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: Up to 3C 2 meat CﬁBLZ n2y be added to diesel oil with-
* 3 ~ -~ - [ FOT N g YT
outv aadivion of a comtusticn imprever (Z2xandinitral, apl-
aitrat). However, tacause of water oresentsd, startiang, warm-us
veriocd, idling, long term low-1lo

o
~ 4 lolw . ~c 4 T = -~ P
fuel doping, 2C + 25 ) diesel cil in-rield consurrption rzte
.
may te reduced.
- 9 - o I .- ~7 .
Practically for wenicular arvrlicaticn, without: clow .
jogpe =9
3 -+ - 4 * 5 % h b
Diug zssistanc: ceombirzad with'ecersmic comb. chamber isclation
ATT 1 3 ¥ I le o3~ ars P o
ATI) or swark isnifion =ssisftznce, onlz ZC0 & 25 5 of mathnrl
£ h RN ~r ha [T Ao ras o~ o~ 1 i Al A s g v a
ITuel .‘Aau 22 CorInsSicered 28 2 maXe :LL..OLA--U, DR S S N 39 T i AT
(o4

1 improver. Slow plug-2eramic iaclazticn -
e ~

high first cost. Mul. trezsure distribtutor t2chnicne will te
o he'hahs = £ = t ) fatid

. once again touched in TCPIC 1 (See the first report, Carnsl i.,
1983.). Cne new approach with clow slug ismition and meth-l

According %o the fcremzntioned in the TCPIC 2, the attzn-
tion will te paid to dual mixing technicue only. Thus, up %o
25 % vy volume methyl fusl aixed wit
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1. Ths s—sten for suvriving mwehvl erJ/EQSO

.1 shows a diagrarmatic sketch of fuel mixing system

1.1 - relztivelr modest decrease of diessl oil consumption
-cs% increase

1.7 - Teacszuse of mathyl fuel tank, dead bex inerease and e

2iffzrent fuel to tank 1in.

1,4.— unknowr reaction of specified engine (CI, swirl, tewl ..)

leS = unltmenm metayl el water content

1.3 - voocur forzation (cavities) in fuel vump (oump gallery)
end irn low pressure system mey produce injection irre-
sulzrities '

1,7 - s7arting (s2 r0S.5+6 or/and JX) and warm-up teriods

1.8 - service life cf HP pump -

1.2 = f£u:lling increase for tkhe power output given
1,10~ =urno-cherged version is omited
1.11- D717 =nd TECT 2xhszust emissicon increa

Zeczuse ¢f very short time on desposal cnly, it’s the
test 'z7 <¢ 3%art with the problem denoted under l.&.

Protlem 1,5 - un¥novn reaction of svecified ansine (ralzted
to points 1.2, 1.5, 1.6, 1.7, 1.9, 1l.11 also)
For thns engire sele ted, wh turning metayl fusl ~ Zizzecl
01l blends, itz reactions have to ve investigated at rirzt.
It is not tecause c¢f obtaining ideas atout the best tlending
1 3

ratiaons ¢n iorever, in order to decrease the

engine first cost (w
the research time, oreliminary organized engine
experiments may not be omited.

For *the sake of forementioned we need:

- simple prevared fuel blends
on test hench experimental programme
- selezted instrumentation on desposal

e Q0 o P
|

- evaluationcriterions
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Fig.l u1ag”ammatﬂc skech of dus
- nmixing and injection system

1,2 - flow controcl

3,4,7,9 = single direction flow vzlve

5 - D2 fuel supply lire for starting (altarnatively)
© - existed small hand pump

m

- m1x1ng llne

1C -~ lnaector leaksge overflow line

M - pressure gauge (during experiments needed only)
S - sample chocklng (durlng‘oxpprlmants needed only)
.F = fuel filter.

LFP - ex1sted_low Pressurs pump

THPP -'hzgh Dressure lngectlon pump

I - injector .

-

IX - mixer (elteraative for Pos.3)
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Zoint l.4=a, Preovision=l Tlends vrervaration

B I L IS RSPV IS N
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In a simple fuel ceontziner (see Fig.2) selzcted ¢

L4

c
to te blanded, heve o bz tarked. The amounts of the single

S b b

a
"fuels" mixed is recommended as follows:

PR TN

CH,CH 2I=5z8 £ UaTER
%ty vol 5ty vel. Sty ovel
2C 75 >

H Zroup 4 {2 7C ’ 1C

i 20 65 15

50 . 6
Group E | AC &C

2C

£ D
@
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Unfé%unatel", it ig wvery well estatvlished Zzct That CEBCE

w11l not go into soluTion with dissel fuel, 2srecially not

in the presence of wzfter, Zcwsver, an Oon-tcard emulsifier can

croducz unstabilizad methyl fuel - diesel oil rland (Fig.Z).
“rulsifier (Fos.”, Fig.2) use normzlly chemists in their

3
2 borrowed for short time. The fuel in the
on

i
what can be dcne with w

a
a narrow plastic ture (F

.5, Fig.Z) serves as 3 vent pire
stretching out of the lzt. To prevent (vapour) cavities the
=) i x>
distance tetween low pressure gpump (P0s.9, Fig 2) if axisted,

"
and fuel tank (Pos.&) ras to be short.
L~

Fuel teaperaturs in the zuxmp sump can te nigh 5 °C
and ceccuse of ¥nown thenomencn during spilling and fuel flo=-
i

, wing into the tarrel (Fig.3), the pressure flucuaticas

produce cavities, thus injection irregularities znd the me-
3OH Vs
pour saturation pressure vs. temperature as well as for gaso-

asurements in error. For the information Fig 4 shows CF

line. Cnly %o menttion, Fig 4 demonstrete 2lso clzarly, the
cold start provlem wnén convert to methyl fuel.
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Fig 2 Diegrammatic sksch of

‘. -~ o T oy e
on~-toardi ermulszifiesr

1 - water tank 14 - overflew lszakage *uke

2 ~ erulsifier 1> - pressurs control valve

7 = sealling cap 16 - pressure gauge

4 - fuel tank 17 = thermcemzter

5 - plastic tube ¢8 13 = 0il sample

& = tube 13 - fuel sample

7 = fuel consumption 20 - inductive needle 1lif%
measur. device messurement

8 -~ fuel filter 21 = induct. hrpidee

9 - low ‘pressuTe Tu.: £z = rezistration

10 - high pressure pump
11 - tube
12 - 9P tuke

N
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1

injactor
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evaporiza ticn and
condensation

x-del iVerY

AT A SIS NN

ret flows | X | soillina TIME
inhba,m '

Fig 3 Zffect of spilling snd filling on cavitiss

formations in the sump, vs. time

10,0 [bar]

3.0 | q-winter gaso/inc ’

20- b - surmmer
1'0 . /
05 - o

02 1
01 -
005 -
-gozl
[/ I S A — S—
=30 -20-10 0 10 20 70 40 50 60 70
Fig 4 Vapour saturation gressure vs.
' temperature '

F
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X Fiz 4 explaines very clearly, *a~%t the wvalve (For.l3, Fiz 2
mav not te omited, but its op2ning pressurs hs; to be adius
a% pV=O,lS - 0,7 bar atove the eambient ore. Crn the contrery,
if the low pressure pump dces nct existe the suvply pressurs
valve (T0s.15) could not t2 ins*zllad and treovizionary mes-

i
sure must te undertaken to ccol ths sumn Tody from outside
e i

+o press fuel air. In the 1=t

vress the fuel tark (Fes.4, Fig2) taxing into zccount tha
fuel measurement device.

i
fu=l mixture tesbed corresponds exactly to the wantad one,
tharefore the fuel sample checking (Pcs.19). To hzve idea
¥rzenzivs redesign) samrnle

a*out leakage '(in order +*to zvcid e
‘Toint 18, Fig 2) is very useful. Fusl consu
ievize (Zes.2) must be of hizh ac £
s than 1 5 (under &l

S

ne HP pump and injector it

cavecity in crder to ensurs & r2sonatlz durztisn of injecti
ard satisfied fuel atomization for the zll fuel ~ixture tas
Th2 later can be done by readjustings cr, 17 nesi, bty changi
thz com m2nt,

penents of injecticn eguipe
with the first fuel chosen the injscticn tzramsters hav
To Te investigated tut with ths fuelling char
0 T n

gine in overation under rext ccocnditicns:

dle 1lift registered

- pressure tefore injector

- accurate measur. of fuel consumption rate

- pump rod position measur. for lczds end rotational speeds
given,

The later way is recommsnded. llzmely, the afore dted

-measurenents accomplished with in-cvlinder n»ressure diagrammes

can enable the later -aavoidatle znalysis on the whole. Fasi
des that, we have the vousibility to avoid the missmeasurens
’for'ekémplei afterinjection, if hnappend, we change ratracti
delivery valve at once.




I+ is zlso very useful scme zrecalculations, to ottal
the idea about the fuelling and other injesction paramaters

o
Tor preczlculations azproach we need:

- suprosing the same engine efficiency we calculate the fuelling

for our mixtures chosen. Here, for outputs given I2 fusl
consumption rete must te known

-

22 czlorific value must te kxnewn, per exampl
rzngas L2730 - 425C0 kJ/=g.

¢V

I
W3

2at metheariel has lower CV than D2

kJ/kg » stoichicmetric
<g fuel

-CH 196ce 1548C
z2 42600

TE.0E + 15% H,0
{methyl fuel) 1551C 132540

(It is assumed in Germany that ths water content in methyl
fual in dependence of the production, may r2ach (+£ill) 15

ct
Iy
(]

w

Taus we can now calculate. the fuelling fer =very mixture

civen.

Ta

- Using short programmes for fuel injection calculati
gramme I and II given IIP) we may traced the potential
in tefore hand.

Foint l.4 - b, On test btan_a sxperiments orospamme

-

It may be suggested th2 bellow progremme presented:
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Celorific value per volume of diesel cil is 2,2 timss per volume
aigher than the value of CHBOH. Relative to diesel fuel cne

liter of neat methanol reguires 4,4 times mcere heat of vape- .
rization. 3ince the large fuel flow znd zigh veporizeation

n2at figures, methanol needs 9,8 timesz more ha2zt than diesal -
fuel To evaporste. Pesides that in the rpressnce of water ignition

S
N fans N PN e A a )
nereases onward. Thus, nest mathanol (lzfest doia)
C

i
vorcaches Cet.llo 3 btut adding w

S d ater 1C Tt owvel., c=zCE
Cet.llo ranges atocut 1,5 ¢+ 2. Ignition tszmperatur:s increassec
with water content increased:
N . s . o
CH-Qd ignition temperzture 478 ~¢
’ ) (stoichiomstric)
CZ,CH + 5% water by vol. " 420 ~C
- 7 Lod el " o
CH,0d + 10% water by volume " 485 “C
CH,CE + 2C: wster by volume | " 4oC ~C
/
+ e -0 ’ 21, Ca
3“30; + 2C5 water by volume " 51C ~C
- A
AL grove menticned effects drzsvicly Thz starting crocsess
in CR engine. Cne of the izmpertant geczl, desliling with CE,CE,
in TX3 roted:
increase of self iesniticr. ororert—.
Thus in our experiments we may not rnesgizcted this fzct.
It means we have to 290 2-

o
compare the ignitinn cguel ity for ths =
N

(¢}
1=

fic ergine, when fuelled with

,

(@)
o]
D
O
-4

the approaches to study starting is zcre fime censuming

tut eneables very deep insight into the wholsz Trocess. Mcrswer
for the friction analysis such agproach ma7y net te cmited {not
our sutiect). For IIP as a scientific institute

is to rte re-
commended (perhaps for the next future). Forementione
reason to show the whole procedure snortly.

To study starting. Approach 1.

Instanterecus effactive torgue . may bte written a2s follows:

We=m' - (W - Mm“- m")




i

i 11

!

3 -

i ﬁﬂl'— instantenecus Sas Dressurs terqus

f rD* 2 )}

e 22 2 4

m =7 A /

x = rw-[ oot +2 sin2«] Rk

m"= $atRisinzst + R+ FR (1-cosze) ]

' — 4 ,
R=im +r%(1-3)m' Riarz(3-m'+m")

wass {’\ i r

. -

Fig S Wotation

Storing px( A ), W and & for evsry cycls during starting

vie may:
- follow the ignition stability
- follow firing fouling

- to adjust properly advzncing
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- ¢colzulagve thne Ifriceidna. 1n3vant. _03s=es

i

} (For much more inforzstion sSeeTLZIC 4).
;

! To studv startine. Avnoroach Z.

2 sterting vericd measursaments with 22 fuel end

- R = Ty = = b — 3
selscted under the same ambient - and zdjusting ccnditic
- - 1 ~ <= X ~ Y ~
aen resched rzted szhed the start perici 1s sccomtlisns
, -
- & Syv Y ——— - -~ v - -~ -—
“nz T2zt way for such measurements Is th2 pen recordar T

rezistration of engine rotational sreads.
Tovever, for & r

i
- ths advanc
1

e :eadju§ting
- stert fuslling chznge
t Alnd cut tha shorte

3 4 - - 3 -
< . inder thes selag*tad zdv=n2
X max
3 3 s + 1 3 - -3 = -
injection max be kept cdurirng stzrifing snd werr-ul nerlcd
.

- b e h . S - = L S
“he s3clution for changing the reginning ¢ Infecziion in
- - ) > 1 T - - - g ~ -
overstion mzy net be difficult. Howewsr, the Tirst Drice

To s*ud7” warn-un neriod

Zuring warm-u? teriod mey te recommsndsi:
B b 1 - ~ v -— 1
- "o ctserve 1n—cy11naer rressure diagramme To feoll

max
- TO0 messure ;?C exhaust emission {(wnen zossitle en
£.E, diluted by ai- during calitrationj. fsre ‘c

icned: Jealing with CHZGH in warming-up 2srice ¢
correction 1is wvalid
very C-atom in THCO produces error in resding t7

Again comparable measurements are ne=ded.
The best way is to find out, bty means of starting
warming-uv teriods, ths nex pesszitls CH3CH centent or/2x
analyse for potential improvemant 1
decrease may help to improve s
distritution or/and dia’s may ¢ ne rats of evavor

and with tnis, the rate of tzamperst

: = A ;
£ gecrease rceilore 12

UG 1 IFEE LSS 2 O, Y

izaticn

snition,
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utt thet the compression ratio (CR) increase mox
tter startings. rorsver, with CR
te the "lost" btecause of CZ-.CH dorpsi.

=18 - 19

s O =
wey for higsher CH.CH + weter contents arnd engine cay tensfit

e

from high compression, assuming reasonabls max in-cylinder

Trctatlz with swirl decreased is o

- ™ o 2 o e 4= . R [ S
rressures. (P=fore ignmition neat methancl/air stoichicmztric
- >

. . o

flax. in—cylinde:‘pressure may bte diminished by prolongated
inj2ction anc with this decreases the temperature drop of com-

tust. mixture as well.
c

= ~D

-1neregasss o P
vy /7

- decreased IR {(swirl rztio)

- -7 e - - -~ -~

s mz7 Tnerzase nmesarl fuel gcontent withceut first ¢ost incr2ze,
< - 3 FS = =
Stzrting and wzrm-urT period are turning zeolnts Ior 2nesl

investigations. Zcwever, in the case of low
....... 1f

scme othar me

start, tut it cozplicz®2 the operzticn vis switching-cn tTachni-

que.

To s*tudv enzins performancies

rrogramme related performanci

4
[
in

i o)
application. Thus, the same programme cculd nct te applie
for vehicular engine and for engine coupled with water pump.

ITP intends to apply CH3OH + water + D2 nixture on the
next two vehicular engines: .

—
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fake A T
Comtustion chamter open cren
Tore x stroke [anml] @92x12C £105,58x120,65 .
-
Swept volume lca ] 4,78 =,C75
In row 5 cxl. % ¢gxl.
Jemrressicn ratio 1:17 1 : 1%
Teted power {k?l 82,75 2C,88
Teg A T4
Z2ted speed [reml 28CC Z4CC
rieen eff, pressure at
rated power [tar] 7,38 z,85
.o . R
cinimunm fuel consumption
rate [g/xwhl 255 279
cyoa . SEm— (—— ]
cinimum fusl consumption
=+ + », rZiigle] 2000
rzte at "~ [rpel 21CO 2100 »
fuel consumrtion rate
(celeculated)  [g/xin] . 233 2og
Tewest loading
7 omm T — Com~ hloTalral
(czlculated) [rpm] 1.LC 12C¢
i [

} .. Comb. chamber A
(old versianDaimler-benz)

-

Tig

-

Injectioh<pump MICO
(BCSCH - Typ A)

Injector 4 holes
(EC3CH DLLA 15C3 187)

g
Vide

Cemt. chnzmber =
(0ld version Lyland)

6
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Looxirng at the datz collscted 1t cculd not te zveided to
menttion, engines selsctad are remained tehind in developement.
onsumgtic ppointing.

I+ seems to be rescnable ab first to reduce the fusl consumption
rate in diesel o0il cpsrztion. Fer example:

englne A hzs 4 piston rings

engine 2 has even 5 pisvon rings
Piston mar »2 also chernged related to its height. Applying 3
rizten » ngs, reducing %zs tiston height eand changing the skird
ovality, the toth, First cost and fuel consumdtion rate may
te decreased. It is esmacially truth zt higher tiston veloci-
tiss (than 9 a/s), having in mirnd that 75% cf the neat friction
losses i3 related %o piston grour.

Tig 7 shows the ring set wi'ch may
7 ta recommerded. -

N
Y]
[¢]
H
D
H
[}]
(o]
]
[

LI ]
=

N
N
O]
33
(@]
(-
)]
(¢}
o
ct
9
o
0
]
m
A,

”
ST 77 = zmcre thnsn onz. cust comparing
‘ / i<h cTh2r uo—-to-lzTe 2nglnes mey
2 X . . - .
EZ;; 2 concludes thzt fuel consumption
gz; 2 rate is to ts reduced up to 15 3,
677% turtccharging andé speed decrease
- out of considerztion.
¥ig 7
However,
- rotational speed decr=ase with viston stroéke increased
- turtzo-charzing
- swirl znd scuish decreass with injection pressure increase
and less dependent of rctaticnal sried

are characteristics of the modern vehicular engines, orever,

dealing with vehicular erngines, tetter matching to the vehiclez
demands may save still more fuel.
With above cited ctential

not he exaggerated to put the cuestion abcut the ccurse of

fuel reduction in mind, may

investigation. To save 10

of-

15 5 02 fusl with mixing %fechrnigue
] ies

(=]

with first cost increase or a4t first to reduce the e

i
oil consumption rate znd cttain more modern competitive

engine

L i 1 A
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In anv csse to chtzin performancies - for decision - the
m o

- l. 211 load characteristuc

2. 75 % of £311 load characteristic
: . 5C T of full load " R - |
; L1, Idling stzbility

Fesides stzndzard data measured, THC and scot measurements hnre )

12 most imgportant criterion is to estimate the henefist
of the cuantity cf dieskl o0il saved via blending ard compare

~ conplicosicns with dual fhel systemn 1n practiczl servics

- oeterntizl Ziessel c¢il using cther techn1~nns

- rcesitiiity zn?d troutles relzted to methyl fuel btank locetion
t2 2yisztad ehiglasg )

(I3M), EMVi (se AIF - [105C7L) showad
C - 2C 75 of ,nloq (sngins 2
h

added to diecel o0il, the larger quantity may produce starting,

Sarendzan+) macr ha
STENTEN L Tiay o2

m

nissfiring ani knock vroblems. (See also MT 45, 1984),

2. Ricardo News "JWorld wide Inzine and Fuel Relationshin" re-
. ] [&] Py

ported: o S

"Up to, sa7, 30: could be used bv tlending with diesel fucl

or in a dual fusl engine where the alcohol was csrturztsz
into the cylinder and the mixture was ignited tr an injsction
ofddiesel fuel. Alternatively, ignition improvers additives,
such as izopropyl nitrate mey be used, btut the quantitizc
required, up tc say 2C % make the process croanibitivelw
expensive, The tz2st solution would seez £0 ke 2 multi -fu21
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ture alcchol fuel, would give
of zn IDI diesel engine"

"Instituto di ilacchine e Technologie
{Itzly) reported:

"Tast heve teen made on a serigl truck =nzins: ounmnins ooz

gas-0il/methanol mixture contziring us To "0 iThoncl g
with and without the additicon of z combtustinr Ir-oomar,
vex. ranged 35 CH.CH bty volums..

R fo
kw]

86

—-—D2 + 20% ' /;F'}a” gine in relaz zroiuction).
~eeD2 #3086 9q i/i? < 2atz crToin:t itihout fu2ll-
0of methanol by : _/i:‘ ing
volume 60 i
50
Moo 5@ 1900 2300
- -~ [rpm]
Cenclusions of "Instituto di M. e T.M.":
- without fuelling increase, addéiftion of JJZCI “Toivass nover
cutput drep and specific thermal consux phion iic_ossz
- 2iding ignition improver and more thrcn 335 of L.1.I7T v wolume,
“he results ottained showed that tesidez cI “uzl 275t ircrsassa,
the startebility weas not improwved teczuse ol a ver Lizfh ??523
oling effect. Thus, ignition improver efl:ct w37 soncslzd
nw coolirg
- additicnal

rate when m1x1ng methanol was it

-eason for higher

specilfic thermal co-sumosi
it coolir
increaze the volumetrlc ef’lc iency in CI-U;

(See also MTZ 44 (1983) 1)

(Using turbo-charged version CH;CH may e

and in this way to 1ncrease the volumetric

Morever, cherge=-air cooler mey be omitecd wnich

nroitces:
N
/

first cost decresse and 2lso hex veolume mo7 T2 Tadunad

S Y Al
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Topic 1

It was mantionad earlier that "H$Oh need, for the sans diesel

LA T S PP S

englne power output, nearly ty chtOP 1C =orez energ-
formation thzn that in diesel fuel operation.
nowever, is nmore useful to consider the mixture formeti

c
nistory for stable ignition, as well as for low lozz ozerztion.

