 24)
One practical exanple of toward ITPI application shows fig 25 
as the influence on engine characteristics.As for engine:0120 

xl40 m , 6  cyl, in-line,water cooled,conbustion chancer of w type 
(see fig 3 b,page in this report),production ’’Steyr".

4
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.ated to subject 5

luring discussion related, to suspect 5 :rore- :rfc motions 
..'ere desired but concerinn deeper cylindrical piston taui a:
'ell as fuel arrangement,

lip 1 sbov/s hyperboloid combustion chamber (-rod) v:ith three 
ossibilities related to single hole directions of resale.

I n —"■ l in e e r  p re s s u re  d iagram s shovm on th e  r i  nht in  f r p  — 
e rr?s~ en d  to s p ra y  a rra n ge m en t 1 ,2  and 5 .S p ra y m arred v’i t h

nulti-fuel tendency..cor ; o n  ors mors

Pig 1
"ovrever,in-cylinder pressure diagram Tohen gasoline,depicts 

characteristics figure of late combustion,see “in 2,on the right. 
Is to be mentioned that missfirins v;as r:t enperienced but late 
combustion produced a bad fuel consumption figure,-hus this co
mbustion chanter v/ith nossle arrangement 3 (rig 1) also ashs for 
¿parh plug to control co. bustier«Otherwise,hyperboloid cembusion

ov\ \
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chamber -3 wel3las Hscett ore ouitnbls 
also,’without any modifications.

As was yet said, spark plug is ar.cvoidacLe not only because of 
late combustion in low load operation with gasoline or for bettei 
starting.Uorever, spark plug nu3t control cambus tier. when fuel 
with low cetane number.It's known that heat release rate in amo
unt of 120 k<7/kg°CA results in knocking,Using gasoline 95 and 
hyperboloid combustion chamber (arrengement 3,Fig 1) 'without 
spark plug,max.heat release rate approaches 27C kJ/!:g°CA what is 
by factor 3,3 higher than in the case of diesel oil combustion. 
Fig 3 shows peak in-cylinder pressure,pressure rise dp„/dcxfand

•a

fuel consumption v.s. mean effective pressure at rate speed.The 
both,gasoline and diesel oil were tested in hyperboloid combu
stion chamber (arrangement 3,Fig 1) wit'-out spar!: plug.It nny he
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seen thattnith gasoline pea1: 
higher loads beacuse of ir.oc': 
nsunption increase because of 
as fuel.Knocking tendency nay

^ —p"' " ’ CJ T. 2T "' r S
ng.At lev/ ioau o 
late concustior.,-
ce seen iron up

re increases 
oration,fuel 
ben .vaseline 
./dot traces.

at
ec
us ed

Pi ? 3
Still one evidence 

cetane number nay not
that rithout span 
be used in diesel

*0y - + c , f
entire

uels nith lev/ 
operation*
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Appendix a 4 miscellaneous subjects

1„ mixed diesel oil-CH-GE was used in TATA engine (see 
Topic 2).However,data collected showed that fuel consumption 
demonstrated a high rate with diesel fuel also.It was the re: 
to compare existed TATA engine with one of new j3 engines se
ries CLI 366.

TATA engine
engine tyoe

Type of cons, 
chamber
(nearly the same)

Piston dia. 
Stroke

6 cyl.,4 stroke 
in line,water 
cooled,vehicular 
application, 1>&

d b.ci: 566

the sane

133

CH 17 17
Hated power /k •"/ 82 ICO
Hated speed /rpa/ 2SC0 2SC0
Swept volume / cm'7/ 4786 5953
Specific raced 
power output ' 17,13 16,73

Hear, piston velocity 
at rated power/a/s/ 11,2 12,4

¡.'ax. torque /Ha/ 0 402
Speed at max. 
torque /rpa/ 1800 1400
Engine weight /kg/ ? 445

Specific weight 
/kg/k"'/ •> 4,5

Humber of piston 
rings 5 ■s

Inlet duct •> ?we3or.a
natche

Injector number of
nozzle holes 4 »*T

ison
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Injection pump 
(B03CE)

kin. fuel consumption 
rate /g/k.Vh/ 265 •*- +25-,. -22

Fuel consumption rate 
at rated power/g/k>.h/ 294 +2 5:j '.55

Comparison between 
ITA-TATA and Ckcc'GLA 
version at rated power 

/ g/k."h/ 294 +2;, 6.- 2 2 C

it I:ma:c. Positioa 265 +35«3;j. 198

CM366LA is TC-IC version of OL'p66 HA version.
As was yet suggested in the 1 w Report, before CH-CH appli

cation fuel consumption must be reduced with diesel fuel at 
first.Here is a many reasons to'do that.Ter example capacity 
limit of injection pump,etc.

Without to change to much fuel consumption figure may „e 
better and at the same time engine less expensive.

It's known that about 75p of neat friction loss belongs to 
piston/piston rings - cylinder sliding.Simple calculation may 
show,that replacing existed piston ring set with only 3 piston 
rings ( l’2"*' keystone, 2n<" tapered , 3*"" spring supported ela
stic oil ring) neat friction loss may be decreased for obout 
12^ at rated power and so does fuel consumption rate also.Hear 
and oil consumption not to mention.