When compering ciesel Fu2l and unBOﬁ relsted To I =nTinz cre-

rztion »rovlems. The ccarse comparison rssulis in:

<l

- diesel fuel may be ignited 2zt .CR=15, withous =nr nroblsem,

: supposinz a reascnatle low SR ratio
- nezt methenol, for the szme comtustion cntrzer, asxs JZ=Z5,
what is toc high because of high ir-cylinder rressur=s. Agz2in

the difference hetween diesel 0il opverztiocn srnd nszt methansl
Fad

+ C, 3 ; = N s 33 £ P A
approaches 10 “ut now in CR ratio. It weuld not bs difficulty
to explein this evidencers

In order *c icnifs the nezt methanol in disssl angirns iz cnlx
to c-mbine
1. To cemrpansste tha tasrmperature tefcore %hs isrition rzl=ted
te temnerature drop tanause of 2igh hezt of vzoorizsvien,
) 2. To decrease the heat tranfer in the prezgnztlon Tariod

a, rro sfarc injection in more foveourable amtient for isniticn
5. T0 cornserve Tore heat irn the combustiocn chzmker --iz iszlo-
lzation

6. Ignition pulse from outside

Jowever, cerbtining 1-2-3-4-5 A
' or 1-2-3-4=5 E
gy may preoduce successful ignition in neat methanol orverzticn.

horever, method B is much more wlthln reach than method 4L o=
_ “cause of the next reasons:
j ~ to conserve more heaf, ceramic isoletion is uneavcidatlse, tut
--We have not the heat on desposal tefcre the igniticn.
‘Dowever, heat may be accumulated during starting.
_= the self ignition with very sensitive fuel is no% ez
. control uncder all operatzon conditiones. Zer examnlz imock

[1s]
[0)]

, ey

operational problem in heavy load at hich a::lent temperctu-
res.

-~ 44* .-
i
i
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1
s - ceramic ccemzenents zre still cur futurs
[}

dowevar, we nust confess, that the meth

o
relzted to thes first cost znd maF be more relestle in the ser-

P co te cons o 1 i

i engine epplication and A method as =2 “olloving one.

: Is to 2e mentioned, the suggestions siven in ths FIC 1
: are regtrictad relzated to:

- II¥ considers A version ornly
irgls fuel, neat CHBCH has to bte tanksd
ent

ion will ba paid to the afcrecited method =

The net heat of evanorization of methzrn

8}
e}
|—J
i
18!
L&)
3
O
I
¢}
&)
'4
|.J
'.)
(@]
"i‘
c.
N
o)
m

el fusl 250 %0/kz onlv. In crier %o iznite neat
mathanol in diesel IX engine, our ax t3 sh
t

T s
- 4 1 o} ~ -~ I 3
te at the lezst Z5 surpozing c¢oli-sizrting

a i
2 contustion chamber and CR=17 in diesel fuzl oreration with
NA versicn.
It means thzt up to 8 units the compressicn rztic has o
increazsed. To apply CR=25-26 the main drawtacits is a high mec-
nenicel lozadirg.
dewever, to support the ig
verature drop is still desirable, insrevsr, %hs net con
pressure will net te increased although tae ceo
becomes higher. is was jst recommended in *as first regort
. (1383) CR may be enhanced for up to 2 uniss without mech. lcadin
ircrease.

Point 2

To decrease the heat tranfer in the preignition vneriod,
the next nay be suggested:
- swirl ratio (SR) decrease (it was also jet recommerded in
the first report)

- el b -~ - JPuR e ke
igh?t designed cost-iron pisten
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It is no coutt, thzt corverting ¢ nsat msthsnol, 22 rrtio hss

to te decreased. Doing thst, results in:

- raducad cir motion save more hezt of cempression into coztus-
tion chzmber and with this the tempercture tefore ignition
increases

- the igrnition statility will b= improvsc

- with SR rscucs1 volunmstric =fficiencr increzse in i vorsion,
more vower output and higher compression termpsrzture bsczuse
of more zir introduced

~ less therzal lcading of the z:zx»ts fcrzad the coxntustion chem-

ter

ICINT 3 togather. it 1is not reascnctrle Lo decrease
re%io vith st

£
{1
- M
o]
el
[}
H
4}
ot
’J
o]
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H
m
t
*-J.
0
1
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(93
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.
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1
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to diesel £

least 27 = ZC %,

D 3 4 5 Pl -
re the igniticn more heat mzr te

H O
Q

2st irom piston with cut-rncrnthrust sii
three piston rings set CISt keys*one-and
rression rings, spring loaded elastic o0il ring) may not b
heavier thern of Alu-zllcy on=.

Point 3

M=thznol prevarporization cc o}
guaentity-injected intc coxzrtucticn chzzktsr ox/znd eveger: +:

before ignition.

It mey e done ty meansz of fuel filz dizgarsion or coctu
chapter wall, discontinued needle 1ift (ctill ip dev:lctement),
and mocified czm shape ¢f HPT crmshafd,.,
foint 3.1 and Foint &

Fuel film derosition on combustion caciter wall is well
known mathod initizt=d by HAI with k-process. Further develo-
rerent of F-process rnd its modific:tions are 21l Hncwi 4ill
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Soee e e

nov also, thus nc need for a tackgrounde.
The fuel deposition on in-piston towl wall is connscted with
spark-plug igntion. This is the reason, that in this point the
spark-plug ignition procedure may not te omit:d.

Fig 9 shows well known FAK comtustion chamter ci 7 engine.

P YT "I SRrae ¥ S

KT SRRV VSR N

Fig 9 Comtustiorn chember cf srgins
| L 92C4 P

MAN-FM contustion system hzs been derived from the Ziesel engine
and is excellentlvy suited for operztion oz mathznol or othzr

alcohols, b=cause this hytrid system berxefifs from high die
compression, “irect injection arnd nonthretlinz cutput centrol
while ignition of the —ixture is ensured %ty c:zz
the otto-crcles Fig ° (¥Method T in this reroxt).

The control mechenism in the proposed method E is projecsted
on separation tatween injection- and mixture formatior furnctions.

Te do this {during injection) fuel was cdecosite in the wall
of the sphericel chamter. The spark-plug is situated on the
cppocite side of the injector end its =lzctroces reach the fuel

2

film zone.
The most important features of methed = mzy te the follows:
- CE rztio as for cdiesel engine
- direct injection with singl: hole injector
- wall fusl Zercsition
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- spark plug igrition
- rznge of piston dia. ¥85 = €130
of the heat of eveporizuticn is tuksn from com-
cherbsr wall in 2ngine overstion. It =ne
pert o the hsat transfered to th2 wall comes tack in the
or

f.
. tocik: th rmal efficiency must b2 tetter thzn in diess=1l fuel

aparzticn, T
- 26
4 2 ~§’ A \letnanct
X . A Mamanc! umgerechne! aut 2as
. N S Hezwerraguwaent ven C.ese aratisiat
~- &\\q\ 9 Dreseikrattsion
§§;§% A - methancel
vzlont (ter-
iesel frel
riz ith
th dissel
o} MNe
rethanol thermzl ecuivalent fusl consumption
decreased for 1t 3,
A Vtarmargi
Y T 3EmeInral
( K
- 2 Dresaiarataiae "
Zz 7
P n ‘ —
Tig 11 Fuel comsumptior of VAN c ity Tus with methanol

ol
engine DZC66FMUIL compzred with liesel encine

J2°66KFUH, urlem cvcle. [ =thanol thermal =cuival:
=4

fu-:1 ccnsumption decrecased for -,
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The z2tove Figurss dericte:

1. At higher loading more fuel seving with methaznol. It conclu-
sion supported the heat come-back in the cycle.

Iy

. Convertirg to methsnol fuel, saving may reach up to 10% in
gzn=rzl aprlication.

. Th2 heat drop cause bty methanol vaporization may be used
for meen effective pressure increase or/and for better mstching

tc *the vahicle derands.
Fig 1Z supvort this statement. .
‘y SJQ] X : ’ :
> MmN 1 i e NethanGimGist
%] | ; 02566 FiviH
ECO4 Brase
<% ! 1o o= Draseimsior
E 7o D23on MUH
! ' :
o 7 '
RETE -
i Y ;
7Z39 /I '
. o
SR | g ~
POV
[ :'{ {
- ‘—----_-_.——_’ o

[
ry M (o
<Ot

s See
‘s; B ' S ———
" — 4
. O g No Soot
Ve -
!
I22 000 r2nD tals 1BS0 GBCC monm ZZTL

' Ekﬁmj

. Fig 12 Full-load characteristics of metnznol
engine D 2566 FMUH compered with
diesel engine D 2566 MUA

' Fig 1- depicts:

1. Converting to methanol max. torque increases up to 6,5
but its sveed neosition is much zore improved by 42 .




2. Torcue tack-up in mcthznol operstion reaches 3C % and in

diesel fuel ozeration 22 .
3. Sootless exhaust in methzanol operztion, still one support
more, for torcue tack up increase.

llorever, ccnverting to methanol the parts forming combtus-
tion chzmter ere less loaded, thus th2 service life of sperk
plug electrodes will te extenced. Spark-rlug is of specific .e-
sign dut all other ignition system is normal transistored aigh-

-tension ignition s;stem, used in automctiles.
The tellow cited may te recommended:

1. Combustion chzmber is spherical with smzll gaps for injector
Y=

(94]
o
F

2
(e}
ct
[a)
0]
H

and sperk-plug. Ior given piston dia. and CR=l
rroportions ar~ very simple %o cttzain.

2. Ignition system iz normel as for mocdern engines used in auto-
motiles., ’
The e2xertion is ths sperk-plug vhich maybs purchesed from
BCSCE.

3. 3ingle hele injsctor

L]
Wi

4, Using ths progracme cent last year (1981, s= the first rezert,
T

fuel irjection mer be very zccuretelr ated. Forever,

c
frel spray - coatustion chermter wzll contact in th2 progrezmme
erzhles to follow *the fuel derosition,

In ordéer %o decrease the fuel ntit7 in *the comtustion

K
o

2

chamter before the ignition peedle 11ift evert a7y te medified,
Fig 12,

During injection a2t high loeds, using srystem in Fig 1Z, the
nozzle discharge ar=as may te changed, Fig 1.

In the preignition period the discharge area g and time b
may be accomodated to the specific demands. In our case we may
control the injection quantity before the igniticn changing a
and b, Fig 13. It mesns we control the tempereture drop before
the ignition also.
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Tig 12 L - Two-spring injector, - - Zosch
injector with contrecl plungsr ,
- Area | C - pirctle rozzle
!
a time
Lot

Nozzie discharge area change
during injection

Pig 17 lozzle discharge area change
during injection

1> the system A, Tig 12 the bottom spring control the ope-

ring pressure, at AE point, Fig 13 the upper spring starts with
compression. This system was develored by MALNL.

a

Fosch used other
approach, E Fig 12, here a small piston C controls the point AZ

in Fig 1*. The diameter of piston C is smaller than needle dia,

J thus the fueci ecting on the toth, controls with pressure the
needle 1lift.
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¥orever, the system shown is very useful in low-load opera-
+ion. {ver-fuelling or inertia-supported fuelling is prevented.
feczuse of low pressure levels nozzle discharge zrea reneins
‘ spall and the irnjection period becomes prolongated. it low-loads
o and low sveeds the system shown in Fig 12 may te solution to '
' avoid misfiring.
. The same events may be followed by single nozzle.

b 4

nozele hole & 025 rmm
frm]

: ™
e —/ k

AN

. 4 R
| b_/ /\ mozzle hola 3053 mm 'é'jne

19T
~

%)
Q
<
2]
-~
@

<

<
M F
i
2]
A

Fig. 14 Idling speed, fuellizng 13
a) simple-hole nozzle ¢C,
b) simple-hole nozzle ¢ZC

hi - needle lift

®
N
8]
o

T™e reascr Ior the needle 1ift change mar te 2xpiained in Fig 15.

— k=]
e M - t ,
] | g A Y Y 7Y R
| . /i%: | é
’a J ; !
o 5 !
/;; . g2 — .
A 7 ;
(. , . l
|
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Taking into accournt Fig 15 and TFig 16 the self control

—

Zr pump - HF line - injector may te clearly observed.

o

é0,25 mm

23]

ig 16 JSelf-control tetween p--, D, 2nd 7,
(se Fig 15). Note Drr., t2uB -
IIb il=

related to acplitudes in 7ig 16

The next expressiorn shows:
Z
+ LWy S Ws

f&s 2 ->/O: * 2

where:

D5 — are instanteneous pressures in the crocs-secti-
onal area AS and before the nozzle 70le respecti-
vely

D, ~
FAS?

¥ipzs Wg - are instanteneous velocities respectively
s

£ - fuel density

Following the expression given the philosophy atout needls 1lift
control anc fuel deposition may be explained.

Cealing with spray tip - comb chamber wall contact control via
injector, the injector springs have to e adapted (Fig 12) to
our demands:




L&
L
1

[

71 - injection period

A - aresg of fuel filmr deposition

L3 - history of fuel film deposition
X4 - preigniticn fuelling

IS - injectiorn pressure

(Points X1 + X5 may te calculated only usirg Frorramme 1,
the 1lst Heport)

<n the first Trogramme sent, relaticns relsted to sn
are onited. Therefore the additionzl irformation

9]

(W]

r

)
m

’,h
<

D

3

tellow (se alsc the book Cernej-Dotovisek).

Fig 17 T - spring force, F, ¢ - spring opening force
- effective flow-cross-sectionzl neczzle
holes arza
Pot ~ injection oppening pressure
C.n = Spring rate, 4 - area
- hydrsulic injector rctie

op
i
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- b 4 -+~
T - soring force ~
- Py -
9% 3%t opening press. : Dﬂj" 4,212,-
f w - o - - f ~
. Foex soring *gyce et ‘mxhﬁ»' —-Y =
maX. reedle lift = W Loz
inc len EaRg o ¢ ;
h_ - sgring lenght i !

s
compressed at ?o*

I

}
v oly o

i

Fig 18 Spring force accomodation

iz 18 shows:

in order to change the opening pressure we change the srring
Frecompresion
F

£

-F+,- —F

ot2 otl maxe maxl

in order to change the toth, opening pressure and spring rete
increasing the needle lift alsc we have:

-
& -

‘Q - -—u
ot? T “otl’ “max¢ = ‘maxl

Injector syring design.,
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Fig 19 shows ’‘mith-diagramze for the srring wire stezl cof
middle quality. Todey max. quality approaches:

't;c = 65CLC m/sz and ¥ = 35000 ¥/em?

w
Using the max.steel quality but cidéle cuality in oroductiorn
we calculate:
2 " Tmax -
= S0CCC N/ i =
Toayx = S0CCC ¥/em®  and = —

70 x10 [_ 2]

Fig 19 !Middle spring steel gquality

“efining h, ard hl zex “e heve the next expressions:
Tnax
o + . R e ce—
B hl,max = h;,max P (1)
w

Fnax 'Yj (2)
d / g 'Z'M

d - spring wire dia.
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Fig 2C Injector spring prereorticns

The active coil numter may te calculatad as follows:

5
ho + hi = B2 D Enax (4)
ymax G,dlv
where: _
G = 8,5 10° n/cc? _
_ 3 /1%
Y= 1-%( %) (5)
[
The whole coil number z  e&s:
Zu = Z + 1,5 (6)
The spring lenght at max load:
1l = (zu + 1)d + 2,°8 (7)




v —————— - -

wherpe: s = (G,15 =+ G,3) d (8)

The first eigen frecuency as:

(L
fe= 08178 5 (9)
1 max

N
’t-w [m] ¢ h"m[sz
Taking into account oscillations of the spring results in:
6‘ .
Two= Yu * 4510 §x (10)

where:
N\

§lem] _ the amplitude of the first harminic

The penetration of the spray tip is directly degendent on 4p
(pressure drop et nozzle hole) and indirectly on p;. {(measured

pressure tefcre irnjector).
2
AVe = pAf 5-Jap -4t

The pressure drop A p may te calculated usir
grammes given to IIF. However, to get idea e
ween Ap and pry Fig 21 is presented (se ¥.Jall-ficordo)

AP Scr

-an
V2%

[N ]

Fig 21 The reletion tet-

weer Qp calculated anc
Pr1 measured
P

Caulctaed Meon Pressue [iop Acruss Nogzele

0 200 W00 220 229 (1 BRI
Mecsured Monimum  fue! presiure - DG
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Mecte: TFafore the needle 1lift control according Tig 12 we may
analyse the pump-injector self-control,

the fuelling events at injector:

- V= ph | (Er-pe)E
fn-fi +f + C-hf-ffi% =:/Qz”4x

(se took Cernmej-DotoviSek) tut only are at the pucp:

A2
Aoty = ZE (Gspt) 1 = Cod (Vor aP)

Sy - tlungsr dis.
v, - defined velocity &t geometricaly cefinsd start of delivery
(prelift setting) g
/3 - defined car shepe
’ ¥ - angle

i It merns acceording to atove &g’s that injector »ossesse
2 verry hich influence or the whole process teing represexnts
by two 2g’s. It was the reason for needle lift control application

Foint 5.3

[Modified cazm shape of HFY camshaf*t

In the past as well as still nawdays the pecple arz trring t
) control the preignition fuelling by means of zccifiei c¢zz shas

O

-
- >

LI
mm-y
VooV
i
|
‘ . P

Fig 22 devided fuelling
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i To do this czm shape has to te modified according to Fig 23.

P
Woada veima s e
1}

Ape .

Fig 23 mocdified czm for devided fuelling

The shape in the regior { pn dsfinss the prefuelling. However,
still today no practiczl apdlicetions =zf the cam shown in .
Fig 23, thus this way

s

ot e recomnanded.

1

-~
G AN Y

4

Point &

o

To start injection in more fawvourst ient for igniticn

2 &

’_.

Retarding the tirming fuel starts to penetrete in comtusticn
chamter lzter, when the temperature of compressed sir tecomes
- higher and therefore the in-comtusticn chzmber ambtient more
favourable for ignition. It means thzt the ignition delay beco-
nmes shorter as well as fuelling injectad t1ill 750 smaller.
The aforementioned said supposes

-

- late combustion and knocking sre avoided urnder ell operaticnzl
condition
- product
fx~1v(/)
during expznsion stroke reached reasonatle high lewel in
full losd cperztion
- conventional in-cylindier peak pressure
- reesonatle high pressure rete increase

- exhcust gaseous emission figure tetter or the same us for
diesel fuel operztion
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- fair fuel consurption fizure in low losd operation zlso.

The above cited in neazt rethanol operztion is possitlz
to reach only applying:

- sphericezl comtustion cheamber

- single hole nozzle or pintle nozzle
- spark plug ignition control

- matched 3R

- mat_ched CH

- m=tched injection sverts

To improve engine terformznces is to ke completed with:
- invescigations concerming injector controlad prefuslling

- retsrded ticing
- optimizaticn of fuel deposition

Still one tenefit from the prcrosal given may te a modest
derand relsted to fuel systen ity
fusl consumption ani first co

7

ol . Thus, the both,
st zey te reduced. Zowever, the btcth

have to bte iavestigatsd, low press’*e zrnd h*;* cressure injection.
t ticis
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It cen bte dene ty cel

-

tion car *e zpplied.

Topic 5

Cne inductive traznducer of a high seansitivity 50 kZz for
needle lift measurements was given to IIP as well as the sketch
for appropriate tridge.

Urfortunately IIP not disposes of an avpropriate tridge
which as well as wvarious tranducers may te purchased ty us.

The inductive tranducer given was suiteble for injector
selected. !iin. tranducer which may be procduced in the lzbt.
conditions is @4 mm outside dia. It should te tsken into account
that 8C0C coils in one direction anc 6CC coils in asnother one
have to be put in, as well es outsicde and inner isclation.

Last year we trained pressure measurements tefore *the inje-
ction and this the both. pressure and needle lift. In this way
the main paremeters of injection may te recorded. Ir the first
report rig test rench for (/h.A) of injection was sugzested,
and completing thet asll czlculztions ccn te me
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Forever, the needle lift messurements are unavoidatle tool

for accurzte calculationms.
Pased on Woschni results Dr Ivan Filipovié developed tefore

- et

7 years two practicel progremmes for simple fuel injection czal-
culation.

L e e

YCDEL I

As for input data, the totzl transient pressure p, (Fig 1)
at defined distance x must be registered (or stored). fut zlso
for the system given we collected the next input data:

- effective cross-sec. injector flow ares vs. needle 1ift { . 2,)

- fuel properties /
- in-injector dead volume vh
1 - forces and geometrical propertions of injector (see nomencla-

ture.
The whole calculztion is tased on the well known d'ilemtert
solution for the pressure wave transport:

P =P, + Py, + Py (1)

It means, *the totel trensient pressure measured et distance x
may be written as sum of: forward directed pressure wave p
receding pressure wave Prx and residual pressure Pye

vx?
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Py = Py + Ppy *+ Pyn. (2)

pressure at the injector inlet:

~
\H
~rs

P13z = Py * Pr1v * Pripr

The same may be drown as shown in Fig 2.

ia/ecr'

Fig 2 The sketch of pressure events =zt
measuring distance x ard at injector
inlet

Pased upon the Fig 2 and afore cited the next ecs. for calcula-
tion of injection events, may be written:




e e BAFa e Amtod e am e e mm = T

{ - mass continuity equation describes th2 injection function:

a')ot /A Wy - [(u‘ﬁg)// ff}/c, -,42 V]c(Vb ()

- based upon the ecuation of needle motion (inertiz due to
mass of the injector moving parts (m ), forces due to control
spring (rob’ h, C b) zndé fluid Uressures are included}, we
mev write the next twd egs.:

L +[ (AAe) for=Fis + ey - Pr-Cot] )

o ., ‘~

- (6)

- where pg may be calculated as follws (Fig 3)

2= / ’4)3 /f]t “Fe) P (7)

- total trznsient velocity at II - II (see Fig 3)
Wr = [,o -« 2F(E-£)] (8)
- receding pressure wave

Vit+&) ~p-pz+F(t-5) (9)

where is:

/=(1L' g)t = F({)t‘é‘. (10)

- forward directed pressure wave measured at <istance x may
te written as follows:

Pr™ FCH)= P < W(H) (11)
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Tig * 3ketch of injector

Iy L,
where is:
.

Wit= Wt=3),, - Qa)

- law of injection as:

. 1 2 mm*
2.=MPs g | F Frre [ 7 (13)

g = f g.d¥ (14)

L]

The urcknown valuesinm egs. 4-14 of model I sre:

v

Tie 94 Pgr 1o W(t), v(t +x/a), 7(t), r(t - x/2), Gor Qoo

Sclution of zbtove system of egs. y' = £(x,7) mey te found using
Zunge Zutta approximztion (4=step) and variatle tirme step.

FODEL IT

ror the system where the residual pressure tends to drop
tellow the fuel vapor pressure Model I could rot give satisfacto-
ry results. HJere, the lodel II was developed in which th2 btoth:

the total transient pressure p, at distance X and needle 1ift

hi vere registered and used as input data .
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- needle velocity may bte written as follows:

Ve = 247 (15)

~ mass continuity equation in injector
d A
G - [fe v = (i )7 B 0) - Ao [, (16)

— the total transient Injector inflow velocity is:
. / ‘
’ %=a—,f[ﬂ'ﬁz*2-F(£‘§)] (17)
- rececing pressure wawe may be written as follows:

Wt 5) = poppr + F(E-5) | (18)

- where is:

/'(L‘“:Ty)é =F(f)£'§ (19)

- the ralation for forward directed pressure wave et distance
¥ zzy e written as:

F(t)= /Ol—fo + W[t‘)

(20)

- where is:

Wetl=Wit~&), 5 (21)

a

- law of injection:

2. = Mo Ay (22)
- fuel guantity injected per cycle:
%

[AV)

2.= ) g.dy (23)
Y
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The unkrnown values in egs. 15 # 23 of mocdel II are:

Vis Pr1e ¥y W(E), W(tex/a), F(t), F(t-x/2), g., q.-

For numerical sclutiorn of atove system of egs. a 4-step Runge-
Xutta approximation mey be applied using variatle time step
o (se 1istings II eppended).

. womsnclature

a (&) - velocity of sound
AC(AC - high pressure tute cross-sect. flow
area
Ay (LX) - needle cross-sect area (see Fig 3)
j 32 (32) - 24 1 1 "
' Cor (ccr) - spring reate
Fow (FCF) -~ opening force of the injector svring
n, (Z(3),EIX) - needle lift
m; (a2 - rmass of the injector moving parts
n (&) - pumnp rotational speed
P - pressure
= (E2) - pressure in the injector sack volune
p; (z¢) - residuzl pressure
o, - receding pressure wave
o - forward directed pressure wave
Dy z¥) - pressure at measuring distance x
D, (FZ) - in~-cylinder pressure
pxr,w(t) (%7,ERQ) - receding press-wave at measuring distance :
va,F(t) (r?,2vX) - forward directed pressure wave at dist, x
prp (2(1)) , - total transient pressure at II - II

(at injector inlet)
pIIr’ T"'-(174'}5/3)

(+TL,PDR) - receding pressure wave at II - II
pIIv, F(t-x/a)
(FTL,PDV) - forward directed pressure wave a2t II - II
% &C) - low of injection
t, tl, t2 - time
v, (x(2),mn - needle velocity
vy, (vr) - injector dead volune

W1y (WII) - total injector inflow fuel velocity
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BN PRI Y ST W

; x - distonce between press. tr. and inject.(see Tig 1)
: =1/ (ZrCD) - tulk modul of elasticity
rAr (AMBALE) - effective injector flow area
[™)

A)E= bAb)max
(AMAZE) - mzX. effective injector flow area
(RC) - fuel density .

(D) - irstanteneous value
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P [ME L refuie maasureécs
”[ a] atl distance x.
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Tovic 7

) Zaser doppler effect (LIZ) may be aprlied only 7 zccom-
vlishing:

- the correct selection of c,ptical depth

- the celitration

According tc the principle LIE enatles to define:
- the range of droplet velccities in the scrary

-~ the degree of turtulance

~ velocity change of the spray investigated

- spray penetration tine -

- density of droplets per unit volume

- droplet mean dia :
- droplet distribtution

- droplet shape

For the nozzle hole d,, in-crlirnde

3

pressure p, 2nd pressure
tefore tae injector Prr given we cefine ths raxt dimensicnless
peranetars: '

- the valocity at the nczzle hole exit

‘V"/G%'(IQI‘7°?)V

- eter punter

j? .yz,cé .
We =
g
- teplace nunter
£3:ds - T
Lpz 2
Mg
- densitr ratio
)
3
whepe:

53 - fuel density

S - in-cylinder air densigy
Mg~ fuel viscosity [is/m”]

Tg - fuel surface tension {;/m]
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Tor xH X
>gr

2,

where: F;=C,C19
F1=0,003

The coefPficient
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,‘,. M/e_q"M-zn

LI W Y (5)

H nl=-0,4 for p, 0,7 IFa

N, in Eq (4) may be calculated as follows:

Tor pz< c,7 ¥Pa

062 -0,06 ~QoS =02

Vo= 13888 ()" 17" WL

Tor sz ¢,7 ¥MPa

Ny = 347 (,%r)

ceceses (8)

-006‘ o5 cy

Lp - We M eeenns (7)

The mean drovlet velocity at distance x ray te aprroxicately exp-
ressed as follows:
Jor X <x
043 -0 ~043:14
] 0/ 224 2114 G
U207 Av-(2) We le M ceeeed(8)
where: nl- yo for pz>0 7 FPa
nlso 225 for pzéc 7 MPa
Tor x>xgr
ds d24 0,46‘ =M
V"h:zy—D V / ) b[/e ’ M 0000000(9)

where: D1=5 H ml=1 for pz)0,7 MFa
Coefficient A; in the Eq (8) may te calculated as:

057 -oaz ~0046 , ~b4

hr= Ko (82) W LM

where: K1=0,17 ; b1=0,285 for p, 20,7 MPa
Ky22,295 ; by=0,13 for p, 42,7 kFa

ceeseess(10)

Fuel concentration may be expressed as:
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Co=8 /V_ . & /k&/ns/ ; Cp /ke/un’/
and the mass of one droplet:
L ] . - 3.
Pe= 8"V 3 VimdpW/E
and finally:

-C. /p. / number of droplet /
k o’

The concentration expressed in number of droplet per unit
volune mey be obtaired at any distance r of the spray axis also.

1 r 2
n=Nm ~ex,n[’€——.ag (7‘)] ceeeesa(11)
where: 03 "
) o1
aC= I:I WC ’ZP -M ! sees0s o (12)
where:

n1=0,8 for pz;C,'? FTra
n,=0,4 for p,&£0,7 MPa

The possibility of applicatior of LIE in connected with poly-
dispersed spray.At the some time in the optical direction we
have abotement and dissipation of emission.Therefore,the degree
of influence of heterogeneous dispersed spray c¢a the zeasurements
has to be estimated at first.For purpose of estimation of spray
influence the optical depth may be used,expressed as follows:

at-/
2’= (3 X EEEE X X (15)

where: a=radius of droplet
L=lenght of optical depth
l=mean distance tetween droplets
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Dissipation is too large for To>>1 ,thus ILDE methed 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 rceasurements
- n supposes:

x
i -

L=2R=2xtg oL/2 - lenght of optical depth.
Using the. Fig. shown and Zq (13) results ia:

, Cm')('t?%
fg /& d32

T-15 - ceevesess (15)

where:
Sauter mean dia. d32=1,48dk
Fig.3 shows an exanple of optical depth ottaired by experiments.

0,9

1
4 — - e
) - - »
: ) s
.‘ 4 po——
“l 0o oo 50 x/mm]

Fig.3 Optical depth by measurement vs. distance x for various
nozzle holes dB and pressures

2—pII=2O MPa , p,=2 MPa , dB-O,2 om
3-pyy=20 MPa , p,=2 !Fa , dg=0,3 mm
4-pII-2O "Pa , pz-O,S MPa ,dB-O,3 om
5—pII-80 MFa , p,=0,5 MFa yd5=0,3 mm
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Approaching to QT= the informations of the movement of some
droplets cay be lost because of a large ortical depth.Cptical

depth shown irn Fig 3 was calculated tat also checked indirectly.
Spray tip velocity along x axis in shown in Fig 4. liax. velocity

equals fuel out-flow cne at the nozzle hole exit.At large distan-
cies x and low pressure pII,droplet velocity approaches zero.

It’s well established fact,that our attention must be paid to the
spray characteristics in the pericd of ignition delay.At the end
of ignition delay pericd the tip velocity or "velccity of mean
Sauter droplet” may be reduced till 20 m/s.Tnerefore,the arplic-
ation of LDZ method is important for low spray velocities alsoe.

N

LR R T

Fig.4 Spray tip velocity vs. distance x
l-pII=80 Ta ,pz=0,5.M?a ,dB=O,5 oo
2-pn=40 ¥ra ,p,=0,5 IFa ,dp=0,5 mn
3-pp1=4C IFa ,p,=C,5 Mra ,dB=O,3 om
4-pII=8O Mfa ,pz=2,0 MPa ,dB-O,E om

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,LDE methed is e.fective for
relatively small droplet number per unit volume.
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Fig.5 Droplet concentration vs. distance x
8-pr7=80 'Fa,p,=2,0 ¥Fa ,d)=20 am ,dp=0,3 oo
x-pn-=60 :@a,pz=2‘,o IFTa ,dB=O,5 ,mm,dk=28 AD
o-pII=2O I-?a,pz-—-.?,c MPa ,dB=O,3 mm,d,k=a.o/,m

6-p;y=60 1Ps,0,=C,5 iFa ,d3=0,3 mn,d)=40 Am

-

The min. volume for analysis aprroaches ¢,C02-C,0025 =z” and
the max. concentration ranges 4C0-5C0O droplets/mmB.The later
said suproses rig test experiments unde; tressurized amtient.
Tig 5 shows,that the atove recuirecent related to concertration
was reached at:

X 235440 mm

TAM approach for x440 =m =nmay te explained as follows:
-measurements at x=50 mm arnd et.x=70 mm
-analysis
-using the data measured,calculation may be applied fer
shorter x distancies.

The volume cmean dia. of droplet for diesel oil D2 rangses 2C+1C0
mn. Therefore,the range of 5-5CC gm of dispersed droplets is
of interest.For the purpose of calitration helps disperser
producing monodispersed spray of atout 5Am droplets dia.

| Fuel spray applied in diesel engine is unsteady with duration of
about 245 ms,but the pressure range increase (deI/dt) may
reach 6C+70 MI'a/1 ms effecting very drasticaly all character-
istics of tae spray.

LDE method may be applied in rig test experiments for fuel spray
investigations,suprosing the tellow cited characteristics of it
instrumentation :
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~velocity range 2C+4C0 m/s

-max. droplet concentrations of about 4CC dronlets/mm
-droplet dia.’s of 5+500 Am
-spherical droplet shape
-period of measurements 1C+1l5
-rmax. velocity of changing of parameters investigated 3C0%5/lrs.”

]

2

LDE mey not te applied for spray analysis at x(14-0 oDe.

Examples of calculation

l.Diesel oil D2

Fuel density f =840 kg/m5

" nscos:.ty(u =2,101077 Ns/m°

" surface tensmn (T'sao €28 k/m
Nozzle hole dia. d.B=O,tL om .
rregsure tefore nozzle hole QII=600 bar
"In-cylinder" vressure pz=l¢-0 tar
"In-cylinder” temperature T =11CC K
Air "in-cylinder" density f 12,567 1 <>‘/

apray angle: o ’
9,32 )0 m
ty 2= Df We : . M ’
Weber number:
0— ’
¢ 0028

Laplace number: -3
B . Ode-0; 240 Q#10 - o028
LP = % 9 -

(u’¢ i (214 10-3
Depsity ratio:

= 2733,3

12,67
M= ~ = ——— = 90755
. so 7°
Thus:
) 007 g .
b - o,om-(f,&m‘)”z- (21333) %" 90155 %% 92305 — X~ 259

Potential core end: Xar = _, 'ds' h/ev,zf, LF:Q‘/. /‘1-3" =
-3 925 -0,¢ -0,
= £95-94 10-(1610°) " - (21333) - 00165 "€ 11457 mm

Volume mean droplet dia.:
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-G26¢ - 3
dk ‘ZZf ‘de * (N‘ h/e} . LP 407 =
-2073

- . -0,266 2
221. 0416 (90155 1,6-10°) . 21333 =

(4

34(um
Sauter mean dia.:
O32= 1480k =50,32 um;

Specific dimensionless flow at distance x= ®C zz (= » xgr) may
be calculated as follows:

Qm_ 0 125-F; (ds) Lo <. We H-zm R -9% -2-08
0,125-0,019 (Bt )2 243337%% (16400%) - gorss T

2, 212-40

Spray trﬂ velocity at diastance x=90 mm is calculated as:
gz4 ;=066 , =N
Von = 5725 f(ﬁt Pe) (L) - We". L7 M <

4 (al,.m o2 ~0,¢6 "y
= : ¢-10°)"" 213 -0,0756 =
2-141.3 [ #40 / §00-40) 0 0,09 ) (161 733,3 ,075¢
= 7203 m/s
2.Methanol

|

OH;CE demsity £ =774 xg/m° 3 ,
" viscosity (64 0,4+ 1077 Ks/m
" surface tens:.ond‘ sC ,021L K/m
£11 other date as for the aforegiven example with diesel oil

weber number; _

T 2 -1
We= 7% ( V% (600-40)10" ) - %16~ _ 2,73-10°
gozr

Laplace number: -3
[ o = L2%- 04 40~ G021
Jensity ratio:

M= %%—%1- 90164

Spray engle:
o‘ 7 4 m =
ba % =Dy W L¥" 1T

g0 a8 0
)77 gotesa gorg — o= 354

= 4,06'-(09

= 12
= 0ong - rza.m‘)" - (40610
The end of potential core:
028 ,~o ~Z
)(q'-= CvGIBWe ‘ LP Q'M ‘=

- (4 5 .019 ‘O’C
= !,fs-o,wo"‘. (2,43-(0")02 (4,0610°) - (co164) =

=228 mm
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Volune mean droplet d.z;‘a‘.._aolr3
dk 224 - d (MWQ) — l :_02“ .
(4
= 222 0610 ( 0,0164. 2,12-10°) - ( 4,06-10")
= 25(um
Sauter mesn dia.:

0/32 = 765 dg= 37(Um

Specific dimensionless flow at distance x=9C am (x >xgr) may
‘. te calculated as follows: .
o g125 F2( )" L5 W M7 =
-2.0[9

) -g¢
= 9125 .gorg%( 0”03’} (4,0610°) 2 (2,13.00°)" - gor64 =
= 945.46°
Spray ..m velocity at distance x=90 mm is calculated as:

V”” Z-D, {/.F ( Pr-pa) /d‘ we Ly AL TR

- 4 S/ 04 ¢ 8 ,4 €o4=
zr-3/f,.74(6‘ooga)4o _4__2.)(273’10) /406'/0/ 0,019

-0,073

= 4754 ms
jot2: 11 expressions derived serve for the toth,experirental
arrangement and avoidance of measurement in error.

For zmetharol let’s calculete the parameters related to LIZ
exrerimentzl application.

8o (sez Z¢ 4) may be calculated as:

Qo= J%'V
2 ya -g0)-70% = m
V==//J;(7’z-703) '/,7,, [ 6c0-60)-70° = 373 &
=774 kg/m?
Fo= 373-77¢ = 2,?(702-405' _k%S
-5
Im = 945 10° -2, 09702107 = 2728 5%
Co= P _ 2929 ks
" VT Gnsg T G573 i
Ny = Em
m= o
Pe= = 77§ 25T -16" =633. 15" kg
= _CL" = 1573f°9 d'vp/af:
m £ 6,33 1512 = Jo¢ T

(Note m> = 109 mm3)
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It means that we have less than 4CC droplets/mm3,thus related
to o, LD= for the distance 3C mm selected,nay be applied.

Optical depth
Al

=G

L=2x Y% ~2-90-031g <5742 mm
To define 1 we calculate:

22 ¢
90 (e +£)5L = Ty = 105 un®
(25+%£)*90-Z =10° — L= 122 um

e 252 8%4510°
128

= §,3¢
Some disturtancies caused bty screening effect may te expected.
However,because of low Cm some corrections may te arplied.

In order to define the optical depth we nave to equalqr;l
This calculation gives L=1C,7 mm

jduxiliary needle lift measurement technicue

Weedle lift measurements may te performed using strergkt zauge
technique also.If one apprcpriate tridge and a small memtrane
strenght gauge exist the other arrengements are very simple.

However,the needle lift diagrames recorder suffer from:
-some nelinearity (what is also not important
-scme other oscillations may be noticed in needle 1ift diagrames
at the erd
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C-spring rate =const.
Fo - opening lorce =const.

% ___.@ Thus:

ho F [T € AP
needle « delormation strengit

J v 'L(Lf ; >|\Q 3 / rcz(:tfgflce
) f L : A change
F ,‘ Q E é ;
. N

—hlrf—
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The Fig’s shown explain the arrangement

How to calculate injector holes ?

Tuel injected per one cycle or fuelling =ay be expressed as
follows:

G = be 5o | S|
€ 3600 -Ny-2 <2 cycle cylinder eeeo(1)
4 where:
‘ b, /g/kWh/ -fuel consumption rate
Pe /kVi/ -power output
ny /s~1/ -rotational engine speed
z =¢,5 - 4 stroke eng. ,=1 =c stroxe engine
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iz - cylinder number

Substituing Eq (1) into expression of the injection law
results in:

G | > .
Moho= T e 'I/,om,f,‘ Lem'] ceeees(2)

where:

f}/g/cma/ -specific fuel mass
7=/s/ -injection time

-

p;VD=pII /MPa/ -fuel pressure before injector
v /¥Pa/ -in-cylinder pressure
F /cma/ -geometrical creoss-sectional flow area of the injector

holes
M /-/ -coefficient of discharge (ranges 0,6+0,8).

>

Jistance of the spray tip vs. time (or angle) is az factor for
fuel system matching to the combustion chamber and piston
movement (see x in "Dynamic") .

i‘orever,derending on the comb. process in developemernt and fuel
used the importance of ignition delay may te very high.Thus,
quantity of the fuel injected and spray tip history could’nt be
neglected.

At first we calculate- the angle of igmition delay (q;v); ver
example for D2 fuel acc. Sitkei as follows:

L;,=036 n |05+

e
0296 00735 | , 2| fkw] ......(3)
J

< ¢

or by time:

IZV
lorsig s o] e (37)
Eq (3) was derived for diesel fuel but thd?ame influeuncing factors
with have with other fuels also.With CHzOH,acc. to Eq (3),the
both,the pressure-and the temperature of compression are droping
down,because of excess cooling.The above results in:knocking

or misfiring.Therefore,retarded injection as well as controled
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Ly . . e o
injection quantity 1in sz-tlme ,cay help significantlye.

Siegfried and Ahrmed developed the formule for spray tip veretrati-

on as:
45,0027 (sz;)qf-. /'/,?“‘f'?:"( .f: /\‘!" [cm) ceeses(4) )
where: a0 -increment of time /s/ _ . )

Eq (4) was derived recently,where only in-cylinder pressure tut

without air motion was respected.

From Zq (4) nozzle hole dia. zay te obtained: i
5. 3? g5

d 1208271075987 AT [ 2 ) ]'

J iWa'w(P 1 o 1 .1 } ‘ﬂ,/ |
085 H
F |

The fuel velocity at the exit of the nozzle hole zay te calculated
by:

{C m]

eeees(5)

+*

233 ces
2 3

) I
W= 4721:700 pp\| P ET
Y A L S ] ceeees(B)
From Eq. s (2) aad (5) we ottair the ruzter of the nozzle holes as:
‘= o5
- 2 LR I N I N g '7
/aAZE?b (7

Dia 8 dgg (see Fig 1) may ‘e
calculated by:

PR
sz . R
45a¢>c f'dd'»‘ [em] eee(8) | /\O | 'h

The simple approach shown,may te
useful oy CHBOH application
also.
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After aforeshown calculation the choise relasted to needle seat
dia (dsi) or needle opening vressure (P3) has to te done.

“hen the tellow cited data are known:
-dy needle dia (Fig 1)

-p, mex in-cylinder pressure

-d;, sack hole dia (Fig 1)

-Dy needle opening pressure

-Pg needle closing pressure

needle seat dia. (d ;) may be calculated as follows:

[ CaiD,-p1+05 dals-p)
d" - —< = = ":77 ’ eae s

’ V 03 (R-73) femi (9)

Sometires is more comvinient to use an accustozmsd aydroulie

ratio (see the book Cermej-Tobovisek,"Injection").lcirng that,

seat dis. ﬁd known and the needle closing rressure may be defin-
ed as:

lde-c) n-(ds-c21 05  p,

T 0s1d g P ceree(10)

dowever,injector hole dia. (da) nust te exaninsd relzted to
cavitation also.

Thus minim. (ddmin) nozzle hole dia. to prevert cavitation may
te defined as:

Tor 15/d,> 3 (see Fig 1)

/
. -00053 ! b.- PKu\{f‘ ( 2- ZMd /‘4‘-‘ A "/C‘.J [ch..(ll)
Lirin Py Y M ~p, /

—

For ld/ddQB

. ! ’
- / De f( x - |
Cumn=0,006 24 \F' - v S ( L= ) feml.....(12)

2 ﬂd p‘-po 7/
where:
/=/ -coefficient of overloading (1,1+41,12)

°CE /°CA/ -duration of injection

Supposing the avoidance of cavitation phenomernon,the max,.
velocity at the nozzle hole may be calculated as:




ceeesa(13)

where: :

N\ =coefficient of friction in the nozzle hole ( \=C,C2) )
To ottain the effective cross-sectional nozzle hole area in
dependen.e of needle lift two locations rust be considered: -

-flow area at needle sesat
-flow area at nozzle holes

- The both types of fip will be considered:

Type 1 Type 2

Geometrically defined cross-sectional flow area of the rnozzle holes:
ddt'ﬂ' .
4 . 0..0.0(14‘)

*

Fag= ¢

For the cross-seztionzl flow area of the needle seat (see Fig 1)
te

the next exrressicn =a7 derived:
' - h.v - . v
F':,-—/’”-7T q..- 2—-smB) sm—zﬂ— fem’] ceseoes(l5)

The expressio: (15) may e aprlied for tke both needles,Type 1
an Type 2 under condition:

-

< g D h & 20" Cor)
, d,2d -5sin/3 WS
respectively

= :-.h”-]'[{d”o-g'—'sinﬁ/ sing- lem?]