Thus with very small change:
- inlet duct matched
- cylindrical combustion chamber
- injector and pump better matched
- 3 piston rings and shorter piston skirt
fuel consumption in diesel operation may be reduced for about
20/»,

Reached a good fuel consumption figure with diesel fuel at 
first it's reason to a^ply methanol as replacing fuel,but with 
spark plug ignition control.
(For 33-Ck366 engine see ATZ 4(April)1964.,Arthur kischke and 
kietrich HoppenhiJfer ..hay 1524 we tested ik..36c (4 cyliuoer)



arc found data giver mere correct)*
2. Iroforma invoice was desired for cur inductive t:v?r— 

ducers and bridge-needle lift measurements.
To do that r.eed:

- official letter
- dimensions o? tranducer body

„
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r  — гт4—
5ee :

t ra n d u c e r  ■ .̂ i
p r e s e n t e d ,

J _____
I 'i
:ii
u-------------------
<pd 1

- dimensions of tranducer .needle

a

, 55 - steel

rirqucn desired 
(5crPu/, soldering)

О *

.S^e£ 7fo ~ay со: ~t 3 C J fSch. and
for the time of sin m.or.t’::s.
' existing Bosch pump are i*s 0

3. Tor CTT-OH application as v/ell as for "II system testings 
- ? i i : 27 pun? nay he used.V.'hen ashed, ore
purchased for <JJ2 27 pun? gratis for

Offical letter and all data of 
Then Bosch original type indication anyother date are urcessary,

4* As was explained during connons experiments, IAIA engine 
has r.ot tiner at all (when correct informec).reaching 21. C rpn 
any diesel engine must have tine advancer for the fetter fuel 
consumption figure,better torque baeh-up and lover nech. 
loading.

he apply tiding advancer 7/ven 

“rated 3* rP°
?« In sone experiments with methanol we decreased the flow 

of cooling vrater and improved low-load operation.
6. As was yet mentioned calculation tehnique is to he 

recommended for matchings.I,'any programmes are today on despcsul. 
Tor the optimisation matchings,calculation may not be avoided. 
Thus,me use for matching the calculation at first aecc'nrrrrod
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V
\
CHjOH

as to oe noticeci tear êa.-oa.-e or netncnc- ir. o/.e pu...p rosy 
produces:
_ Q bi~h ear nt rurr’' bear inn
— a bi~b v;ear t can and i’od.lo"'0P
— very iast deterioration 01 lubricant v»'her intsnratec oil. 

circut
 ̂ ~ a t* */ô  v?jr.o«- -e bod"

be a lon~ or.e v;‘-er. neat r.ethsr.ol used.
service _ife oi 

and reecle cold'rt
-cerefore in any '.vay,sore lubricant to : 
Is to be renticne,toe ""ip’oer pressure i:

cno_ nu2' cl led. 
:stte:

lube property of T r M -  -• r UO ' jrous coooronerl
£ocd lube property v/ben stable r.iued -.nitbout separation*
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Eased on kinetic, Wiebe law of combustion enables, when proper 
matched, the accomodation of law of heat release to the various 
conditions in engine operation. Thus, Woschni showed the re
calculation of Wiebe parameters (m,&Y^) from one to another 
conditions.

Qg - integrated input heat 
- period of combustion 

a - const (for 99,9 of combustion a=6,905) 
m - shape parameter
Y - relative instanteneous period of combustion 

- beginning of combustion

However, problem appears to define Wiebe-equivalent law 
of combustion when usual test bench results on desposal without 
in-cylinder pressure diagram»*-. V/e used "trial and error" method 
as time consuming and unaccurate one. Here is one basic method 
described to estimate Wiebe’s heat-release parameters by means 
of systematic cycle calculations (Thomas Eulaty and Walter 
Glanzmann).

Pasic methode

Experimental data:
- b - fuel consumption
- p_ - peak in-cylinder pressureZ • QjcIjC

- Pme - mean eff. pressure
have to be reproduced by systematic cycle calculation as accurate 
as possible.

a X

where :

In some examples by cycle calculations low pressure events 
( LW - gas exchange process) remain unchanged. Thus, high
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pressure part of working cycle (HD) may be independently cal
culated supposing the connection points of the both parts (HD 
and LW) known (Fig 1). The connection points may be approxima
tely defined as shown in Fig 1, point ac and ex. The end points 
of HD part of cycle in BTC (UTP) are connected by line of isen- 
tropic change of state with a£ and ex.