L]

00.0..0-(16)

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

dal > d_,“—zﬂs';n 8

respectively

h'> 2/dta“d~r2 \

i sin/3 '
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Discharge coefficient of the needle cone-seat area (Fig 1) deperds
on guality of surfaces and ranges 0,77-C,9.Discharge coefficient
of nozzle hole may be calculated,as shown bellow,

Ratio of geometrical flow areas of rnozzle holes ard sack hole

(see Fig l-ﬂdsa) may be expressed as:

fq
msF.m . IR :17)
and pressure rétio as:
Pm - g
X= . ..-0000(18)
B
where: psafinstanteneous fuel pressure in sack kole
pG-instanteneous in-cylinder rressure
x value is limited related to cavitation,thus (xmax=xé-enz):
2 2 3
= 7 wm*zv“?y [-.i .".......(lg)

X = v
erenZ -2 Y-' 2 7‘,

Coefficient ¥ may be found by means of Tateles in cerzendence of
n and rims.

Furthermore discharge coefficient of nozzle hole may be calculated
as:

_ - ¥'m' 2
[ud -\/ 7_'\,/777"2;’;‘_2(# [_l ﬁf. Xéx -0000000<Cl)

GrenZ

or in other case:

= '\/ . L - I ¢
[ld ¥ ! _X [} {Of' X>X6rm2 )

where:

¥

V,=W esseese(20)

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

. G cm®
V= TE‘fn [TI cecsees(23)

The pressure in the sack hole: -

50 -V -fe . P+ R

= .o.ooo.ou(2q‘) .
f%a ﬂQQ (}“dfiJz 2
And effective flow area of the injector holes:
((t(d'FJ)“ ((ag'..Fsl_)zﬁ .
F = [mz] L 2K 2K BN BY S BN AN 2
ols M(((I,'-FQ)Z + ((uri'Fn')z : (25)

Sack vo lume of 1naector may be calculated as:
V. = s '{l" dea_ db (‘ﬂw”
fa” [{ Gtgg_ 3 6tg§

Expression (26) is valid for:'

JF) [67'.........(26)

~¢s3> Cge
-for nozzle Type 1 end 2 (for m‘y‘pe 1 - QqF—C) (see Fig 1)

~3
[

Controlled singl-hole nozzle (CSER)

The functiocn of controlled nozzle as improvexment related to
igpition was jet explained in the section-neat methanol use in
diesel engins.Hdewever,pintle nozzle suggested may not be used
because of cylinder head.Existed cylinder head to operate with
GHBOH 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 indeperndent of nozzle,
holder axis.Thus,existed cylinder head may te used and fuel sotray
deposition area on the wall of piston bowl may te optimized.

In experiments with CSHN,MAN tryed four goals to reach:
~cylinder head of methanol diesel engine must te the same as for
diesel o0il operation

-controlled effective flow area
-at low partial loads more fuel dispersed in air

-at higher loads more fuel deposited on itae wall

Fig 2 shows the idea.
Difference tetween one conventional nozzle and CHSN may te

explained by:
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j - no sack hele
- short toward needle axis directed single “ole emerzing in

- mnocszle seat surface
- needle tip icmersed into nozzle *nole
7ith (CSHI) swall needle lifts,seat .low area becozes smaller
than that of nozzle hole,thwus,fuel spray obtaining a ish velo- .

city in the seat area unhampered penetrates more toward the ce=
rter of the piston btowl,teing disperced —ore in 3ir. -
; Tith fully open injector,mole flow area becormes sSmaller than

seat area,thus,directed demszz el spray follows hole anpgls de=

tn
1

iened,

ct

.
- =~ 3 ha K S O D e e )
veI2ls 1N & lb D .4 L@I[IONITIGTved L.ae

3y means of spri.y pa

atovecited o, With CSHN scme decrease in fuel comsuzmptiion Iigure
as well as better startability of engine were otserved,

N

Definirg hole and seat area conversion cf zore potexntial exn-
ergy into kinetic form,before seat area,may produce unwanted

-

oressure losses as well as uncontrolled “uel spray direction.

L)

To nhave idea-about above saidyty black collored surlace demon-

> .2

strates Fig 4 the relation of kinetic enercy converted.

- black collored

vart of kinetic

energy -

Fig 4
Is to be mentioned,that 2t position x (z2e Pig 4)
e

llers (fuel filters) converte to much po*ential en

¥inetic one.It may nappend converting to met»anol because oI
fuelling increased,In any way, before seat area only snall pre=~
ssure drop may bte permited,

To obtain rore informations awout ratios of flow areazg,7iz 5

is presented.
wnen before the needle seat slope of 3any free area
1lift becomes smaller than trat of line a (see Fis 5),injecto

"aldey witat hz ospvvontod

LaaTL

H
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Fiz 5 Flow areas vs., needle
a-n lovi area

eedle seat f
b = entrance flow area of sack hole

¢ = nczzle holes flow area

a,b,c = geometrically Zefirned

d = effective flow area of assacbdled irjector

Coefficient of discharge M~ VS. Reynolds number is presez~-
ted in Pig 6.As parareter fuel pressure and relative needle 11rt

h/hmax were used.
h/hmax means: measurements were performed without
nozzle,thus this data are valid for nozzle hold
For seat area given coefficient of discharge 4
zzle hole dia, increased.The later saic nas To Je ¢
charging the fuel also.rig 7 demonstrates the aforementi
7 demonstrates also, that for test bench zeasurements of inje-

2]

»

With controlled single hole nozzle szeat area rnust be seriously
considered.,To give more information about it Fig 3 is presented,
Fig 8 demonstrates a high conversion of potentiel energy into

P

kinetic form of the needle seat area,when low needle 1ift was
set.In other words,lowering the needle 1ift fuel velocity incre=-
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Pig 7 Coefficient of discharge Mp VSe relative reedle
1ift with nozzle hole dia, and pressure drop (A p)
) at nozzle hole as parzmeters
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Fig 8 Velocity change along seat area for variuos Tressure
arops (on the left) and pressure change at varl
points in dependence of relative needle 1ift (
right).Tne later measurements centiozed are valicd Zor :
nozzle hole dia. § C,365 o3, Ap,=4C bar,n,.=C,4 =,
1=1,5 tm.

ases drastically,out in seat flow area.,This is the reason that

controlled single hole injector was suggested dy il
For most practical cases:

2,5€1/d §4,5 .
¢ .
‘ M % 0,8 if seat flow area 3 1,7-nozzle {low area
and Re> 104

Under above conditions the penetration of fuel spray can be
obtain-d from the following equation: I

R 1/2 1/2 5_01/4
s = 13,6 [(-—E—) : t-d] - (=)

? g
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where: _
s - penetration distance of jet /in
Ap - mean effective pressure drop aeross injector/1iti/cq.in/
fa - density of gas in boub or erngine cylinder /ltc/cu.in/
t - injection time /sec/
d - injector orifice diameter /ixz

Tg— mean temperature of gas in borb or enzine cylinder /R/ )

The above Zq., was derived for c¢iesel fuel injected in quescent
cocpressed air.Fowever,calculating the fuel velocity and repla-
sing the fuel next expression may te used:
/2. 1/2.
S = . g (=

g

The both expression given for spra27y penairation nay be co-
nsidered as very approxizative ones.’he reason to show then was,
flrst coarse estimation of spray-piston vowl relatiozns.

- tock transliated,explained azcd givexn
- training : theory andéd praxisz
ctical measurenents
= first reper
- additional material sent as aprexniices
- three programmes for cslculation given
- needle 1ift measurement cozpleted
= second report
nay be consicderedé the engineers Teinz dealing with fuel intro-
ductior are fearly well irformed rela<ed to diesel Zuel as well
as methanol use,

7,2 Injector wear

Although injector wear was n0ot included in the Topics,during
subsequent discussion related to lubrication =
recommendations about injector wear were wanted,Thus ZP=-pump
and - tube out of cosiderations,

[

4 wear, sone

Locations of injector wear (see Fig 2)
1, Needle seat
2. iiozzle holes.

3, iieedle~body sliding area of nozzle




A.
3.
C.

A,
B.
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‘Injector spring-seat area

Sealing gurfaces on injector *oles-nozzle Tody
Sack hole
seedle lift upper seat

Stem (v)-reedle cortact suriface

) Fig 9 Locations
b of irnjector wear
/

S =1}

4

l. Iieedle seat

Harmering of surface layer acconpanied by wear
Contact corrosion

Zrosion

Cavitation (in specific case only)

Chemical corrosion

2. Nozzle hole

Cavitation

Erosion

Chemical corrosion (C-cking out of consideration)

3. liozzle needle-=body sliding area
wear cause by sliding friction
Corrosion
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. -
&y Intector surinzg seat area

1. Jontact corrosion
De. Chnenical corrosion
5

‘eedle 1ift uvnrer seat

:
A, Tacreriznz of surface layer accompani®d by wear

Te wiz meeille ceortact surface .

A. vonsa2ct corrosien

la Dzrmerinze of surface layer accocparnied

el e

17 ny wear and contact corrosion

-

g needle Mmovement may te balanced as
-i-c'fliF —plr%z

"y tr.” FII
‘-\,_/\_V__,
Tuel
pPressure

Ve
at full load

Hime

*

at very load

? < at very lcad
‘ peeds spesls
{
i time
1 X X X
Fig 10
The both surfaces b’ and b”’ ray be hommersed, ore

At closing (point x, Fig 1C) masses of needle,stac 2nd Gals
of sprirng have been acceleratirg toward the -ceat, leedle vel
city becomes largest at point x (see Pig 1C).Alt™oush,=Ax.
ceedle 1ift with “igh speed enzines amounts C,25 & C,5 mm,the

hit force is quite nish,The imnact of the Lotk surlaces,

.

and higher speeds




A Cerencins on thermal trzaimon ol Uhe steels used,cuused scme soe
1 ail dislocztion of the surface layer..:t the sazme tinms contact
} corrosica cttenced as a czall hizh coycle reiative rovelnants
§ tetween two metalic surfacas.The later szid is the zain reason
4
) nf seat wzar.

with greater masses,hisher zreedu 2and lovwer sfififness -7

b4

' ~ozzle todr seat area,contact 2orreosisn uay zroduce 2 very shoxt
- service life of injector,essne S

Sad surface texturs ir producition sre attended {z2e

5 in oil an
ha

. kncedte
Left .7

e = . ~ s - . .
! T Tmactar Sovdids - s I N -
ivgdea LZQELCL,LUATVICETL LT 20T S22 R QI 28120

Tig 12 explains,cavitation vaszr in seat

: rarelr,

jav)

r23 =z anresr very

/

he tmm)
?

;

time

o~
-—

tme

_/1( [mm]
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The reasor for cavitation iz werry well lmowm,thus we are not go-
ing into cetails.Zrosion Zscomoe ~igher with dirtymess in oil
and is getting hizher trous™ +ire,Therical attack with diesel
0il is zmostly promoted il water trscented,

Shortcominzs

Tre main Erawhaclicie I1ost of se221ling at reedle seat.Serne
ircrezsed max, ne2dle 1:7% i= vot ir-oriont zTut accozpanied
édecrease of nz7 be of influence,

~ & 4 £
- ingreased soot euliesion

s r N meem
- 1lCTre3dsed e °I

O |
tn
w
(o]
O
‘

- increased Iuel ¢
- increased therral loadi:
-igcreased cylinder-pi
- decreased jpower oqtp ut
-~ nozzle hole coclking

ngpecticn

1, Comparing the surface x of
injector tested wiith new orne

2. Increasing opening rressure
of injector - p, for 10 har at

first,thazn with constant oil
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2. 1.0z221e hola wear

2 A Cavitation |

Cavitation wear will be considered for the both,nozzle .
holes and sack hole.Fig 15 depicts the cavitacion wiear of

Pig 13 Cavitation wear in

¥

nozzle holes afier 1ICCO
of operation.

T z
Thase O vy
Sefore injection NG '
Sack volurme filled with gas = ‘
Phase 1 = S ——
Fizst opening phase of needle R AR
vwear at the bottom of sack TT:T';//// :
- ZCLZ ATTACKZD %u,_ ‘
Phase 2 ‘ \‘257
. . Tl T ‘
FTow cavitation narrowst N
cross=-sec. seat area S g
e . R Vi1
C§v1uaflon attack at sack oS
circumference <
- =
Thase 3 T 1
Total rressure drop in \\\\S*Q ﬁ:t><:/
Ay T V)

nozzle *oles.Flow cavitation
in nozzle holes

pII-fuel pressure
hi -needle 1lift

Fig 14
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rturnately cavit
e d with some diese
cavitation wear may 1increa
fad bod

hal
ive more insight in the cavitation wear of nozzle "oles,
3

-

0
Fig 1é is presented.Ffig 14 cleary dermonstrates the
tigl wear of cavitation.lelated to injcection waar in

nozzle holes is zuch pore izportant then iz sack nole,
Irosion in the nrogzle hole increases with imturiiies
content (in Fuel) increazse, .

Concering chermical corrosion nust be taken into account
the temperature also as well as zas attacking,

kN

Shortecomines

Tte main drawhacks:

- decrease of fuel injection pressure
= decrease 0f atomization iztensity
- decrease of irnjec
- decrease residusl pres
- increase in fuelling

- change ir fuel spray pexneftraticz hiztory .
c s

The ahbove cited results in:
=~ increacsed soot enmission
- irocreased TEC emission

- increased 20 enmigsion

- increased fuel corsucption

- decreased power outnut

- miston demages

- late counxustion anéd thermal overloading
- increzase of rnoise,

inspection
l.3efore testings, if any change,the new injector nas to be
checked related to cavitation in nozzle hole,The sanme must te
done converting to methanel,

Fuel pressure in injector has to be determined.It nay be
done ty calculation or by measursments,.By nmeasurerments or bty
calculation needle lift diagrame has to he accomplished also.
Tift diagramme it’s

o

Having the both :vnressure-and needle
possitle to determine three positions acc
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On rig test tench (see drawing given in the first report)
Q=f{n;) measurerents nay be performed.,fcWever,here pressure
drop rust »e accerodated to corresponding pressure cdiagrane,

a6~ wf- 5 VPop-al |
70

neasured measured /s/

usuzally ~ TALCULATE

2

~

2 =4 én
P-fuel density
Pr~pP2=4p -vressure drop
(Mf -nay he determined for any pressure drop 4p wanted
Doing that,results in diagrame shown in Fig 15.liarked poirnts
A’indicate t:e beginning of decrease in effective nozzle *ole
flow area ((uf). N
Fig 15 Harked points A’depicte

3 — 2 zn start of cavities formaticr

T —
"

-in the nozzle hole

D] = pressure in irjector
Dy = simulated in-c¢cylinier pre=-

o — ssure(for measurezexnts only

i '_°_’_’_"""‘""—°——-~ o5 DPo=anbient )

f'. . . gAf-eff. cross-sectioral flow
- . area of nozzle holes

In order to avoid some uncartantties related to cavities
formation in seat area,the additional measurements nave To De
performed,

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

For the diagrame Fig 16 shown,/ufseat area is not critical
related to cavitation up to h;x1 mm.Comparing the both,Fig 15
and Fig 16,may be concluded,that nozzle holec are much nore
inclined to cavitation wear then needle seat a.ea,

20 With injector tested the best inspection may be
reasurenents at himay with AL =1C0 bar=const.,supposiiy that
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J‘fmeasurements to follow cavitation wear vs, tinme (if exi-
ts manticned are yet explained in Report:

1. Sl -
=== - =R
F2- =
s £2.2-
222 > z AN
= \\‘ i, S
e~ o ——
4 a 3 o
) .
1.0 :
! 2 3 45 S %20
—e a2 2 3 48 z
v Z v — 30
W .- 7' 2 v
H;} i [
(-;5 ?4-
2 v
2 )
E -
> T ~
) St Bs PL e T

p1=200 bar pl=280 bar pq=200 bar py=280 tar
D,=1C0 bar p,=20 bar p,=1C0 bar py=20 bar

wear=0 wear 17 mg wear=0 wear 15 mg
| W -7 / J
' SV v
to study cavitation to study cavitation

at sack circumference wear at sack btottonm

Pig 17
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Tig 17 explaines the procedure how to study cavitation at
circunfererce and sack bottonm.

3., ..esdle = nozzie body sliding area

9 Tere wrear of sliding friction will be considered only.

; Towever,sone zegotiations must be made at first:

. 1, It’s irpossibile to measure the clearance between needle
and rozzle hole (sliding hole) at various positions in order
to calculate mean effective one.,liorever,so defined says nothing
about the leakage and reapitibility of. measurenents is very
D00,

To colve tris problem the bellow shown nethod nay be sugg-

e Q-uf Y eR at

su:s‘-:ituir.g#:l results in a

2o - rmem

. Ad (2d4-2d)F

é¢; = producers nominal value let say
d,=6 mm. :
This AQ wmay be defined nore effective

and easily neasured as follovis:

Q - overflow leakage quantity in time 4t
at defined pressure drop 4o (dp=p,

! because of py=1).

2. For every type of injector leakage time must be acconmplis-
hed, .

Volume V,line 1 as well as p must be the some as for engine
producer,Tize observation of leakage is not only because of +o
much overflow,liorever,the danger comes from to low leakagse.,
Leakage overflow,although unwanted related to injection, is
anavoidable related to cooling and 4o lubric.tion of sliding
rorts.liany stickings and seizures of injector needle are known
becouse of to small overflow leakage.,
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3« Cne must he sur (o" to chezk)t=at neat treatment of har-
cening was conplct%d =itk very deep coolinz {=55°C & 5 2,
This is important treatment for the toth: needle and nozcle
tody.The reasi-n for th=st is rest—eustenit which by increased
a trensiormed into rtensit.This process 1is

e
per exanple) hy increase of needle dia.,which

otal loss of zap (A é=C).If happend,cxtrene 2igh
u

- < - ~an =2
g nveriaating sngd zeiura,

n one type of velicular

pe

cti
A hizh needln wear tad occured
el exncire with n-v injfec*or suppliar.The insvectioz had
e 2,languranents gave evidexnce atout lo-
hifull ment treztment of readle (ses Tig 12,%) althouzk th
atle" during neating up period
eedlz - ozzle body szap may deocrease in ope-
ration (sg2e Tig 13,7) vet in the praxis at randor accured.

The reasor for ctove investigations wers:

~ two needle cseizure in servis operation
- unstable Il:inz with atout £ifty ernzines accompanied with

o
iioreased fuel coreurption rate in low load operation.

()
()
3]
wm
1]
n

b
de Any ¥ind 27 dnlaruatiscn of=nozzle body or needle in

friction 2ccorzzxiesd vith weoar inseased.,
2) The cop x in Tiz 16 ruet e tighten carefully wiih oxder
torque.irne caie z2y De recomrmended when fasten injector - cuy-
linder head,d Migh frictisn may be noticed with many irnjectors
acc. 7ig 2C,
The reasen for that. is to nigh torgue by fastening in cy-
lincder mend cr *v irjimctor a2szertling,
) Any overheaiing may vroduce increased friction arnéd inversly
increased friction procduces nigher heating in sliéing area,
Toor coolirng of cylirler nead,stc.,za7 nroduce overhezting
ut with increased weor of 3liding part especially at W

espe
speed and low load operation, overhez2ting may occur be
of Zot gas penetration in the space y (see Fig
tanteneons fuel pressures drop under in-crylinder gas press-
ures (see Fig 21) for any tizme (or angle ),k

trate into space y accempanied by: overhea‘ ng,needle "colo-
uring" and ir the end,by nrozzle ! olq90051nz (7411 now L7 re=-
asons are known related to ioccle hole cocking),

hot gases pene=

R R N
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. According to Tig 22,injecticn fuel sysiem is coupled hwrdra=
T2 - _s 2 s Ta - . h ISR - .o ~——~ T 2
milically,Turing injection,lealzage flow zlthoush verr snmall,is

= ) - learage How
/ = Crgp T
Lo . : ;/(LAI Y e = ! y
e { ) ! , P P =
o { o 7 af
L k" | Pa-ambient pressore
— -—> ~ /) ch R
i |.// Fét"a 7 B WU /’f‘:x,.zF,-A,
W mead:z Lorcas
o =T ‘
REVEEEL S &
IR
T .
‘ »‘ Y ! o) - g 4 L ) y
_,\//,,’Lﬁ Fig.22 WA [(pg-py & -iow ot iyeclon
N
Tig 22
orly orne cornnecticrn of TP system with azbient,. han lealage flow
ineresses:

! 2
[emn) ) cpe-par %
Tuelling Gecreases —e /o ’fé“A/ (f’l'f’a/'%

Altnough,leakzage Tlow rate rust e “igher =% »i-h2r s3sceed
related to higher pressures pII,the fuelling corrected will be
lover beacuse of time (see Fig 23).

Pesiéual pressure p, will be influernced also znd unvented
corrected,The time hetween two cycles is a long period and the
closed F2 system has still connection witx zuktisnt via leakage
floweIt nay nhave a high influence in metharcl =233lication as
was (in the first Report) vet explained.d 7igh wear and lover
fuel density,accompanied with CH3OH evaporizatica in the upper
vart of sliding area,may procduce leakage flowv,at low gpeed-
~low load orerations,more then 2C ¢ of corrmstonding fueling,

To avoid the abovecited leakless injector uay le the solu=-
tion (still ir developement).Fig 24 shovs diag.sketch of lea-
Yless injector.The first results have been encouragizg (soot
enission decreased,torque back up increased,injector is zetting
smaller,hizher injector closing pressure,less expensive systenm),
Fowever,retraction volume of the retraction valve rust be

matched to the demands of the closed system as well as the vo-
lume V, (see Fig 24),iher matching was poor (Fig 24,a and b
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! dzted lires) resuclted in after irnfection and nedlle *Tlociiing.
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Leakless injector ,

with good matching (see ¢ 2nd ¢,7iz 24) a -ro-i
are achieved,To decrease 7, 2s zuch ac possixle
usedo

3
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H
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Y
S
b S
<
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6o Using experiments to define off, l22k
pressure pyy the calculation can te xad
parameters wanted, It may be a sm2ll nodul 28ied to the over-
all injection fuel programme.It’s to te suggested to use the
lst programme sent as much accurate dnsz,

Is to be mentioned that wear increase wWwith higher coantent

of very fine dispersed dirtyress in diegel o0il,

Shortcomings

The main drawbacs:
=~ change in fuelling
- unwanted change in residual pressure
- change in irjection pressurs=
—-unstable in‘ection parameters at low speed-low load oneration

= load dispersion at low sneeds
The atove cited results in:
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- scot emission increase at low sneeds
- poor torque back up

-~ nozzle hole cdockings

- increase of fuel consunption rate

- unstavle idling operatiorn

- increase in CO emissiorn at low speeds
- some decrease in power outpub

. nsnection

T-e points nmertion in negotiotions 1 - 5 said all abouw
inspecticn,The most important are leakage flow =
=ressure drop in time,Doing that Fig’s 25 anéd 26 mey te ottai-

N\

L J
Fig 25 shows the tine elapsed in /s/ vs. diaceter clearence
1 . —— - . :
' ¢ for pressure drop 350-=300=50 bar,.,This diagrane nay bte used
! :‘or(uA ceternination. .
s T .
} \ N .
: & %Cm’/’ T
-vs ‘: \ - '&c /l —’
| \
30 §00 | 5
f 4
| NN
5 2N :
, 409 1\\ /o
i ) ’
2 4 6 ad[pe] 20
Dy

: Fig 25 Time t elapsed
for 5C bar pressure

drop vs. diametrical Fig 26 Relationship of fuel leza=-
clearance needle- kage in needle-nozzle assembhly,
nozzle body against diametral clearance for

various rotating speeds

5 = 11C0 rpm HP pump

1l - 720 rpom EP pump

2 o 5 8 Ad{].a:-.l

In the end,related to other types of injector wear,may be
said; they are much more concentrated foward change ol injector
opening as well as closing pressure,If may effects the whole
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injection events tut 2lso the tizirg.
Fowever,related to erngiiic perforrmances,the larzest invact

nay “1ave decreased closing pressure of j-ctor.ulth decreased

¥ in

vpressure difference at the ezd of injection,fuel is poor disne-
rsed and introduced in the very favourable ambiernt for crackizg
having ro time to complete the combtustion.iiozzle hols cocking

and a nigh soot emission a2re the results (see Fig 27).

ispersion of the fuel tecause of a low
rence at the end of injectior (low closin

[ R
03
[\$)
-
hJ
0
)
H
N et

W

pressure).

Lg

s . -
1vsSe.

¥t

-
Q

Is to be rmertionad,that the decrease of injecto nern
(as well as closing) pressure may be effects by spring
tut the reasion is often the wear an the spring on neeéle

contact surfaces,The inspeciion is very easy +o perforrme by

checking the injector opering pressure change,

-

2

A short overview = systen testing

In endurance tests the service 1ife of fuel injection cyse
tem under fuel 1o0ad conditicns may be daternined deperding
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upon the main influercing Tactors of peak pressure and (cons-
tant) rotational speed.

Toweyer, in practice, it is the cervice Life expressed in
“ours rur (1) or in distance driven (km or miles) which is of
irterest.The prerequisite for deternining the service life is
the knowledge of data given the percentage in distribu_tion of
load during operation in field.A simple classification unit
uitable for rield-use,was taken to determize this load ¢

tion.Using this method,a two=dimensiongl iime distribution

b ] m

it
car he obtained for the control-rod travel/rotatioral-speed
nerformance characteristics feor 2ll the wossikile anpiications
of the pumpe
) Using load-collectives,and the theoxy of the linear failure
accurulation according to, Falmgren=iiner,a procedure vwias deve-
lcped for determining the service 1life from the fulle-load life.
The relationship of service Life to fuli-load life represe-
nts a characterization of the collective,.ultipication with the
rean ériven speed results in the so=colled "Fuel-load distarce!

yg Service /h T (km)service  _ s (i) service
full load/n/ . service /%/ full load /n/f
o3 ‘e
! : Lﬁ PR {
.- 2 e A

e Ve
o
«
.
wi
Cy
\\

§ 3 .
e . 4 E e
I ' 4
- // - o
E S L "
E . / 1/ = 3 ) /» o %
: I '
T z G832 L5 A7 ;
. ) R X x% e,
AR I N It T —
& i-bf(lf vea : . ///P/ .
. ;;3“#"&1-‘ L rren 28l mmier L , " -
| WIRSChEn: Chaeni - Ter desiimnter
- zes Auitrotens . 2 darers
T : . < s P 17 AWt T ‘ . 5 3 i 12 e
Pig 28 Relationship of Pig 29 Full-lozd distance VS
service to full-load life versus rated outout/total
VZ versus rated output weight

total weight(statistical
evoluation of 96 results
with trucks).
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Exarple Truck 6 ¥/t at 10 V514=270
Service 1ife 500.0C0 km,tecting for injection sysvern

500.0C0_ 250 B
270 .

VZ,,=4,5 The meihod showr is more applicable for the nump.ror
- W
the whole sysiem wearz using the next shown procedure 1000 =.

1) 355 0,85 lpyy ne2/3my  4/3mp
2) 15  full load " " "

5) 150 = enax n?emax

4) 20 “rax nﬁmax

5) 55 033 Popay 1,03 B o

6) 10, iiling Tnin

B N S N
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Prorolsas related to:
"Glow nlug =zupported ccmbustion
in neat nethanol overation"

1, CR= Comnression ratio

Ir=cylinder pesak pressure measured demonstrates very low
values related to 2T diesel engine operation; peak dressure
reached hardly 5C tar at rated nower.It means,besidss of rela=-
tively low rateé rean effective pressure,that.in methanol ope-
n of CR drop was not applied.

Peak of conoression pressure for JR=1€,5 is quite enought

d'ﬂ'
1

ration corpensa
nigh for ci operation.Tcwever,converting to metharol,
3 nmore energy needed for mixture forzation
than twat in diesel 0il operation,effective peak compression
pressure will “e considerably lower.This fact askes for CR
compesation Then X

e
because o 1C tire

iz to be used as fuel.The oore UH3O?

oped and rived with diesel o0il the larger CR compensation
requirement,In t%2 2ase of neat methanol CR compens at 0n requ=~

P

[
3 > Vo~ foal —mer v T 3 7
..;e...e-“, reac: e -Le Z4X TVaiue -lg -

0 80 60 40 20 0 O/ESEL OiL[7,]
0 20 4 6 8 10 CMOH [/]

Fig 1 <= asufficient for stable ignition at starting when
diecel oil-CHBOH blerds are used in diesel engine(without
ignition improver)

Some disproportions may be noticed by peak in-cylinder
pressure and neat peak compression pressure ratios,

S S U SO S O O W 4 PR A UF SN SUSGS CHENE S SO
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A sinple calculation may show that neat peol: compression

-k e omate

B pressure anounts of ratout 40 tar at rated power.It means that
' oforementioned ratio amounts 1,25,vhat is pritty low for I
. engine.lorever,in-cylinder pressure “istory may ve as
: showvn.in Fig 2,
“ — diesel ol
| —_———  methnd
L [ °CA

Pig 2 In-cylinder pressure diagramss:

diesel 2il

——emw——e—= nethanol

The in-~cylinder pressure diagrame for methaznol comtuziicn
shown in Fig results in:
- late combustion
- small amount of in
(x - instantenecus piston velocity)
- unstatle low load operation.
CR compersation is also required when using zethanol in
ST engines.,
v To demonstrate the later said,some Vi experinental results
are presented,Vii used the toth techniques with methanol:
. carburation andfuel injection,The results of both techiniques
mentioned as well as results for gasoline use are shown.
Piston temperature measurements were mads with a 1,6 1 V7
gasoline en~ine,The engine was run on the test ted in different
versions with regard to mixture formation according to the usze
of different fuels,such as gzasoline (regu"eu"),q..3 q,i0 15
(15% CH30H + 85; gasoline) and ethanol.
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It was found,that with ﬁ’S {only 15,5 2F=0% was wined) pisten
te Lp eratures were about 10 9¢ iower as comnared to engine opera=-

b leme e e

tion or gasoline,provided the eunzine build us was Xept practi-
cally unchanged.
e The temperature rise fournd with the carturetor version,vhen
. this engine was operating on u;BOH fuel,is due to the increased
: compression ratio 12,5 ccuipared to &,5.4s the niston temvera-

. ture Sepends on comhustion temnsraturs heinz lavar with alcorol

Fad

fuels than with gasoline “.el,tne influerzce of increased comnre-

ssion ratio is vartially comnensaied,

A furtrer increase of the compress

achieved usinrg fuel izfecticon versicn{ 5 noints com pufEd'

i
. zasoline operating on CHL0T with € ipcressed,t™e thermal ffi
cierncy was evident.Compa;;ng with zZasoliine :H powver output inec-
rease was measured,
Zxhaust temperatures were 9C « 12297 Lavver witn co
exission increased,
The Pig’s 3 and 4 show with gZasoiiie erzize :1s0,that "last
0f compression" must be coxpesa
application without TR cozpesatioz,
Tnis appendix was present
same happend with SI engin
- appiication in "existing
Algthoun Fig 4 presents pis t
2R was increased h»y factor 1,56 in CF
vith gasoline,Only with this increas
were the same for the both fuels,
with diesel engine in ’F-CH applicatiorn factor 1,6 results
in CR=25,6 for the same top pistorn temperaturesz (% 1) as in
diesel o1l operation.This very approxime rison demons-
ion

trated the need for same CR compensati anol operation.

Provolsal Converting to methaiinl CR ratio zust e increased
for 2 units if glow piug is to e used,
Increased CR ratio may help to:
- improve startability
- decrease operation of missfiring
~ decrecase fuel consumption rate
~ decrease energy consumption of glow plug
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gasciine regular
CR=E=83

161 VYW

Methanol
CR=£=/125

ab -different
marifold designs
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¢ Fiston temp. with casoline and i U
1 . e o . <
with L,:15(,:I ,carturetor version
comp. ratio { € ) was by factor 1,5 increased
'JHBOS
carturetor
version
o= & .-.12,5
mm
gasoline
CR= € =8,3 JECH,fuel injection
-
versicn
\{’ (Zosch X.Jetronic)
/ / CR= £ =13 ,4
7
/
/&

3ece 502C 5300 &G [rpm’
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Exhaust tempera ture
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- high ignition delay of metharnol

- larse quarntity of fuel injected in thre comiustion chamter
tefore isnition

- start of injection in less convinient cenditions Ior ignition
The scoluticn wmay be contro’led 1rjectio: as wzs yebt explained

in trhis report.Controlled ‘njection is not so cilficuliy to rea-

_ize using two injector ircs or the injfector wiih hrydrauli-

i spr or
21y controllied needle 1ift.The kheth sy
ined in this report.Usizg controiled injecti
o

%)

n the pre-igrnition perioé decr=ase sanme ¢
Fe

(D

i

erature ¢érop also. Thus ,better iani

ad¢ operation nay be expected.

In this report,the system with sinzle nole injector Ior con=-
2

trolled irjection is shown also.%ovwever,to anply single hole
mozzle swirl ratio ané combustion chaznber zowl —ust be uzate-
c2d,Using existinz engine soze of contrell=¢ injecticn effect
37 be reslized with multi-ncle rnozzle alsc,

Tumber and distribution of notzie m0Tes Rave 2 mZzeat influ-~
ernce on diesel engine overation.Tnis influence ingcreases with
ererzy for nmixture forration izcreassed,z2s is the caze i=n
T?j CH operation.It’s of interest +o remenmter,tat in rethanc
a7e

; ration the best results were ottained when *the sane inject-

on systen was used as for diesel fuel inisction.It

nearly by factor 2 prolongated injection perizd,This act res-
ults in late combustion only.Converting to cethanol the grouzd

rule may be:

°<period nf injec. ~= o<pe
diesel oil e

rio
than

if no chrange in the mixture formation process.

Ir the most suceesful methanol diesel encine 1620477 (see
p.232 "leuen Erafftstolten out der Spuxr")lill ty first matching,
doubled plunger dia. and rozzle hole cross-sec, area comparing

th diesel fuel operation (e~sine LO2C4IT.). Ricardo inztitute
in "Ricardo news" reported,that converting to methanol the
capacity of fuel iniection system must te incrauzed,.or the
mixture process unchanged,our experiments s-owa2d,th -t the
CoTinum may Te reacted nesrly for Ihe condiTion sivan Ll Ly Le
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Thus injection rate must Le incrsaszed coTparing with diesel
< 1 - . "~ 3 < Py ~r -y = ) PN

0il irnjecti wever,the wrole injection crsten rust te ra-

0 c +
nereased “ueilizng and injecticn rate ( retrac-
e

= 3 3 -y Ty o ;o4 o % e
tior volume,dead voluumes,plunzer pre-1ifi selting etc).

3., Swirl ané sgwish (&2 and £73) .

vy b Ty P N A T a4 2 -
~1th some combusticn cha~ters kit ol 1ntensity procuces a
) : 1 o « e - - T Y v L
hich heat transfer to the coztustisz ¢hazzer walls and with
oS A4 T3 e~ P - ~ o~ < - ~ -~y ~ - - b P
“alS L1 0 Zoumpressed diT..C J&lxrzase T4 Teal -

-3
wnwarnvel CQ00
b
1

NIV 5 ey e P
S2LAITY A8 wWeLL &

[

S 4
Swirl irternsity may Te raduosl iz nothanol onerastion tscause
0f mizer velocity of<Flzme -ro-mzztion and camtustion{zon-sooty
flaze)}.Zut decrsase ol swirl zir telp Yo reduce the arpearance

> 3 F s -4 3 X ~1 - s ER T T I S S |
of missfirins ard to ingrszgsas <he comtustion siovnilidy with lgad

as 3 < < 3 . T e ~ = - [ o e~ AP = p -
Jast ircn Irstead ¢l zlu~allclr Zigton may telp Lo counssrve
. -~ 2 oy -, + 3 * - A ~ 3 4+
zore heat into ceomtustion chambar,lning this,the next chara-

returred to the cortusitisn nrocszs,
The ahove propolszl ~2y =90% 22 o
"Lirloskor" reported,trat just i 3
cast iron piston was anplied {zee dnnerdix sent).
n)

Avout 3CC0 gwiszs franks costes ceranic overlzr on the nigten
and on the cylinder head ("DPlacrme=Technilk™ luwilsc),®utT is ro

) use when any producer in India does’nt exist.Towever,it’il e
of interest to collect informaticn in Irndia where placma=te
rique has been practisized.If a2ny, it’s possibls to gfet much
better isolation.To be uentiored,tnzi sozz too %

ct K

been using ceramic plasma=~coating to iucreacse
of their tools,
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I+’s well estatrilis>ed fact that using methancl The naxd
naints must ke consd

—
-3 ‘:v-tw'ng

- low 1oad otveration
- cold omerztion

~hen nethanol ured in Ciesel engire,
Teing pixing technigue,the ignitior guality of Zieszl oil
bl 't‘-v rTeger < madthgral ama e = -7 i~
es in the presernce of nethancl (Zecouse oI cfolilng

If extra good isoiation o¢f ccmitusticn soace Crez'nt =xizk,
using glow nlug,statle startiz 0

J'l
§
'
’

¢
out —issfiring coculd’rt be 1"ea'l zed,

-

v

For gcod starting switcking on technique =ay bte vrossssd ,
gh Towe

al+thouzh not for vekiculor application.,Towever,per example,for
wztering purnese it’s still possitly to a=nply switiingean
tectnigue,Switching-on techrnigue enzdles during stvarting tc use
diesel 0il only.In 12w 12ad operation witw I1°2¢ increassd cua=-
ntity of methanol doped increses alse,In full 1228 overziion
rethanol only is ircjected.i diagracmatic siieten of switching-

‘ -cn technique is shown im Fig &,

i
The piston 1 (see Fig %) is connected wit™ control racik o
TP punp.The engine consicdered has a single
rack pozition is load dependent so does the pistcn I zl:zo.
fuel volume "clozed"™ tetween the inlet of the pump surp and
fuel cdistritution FD,must e as small as o
suzp of ¥P pumnare good a very geoad ;ixizg of Zuels

zixed ray be ottained.Tris mixing is procducec ty filling and

epilling process (Fig 7)e.Fressure diagrane shkown in Fiz 7 le=
pictes that in the sump of ¥2 pump a high fuel turtulence exi-
]

sts."owever,the temperature in the sump rust bte
of methanol preserted,llissfiring may be produced by ret™an
cavities promotion in the sump also.

“With the swall sirgle cylinfer erngine the low pressure pump
was’nt use,but tecause of cavities formatior,if high <e
ture,sunp volume umust he precsed.vith low pressure pumn nnd
overflow valve,the fuel pressure ir the purp sump mGy bLe len?t
over CH,JH evapcrization nsint.Cvrerflow valve and zhort clirzcut
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xing as well as in Tetter

v
3
S-S
&
NIE
X
$IE
LY
SEES
| filung | | sprltng time.
Pig 7

and close at tottoz center,w
r cio

at Bottoz center 2nd close at top center.3ut with Tigh speeds 1%
is necessary to advance the orening of the exnaust valve and
hel

er *to:

retard the closizg for the intake valve in ord

ck

- reduce the work of ex*aus
= induct more amount of air,
Cverlapning of the closing of the exhaust and the opering o
the intake valve males nossible:
- the scavensging of the clearance spzce
= the cooling of corbustiorn spacse.
Witn cingle cylinder ergine considered 15C0 rpm is fairly

low and timing o:timized with overlcpp decreased may/mwa&ce :

- hetter startirg
- more stable low load cperation.
Is to te recocmended to use calculat. prograrmme for timing

optinizatior at first,




RYEIN]

-k

;
- . -

Y )

ol L S e e e b Tl DDl e e e s e am amelade e e e ek e A

102

7. Corclusions

1, Glow plug supported combtustion,vhen turning methanol in di-
esel engine,could’rnt bYe recommenced for vericular applications
without ceranic isolated combustion chamber.

2, For diesel erngires in waterirg application vhen fuelling with

methanol,to obtain tetter startatility and low load operations

is tc be recormenced to:

= ircrease CR in to 2 & 3 units
= apply switching-on technigue
- apply cast iron pist

- reduce swirl ratio for obout 2% ‘

~ optimize injection with increased rmethanol i; jection rate,for

- optimize nozzle hole distritution using calcuzlation prosramme
related to spray tip - piston bowl wall time contact

-~ estirate by calculation a poterntial tenefit with overlapping
decreased ,

3, when good matched for diesel fuel operation,a small T2 pump
has no cacacity to celiver £wio =eg more Zuel or the pressure

diagranmes correspond

P oerm,:s:b:e n-barre
’'oressurcs related fs
/ Cam-joiiower contact
mar. pressures

——

effect:. s
inr-darred
pressure \

7 LAl
Fig 8 In tarrel pressure diagraces

~- Thus,using separate modul in fuel injection calculation pro-~
gracme,with pre-lift and cam form given,the permissible in~ba-
rrel pressure diagrame must be compared with effective one or
to suffer from very fast cam~follower wear in the T2 pump.vWhen
decreasing pre-lift,the mean fuelling rate will be additionally
reduced and period of injection s*ill more prolongated,
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4, For any application after-injection phenonens must ke abso-
iutlly avoided.Again,calculation progracme nay solve this pro-
blem or needle 1ift measurements.

Permisible pressure contact
Acc, to Fig max. permissitle pressure in the starrel of T?
pump ray be calculated as follows:

Fig 9

Expressicn (1) was derived from the work of stipek T.(see

ETZ No 1 19827, KTZ No 5 1978) but using contact permissibdle
" pressure of 1700 N/mm2 in the every point A considered (see

Fig 9).

“hen calculating by EZq 1 for various angles ¥ max.permissi-
ble in-barrel pressures may be obtained (Fig 10).
Using:
- effective in-barrel pressure diagrame p, ottained by calcu-

lation or Ly measuremcnts zf+er »efraction valve (hecause of

simplicity)
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j - beginning of delivery known (pre-lift)
- perioé of delivery knovn.

_JF o e E DR oy S T AP A PREREL-SEEDPRIP SIS Y S U TLIWV ORISR L o~ Bl TR et L PO AN W * V2
H

oor

- e

Fig 10 Max. permissible in-barrel pressure v.3. can angle

The next Fig 11 diagrames should ©be comnlited

Tig 11

By injection matchings,particularly when fuelling incCreases
for pre=lift given or/and pre~lift increasss for fuelling

given.

How to increase CR ?

CR by existing engine may be increased by:
= thiner cylinder head gasket,somtimes the prohlem Zecause of
small top clearence
or/and
~ piston with noufinished crown.
To do that piston producer must be contacted.
~ In Fig 12 not complitely finished piston is snown,which has
to be purcbased,”ith thick line in Fig 12 nonfinish=d suxfaces
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ig
are shown ; # d; serves for firishing in II? workshop (see t
ard ¢ in Pig 12).7ith pricitive model ¢ (thin sheet) evry sizple
combustion chamber may te produced.
During our experiments per example we used (1978) com?, cha=-
zver volumes : 98, 100, 1062, 104 and 106 cm3all of them »nrodu=-

ced as explained above,

How to avoid after =~ injection

Although needle 1lift tranducer given operates,the reedle 1ift
events are hardy to follow,becouse of a bridge .This is specia-~
1ly the truth looking for after injecticn phenomeniocze

After injection may after happend when: -

- increasing Fuelling without change of retraction valve
-~ increasing fuelling without increase of needle hloe ¢éia, “s.

The simplest way is to caleulate injection processor to
follow . experimentally.needle 1irt diagranmegOnly at rated nower
the above experiments have to be performed,

After injection may be avoided by: J

+1 ~
g *t»e z2nvarity of

=~ increased retraction voluze,hut if decresas

m
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- or/and decreased cead volune (valnly decreasing T2 tule iiner
dia.).It is to be recommenced,inner dia to decrease oz 1,5 mm
(for the Kirlasxon engine).It may help to reduce a high influ-
ence of compressibility of metharol upon injection period as

well as upon pressure crop at nozzle holes.

.)

Increased 70T ericsion with mean effective pressure incrsasesd

normally with Dy increased TCH exhaust emission decrezce.
The reason for trat is *igher temperature with D, increased zxd
with this tetter complitation of combustiorn.