Fig 1 Connection of gas exchange process to high
pressure part of working cycle of four stroke 
engine

p_ - scavenging pressures
AB - exhaust opens
As - exhaust closes
E8 - intake opens
Ss - intake closes
ex - end of expansion
ac - start of compression
Solid line: real pressure curve
broken line: isentropic change of state

O T P

State in point ac. depends on:
- state in scavenging receiver (p_, T_)
- typ of engine
- valve timing



-  3

When no LW calculation performed p and T may be estfcLC aC
mated approximately as follows:

Thus, for calculation of HD part of working cycle we have 
on desposal:
- starting point or ac introduced by fuel

The area of in-cylinder pressure diagram of the working 
part of cycle (HD, Fig 1) without gas exchange process Cp^o^) 
may be estimated by means of:
- mean eff. pressure (measured) pme
- supposed friction of engine pfflr

Now, with one reasonable value of start of combustion chosen c 'ft* ) (per example vflw*= 714 °CA with midlie speed four stroke 
engine)systematic calculations may be performed, acc. to Eq 1.

three shape parameters (m^ g c) are supposed. Thus, we have 
nine combinations on desposal and for every case m ; G^a t  vfVA=const. 
HD diagram has to be calculated. The selection of shape parame
ter is explained in Fig 2a. Cross-sections A,E,C of each peak

to the shape parameters mA g

At the same time the mean pressures v s . shape para
meters are presented in Fig 2b. Again, the points A,P,C are 
defined by means of shape parameters in Fig 2a. The line A-E-C 
in Fig 2b satisfies the condition. p„ soli but only the2# ̂ IuaX
point R satisfies the second condition also P^oLW30^  (given). 
Point R defines the shape parameter mR demanded. Using Fig 2c 
the second Wiebe parameter may be defined.

Pac * (°»96 f 0,985) Ps 
Tac " °>853*TS + 86

. (2)

- upper limit of calculation given by peak in-cylinder pressure

(3)

For three periods of combustion chosen ( A.'fv a , ) at 'fv#s=const

in-cylinder pressure curve and l i ffe Pz max soli given^correspondz,max
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Fig 2 Graphical representation of 
basic method

Thus we have:
, 'VTIr  a n d

under condition given:
- fuel consumption
- peak in-cylinder pressure (p_z 9 in ax
- mean pressure (p^oLV/ soli)
- start, point ac (Fig 1).
The corresponding combinations of m, (see Fig 3 and Table 1) 
is possible to define for almost every start of combustion 
and typ of engine given.
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Pig 3 Dependence of m.e.p. on shape parameter 
at different timings of heat release

Table 1 Results of estimation of the heat-release parameters 
for different heat-release timing and parameter con
version along propeller operation line

p * n p » . t - ¿ 9 » m P 9m T . O .
f\W m m '1 b a r K K W K W - Oar bar b t f K kJ/AS -

727 .0too% 430 3 3 6 5 340  3 710.95 62.11 1.106 24 .612 126.927 11 .557 1122.3 372.4 2 .049
714.34 6 0 6 » 0.901 24  6 26 126 660 11.557 1122.3 372.4 2.049
717  02 60.11 0  738 24 6 30 1 2 66 4 6 1 1 .5 5 » 1122.6 3 7 2 4 2 .049

362.1
8 0 %

399.2 2 .753 336.5 710.99 8 0  56 0  6 90 20 .990 115.091 9 .402 1115.6 3 1 4 2 1 9 6 7
714 34 79.18 0.726 20 .977 113.866 9 4 2 1 1 1 1 7 6 3 1 4 2 1 9 07

716.99 79.61 0 5 9 4 20.944 112.762 9 .4 3 » 1119.9 3 1 4 2 1.967

436 .6
8 0 %

362.7 2 1 0 2 3 37  1 711.19 79  67 0 .660 17 166 99 .313 7 3 2 1 112.99 257  2  ! 1.663
7 1 4 4 7 7 8 4 5 0.541 17.142 97 .164 7 3 4 » 1134 0 257  2  1 1 863
7 1 7 0 6 77 89 0.444 17.114 95 .355 7 3 7 » 1136.7 257 2  1 1 6 6 3

361
4 0 %

3 1 6 » 1500 335 .7 711 70 1 7 7 9 3 0 .449 13 046 79.910 5.315 1141 4 196.0 ! 1 733
714 64 76 56 0 3 7 0 13.066 77  592 5.351 1149.2 196 0  | 1 7 3 3
717 36  ! 76.03 0 .305 13.072 75.569 5.391 1 1 5 7 7 196 0  | 1 733

145 5

2 0 %

ms - 1 1 4 4 335.1 711 SO ' 6 2 * 1 0 3 5 6 6 .356 6 2 .7 1 9 ’ 3 .424 9 0 9 0 126.4 2 0 7
714 56 6 1 3 3 0.294 8.363 60 .406 3.447 9 7 5 4 1264 2 07
7 1 7 0 7 6 0  89 0.243 6  431 56.729 3.402 9 0 5  5 126.4 2 0 7

Concerning that gravity centre of combustion of every combina
tion remains nearly unaffected, the shape parameter m increases 
with earlier start of combustion, see Fig.4



Pig 4- Different heat-release patterns depending 
on shape parameter m (see Eq 1)

When start of combustion to early (per e x a m p l e P i g  3) 
desired mean eff. pressure can not be reached although extreme 
high value of m may be applied.