Is to be concsicdered t-at,when late combustion happend altho-
ugh without missfiring , TCE ray increase 'with loding insveased.
It ray be still oze evidlerce for late combustion,Xowever,when
27C corcentracions measured are not reduced at stoichiozmeiric
atio,the later said zay not be truth because of a very high

-

dilution at low loads,

by

f

Generally ~Zont strav tin pereiration,swirl intensity and lozis~

- s ~
~sirzle gontrclled szeed

With gingl= ¢ylinder eng
and indepezcent of mearn eff v
-~ heat release control with veitter nixing
- more ccolizg of charged air,
For the rmore deposited on the wall of piston bhowl a high
swirl internsity may control heat release rate only when tempe~
rature of the bowl sustaines evaporization.vith coznstant swiizl
intensity and fuellirg decreased,wall termperatures also cecre2
becoming the lowest at starting conditions.,7vren wall +em*e-at'r
drops under critical value for fuel used,deficit of fuel eva=
porized is evident and statle ~neat release is not more pessibdle,
liore heat for evaporization need than released via combustion,
Generally more deposit of the fuel on the wall may be expe-
cted withe
maller cylinder dia,
~ higher injection intensity } Fig 13
-~ low injection intensity

ﬂ)

o

[
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Tig 13
I %ecause of de¢ .se core of the spray (%ad disperczicnj,sauter
nean Jdia. Decomes greater or oV product increases aithioull ve-
loeity ¥ is reduced.
h" ghax

III tecause of high intensity of injection,v becomes nigher
and although d..2 decreaseg,product ov agzain izex

The aforerentioned was the reasion for controlled injection.
liarely,with controlled injection at low loads and svariing more
fuel is despersed in 2ir tut at higher loads zore fuel deposi-

ted on the wall of piston towl.

Cavitation erosion oxn diesel irdection —urm

The wear by cavitation erosion is of imporiance ZTor fuel

injection systems,espetially when operating with metharnol as
&‘.-
uel,

Cavitation attack is nostly pronaunced around spiil port
(plunger,barrel and wall of gallery).To prevent it the easi-
est way (2lthough not always succeful) cay bz the use of safety

screw,see Fig l4,Having,per example,radﬂoactive isotope =59
and operating with m~thanol at rated power fuelling,it’s po-
ssible,on a single way,to study the tendency of we:-,usLu/
just the safety screw as a most sutjected to cavitation avtack,
Relevant investigations were performed in Graz (Austria)using
the test circuit shown in Fig 15.
The experinents showed that,at the beginning the wear runs
to mg quantites,however it was reduced by a factor of roushly
12C0 after a run-in time,Fig 16.,Fig 16 showes that,the wear re-
ached 4 mg, in 1 2 time interval after starting,apnroaching *o
only 2,5é4g/h after 25 hours of operation.in order to detecte
such a small quantity,fuel was poured out,the whole system 6
tires washed out and the new activeles Fuel tanked in (point
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Safely sorev mact
0 é-zzéé beam"?ﬁ
. Steel

-,

©iz 14 Safety screw apposite spill port

Tig 15 Test cir-uit for the diesel injection puxp
VZ - low pressure punp
HP - high pressure punp
; inlet duct

4

D = pressure duct

U = overflow duct

S = radioactive screw

UV =everflow pressure valve
h = cooler
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sion on a safety screw of the in:ction puuns,.

Fig 17 shows the section from the front of the polished
safety screw after 44,5 h’s of operation,which was subje-
ted to cavitation.(For more information see the 18% Report)
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Sircle crlinder enzire in spark olug version and 2/ ratio

The small engine concidered nas the ratio siroke/tore=1,375,
mean pistorn velocity at rated pecwer of 5,5 ©/s and swept voluze
[surface cylinéer ratio cf 2 c=

Simple calculation may show that,when using higher siroke
Zax. in-cylinder pressure (for iie soze expansion pressure sih=-
ape) must be increased (IR incrensed),.Cn increase,vwhen spark
plug is to be used,zay not te recessary,but lower peak iz-cyli-
nder nressure in metharol orerction results in poor efficiency
aski.g for compensantion of T loss.

The existed small engize a2y ®e “Odlfled to use spark 5" .2
instead of glow plug.For the first exveriments it nay be cha-
neged only.After successful test related to-ignition and low

load operatior firished tze following iuprovements mavy te per-
formed by matching:

ajinjection period

%)spray penetratiorn,distritution and atomization

c)nozzle holes-arrancere

13
<t
[$]
:

i
'y
Q
}~J
(4]
(]
’-h
[\
L ]
w

d)CR ratio for better elicies
e)SR ratio for better volumetric sfliciencs
£)cast iron piston application
g)combustion chanmber modification
h)spark plug (position,epar’: duration)
Spark plug arrangerernt may not be more expensive than of
glow plug offering bellow cited advantazes:
- single fuel operatior
- some engine for the toth fuels,diesel 0il and met™anol as
well as for their blends.
- smallest change whern fuel crarzed
-relyahle start under cold ambier’: condition
-~ gstable low lead operations and transients with scall TCI
emissions.
In order to support abovecited AZPEIDIX X1 is added (not
this report,for IiP only) related *to "VCMATLU" experirents

with spark ignition assisted dierel in multi-fuel operation
AY
e

-

(Automotive Tngineering,liovenser
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"Approach to niston
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DI-Diesel en

Because oI:
- many subjects considered
~ relevant tackground not brought with

anticipated long term visit of exmpert in ceombustion suzjecs
a3ll in TQPRIC 5 considered,nay te dore in very short version
adéitional in Zorzations
4=V
U

-

ané by heart only.lovever,wrnen need
related to the sutject 5 nay te s

R
.81‘5‘3; uel'.

Averaze swirl ratio is defized as %he rotational speed of
ed by the enzine spesé,It mav

air at 7ZC of compression divid

re measured and calculaled by averagzing the swizl ratios ovta-

inmed from a nuzter {I7) of swirl profiles at varions axizl lo-
cations. R

- - . 1 -

Swirl ratio = 3R = & S = dr (2

O e
n
. . - 1 o
Average swirl ratio = IX =& z (:2) (27)

or average swirl ratio may bte expressed as follows:

where:
% - ensemtle-averaged mean swirl velocity at raiius T
R = bowl or cylinder racdiu
n - engine speed /rpm/
If it is assumed trat air rotates like a g3lid tody at 720

the equavtion above reduces to :

oty me - vortex s
St > H — - - -
Swirl ratio = .2 = engine o

which has been used almost exzcluzively ty
dye to the difficulty of obtairnins~ detailed cswirl v
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In the first report as well as in This rerory many 20DpI0-
aces 2re ziven related to calculation of fuel Tip tenetratiol,
we used one stown in the lst renort (cee Lpsenliim a2zml exantle
shovn)l.The whole procedure was explzired es well as czicuiati-
on in *he listings sent.The wrole nrograize consizt ol
- calculation of injection naracetars
~ fuel injecticn systez maiehing
- data for calculaticn of cisnzrsion
- c¢ata for caiculation cormtustion
- Za%a for calculation of spray renetration
- da%a for calculatior fuel denssition,

AZ may te geen in the diagraos shown {(zze %he outputs,
lSt renort),time or argle fuel contact »iziory of spray tip -
- wall of piston bowl was preserted,Ir this wsy fuel cepcsi-

llorever,locations and areas
vell,

')

owever,in

v

SR aat € in ceviation ray
—nmentun.eiated Yo zwirl ronens




a2gs'; 113

anrular momentun or R
.2 - 2,
zoment of mementunm @ L= = 'S YIS Suiib o
e
(oex unit —ass) = 0
- 1 .-
Average angular momentun @ Al = = (8.

'.l

Thnig calculstion may te verforned using one senarate additi-
ral modul (was not sent im the 1 E Zeport).

The caleulation crosramme of Fuel tip contact is ros
rtant one related to spray - bowl nmatching.it =3y te conclud
that,rany cdiflerent ccub., chanter
orly with spray “istory nmatched.oSpray ?istor~ matched urder-

gstarés:

)
M
'
(o}

- speed 2ré lo2é de
- injecticn period,zegi o
- injector holes pressure Cdrop
- low of injection

- atomization

- contact areas orn piston LoWl V.s, crani aigie.
3y means o0Ff atove rmaiched and followed ceslculiation of engine
performancies,is fo te cefized (for the zcozhustion chanmber .

chosern):

- nozzle neole distrizution
~ nozzle »ole dia,’s
- position of inject

- injector oper - 2m
- retraction volume
- FP tube <ia, 23xi lenght
- plunger dia,

- effective nlunger 1lift
- pre~lift zetting

- swirl intemsity,inlet (duct)
The above procedure dsscricec f
lculation is especially impo-tant vwhern:

- piston bowl could’nt be preperly designed Decause of =2xisting
stroke, 1/r ratio and piston commpresion eight.

- capacity of existing pump is limited hut larger T2 sump
could’nt be used tecause of space on desposal.

- position of injector could’rt be changed tecause of exieting
cylinder *ead.

NP T R ¥~ SH
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Only after abtovecited prccelure:
- rig test expericents

- on engine experircernts

rnay be the following stevs.

3. Combustion chamber shape

To change comtustiorn 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 CTH - cee Fig 2 ’

- existed r/1 ratio sece Fig 3,d

~ accomodation height of piston (Fig 2 arnd Ta>le 1)

- gudgeon pin outside diz, & d, (Fig 2)

- space for the balacing movement of conrad small end (Fif 3,4)

- pisten crown thickrness 3 (Fig 2)

- piston top cleararce

~ stroke and blsel:r of existing engine
CD (Fig 2) for exis

Thus,the depth of pistonm bowl C ting
engine depends o¢n rarny factors.
TA3BELZ 1

Kaz,mean lax, specific piston Accomodation
effective loadirg B height
pressure Daxe.pover output, v DI=D

/var/ T D2 /=f e

D</4 cn
<8 < 0,185 < 20
8 + 10 0,185 = C,22 20 «~ 30
>10 >0,30 3C = 35 ‘
-~

The bowl shape acc, to Fig 2a was suggested for neat net-
hanol combustion.This comhustion chamber is typical represe-
ntantion of com»istion ~ fuel deposion on the wall = single
hole nozzle - high swirl,The bowl has a high height CCD (cee
Pig 2) and may not be applied for existing engine.In this case ]
modification must be performed accCe.to Fig 2t.However,only
accurate wmeasurement now wmay show if single nozzle hole nay
be used.(Very after three holes are needed)




_ Y :
AALERANERNRRRARARARRAR RN AY

$da]

*fdl

A7 7

T

(G

|

i 4
‘\\\\L\‘\\\_\\ }\Y\\X*

- // /

5

-
1 4A |
- s ép
.bj
7, 3

! . fPuax £}
d,=(0,32 D _ l‘% ‘f_‘z‘ﬁ‘ di=(o,42d1
m=(0,33 D — mar, | S>> 0,10D
DL-(6,42 D jn-elind.prey) p.< 6 r/em?

Fig 2 Piston proporiioms for diesel IA-II engine

Fig 2a Spherical piston
bowl

Fig 2b Seri spherical
piston towl
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Gernerally is valid,the smaller piston dia., the deeper riston
towl,for the DI diesel engine,

Fig 5 shows the varions versions of omega shaped bowls.All of
then have been successfuly applied but piston éia.,nozzle holes
as well as swirl ratio separately nmatehed.For the bowls shown
in Fig 3,b,c and @ four nozzle simetrically distributed holes
are used,Swirl of middle intensity.Chamber Fig 3,4 asks for
some higher swirl and more fuel deposition on the wall,lhanmber
type b,was yet applied in methanol conbustion but with the pi-
lot ignition,

Very after,dependent of CP® given(sge Fig’s 2 and 4) ixnzner
shape of piston nust be modified,In Fig 4,c was the smallest
hiegkt CPZ on desposal,Somtimes,design 4@ Fig 3 may help to dec-
rease the outside dia. of gudgeon pin ard to obtair core free-
don for the design of piston bowl.

To folow the effect of circular cotior of air swirl inten=-
sity “as to te changed.For the purpose of experinents masked
irlet valve may te used.liasked valve may be produced very
easily =z2cc. to Fig 5. '

)

Fig 5 Zasked inlet valve,angle x must be defined
expericentally

The combusticn of sqWish and awirl in the types of howl
FPig 2 and Fig 3,results in a toroidal air r.tion around the
piston axis.Intensity of squish increases witn the clearace of
piston 2yl. head decreased.
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Fig € shows open U5 new conbustion chanter as 2 sinplest one,

tut is more difficult to match the fuel injecticn systen to it.
Again one time,combustion chambers usually hove a s“ave to
conforn to the spray for:n.

Pig 6

-

Tiil now open=combustion chamters were ccnsidered only.Cpen—-
~charbers shown have the Sowl dia.’s of z2out one half of piston
outside dia, ‘s.The excentricity 5. (sece Tim 3)

-
i

must be experine~-
ntally defined related to swirl intenzity Cesire d

voluoet=-

1lity of rozzle hecles distribution elfec%:z tha excentricity S
also..

Pig 7 Comb. chamber of 1Al engine 19204 Tl

AN combustion chamber shown in Fig 7 is of open type also.Iit
has spherical bottom of the bowl other shcwn in Fig 3 toroidal
bottszo
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Tt may be interesting to compare $ill now shown and Giscu-
ssed with Xomaisu conbustion chamber (see Appendi: <I,not in
this revport).The combustion chamber is of ilexican=-hat trpe and
Fiz’s 2 and 3 chown the whole arrangemert for CH3OH use in di-
esel engine.It nay bve still one tirne concluded that,nany con=-
bustion clhamber may be developed but every time,fuel spray hi-
story as well as swirl-squish interaction are decisive Jactors
for the success,

It is of interest to menition that,the
?

both producers: iiAl and IZD have the open cocbustion chanteX
but top of the tiston is znot £lat.D3 with cylindrical combu-

hac a flat tor of riston.

stion chanter

The nevest develorpezents of coaobustion chambers and pistozns

'3

have been conceniratad on saving the fuel and on increase of
nulti=fuel provertieseihe toth nwentionad =means to save the
heat or to reduce the heat loss.Ceramic compozents are still
our future and investigations showed that,heat loss may be re-
duced with conventicnal materials also,

Per exarmple: -
A-DY diesel engine,diecel fuel,swept volure Vp= 1 & 2 dm”,mean
piston velocity isr=8 +# 10 /s at p_ =7 bar,specific fuel cecn=
sunption rate —ay ve correlated as:—
for Alu-alloy piston:
b _=(21042°0,0158)~12,3"V=- [e/zin/

n - /ron/ , Vg /dn’/

for cagst=iron plstohz

v =(20541°0,0158)=12,4.V,  /g/kiin/

e
It’s of interest to see the influence of heat loss reduction on
combuction chaz¥er and piston design.lorever,the strivings are

directed to chance the combustion process and to acconodate
the indpatinn tit now towapd reduction cof hsat locces

(0]
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2ig 9 showe the D

i correspondirns piston areas

ion.,7is 10 shows that in
ance) approachy 13’

Q
|-
1]
]
]

The investigations showed in Pig’s 9 and 10 werz evaluated
related to fuel consumption and nmear effective pressure.Txz
results obtained Wwere nore then of irnterest,what can be seen
in Fig 11.Pig 11 depictes that top land clearance dead volurmen
has a largest influernce unon the both:
- increase o0f fuel consumptiorn rate Zkbe
-~ decrease of mean effective pressure Ap..
Further on,it may be also concluded that the toth,heat isolati-
on and combustion process with less heat transfered to the walls
have a positive effect on engine performance figures,Doing ahove
cited,engine will be effectively prepared for the use of alter-
native fuels also,

In Pig 12 are two pistons shown.Combustion chamﬁers
veloped for the less heat trancfered to the wall of the piston
bowel,The pistorn shown in the left is IFA i produdtion and na=
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Fig 12 Cast iron IFA piston (left) and Elsbett steel

piston (right)
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Thus,ve are new dealing with =ogt modern conbustion chanmber
c

0f ZlsTett.Tig 13 exnlaine %%e conbtusiion process of single
jet combustion method foxr Tetter neat isolatio=x.

A':__yb-‘j — /,rﬁ;’ = Tig 13 Single jet combustion )
= rethod for teltler heav iso=-
e lation (Elsbett) .
;;?g; 1 - position of the jet
:L;I: 2 - pisten (butts azaints
’ ~ the liner a%t i )

3 = gylinder head without

v b 3 3 A~
wall being acting

vhe
e M
rotertion mantle arourd +the towl wall b

ecomes thizer with
fuellirng increased,This is the reaszcn for Ttetter fuel consun=
ption figure at partial loads ( comparing with other cozbustion
process ),It wmeans t-at Zlshett process in the test 2t "cruise

. drive”,
Fig 15 shows cross=-section of oil-cooled Elsbett Fecylinier
car engine of 1,328 dm’ swept volume,Piston dia
strokke = 3C mm.
Fig 16 shows the combustion Elstett chamters for truck app=-
lication.Cylirder design ernatles the increase of piston diare=-

ter without increase of stress on cylinder head and engin
tlock,
The whole design procedure ray be seer in Tig 17.
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A ~-125 § mm,142 &

) 3 i
I e - gasket diametver
FOT O a5 lareawy—— tEe L B - 135 § zm with
: : zﬁ .\ - 13 ‘\ i : % - .'. A '5 3 Vi ailis L uil
N ‘o N2 s = t ) TP oa .
S AN AN I I _ ki 142 mm gasket dia-
:——‘H*IAE.:! 7 ‘H':' i‘f'\( : E R + \) "‘f 1
s=- gl ;{?EF T WS T S;:Aq i meter and improved
-ﬁ~n4=;§:}t: N & EVE N/ B %1 : ;
RN\ &;4 \r T A 3 heat isolation ’
e A I S
ot A
S T [t N 11 : 2 .

; T T T

S 4 B e
. TTTZY 3 5, T2
ST - B
i z [

’ u

e
f
_l-- «

PO,
: : R ai ; ! H {
& H

T NG

=z <

—— TG *
o ‘iﬁ 1 -Aluminium piston
AN %f{z 2 =Pendulating shaft piston
7§if5¥ ¢ 3 -Structural desigm of th
H
i R . new piston
: ;f(zﬁ:ﬂ 4 -New piston as cross haad
i
ORR!
@ Uil - piston
=% ffﬁ 5 -as steel or cast iron
= articulated piston

6 -as articulated pision in
ceranic

H
Heat saving achieved may be obtained

by comparison of cooling requirere-

nts before ard after conversion for

improved heat i1solation (Pig 1€).
Thus:

1 -passenger car swirl chamkter di-
esel engine

2 -passenger car DI engine after
converzsion

3 -truck engine before conversion

4 =truck engine after conversion,
using water as coolant

5 =truck engine after conversion,
using oil as coolant

Fig 18 Cooling heat required /kecal/XH/ v.s. car velocity /%/




-rasoline engine

N b

-~IDI diesel engine
-single jet diesel ergine

i

.

uel efficiency / 1/1CC kr/ v.s. car velocity
a
or passzger car of the 3 diferent conhustion

1

2z smewn here developing the single jet cocbustion systen
or improved heat insulation resultzé not only in the

T2zt o"assenger diesel car englre concerirg rnoise,fuel effic

T -
eizy and tover;it also demonstrated that practically all imp-
rovenents In the he :

at talance of the ergine at -2 samz2 tirze
S extensive,

- s clain for the inside turbuleznce.lazely,
turtulence insicde the tTowl increases consicderatly o those ge-
ed 17 in the intake stroke.In the absexnce of swir

TM<iien, "Famos"-3arajevo) and with the re-enirant
bowl confizuration (accl.to Arcoumainsfgicen-ﬂhitelaw) ythe
sguish induces a sinmilar axial flow structure to that in the
cylindrical towl but of stronger nature.(See 2eriins squish-
iv)Jiith er-ertrart bowl squish in more prouzanneed.The

'J
<t
I_I
Q
3
o
(o)
0]

wirl,hoviever,results in the formation of two vortices
rotating in oposite directions (see Fig 20).T7e cwiriing notion
exhibited spiralling characteristic at the entry nlane of <k
Towl and solid body type of rotatiorn near the %owl base,

Fer the case of the cylindrical piston-bowl {oven coubustion
cranter) and in the absence of swirl,a squish-induced tornidal
vortex occupys the whole bowl space ai TIC of compression.Inte=
racvion ol swirl with compression-induced sguish,*owever,recults
ir the formation of a cownter-rotating vortex i.. ithe aizial plane

i

in addition to tre rear solid bhody rotation of the 71:id

b im e e b hi i AP Y P S O M - % A PR Y
cancential plane (see Zlsteit combustion chanbter),”we cziuish,in
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c esel ensine,

be more Live Ilszbett or more like "4,
t partial Zoads,llAll new

r also {like Zlstett).

At higher load i

a
tterns hetween LAY znd Zlcste

Cx=1S ray be suggested also (for CE-CH comius ion).

As yet nerntioned,sometizes is mot so easy to apply cdeep co-
mbusticn chanker in existing engine.,Three piston rings (15“
keysto:e,2nQ tapered comnrezsion ring 90,’3nc sprirz supnorted
01l ring) is a s*taundard *odzy {ix &iesel anzires).Top land may
te only as 1(5 ITNz.3ut arove <caid Coes-not help for dszener ciu-
tustion clhacter location Tecause oIf:

.
-rudgeor pixn diz, .
=nigton corpression helght given

-rin, bottom thicimness of ke bowl needed.
)

: -~ s S s - L= 3
in mrerziture Ciring Iorginz tThe coill= raod
o 2 el ) - -l 1 N3~ M ES
av be manulactured Tith sheortar lenzht 1 (see iz 21), let

; /

-—
)

1

N

ok
(1]
K]
I\]
[
[
o
<
¢}
chk
O

¢ tecome yet shord

=&
also trhat some of conn-rod force
ing just refucsed c¢

be refused.,.e’ve been usi
cial order,

The distance be*mween the centers of conn-rod “nles may be
manufactured shorter also in the worke-shop;let 33y up to 1 mm
shorter (see Fig 22).

When counterbalance weights at BIC may o

o
o]
0
L]
O
1S}
0
1
| St
o
o
o]
ot
0

e
D

!

me to contazt with

)

piston,it may be reworkede=out acc.

c ¢ or/and counter
weights may be field out,Fig 24,2e¢cause of o)




rragter and the conn=rod

'3
4
U'
[q)]
()
Q
id
()
4]
i

(2ee Fig-ZZ)(b_ax=arc

s
may ccze to contact with cylinder liner.In thiz cacse the winp=-
€

4]

dowz have to be made in liner, se g
ATter matching in engine expericents,new connecting-rod 2ay

te fabricated properly.

(23]
'Jt
0q
0N
n

-~ A
Fl;, 2‘1’

—_— ]

| 05+07 k55
N ! at inner rim.
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1-2
3
4-§
6,7
8-9
10
1
12
03
14
15
6
{7
18
19

81-91 instead of 8-9 in swithing-on
application as was yet explained

i o w74
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fuel tonk
simpk valve
fuel filter
supply tube
doping

single direct valve
conection
"’“Pf’(‘f tube
LP pump
inlet tube
HP pump
common Sump
realise screw
spring valve
mixing tube

®

'—L—_\

CH3OH

&

@

Voo
s

valve

@

Lﬂ)kle&s barrel must bc used

{contact

Mico)

(8)

P in sump

/\/M/L

flllmg

'”/ng

t4me

| exlstmq Sam}!e_ civection <“0w
in L pump

o v
D2
@ﬁ&
(5}
© |
e —— J
(7)
VC ;::J Lo tune Z 2 \/cn?x

moyt4dn0) 3
:Aqbuxipy

gi sod Aq uprydafuf #
dwnd g o Mmo1fuanQ-¢
bunpds o mo1tsang -z

bunpt fo

dwns <<

9

existing [ilter valve
1o be set qt 0,5 bar

| - In sump
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1]
[25]

L)

Vo

32

+)

ArpercCix £ 2 =related to the

Ir arcument with suggestions zZiven in the T0rIT 2 the rele-
vance experiments were perfomed hSlﬂg DZ+CF-OH plend ac Iuel.

2
m oMo

TA7X in<line ergine was used and A-type pumps £7x8 == was spp-
lied.2C5 by volume methanol was doped to diesel o0il aznd with

erral constantly stired “omogeneony unstatle ni e
rared.adéitionally interral rmixirg was applied =2cc.
l,D0sitions froo 1 to 11 were replaced with stiring technigue
in this exyverirents.It was done purposely in orcer Te caell VeIl
fast:

- starting

———r

- Tow load operation

- Lnocxing A

= full load operation and tramrsient.

-~
e

The expericentis ¥ere performed on 27 August 1884,001d stzrt mas
not cormpleted because of condltlons on desposal.

Starting,under artiernt lab corditions was wishout any wrstlico
zg well as fcr low load operation.Tuel load was ohserved at
22CC, 2CCQ, 15CC 2nd 10C0 rpml.ixhaust temperatures "easured Tere
i auge of instrurentaticz ox des-osal.Transients ouvse=

rved were as uszual,tazing irto account diramometer-inerii2 zxd
e

resistance counlecd.
Cempleting successfully first provisional testing of engile
reactions related to tlend used,the bellow citvad step oI ciure-

rirents ©2y be suzgested.
Usirg the arrangenmert showm iz
rave to be observed,but now cuch ~ore

i p
0of methanol may be expected up to 30% by volurme,it nmeans,that
e

(23]
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D 0y
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:'n
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w

for same power -utput,the fueling —ust be properly corvectiec,
Instead of very primitive flcw doping pos. & snd ¢ (Fig 1)
el distritution may e used (see pos. 81 = G1l, iz 1) 2s vias

yet explaired in detail.

Toing above merntioned up to 12% of diesel fuel ray bte re=-
placed by methanol.

Althoush the princip of mixing may be successiul,it should
be estimated the all change needed, to obtain as much of
benifits as is economically wortwhile,

P S U SV, - LI L. - - R S e n Deatyv o ol
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CLIY TO LiZTICH :

:

The recent rapid application of the Diesel turbocharg
to railroods has been brought about by the zeed for Letter zerio-
mance and overall econony.

The main goods applying turbocharging were to:
Kﬁ_gutnut
dm’ swept volume

m3 engire box volur
v output

= increase —e

- decrease —w

= decrease —= g in the first cost .
'<Y) '
1 AN
- decrease = S y fuel cozsuuptioz
kWh 1CO km

rate (let say obout 10 )

= decrease —= engine exhaust emission
- decrease —e engire noise erigsion

- simplify —= engize prodyction ty reduction of engine types.

('\)

Although,these principles are still valid, TA r:z:es should
4 b
be modified also to obtain as much of treir Lenifits as is eco-

nonically wortwhile.Reducing,per example,*t2 fiel consunption

(D

rate by A version,is of benifit for later turbocﬁarging also.
Thus our attention nmust be paid to fuel sa by LA engine
at first,

It may bve meintisned,that combizing turtocharging and CH3OH
as fuel further fuel saving may be obtaineéd and thus in a very

sizple way,

C\l
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Zxhaust gas on-line aralysis

Dealing with methanol as fuel,esvpecially at low load,in
- cold operations and transients some correction zmust bte used in
. FID outputs,vhen as JH: CV equivalent calibrated.It ::ay be done

by calibration ﬁself or aprtroximately br:

0) - (Y
: ”TE” zeasured 2 ¥ToT evaluated

In the case of calibration we are using ithe drocedure acc.
to Fig 10
sgringe pump
9 ng

thin thermecouple

Flow
rUbbu‘ %uqe valve air Puy"f:
o= O H =55

\
. : BAG , Air pureﬁicr A(r dryer

R

N Heatin to 80°C
Teflon c0HNg CP
tube ¢4
FID
. ;
Fig 1 %ith oump ZFBCH of rrown volume should

be injected

e are using air instead of 32 when dealing with diecel
engine.The reason for that:
- at low load operation exess air is very
tric ratio may be exceeced six tices
~ just at low loads TFC coxncexntration are icportant
Having O2 in excess our sample gas8: changes character of
hydrogen envelope flame into more nrexiced one.l*ancing

L)

Migh,thus stoichme-

cha=~

lod
e Fag £ .l > -
racter of diffuaion Llare < an-ed

P : Pamd 3TV N 1
ifea nignticn o et il 2 on
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to use the purified air as éilution zas (see ¥ig 1).The sane has

gire wefe been using KZ ag "carrier gas".
Por THC equivalent CSHS calibration arnd diesel exhaust ana=
lysis we use the procedure acc. to Fig 2.

To vent air

Purtfier Air pum

Fig 2 Preparation of C.F. spanrn g2s

C338<% rust be checked ty gas chromatography..e use co
CSHS for industrial application.According to the impnrities pre=-
sented we choose the purifier - & (see Fig 2).

Volume Vl is 3338 trop,wrich rust be precisely measured iz
before hand,Tudbe B is very long stretching out of lab.,After
purefying the volume 71 with 03H5 yvalve C must be closed <o
wait about 30°for amtient pressure accomodation in Vs,

We use the our specizal very siople anregemexnt to checi: th
accuracy of floweters,what is very important for calizravion
gases,

CO2 calibration gas we prepare in the same way using i:
apparatus (CaCOS+HZSO4).To remove the water one drying celumn
may be used.However,because of very low pressure oty CC, pro-
duction,case must be taken related to resistances and tizme Zor
trop spilling cetting Ionger (I'DIR-calibration),

¢

CO is produced using anticacid+water.,Very slowly only some
water droplets are added and the *tenperature of acid is to GLe

otserved 40 » 60°C.Again,tecause of low pressure core rust be
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o

+azen related +o resistarces (ITIR calibration).

PR

Zecoucse of very nhizgh cartonm particulaites content in diesel
filtration ruust te aprlied,"ovever,t!

-

that, only tvo slass i

e 1
emission is only of interest at very low load,where the soot
enigsion is very low also.It means + i

d by heated up to 205°C,ie use § ¢ oo teflon subde
echnigue the same as shown in Fig 1.In oxder to
r 0

®
(o))
O
-3
M

: - measure concretly cormtustion air is clean

' A

A
L L)

l ' h(} hoto dicde :

#20+3100
.
|

{lourescent
Lamp - ~ ====/=- memb.
| *i
|
§
l

- + | soap DiG| wATTH 5;

s:

. Qi

N | glass tube g

w -CLPhoto dicdle .8:

. Q.
3

Seal(né

Flowmeter glass

|

FPump

Pig 3

(separate air generation).To find plateanx increasinz T, Tlow
rate is practically impossible with sone appatuses.:“rzeréfore is
the best way to keep about 80% of max., value 2nd calitrate 7
the sane Hy flow rate,




Background can be depresc ezl Air is to be used.

»ith H, low pressure ge ¢iffusioa {lane
may be otserved and variaticn in the date measuraned also
Data measured must be reduced at stechionmetric ratic a ex-

Tresed as emission index

@0 (9%
(g)fuel zurn (z)

One of the very difficult ac.alysis ic on-lire 0, zDeasu=
renents in diesel enzine exhaust mas,Ile argurments may be me-
ntioned:
le 10, is of interest at hijest loals tut the soot enission is
also high
2o L0 ray te absorbed,lestroy:d 2zl converted by:soot collected,
nigh surfdce to volume ratio bfA:::pl Zine arc naterial used,

5. Converter eificiency decreazac with *tinze

4e Partially clogged capnilariss in the chemilucminesconct araly-

gses
5e Optical filter of photo rultipirer ecilling

5e Tigh vacuym needed in resction chamtar

7. Spah gas change with time (IIC/I10,)

2. Sarple flow rate decrease hscauze aF =00t collected on
£ilters

O
L

KOZ loss in water trap,
In our lab praxis we use the schece ghown in Fig

.

NN
-

2Zero ga‘te

teflon tube
ot @ 6mm+4 filters to chemil.
1 Coarse -
filter

guarz tube '
@6 mm ice with water

exhaust
tube

Pig 4 TO on-line measurements




Filters shown in FTig 4 are explained in the 15t Revort
already. A

The first part of sanple line is nheated fto avoid corndemsation
of water in the teflon iube {surface/volume high ).The lenght of
heated tube approaches 1 = 1,5 = oxnly.,Fast condensation of water
tut in smallest surface/volume ratio (two spherical glass traps).

At temperatures less thar 12¢°2 soot collected absortes “C
and at higer than 260°2 starts IC.. dectruction.it QOOOC and wfth
resoanable sample flow rate,scot collected iz a column of about

a
300 mm lenght,lestroys 0. cozrlitellye
e

Therefore,care nust Te Tolen otout tecperatures and omount of
soot coilected.Zowever,ir sn-lile ngasursments Iirst sign is sa-

S
nple flow drop and decrezasze of analyzer outputs.Is to be noticed
that,sample flow rate “as to he kept the same as for calitratioz.

K

uO/Jz high span calicratisn zz2s may be deluted or Za hut, two
"Oxisork" column must e wuzed to purity I, and o ovo:ed
0 > 302 conversion (2zli=ration irn error and borttle attack),
To checl converiter e’ r calikrztion gas being long-
e

o
,2el? mads converter (U0, =» IC) mzy De

d)

=lasting in the bottl
used acc, t0 rig 5.

Stainless steel
tbe 3m Loorg

heated st o750

.

Continuasly doping C, in uu,LZ nixture unstable calidb, zas
HCQ/HO may be produced of known corcetration.Zowever,dynani-
cally produced KOQ/H span gas nust be in on-=line technique
continuarly used,
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Dyranic

During oission two engineers have been trained related to pi-
ston-mechanics ard balance.Ore tooklet (5€ pages) was presented
and translated into engiish,The whole subject was cousi i
the way of computer arplication aund calculation of:
"X,}.C,.i.{,(”,(.ﬁ,{; - ()

-I,I,IK,IV,I, instanternecus inertia loading

-zalancirg

—s -l e ~

~E K7, By MK '“l'KZ'KE’K4’Pl’PZ’ Zy instanteneous whole

loadir ;
-1 =0~ (@ +W”+m”’) instanieneous torques
-n(”’:'m'-,”’-t»m’é”+m’.3"+m2"+m'§" instanteneous torgques of Zriczion

=flu kel calculation

mampnles are given related to application.zer

IS

L)
far W ‘the wnole starting process may te siuded,of
a
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PO .

ICIIC 3

PFich = pressure injection

-

ngine contustion depends —osily on fuel-
tio

4
Je

-
R
-,

ecy of dies

[

LC

t
J-
F

e
-air mixture forma ior depvenrds in:
-fuel pressure dro;
-fuel spray directii

o}
r relative to 2ir moverent

c O

=beginring of injection (Tizizgz
-period of iznjection
=law of irjection

d
-asonization of fu
~stoichitmetric ratio
-swirl and squish
~conbustion chamter or niszt~n Towl
~-air temperature

-pressure of air,

The 211 above fac*tors —enticned zre lacaticn and tize devpendent
ané have to te opitiziszd via cozpromise

v0 oy b
=fuel consurpticn

~mecmanical

~therrcal loadingz.
As mentioned allready,<ecisive factor is time=-volume hisvory
of mixture formation in 2 very narrow space curing a very short

period of tirce.
Gitl

pe

-
-—m
d b

1 diesel engirz tha hsth,2ir and Ifuel tale part in cixiure
omtu

JE Sy ~m9, + % ™ -~ 3 4 3 S wod S~ v
formation.Thus,tne enerzy =y zzzded for ¢ stitle zixture ZIor-

zmation may be expressed b

E, = E +3, (1)

- q ~

wheres I = part nf I, given by Tuel in
-

Y

E, - part of - ziven by air m on.

. PN

- i sis = e ¢ th isher B_ the low 2.
A logical hypote ay b the highe “z the lover a

Zut higher Ez neans:

~lower volumetric efficiency with '\ engires

=higher thermal loading of the parts forming coztustion cha=-
mter

=higher heat loss

~bad cold startings.
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o me s e AL

srplied W pEnied with a Higk
(Ziz z) dp.faab

R R T e

T0C
rig 2
LY
Otherwise,a faster contustion may te of Tenelit wren ITirnming

retarded,l’amely,retarded tirming and fast comtustion may result

in dp_/dd decrease as well as p S reduced ; zut oniy iIf encine
~ [

Tears long (acc. to Parker) we comnected TZI with sherter in-
Jectizn period (o ub)‘
2) Converting some engires t3 ‘I, chortening d..
- ot

EERIEEES N ~ - P —~r— - 4 P -
without change of tizing vwe exverienced

~ contustion noise increase

= D..ay LTCTease

- .0, increase

- sogt emiggion decreace

- 3pecific fuel consumption decrease
- e:xhaust temperzture decreaze

t) FPI,shorten injection period.(dk,.
rded %tining resulted in
- gpecific fuel consunption increase
- paxe. in-cylinder pressure decrease
- dpz/dd decrease
- exhaust temperature increase
-~ gsoot enicsion increase
- roise enission decre-ce,
a) ard t) above are the jeneral terndecies.lThe cace

) 2nd refa~

le Timing decreased -+ Tetter condition:z for i-zition

~ ’1

e Faster i/mition =+ Zazter contustion.
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Fig 3 is a typical representation of TII of of hicker A

apslication tut accommaniad By s®eorter nericd of injectiorn.it

was the essence of our “FI undersiandéing because we a2tniied TII

© ith choriter injectior period only (2cc. 1o Parker).lay te net
0

too short ? It was practically only seometrical redistributi

a¢e, to Fig 4.

_ | Needle (ift
@) | Neeale lft b)

K L'CA] «[CA]
d u‘ - dubv __:
Xpub | oo e Xpub__ |

| 1
N do
1
~-a .. e s -~ - -~ - -—— - ~ oy o— b -
Fig 4 a) comvertionzl in‘esctiozn =zrsten
L) b vun ) .
u) F2I =ystenm

3osch investigated TZI in coylinérieal T comtusticz chanber,

T e - =] .o <. oy veem ~ %

Injection pressure was increased sucgessively un %o 2000 Tar,
c + § :

"spray ;enetration wag infavouradle Zor tre corkustion

increased,"ia23 the Tariers p-ilosothy 2 wrons ons 7

“ren dealling with TPT =2till two zcints have To te consie
cered:

(@]
181
(¢
(D
3
ot
te
(V]
b
r
(6]
8
[)]
o
D
LB}

e wen Tast injected instanterneons fuel T
unit volume of combustion chazter increase,wat may results in
droplet coagulation,

2. Very fast plus very fine dizpersed £
energy.rer exauple: 50 ~m3 fuelling only
formly in 2pm required 55 ki.Therefore
a solution related to erergy need.Cnly to ment
{Ricardo) calcuiated (for conventional systexn)
ut 1,5 of engines power output,

Cn 24 June 1684 in 77 = Xarlsruhe the newest results where
Teoorted related to TTI {Teiunzieh znd Tresoter,IT-Muchen),




1 The essence of the report vzs:

- when bad shorter than Tiner atomized Tut with the i
of irjection as for conventianal srsteme.increased nressure Crop
in nozzle holes was used to increase =2tomizatior only.

! +e may anticipate tre next step of FZI cevelop e"e“t in co=-

B - finer atomization
’ tut the both matched to the swirl,sguish,towl,outsuts and speeds,

a
For the purpose of exveriments T, 2nd T used one zodern
(closed desimn) convertional puzpe ,ade ooczsivle Brimao: up to
13CC bar. e
Is to be noticed,that ¥ZI Goes’nt mean a hizh PiImax onlye.
liorever,the mean effective pressure cduring elfsciive e
511 nust satysfy the conditions:

o Prr > 046 Prroag

‘ [Pr= pressure

before
‘n}cc‘tor

o -
& (*CA]

2. Pyp 1increased,used for Ap increase onlr
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does’nt depend of n /rpm/

o et
)

HPI #or 1000 and Joo [rpm]

e lee e

mjectwnf
- mnm3]}
: «“m}! cPl for 1000 [rpm]

A ? cPt for 300 [rpm]
: !
?
. |
i
!
|
o

X {*CA]

The shorter injection period the less important sizape of
iniectZon law.At very short injection law of injection tecomes

one 7Tulise <&nlye. :
Tor the purpose of experipents Heinrich and Prescher (z&2)
le cylinder research IA engine ; Vg=1,3 én? y $128x
140 mm, roted speed 2200 rpm,.CR=1T7,4.Related to fuel consumpti-
i sparate=-

m

e
on ©¥imura,combustion chamhers as well as swirls where

b4
1r optinised for CPI-and ¥PT system.Experiments IT in this
. Tencrt.

e

—otion 2and conm-
; £120x1400z,

Teor th2 turpose of analysis of mixture fo
s us

: sugtion sir<le cylinder air cooled ergine wa
2 speed 23C0 rpm,E€ =19,5 ; piston bowl ¢

58

ty
]
<k
4/}

[

njection csystem used:

Q M
43)
()

?? pump TO4SH PEGSIFM #£10 mm,prelift 2,8 .
etraction Vp=const.=50 mm3

TP tute ¢ 2x925 mm

Injector DILA 1503/86,4 holes, af=0,27 m®

&
X

v

>
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ST pump SOSCE P262.L14C, ¥ 15zm,prelift 1,5 za
TP tube ¢ 1,5x1180 m

Retraction po=const.(consﬁ. residual pressure)
Injector Tila 145 ZV, 4 HoYes

Injector mf=C,11 0 18

Injector ovenirg pressure 5C0 tzr

o With TEI effective crocs-—sectional nozsle holes flow area (ui)
was varied in oréer to leer the =same period ol injection as Ior
J2I.Injector opening pressure was extreme high.lovever,Tali—lar-
ikor has one export erngine with 270+8 bar orening pressure.

Yere is a new approach. in F8P work.J/ith pressure increased
we usvally increased uf to shorter period of injection,but they

rept injection veriod the sane (writh reduced‘Mf) as for 22I -

- retter ztomization.
iz Flg 5 are p-, presented for the toth CFI and FXI systex.
it mar Te seen that:

1330}0 rm 4T #1200 min | 1400 17— 7
“ ﬂvﬁOOmn'l bar J . " i
1200 T—j— LI ’“”mm { |

1200 ¥

1000 i " } i 4080

C .C’c , ‘ Y
aa0 — , 600 o |

el

400 00 o

200

o 2 o M v ¥ .
{ Fig 5
In order to fcllow spray evente in I experinments 3 =mozzle holes
1
were plugzed and {uel’lng rzduced o0 V. y innmin =i VcIOvﬂﬂ“;g_.

v--a.. [ R
So38Y exzine
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I+t =zans results obtained may he used gua
Thotocraph tekexn were evalubted for the
-k [
: onersting uncer conditions:
. . < - -~ 0.
- sane start of injection ©ITT=13/"CV/
- sare 1/d of nozzle %ole
: !
- - zaze “uelling at 2C mm”?/cycle
1

0085 O Q2 qs 048 05ms

005 01 62 03 04 0Sms
QUterstart of infeelon
250 —

’ HP/ A,b=670 6‘2%

50
1 S

400 -

50 -

o

litat
oth

i

vely only.

.o WA
systens teing
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ith 71 fuel sprzy zot wore nzrrov and it Tip velociiy was
. - - LI ) ety - - e eTEAT T - 3 - - - ‘1 S
Ve nearly by ZSactor 2 higher thzn oFf IZILTFI Zeorned enrlicr the fue

el vapour phase and in larzer quxuiilr,cee iy T.

. 02 ms aftsr star? of 3
: 70 r=’fczele

we 10~ e
13 /734/tTDC

0 /0zs

With CPI,vapour phase is =ostly around sprsy tut 721 vapour
ke
[%

Dzase cay be observed imto the strzy alzo.
Tith =21 liquid pfase converis Izster inio vapouT one.Despite
vatour penetration in the Ifromt of :zrtrzr,it tip penetrat ’o ser
. ané core early reackes the combustion ohauitsr wall,

- % 4 . = 4 4 e bt .- -~ EEAaa S y o -7 M T, T
n? teginning of injection,It meazs thot with the toth,lZI and
PIET L mend =g jn PP - - s ) Yoy hod -
“ri igrnition delay wazs the =zzuze ,¥i5 8.
e b 2% 3 FS )/ - b o KRN P - e
(men TRPI,contustion starts atrupitly ii the 1lzr art of obowl

volure and fthe spray fron
spraye.«ith ZEXI after st2
does’nt develope any mor
shorter neriod of combusti

investigsztions,ie retarded for Lo

£y -

a
. iz 10 shows the result of
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a The vecoulie of exnmeriments TT
: The both, I and TXI sysienm were iested wWith I singie-cU-
g linder er~ine.fowever, niston bowl and swirl wsre atcad sena-
: ratelv from ITI,*ut injection pariod was the sane.
* - ~
‘ ic was vob menticned,the ignitior delay was the szame the Toih |
e -
systens,see Tig 11,
20.' M ‘fb.‘ 4 ! 3}
. ! | mean effeclive press. | 735bar . _ .4 - -
R f ’ P K Fig 11 Zuart of inje-
”'i i P o = @ gﬂ/ ( | l -~ h e < o
r - { ‘ ! | cti was orntisizced
~ H | ..
S - 1 to fuel cone-
P /Ln-i?OOmm " Crpm]i related to fuel con
) - s s
<Z.! t ] su—ption in Fig 12
2
3
=
N
)
3
slar? o7 inoection 19747
T haAd T £ " + A 3 < Dy~ 12
I had 2 nigh inflience on scot emiSSIOn,se2 15 ~<.
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wnen 1imited soot emissism at Z ZCITT units,unr, colifestive
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Sresegure wWith TII was greater for ome Iar than thav with IUI
e ma o wm
n.ee ‘lh _)o

= mean eHf-pressuvre -pe
b 19
:ba"“l 1|Hochdruckeinspri(zung

JHEI e |

8,5-"

' \konventiopelle Einspritzung

[C P/ u
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Pig 15 depictes THC emicssionszs £ 7 injection crstews
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investigated tut opticized rels 1 corsunption,




& -
: T e T
T ) M
= ) p== ) >
" v.!«btl\;..n»t‘lrltll SO [, b —-} OO
LG
o . w“ ﬁ! by L
\0 b
1y ! ”._u_ Q & ﬁ . o . o e -
b 0 ! . £ @
_y .m. w N Y s
P 1 Q] + " § u WA R DRI TV S —-
. =" 0 l S . - 9
< Nw i @ /.rg : ,
! (L] -
£ <! e & Y o)
rd o —— e 1 . —————— e e = mmem——— i Al - p«
—E ; : A=
) Q o
4 Q —
N 4 Ry o @
H o + S e ¢ 9 9 9 o
1 : p d
_ G : gag & § 3 :
|||||| - -4 ¥}
0 N vorswy - ¥ON o
¢ v a ﬁ
_ T, " —————rr . Q .
Q m © o o e © g ; - -Q o
™ v o 3 v
" ﬁ a 8 - - P 0 Moo "._o o T ? . )
topuosswg-onL | B v 0w W s Sl B L & le H
<@g W Y iy ; w £
— 1 m g ] o @ i Q .m
(3] o 5 L Y +
.\wu % w §! ﬁw‘ mw m e
~ P = o i
0 o 5t
.s.b.uh.l{, vb#nup w ) wu_ © Q —t e M m
T Q o) (&) o m m ..n..“;
Aot 9 0 [ 57O it » 2 &
-~ — S . s a o & o o
s o o v
Q (] [(LE® IS L
I P - v 2. £ \ O o
RS o : . HERNS)
‘ [ Hl r~4 e [ SR | o
N o NS 3 € 8 9 9 o o 3
R R ] I g & 8 § &
M OI\\I‘I‘\\ .ﬂy n,_- MJ -. . C 4 [ N m ~ x .wm
- _ TR R Y Uoissiug - xonN s
b Yy T T - SENCIES m P .
o L 3 v
o _ :




!

‘ 400 L ’

T i 450 l »'
‘ L 9
Wh | i n-ﬂ;OOmm D‘f}"ﬂ wh R=2200min” [tpm]
: |

i

I

|

I

N2 ,.4)/)}""\"/)

f{/r/

HFPY | bar|
2 4 [ 8 40

,1z°s 18 and 19 cdepicte that pressure rise axnd heat

ralecse rate rtecame rticher with FrI,although =3x irn-cylinder

Trezzirzs were lower.The above said produced *izher combustion
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. Jeinrich -~ Prescher’s conclusions
- when A p=670 tar instead ¢f 220 bar at ruzile noles,the veloc-
ity of fuel spray tip izcreazes t
pour also

’ - a2t const. tining, comtusiion Zelay does’nt dectend o prescure
drop in nozzle holes (in the range irnvestizated)
’ - when A p higher,tining may be retarded and with this,ignition

delay rmay be storter

T

' the comtustion period becomes shorter,
- goot emigsion decreases withlp increased,
natsouka,{animoto and Kobayasni,as well as kahn earlier,choved

- > o2 L) P — — A e i IC PO I | -~
the "flame fipure" when Tuel sprny ceretr-ted o The Wall ol
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Fuel vapcur
Luminous {lame

N e, ///’77
wall temperature 330K

- AN
5 <u

(e}

3
[y

+wa%, taving a larger nozzle hole dia.,

y _——— A P
q

L2 Wi~ker hecauce of larger deposition ¢

vionsly ¢

o
- . QU S e
swirl intensitr rust
7 -

1

-~
e
the fuel.It means to dzznerse more in air , szaller nozzle hcle

less intense swirl,fuel rcust be firer

}—J
(D
2.
Q
54
-3
Q

has to be app T
dispersed in air,
Tnavbdidable shortaze of ZPI is a long spray distance at low
rer

,CDI (247) system claims to so-

>

and 2igh speed operatiorns.=owev
; lve this provlem,as wag yet explaired,
To disperse finer asks for zigher pressure drop at rozzle ho=—
les.Jere is to be mention,
D tisfied mw be o% high
1. pII/pIImax satisfied must be obtained at a high Prr...e

2. Increasing Dyyn,,.» ToSistaznces and elastic deforrmation of

TP tube increase also,lhus,”2I may be applied when the correspo-
nding stiffness of the whole injection system exists,

3. a high SIImax we need for high Ap at nozzle noles only.

The expression for a part of fuel injected AV in a time At may

be expressed as follows:

AV = uf [F)ap -4t
- wt[F e 4
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AV = const - pf - 2™ &% for n=const (rpm]

low cross-sectional area of nozzle hole

5%

vhere : /Af-

Ap- pressure drop at nozcle hole

AY- duration in 9Ci for tie injection of volume AW
Thyse

a) AYray be shorten with increased - shorter period of

injection.
%) $%ill shorter period of ixnjection may bte ottained combining

ficer dispersion.
&) Svery time is possitle to cocbine Mf and Ap for optimunm A%

!
[N

Ir order to irncrease A‘a the below cited cay bve used:
- ircrease of plunger dia.
- decrease of AL
- ircrease of plunger pre=lift
- new shape of the cam in B2 pulj;

- leakagze at connection retraction valve cap-puud tody
- cavitation wear
rave to te avoided.

L 33%)

fuel consumptic

! | jpermissitle
noise level

i
!
|

cam shape

Fig 21

=
e
m

(4®]

1 explains cam shape ratching dpz/doL=in-cylinder pressure
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' comtustion within 10 & 18 “Ci aTll, let say for atout 2 «~
kcal/C®CAr?.It pay be done by:
- reuction of nozzle hole dia,”’s
a8 - application of nozzle design acce. to rig 22.
hole
nozzle

-
h

2]
on

(£
W

ig 22 Sackless nozcle

Sackless noszle offerz some advantages:
3

2
¥

~-less fuel injected in the period of izritiorn tecause of reiarded

increase o effective flow area of nozzle (gif ir cepencence
of needle 1ift (n.),see Tig 23 (of interest for JE:CE alsoj.
- 7

- TEC enmission may be drasticaly reduced.
Potential dravwitacl-s:

=reduced service 1ife o zoczle

' -noruniform fuel distriution of
m 9 L3 13 - -y
! d, =36 mm nozzle Moles with culti-hole

d2:¢4,5mm injector

! Usvalr =1/¢ more difficulty to matcek.

: Q=@ 35 mm

bd;

s
of needle helps to obtain higher
. opening pressure,loirng thatv
Fig 24 closing pressure decreaces out
i’ may be not of importarte when injected fasziter [see Fi
Cne practical exanple of toward IPI application shows Fig 2
as the influence on engizne craracteristics, for enginesfl

AS
x140 tn,6 cyl, irn-line,water cooled,combustion chacber ol @ IUpe

'Y
(see Tig 3 b,paze in +this report),nroduction "Sterr',
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Lohendizn D03 reliated vo sutiecw 5
: v d 1A+ - Nl S - = P e ot L A S
Jrrirs éicscussion related to sutject 2 oz InIormations
d = ° * 3 o] T3Sy, B e hREST e S
cired  tut concering deejer crilidricil TIisvOon LOWL I3

) Tl arrsncerente.
1 ghows hyperboloid cozitusiion chazter (IFL) witlh three
) ~-zzitilities reoleted %o single hole directions of noznle.
Inerrlivcéen pressure diasrans shownm on ths ity in Fig l
sarrmez-ond to zvray arrangenent 1,2 a2nd 3,3>rar nazited WIRR
wootar T oof7ers more mulii-fuel ferndency,

£ . 3507 ""g,_ .\\\
‘fl 29509 3} \.
. N !

St A4 Schrutt 88

¥ B ;
) /'n—esyander
pressure

[“-;a - .- f‘ . - - é'rra.'ll.-':;-o —_—

A\

/’/1"7)/1 swirf |

{ Ne2640 rpm
Pee 7235 bar -
- ‘Vpl‘b”g 11 % 7’

Pig 1

-, .

in=-cylinder pressure diagram wnern rasciine,dezis
P
v

-

H
¢cihiaracteric

Is to bve nentioned that wissiiring was r:

is Z,on the Tisnt,

ics ficure of late contustion

1 s >
P2 VALT L a

’
1.ced hut late

b e

nuz this co-
oT

cozhustion produced a bhad fuel consuuption

-

*
s . . s - s ee e = L 3 a'r=
ntustion chanter with nozzle arrzienent 3 (Fi 1) 2lso asics

ty
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M= ZQL/OE' n Ne Lea0
}°z= 7,38 logn] R 5,3% bar

- 3 1 - — 2 -~ e e R -~ P £
Ag was yet egaid,spark »nlug is arnowvollzt_e Dot L7 secause oI
3 e -3 [ ———~~ g P - Fary
late comtustion in low load oneratinsn wisrh s2stline cor Zor taesicer
ztzrting.ilore

ver,spari plug must contrel coutustion when fuel
ith low cetane nunmber.It’s ¥nowt ¢ 1
unt of 120 «J kgOCA results in knoclzing,Uzing zaseolli
hyperboloid combustion chamter (arrengement 3,7ix 1) without
gparic riug,nax,heat releagse rate aprroaches 27C EJ/E:OGA 1at is
vy factor 3,5 nigher than in the case of diesel o0il coztustion,
Fig 3 shows peax in-cylinder pressure,pressure rise dp,/dc(and
fuel consumption v.s. mean effective pressure at rate Epeed.Th
both,zasolire and diesel oil were tested in hypertoloid combu=

. .
: -
5 and

e S M h . TN e - W I - *. _N g e T4 v “
stion chanter (arrengement 3,7ig 1) without zraz rlus, It uol e
i il . L
TR
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seen that,with casoline pea': in-crlinder TrTrsUIe LnCIRascs AY

- 5 ~ e - - -= + A TAan ek kT T T

hiz%exr iloads acuse 57 'moctiing.it Iow Lozl ounerstioxn,Tuel co=
- b e 3 cetamny e AT T 2

nsumption increase becauce 0r 1ate ConmTUSTLON,NWnEnR ,cudiine BSec

as fuel.Enocking texdency mzy Be seen Irom  dn,/ ek Iuces.

peay. [oar]
in-eylinder pressure

' 30 Rl { 1 . 1 T ‘\
. 90+ 2 '." ___]
i

o0

cld 3= Ka'asc&'l!,c ._i

bar / digsel o8
— ~

mcan 6#&:/(/( stJ‘Juf
Lt oar"’

(23]

1z 3

S+ill one evidence that witheout spari pluj,Iusls with low
e zine oneraticne

cetarne rurber may nolt be used in diesel er

»
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Arnendixz I 4 iliscellaneouc subiects
.- . s - mAMA s
1, Iived dieszel 0il=CT.0F was used in TATA engire {cee

denonstrated a2 mi

-~
Topic 2).Towever,data collected showed that fuel consumption

to comnare existe
ries CL 356.

engine tIrve

(nearly the sam2)

Pigton &ia,
Stroxe )
o2

o . fa. o/
2ated pover i/

o/

2ated speel /

Swept volume /eoz?/

Specific razed )l
i ey §—

power output N
e

Lean piston velocity
at rated power/a/s/

llax, torque /Iz/

Speed 2t =z,
torque /ropm/

Engine weigkt /kg/

Inlet duct

Injector number of
nozzle holes

h rate with diesel fuel also.It was the
\TA enzire with one of new -2 enzines ce-

TATA engine 3,0l 266
€ cyl.,4 strok

in line,water the saxze
cooled,venicular

application,A

120G 133

82 120

n
(00}
(@
o

=]
[04]
(o)
n
0
\n
o

1800 14C0

-3
-~
B~
\n

-3
N

-
Ul

-~

2esonrant
matched

N
E NN
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[

Injecticn rump L s
(zceeT) :
! lin. fuel ”o:sumption .
. ”ate /‘_‘/ "H 265 é——L.i/——-, 21
Fuel consunmption rate +25:
at rated po«er/c/xuql ~ 208 ———— 235
Comparison between
TA-TATA =2:d CL?L GTA
version at rated pow
.- +33,6.5 o~
. / g/k‘.dh/ 294 —=——=S1-i 22C
.- . +33,5:5
a2t I . position 265 232,50, 198
Ta2Xe

Ci366LA is TC-IC version of OL366 A version.

As was yet suggested

cation fuel consumption fus
on

[N

<t

e recduced with die
firste.fere is a many reas
1init of injection pump,etc.

«~ithout to change to z=uch fuel conszumption Ii:

vetter arnd at the came time exgzire less expensiy
It’s known trat about 75,» of neat frictiorn 1c

1

piston/piston rirgs - cylinder slicding.3imple ca
show,that replacing ex1sved piston ring set with

c
rings ( l“t keystone, 2' tapered , 3 spring supported ela-

stic 0il ring) neat friction loss zay te d
12% at rated pover anéd so does fuel consurmdtion
and 21l consurption not to mention,
Thus with very small change:
- inlet duct matched
- cylindrical combustion chamber
= injector and pump better matched
- 3 piston rings and chorter piston skirt
fuel consumption in diesel operation may be r:

n tne 15° Report, before C:BOH appli

sel fuel at

s to 'do that.Ter example catacity

S, -y B
S

2C%.,
Reached a good fuel consumption figure with diesel fuel =at
) first it’s reason to =_.ply wethanol as replacinz fuel,tut with
spark plug ignition control.
' (For DB~CM366 engine see ATZ 4(April)lgss.,irthur iischke and

Jietrich Hoppenh¥fer..ay 10:4 we tested ul.lle (4

crulincen)
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3 -~ - - ~ <+ : v B
and Tourd data riven were correct),
2. Traforma invoice wag fdecired Jor cur inductive trnne
- p 3 - M 3 -
Zucerg and rridge-needle 1ift mengura—ants,

101
ey

see % o
w

tranducer 5
pfesenteai Iy

“4

BUrrin

ad

- Ginensions of trarnducer.needle

. 55 steg|

E———

fixqllen desireqd
j [screw, Scldertng |

5 Tor CU.C0F anplication as well as fcxr "_I srstez testinss
- T4l D7 pump may te usedJvhen asked, we mar contac & and
purchased Zor JJF P7 pump gratis for the tize o7 six months.

O0ffical letter and 2ll data of exzisti

“hen Bosch original type indication azysther <(calte are unCessSarl.

4 As was explained during commons experimentsz, “4LIA engis
1as rot tizmer at 2ll (when correct irformed),.Zeaching 260C zpe

.. - - P EAPT P
arce 10X LUne leviel Tus

¢
consumption figure,better torque bael=up and Lover meci,
loading,

sie 2pply timing advarcer when

Doteq = <400 rpm

1
13

5e
of cooling water and improved low=load
6. As

gsome experinents with metharol we dzzreazed “hs Ilow
(s}

was vet mentiored calculation tenniasuze is to He
3

recomnenced for matchings,llany programnmes are today on despesale
For the ontirisation matehinss,calculation mny wot be avoided.
Thusg,e use for ratcring the caleoulation st fizst accemraniad
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APPENDIX A-84

- PREPARED FOR IIP

"Estimation of Wiebe’s Heat-Release Parameter"

(Bulaty - Glanzmann, MTZ 86 (1984) 7/8)

Elaborated by:
Cernej Anton
Filipovi¢ Ivan
Gebert KresSimir

Maritor, september 1984,




Pased 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 parsmeters (m,A', ) from one to another

conditions.
CQLCQG GlB m -cfjn’+1
= a (m+q
d¥f A, Y e eee (1)
At
where:

QB - integrated input heat

A, - period of combustion

a - const (for 99,9 % of combustion a=6,905)

m - shape parameter

Y - relative instanteneous period of combustion
“fua - bteginning of comtustion

However, problem appears to define wiebe-equivalent law
of combustion when usual test tench results on desposal without
in-cylinder pressure diagramme. We used "trial and error" method
as time consuming and unaccuraste one. Here is one basic method
described to estimate Wiebe’s heat-release parameters by means
of systematic cycle calculations (Thomas Pulaty and walter
Glanzmann).

Pasie methode

EZxperimental dsata:
- be - fuel consumption

- - pe in-cyli 8 e
pz,max peek in-cylinder pressur

~Dpe — Meean eff. pressure

have to be revproduced by systematic cycle calculation as accurate
as possitle.

In some examples by cycle calculations low pressure events
( LW - gas exchange process) remain unchanged. Thus, high




pressure part of working cycle (HD) may te ircdependently cal-
culated supposing the connection points of the toth parts (HD
and ILw) known (Fig 1). The connection points may be approxime-
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 chenge of state with ac and ex.

Fig 1 Connection of gas exchange process to high
pressure part of working cycle of four stroke
engine |

Pg - scavenging pressure

A8 - exhsust opens

As - exhaust closes

E6 - intske opens

EZs - intake closes

ex - end of expansion

ac - start of compression

So0lid line: real pressure curve

broken line: isentropic ehange of state

State in point ac depends on:

- state in scavenging receiver (ps, Ts)
- typ of engine

- valve timing




When no LW calculation performed Pac and ‘1‘ac may be esti-
mated approximately as follows:

P, = (06,96 + 0,985) pg }

Tac = 0,833'1'5 + 86

eee (2)

Thus, for calculation of HD part of working cycle we have
on desposal:
- starting point or ac introduced by fuel
- upper 1limit of calculation given by peak in-cylinder pressurs.

The area of in-cylinder pressure diagram of the working
part of cycle(HD, Fig 1) without gas exchange process (piOLW)
may be estimated by means of:

- mean eff. pressure (measured) Ppe
- supposed friction of engine Ppr

- gas exchange g acc. to Eg 3.

?1\.\4
’Pmi = P'Lo\-‘“ A g?;_‘_w =IP’7‘“3-_“' P’W\r oo (3)

Now, with one reasonable value of start of combustion chosen
( o) (per example Yo.= 714 OcA with midlle speed four stroke
engine)systematic calculations may be performed, acc. to Eq 1.
For three periods of combustion chosexn ( £L¥krhw5‘¢ ) at Yya=const
three shape parameters (mA,B,C) are suppocsed. Thus, we have
nine combinations on desposal and for every case m,Aﬁ;at‘ﬂmfconst.
HD diagram has to te calculated. The selection of shape parame-
ter is explained in Fig 2a. Cross-sections A,E,C of each peak
in-cylinder pressure curve and li"e pz,max soll given
to the shape parameters mA,B,C’

’correspond

At the same time the mean pressures Piomw VS- shape para-
meters are presented in Fig 2b. Agein, the points 4,P,C are
defined by mesns of shape parameters in Fig 2a. The line A-E-~C
in Fig 2b satisfies the condition. pz,max soll but only the
point R satisfies the second condition also p;,p,soll (given).
Point R defines the shape tperameter mp demanded. Using Fig 2¢
the second Wiebe parameter A‘fv‘may be defined.
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Fig 2 Graphical representation of
basic method

Thus we have:

Moa . Mg and A,

]
under condition given:
- fuel consumption
- peak in-cylinder pressure (p
- mean pressure (pioLw soll)
- start, point ac (Fig 1).

)

z,max

The corresponding combtinations of m, A‘Qv (see Fig 3 and Tatle 1)
is possible to define for almost every start of combustion
and typ of engine given.




Fig 3 Dependence of m.e.p. on shape parameter
at different timings of heat relesase

Table 1 Results of estimation of the heat-release parameters
for different heat-release timing and parameter con-
version along propeller operation line

Pe n_ T S | dw m Pye | Orew | Puw T O A
W | min’ | ber X W | ww - ber | baw | bar K | WAS | -
7276 | 430 | 3385 | 3403 | 71098 | #2911 | 1108 | 24612 | 120927] 11557 | 11223 | 3724 | 204
100% 714.34 | 8060 | 0.901 | 24.620 | 126680 11,857 [ 11223 | 372.4 | 204
717021 8011 | 0738 | 24630 | 128848] 11559 | 11226 | 3724 | 204
5621 | 3992 | 2753 | 3385 | 71099 | 8058 | 0890 | 20.990 | 115.091] 9.402 | 11156 | 314.2 | 1987
0% Tia34 | 79.18 | 0.728 | 20977 | 113886] 9.421 | 11178 3142 | 1987 |
(71695 7861 | 0594 | 20944 [ 112762] 9438 | 11199] 3ia2 | 187
€06 | 2627 | 2102 | 3071 | 111.19] 79&0 | 0680 | 17,188 99313 | 7321 | 11299 ] 2572 | 1.883
0% 7147 | 7845 | 0541 | 17142 | 97.184 | 7348 | 11340 | 2572 | 1863
(717081 7780 | 0sas | 17114 | 95355 | 7078 | 11387 2572 1 1663
281 | 3168 | 1500 | 3387 | 71170 7793 | 0.449 | 13048 | 79910 ] 5318 | 11414 1980 | 1730
0% 714847656 | 0070 | 13,068 | 77592 | 551 | 1149.2 ] 1980 ] 1733
71738 ] 76,03 | 0005 | 13.072 | 75.569 | 8391 | 11577 | 1960 | 1.733 |
1488 | 2818 [-11a8 | 2877 | 711507 6241 [ 0356 | 8.358 | 62719 3424 | 989.0 | 1284 | 207
0% 71458 | 6130 | 0.294 | 8383 | 80486 | J447 | 9754 | 1264 o7
71707 ] 6080 | 0.243 | 6.437 | 56728 | 3482 | 9855 | 126.4 o7

Concerning that gravity centre of combustion of every comtina-
tion remains nearly unaffected, the shape parameter m increases

with eurlier start of combustion, see Fig.4
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Pig 4 Different heat-releese patterns depending
on shape parameter m (see Eq 1)

When start of combustion to earlj (per example\ev.;— Fig 3)
desired mean eff. pressure can not be reached although extreme
high value of m may be applied.







